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Preface

          

          In 2006,
          CIRAD and INRA launched the Agrimonde foresight project, which aimed
          to explore pathways to feeding nine billion people in 2050 in a
          sustainable way. This initial phase of the ‘Agrimonde adventure’
          proposed two sharply contrasted scenarios of food and agricultural
          systems in 2050, one based on current trends and one involving a
          transition towards agroecology and a major shift in food diets,
          including decreased animal food consumption, in a context of
          environmental protection (Paillard et al., 2010).


          Six years
          later, CIRAD and INRA decided to pursue the adventure by launching a
          new foresight process on ‘land use and food security in 2050’, named
          Agrimonde-Terra. The Agrimonde-Terra foresight explores the complex
          array of interactions between land use and food and nutrition
          security.


          According to
          FAO, over the past 50 years, the world’s arable and permanent crop
          land area has grown by 12% while the area dedicated to permanent
          meadows and pastures has grown by 9%, mostly reclaimed on natural
          areas. In 2015, there were about 570 million farms (35% of these
          farms in China and 24% in India) contributing to the production of
          food, feed and energy for 7.3 billion people, and there were about
          795 million people undernourished, 600 million obese and 1.9 billion
          overweight adults across the planet. Concerning current land use and
          the potential for expanding the agricultural land area in the
          various world regions, this differs widely according to their land
          endowment. In North Africa, the Near and Middle East and China, the
          currently observed cultivated area already exceeds the land area
          which is supposed to be cultivable in each of these regions. India
          and the European Union are reaching the limit of their cultivable
          area. In larger regions such as North America, Latin America, the
          Former Soviet Union and sub-Saharan Africa, the currently observed
          cultivated area remains far below the potentially cultivable area,
          part of which being natural land. The expected growth in the world
          population, which is set to reach 9.7 billion in 2050, and the
          availability of cultivable land clearly raise questions about the
          future of land-use patterns and of their interactions with food
          security.


          This was the aim
          of Agrimonde-Terra to build scenarios allowing the relationships
          between land use and food security to be explored. In doing so, we
          expected to facilitate informed decision making and
          multi-stakeholder approaches to the future of land use and food
          security, to contribute to the ongoing debates on land use
          trajectories and finally to identify new research questions.


          Agrimonde-Terra proposes five exploratory
          scenarios of land use and food security in 2050. The first three
          scenarios are based on current competing trends identified in most
          world regions. ‘Metropolization’ links the development of megacities
          with a nutrition transition led by global agri-food companies
          selling ultra-processed foods or an increase in consumption of
          animal products, in a global context of development through market
          forces and rapid climate change. ‘Regionalization’ relates the
          increase of medium-size cities and their networking with rural areas
          to the emergence of regional food systems based on family farming
          and traditional food diets, and a set of regional agreements,
          notably trade agreements. ‘Households’ links strong individual
          mobility between rural and urban areas and the development of
          non-farm employment to the emergence of hybrid diets based on both
          traditional and modern value chains, in a globalized world where
          family farms and cooperatives are major actors in land use.


          The last two
          scenarios involve potential breaks that could change the entire land
          use and food security system. ‘Healthy’ assumes that due to the
          increasing cost of malnutrition, a radical move towards healthy
          diets occurs, driven by global cooperation and public policies in a
          context of climate change stabilization, involving a
          re-configuration of agricultural systems backed by new alliances
          between stakeholders. ‘Communities’ assumes that in a context of
          recurrent crises, development based on small towns and rural
          communities occurs, focusing on managing common property in
          agriculture in order to ensure food security.


          This book
          describes the construction, the quantitative and qualitative
          analysis process, and the outcomes of these five scenarios, along
          with their main insights. In particular, the overall results suggest
          that only the ‘Healthy’ scenario is likely to be able to ensure
          sustainably world food security in 2050. ‘Metropolization’ and
          ‘Communities’ are not able to achieve this objective, inducing both
          increased malnutrition and a significant expansion of the
          agricultural land area with possible loss of natural areas at the
          global scale. The two other scenarios, ‘Regionalization’ and
          ‘Households’, lead to ambiguous results in terms of both food
          security and land-use patterns.


          Among the
          achievements of Agrimonde-Terra is the coupling of a qualitative and
          a quantitative analysis of scenarios, which is not common in
          foresight exercises and deserves to be emphasized. In this regard,
          the GlobAgri platform, which has been developed as part of the
          Agrimonde-Terra project and was used to design the specific
          GlobAgri-AgT database and model for the Agrimonde-Terra foresight,
          calls for follow-up action. CIRAD and INRA wish that the GlobAgri
          tool be widely used by the research community.


          Finally,
          Agrimonde-Terra constitutes valuable input for the CIRAD and INRA
          ‘GloFoodS metaprogramme’, a cross-disciplinary research programme
          focusing on global food security. Furthermore, let’s hope that the
          Agrimonde-Terra’s results and achievements continue to feed the
          fruitful debates that we had during the foresight process with
          diverse research communities and various stakeholders, thus
          contributing to local and global understanding and improvement of
          land use and food security in accordance to the mandates of our
          institutions.


          Before
          inviting you to enjoy this book, we wish to thank everyone who
          contributed to the Agrimonde-Terra project: the scientists from
          CIRAD and INRA and the scientists and experts from all over the
          world who offered us their support and advice, occasionally in
          workshops or throughout the process as members of the Scenario
          Advisory Committee.


          Michel Eddi, President of
          CIRAD
Philippe Mauguin, President of INRA
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Introduction

          

          After the
          first Agrimonde foresight study published in 2011 on ‘Feeding the
          world in 2050’, CIRAD and INRA have turned their attention to a new
          foresight process on ‘Land use and food security in 2050’. The
          subject is particularly important because of uncertainties about the
          planet’s capacity to feed a growing population (set to reach
          9.7 billion in 2050) in a context of climate change and ongoing
          debates regarding land-use change trajectories. What are the main
          drivers of land-use changes and how do they interact and influence
          food and nutrition security? How will the agricultural land area
          change over the next 40 years, globally and regionally? What will be
          the main issues for food and nutrition security in 2050? What
          tensions will there be between food and nutrition security and
          climate change mitigation in 2050? This study seeks to answer these
          questions, highlighting levers that could modify ongoing land-use
          patterns for improved food and nutrition security. Based on a
          foresight approach and on quantitative modeling, it provides
          decision makers, stakeholders, non-governmental organizations and
          researchers with a tool for dialogue and learning.


          First, the
          long-term dynamics of the land use and food security system were
          analyzed, with a focus on five dimensions of land use (agronomic
          potential, access to land, degree of intensity of land use,
          distribution of land between different uses and services provided by
          land). This analysis made it possible to detect and then to select
          key drivers of land-use change, such as global governance and
          economic development pathway, climate change, food diets,
          rural-urban relationships, farm structure, cropping and livestock
          systems. By identifying a range of variables influencing each driver
          and its dynamics, alternative hypotheses on how each driver might
          evolve in 2050 were then produced. Secondly, five contrasted
          scenarios were built by combining one or several hypotheses per
          driver. Each scenario describes a situation of land use and food
          security in 2050 and has been translated into a narrative. Thirdly,
          the impacts of the scenarios in terms of land use, agricultural
          production and trade in 14 world regions and globally have been
          assessed through quantitative simulations using the GlobAgri-AgT
          biomass balance model. The five scenarios and their outcomes were
          then appraised both quantitatively and qualitatively. Finally, use
          of this tool for dialogue has begun in Tunisia.


          This book
          presents the results of the work described above, undertaken by the
          Agrimonde-Terra team with the support and invaluable advice of 80
          experts from all over the world and an international Scenario
          Advisory Committee, from 2013 to 2016.


          The first three
          chapters focus on the methodology used. Chapter 1 describes the
          ‘land use and food security system’ used for the analysis. In
          Chapter 2 the foresight approach and the method used for building
          the scenarios are detailed. The GlobAgri-AgT biomass balance model
          is presented in Chapter 3. The two following chapters describe the
          background of our foresight exercise regarding land use. Chapter 4
          summarizes the main results in the literature about current global
          land uses and availability and on land use trajectories up to 2050.
          Chapter 5 offers a retrospective analysis of land-use change,
          according to the five dimensions of land use, over past decades.
          Then, Chapters 6 to 12 report on the work which has been conducted
          on the drivers of the land use and food security system. In each
          chapter, the driver and its key variables are defined, the main
          trends observed over past decades as well as emerging trends are
          reported and, finally, the alternative hypotheses for the driver in
          2050 which have been built are detailed. Chapters 6 to 8 focus on
          the so-called ‘external’ drivers: global context, climate change and
          food diets respectively. Chapters 9 to 12 relate to the so-called
          ‘direct’ drivers: rural-urban relationships, farm structures,
          cropping systems and livestock systems respectively.


          Chapter 13
          describes the five Agrimonde-Terra scenarios of land use and food
          security in 2050 and provides their narratives. Chapter 14 reports
          on the quantitative work. It first describes, for each driver, how
          its envisaged alternative development patterns were translated into
          quantitative hypotheses, readily processible by the GlobAgri-AgT
          model. It then analyzes each scenario’s simulation results. Chapter
          15 offers a mean of going further in the regional dimension of the
          Agrimonde-Terra scenarios by contextualizing these scenarios for
          sub-Saharan Africa. Chapter 16 details the main insights that can be
          drawn from the qualitative and quantitative analysis of the five
          Agrimonde-Terra scenarios. Finally, in Chapter 17 we propose six
          general objectives for public policies whatever the trajectory that
          will be taken, and identify a few leverage points which could boost
          the change towards more diversified and healthier diets, while
          limiting agricultural land expansion.


          In the
          conclusion, we discuss the main strengths and limits of the
          Agrimonde-Terra scenarios. We also propose several directions for
          further research.

        

        
Chapter 1
The ‘Land Use and Food Security’
          System

          

          

          Marie de Lattre-Gasquet, Chantal Le Mouël
          and Olivier Mora

        
      

      Introduction

        

        The central
        concept of a ‘system’ embodies “a set of elements connected together
        which form a whole, thus showing properties which are properties of
        the whole, rather than properties of its component parts” (Checkland,
        1981). Foresight processes borrow heavily from systems analysis (de
        Jouvenel, 2004; Loveridge, 2009; FTP, 2014). Also, in many countries
        of the world, systems analysis is seen as a major driver of innovation
        and sustainability improvement in agriculture. The complexity of
        questions facing agriculture has led to a wide adoption of the systems
        approach in this sector, and the expressions farming systems, cropping
        systems, food systems, agricultural systems etc. are very commonly
        used. The systems approach makes it possible to overcome disciplinary
        specialization, simple relations between inputs and outputs, linear
        schemes and interactions between spatial scales.


        CIRAD and INRA
        opted for a systems approach for the Agrimonde-Terra foresight process
        on land use and food security in 2050 because it makes it possible to
        focus on interactions between causes of changes and emerging
        properties. All the factors that could have an influence on land use
        and food security were identified and studied, the most important ones
        were selected and their interrelations were analyzed; then the system
        was described. Drivers and actors of change were taken into account.
        The linkages between land use and food security go through the
        political context, diets, value chains, climate change, consumers’
        revenues etc. and their interactions. In the ‘land use and food
        security’ system, Agrimonde-Terra considers that land-use changes: (i)
        result from complex and dynamic interactions between direct and
        external drivers; (ii) may be characterized using five complementary
        and interlinked dimensions; and (iii) have an impact on the four
        dimensions of food and nutrition security defined by FAO (CFS, 2009)
        at different scales ranging from the household to global level. This
        means that there is a web of processes, actors and interactions
        involved in land use and leading (or not) to food and nutrition
        security at global, national or household levels, i.e. the
        Sustainable Development Goal (SDG) No. 2 ‘Zero hunger’. However,
        because of the multi-factorial approach, land use will also affect at
        least another seven SDGs, i.e. ‘No poverty’ (goal 1), ‘Good health and
        wellbeing’ (goal 3), ‘Clean water and sanitation’ (goal 6),
        ‘Affordable and clean energy’ (goal 7), ‘Responsible consumption and
        production’ (goal 12), ‘Climate action’ (goal 13) and ‘Life on land’
        (goal 15). The ‘Partnerships for the goals’ (goal 17) will be very
        important and will help in reaching all goals if there is a common and
        shared vision on the future of land use and food security.


        In this
        chapter, we describe the processes of the ‘land use and food security’
        system, its main actors and its spatial dimensions.

      

      
The processes of the ‘land use and food security’
        system

        

        The first step
        of the foresight approach adopted by Agrimonde-Terra consisted in
        defining the system it was going to work on as well as its
        sub-systems. This was done through literature reviews and four
        workshops, which involved about 80 researchers (Chapter 2).


        Land use and food security

          

          The
          expression ‘land use system’ was introduced by FAO in the 1970s
          (Bouma, 1997) because many countries had developed their own systems
          of land evaluation which made the exchange of information difficult,
          and created a need for standardization. It was defined as “a
          specified land utilization type practiced on a given land unit, and
          associated with inputs, outputs and possibly land improvements”
          (FAO, 1976). From there on it was used, although there were further
          discussions about its definition and no new formal agreement. It was
          recognized that land use systems should be defined differently at
          different scales (Bouma, 1997) and that different spatial scales
          interacted (Verburg et al., 2002), often leading to unexpected
          outcomes with profound implications for sustainability (Liu et al.,
          2013).


          The basic
          concepts underlying the terms ‘food security’ were articulated in
          the early 1940s during World War II when more than 40 governments
          met “to consider the goal of freedom from want in relation to food
          and agriculture. They concluded that ‘freedom from want’ meant a
          secure, adequate and suitable supply of food for every man, woman
          and child, where ‘secure’ referred to the accessibility of the food,
          ‘adequate’ referred to the quantitative sufficiency of the food
          supply and ‘suitable’ referred to the nutrient content of the food
          supply” (CFS, 2012). The definition of ‘food security’ at the World
          Food Summit in 1974 also focused on availability. It was in the
          1980s that the ‘access’ dimension was added to the food security
          definition. A definition of food security was proposed in 1996 and
          modified in 2001: “Food security exists when all people, at all
          times, have physical, social and economic access to sufficient, safe
          and nutritious food that meets their dietary needs and food
          preferences for an active and healthy life. The four pillars of food
          security are availability, access, utilization and stability. The
          nutritional dimension is integral to the concept of food security
          and to the work of CFS” (CFS, 2009). Work on indicators aiming to
          capture various aspects of food and nutrition insecurity is on-going
          at FAO and in research projects.

        

        
Land-use changes result from interactions between
          direct and external drivers

          

          Drivers of
          land-use changes have been identified through the analysis of local
          situations or sectors (de Koning et al., 1999; Geist and Lambin,
          2002; Lambin et
          al., 2003; Ostwald et al., 2009; Garrett et al., 2013; Matthiesa and
          Karimov, 2014; Nesheim et al., 2014) as well as in conceptual work
          (Stomph et
          al., 1994; Lambin et al., 2001; Lambin and Geist, 2006;
          Hersperger et
          al., 2010; Meyfroidt et al., 2013). They are usually classified as
          direct (or proximate causes) and underlying (or indirect causes)
          (Lambin et
          al., 2003).


          Indirect (or
          underlying) causes of land-use changes “are fundamental forces that
          underpin the more proximate causes of land-cover change. They
          operate more diffusely (i.e., from a distance), often by altering one
          or more proximate causes” (Lambin et al., 2003). Authors identify
          and classify these drivers in different ways according to the
          geographical space that is observed and their approach. Geist and
          Lambin (2002) and Lambin et al. (2003) identify demography, economic
          factors, technologies, policy and institutions, and cultural
          factors. Observing land-use changes in a Chinese region, Ostwald et al. (2009)
          identify economic, policy, climate and political factors as
          underlying driving forces of land-use change. In the International
          Assessment of Agricultural Knowledge, Science and Technology for
          Development (IAASTD) report, van Vuuren et al. (2009) identify
          demography, economics and international trade, socio-political
          factors, science and technology, education, culture and ethics, and
          changes in biophysical environment as indirect drivers of
          agricultural change. Hersperger et al. (2010) “have identified five groups of
          driving forces: political, economic, cultural, technological, and
          natural driving forces. Population (or demography) usually falls
          into the category of cultural driving forces but sometimes forms an
          additional group”. Meyfroidt et al. (2013) underline that “Land use changes
          are strongly influenced by globalized flows of commodities,
          information, capital and people, and are increasingly driven by
          factors in distant markets, often associated with the growing urban
          consumer class in emerging markets. Local to national-scale
          interventions to promote sustainable land use may have unintended
          effects abroad owing to a displacement of land use across
          countries.” Matthiesa and Karimov (2014) point out the role of
          financial drivers. Neishem et al. (2014) also point out economic growth,
          technological development, population growth and climate change.


          The
          Agrimonde-Terra team chose to classify the drivers of the ‘land use
          and food security’ system as direct and indirect, but adopted a
          definition for each category which differs from the one found in
          above mentioned literature. In Agrimonde-Terra, direct drivers are
          the ones which affect directly land use and then food security,
          while indirect drivers (called ‘external’ drivers) affect both and
          simultaneously land use and food security.


          The
          Agrimonde-Terra team designed a ‘land use and food security’ system
          (Figure 1.1) composed of three external drivers and five direct
          drivers which interact. The foresight approach establishes the
          causal relationships that exist between all the factors of change.
          The mix of driving forces of land-use change varies in time and
          space. In order to have a clearer understanding of the links between
          natural and human processes that affect land use, and consequently
          food security, Agrimonde-Terra has decided to focus on one
          direction: the consequences of the interactions of drivers of land
          use on food security.


          Agriculture
          and forestry activities (cropping systems, livestock systems and
          forestry systems), farm structures and urban-rural relationships
          have a direct impact on land use. External drivers include climate
          change, food diets and the global context, i.e. political context and
          governance, economic context (including trade, resources and
          research and innovation) and human development. Each direct and
          external driver has been studied in detail with the objective of
          identifying both past and emerging trends as well as potential
          disruptions, and building alternative hypotheses for the future up
          to 2050. Table 1.1 reports the list of drivers and their own causes
          of change. Forest systems had been identified as direct drivers of
          change but have not been considered in detail during the
          Agrimonde-Terra foresight process due to lack of resources. Although
          no hypotheses about the evolution of forest systems in 2050 have
          been built, the impacts of climate change on the forestry sector and
          forest area have been taken into account and the competition for
          land between arable and permanent crops, pasture and forest uses is
          an outcome of the quantitative simulations.
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          Figure 1.1. The Agrimonde-Terra ‘land
          use and food security’ system.


          Table 1.1. External and direct
          drivers of the Agrimonde-Terra ‘land use and food security’
          system.


          
              	Driver

              	Definition of the driver
              
            

              	Global
              context

              	Political context (i.e.,
              the broad conditions that form the context for collective
              action, alliances, rivalry for power and interdependences
              between political actors, agreements and policies at
              international, regional and national scales), the economic
              context (i.e., the organization of the economy and
              of trade, the energy mix, economic growth and its distribution
              between countries and groups of individuals, and research and
              innovation), and social context (i.e., demography, culture,
              education, health, employment and migrations) at national,
              regional and global scales. 
            

              	Climate
              

              	Changes
              in temperature and precipitation and variations in the
              frequency, intensity and spatial and time amplitude of climate
              events. Climate influences agricultural biochemical cycles, and
              impacts agricultural system performance. It challenges the
              adaptive capacities of societies.
            

              	Food
              diets

              	Total
              energy content and pattern of diets, food supply chain
              organization, government food policies. Food diets influence
              health outcomes relating to over- and under-nutrition and
              nutritional deficiencies. 
            

              	Urban-rural
              relationships

              	Interactions between urban
              processes and rural dynamics.
            

              	Farm
              structures

              	Basic
              unit of agricultural production. 
            

              	Cropping systems

              	Result
              of the implementation on a given surface of the technical, human
              and financial means available to the farmer to achieve an
              objective. Cropping systems describe the succession of crops
              over time and the cropping techniques applied to each crop at
              the scale of the cultivated plot. The combination of cropping
              systems at the farm level largely determines the production
              level, farmers’ income and agriculture’s environmental
              impact.
            

              	Livestock systems

              	Result
              of the implementation in a given location of the technical,
              human and financial means available to the farmer to achieve an
              objective regarding livestock farming. Livestock systems
              describe how animals are fed, the efficiency of feed rations,
              herd mobility and crop-livestock synergies. The combination of
              livestock systems at the farm level largely determines the
              production level, farmers’ income and agriculture’s
              environmental impact.
            



        

        
Land-use changes can be characterized by five
          dimensions

          

          The next
          step was to identify dimensions of land use in order to provide a
          thorough characterization of land-use changes. Five complementary,
          interlinked and dynamic dimensions of land-use change were
          identified:


          	The
            land’s agronomic potential. This dimension relies on soil
            quality and climate. It is important for determining the
            suitability of land for agriculture and for different crops. In
            the case of agricultural use, the land’s agronomic potential is
            generally measured in terms of crop yield potentials under
            different technical management systems. Agrimonde-Terra uses the
            GAEZ classification and data on land suitability to identify this
            dimension of land-use change.[1] The metrics are areas of land suitable for
            agriculture. The agronomic potential of land varies over time.
            Firstly, it is linked to land use and changes in land use. For
            instance, converting an agricultural area into an urbanized area
            sharply reduces its agronomic potential, regardless of soil
            quality and climate. Secondly, the land’s agronomic potential can
            evolve even when the activity on the land remains the same. This
            may occur as a result of climate change, farmers’ decisions and
            technical progress, as well as the policies that affect all three
            drivers. 

	The
            distribution of land between different uses. The evolution in
            arable and permanent crop areas, permanent pasture areas, forest
            areas and some other areas (including sparsely vegetated and
            barren land, for instance) is the result of farmers’, herders’ and
            foresters’ decisions and interactions, provided land has agronomic
            potential and there is access to land. Therefore, how land is
            allocated to different uses depends on all the factors that
            influence landowners’ and users’ decisions, including demography
            and the economic environment. The distribution of land between
            different uses provides information on the geographic location of
            activities within regions (for example, areas used predominantly
            for cereals or pasture, forest areas, urbanized areas etc.) and
            worldwide. Key factors of change include diets, demography,
            climate, but international trade and its main drivers, e.g.
            tariff/non-tariff barriers, transport costs etc. are also
            important. Agrimonde-Terra uses the FAO classification and data on
            land use (FAOStat) to characterize this dimension of land use.[2] 

	Access to land and the decision-making powers
            that determine land use. This depends on land tenure systems and
            land policy, which are affected by several factors, including the
            geopolitical situation, the degree of competition for land,
            farmers’ incomes and access to credit etc. Although the national
            legal framework is a core driver for access to land, in many
            countries local governance is even more important. It influences
            how the law is applied and how competing interests linked to land
            are managed. Land rights do not always have a legal framework.
            However, ‘informal’ rights can be secured when institutions
            recognize that land rights stem from social consensus and when
            national authorities acknowledge the legitimacy of local
            arrangements. Agrimonde-Terra provides only a qualitative analysis
            of access to land.

	The
            degree of intensity of land use. This concerns farming
            practices, which depend on available techniques and farmers’
            decisions. Therefore, all factors and policies that modify
            available techniques (e.g., technical progress) and farmers’
            decisions (farmers’ knowledge and level of training, farmers’
            organization, input and output prices, agricultural support
            policies etc.) affect the intensity of land use. Agrimonde-Terra
            uses two main indicators to measure the degree of intensity of
            land use: observed yields and the ratio of area harvested over
            area cultivated (Chapter 3).[3] They are interlinked and calculated
            using FAOStat data. 

	The
            services provided by the land. In the case of agricultural
            land, these depend on land use and farming practices. Therefore,
            all drivers that influence the allocation of land between
            different uses and the intensity of land use affect the services
            provided by the land. Such services include: provision of
            services, such as food and water quality; regulatory services,
            such as flood and disease control; cultural services, such as
            spiritual and recreational; supporting services, such as nutrient
            cycling that maintains the conditions for life on Earth; other
            services such as employment. In Agrimonde-Terra, there is a
            qualitative analysis of the services provided by the
            land.



        

        
Land-use changes have an impact on the four
          dimensions of food security

          

          The various
          drivers interact to result in changes in land use, which in turn,
          impacts food and nutrition security. GlobAgri-AgT, a biomass balance
          model (Chapter 3), has been used to simulate the impacts of the
          scenarios on world and regional land use, agricultural production
          and agricultural trade in 2050. Thus, the information on the four
          dimensions of food and nutrition security provided in the narratives
          of the Agrimonde-Terra scenarios is supported, at least partially,
          by quantitative results (Chapter 14). These quantitative results
          provide information on the availability dimension of food and
          nutrition security. As far as the access dimension of food security
          is concerned, quantitative results do not give direct information.
          However some quantitative results may provide indirect indication.
          Indeed, quantitative results show how competition for land could
          evolve and to what extent trade and the dependence of certain
          regions on world markets (either as importers or exporters) could
          change. These quantitative results thus give some indication on
          potential impacts of the various scenarios in terms of food access,
          notably output prices changes, in relation to competition for land,
          and import and export dependence of regions. Overall, one must
          acknowledge that Agrimonde-Terra has not been able to say much about
          the impacts of scenarios on the utilization and stability dimension
          of food security.

        
      

      

The temporal and spatial dynamics in the ‘land use
        and food security’ system

        

        Land use can
        be examined from different geographical scales, e.g. the plot of land, the farm,
        the territory, the sub-region and the national or global levels. At
        each scale, the changes that are captured are not the same; the links
        of causalities between drivers and the influence of actors may also
        change. The same holds true for food security, which can be examined
        from the individual or household perspective through to a sub-region,
        a country or global scale.


        Interactions
        between geographical scales are important (Lambin and Meyfroidt, 2011;
        Lerin and Louafi, 2012), and decisions on land use should not take
        into account only the local context (Liu et al., 2013). Displacement of
        production, expansion or reduction of land use will have major impacts
        on food security.


        Land-use changes can
        be observed during short periods (a few years), a decade or several
        decades, and the observation can be done at different geographical
        scales. The temporal and geographical scales of observation influence
        the types of changes observed. At the scale of a plot or a territory,
        land-use changes can be observed rapidly. At larger scales, longer
        periods of time are necessary to observe changes.

      

      
The actors in the ‘land use and food security’
        system

        

        A wide variety
        of actors are active in the ‘land use and food security’ system. Their
        roles, networks and alliances vary over time, as well as the business
        models, value chain organizations and other institutional arrangements
        they establish. They are active at different geographical scales, some
        actors being very local whereas others are present from the local to
        the global scales. The main actors in the ‘land use and food security’
        system are:


        	Farmers, herders, foresters, hunters etc. who use
          land at a local scale through their cropping, livestock and forestry
          systems, and their farm structures and their collaborative
          organizations, e.g. farmers’ organizations. 

	Citizens who live in urban and rural areas and their
          associations, and are consumers of products. They can buy
          agricultural products from local or non-local sources.

	Governments, through their different ministries,
          administrations (agriculture, environment, trade, education, health
          etc.) and policymakers who set up and implement policies, market
          rules including norms and facilitate the resolution of conflicts. In
          some countries, aid agencies provide financial, logistical and
          material support, including food aid. 

	Local, territorial, and national public and private
          institutions for land and water planning, city planning, sanitation
          services, infrastructure and roads, conservation areas,
          environmental protection etc. as well as institutions which provide
          information and inputs to farmers, herders, foresters and citizens,
          or co-construct organizations, knowledge and technologies with them.
          These are, for example, extension agents, health services for crops
          and animals, trainers, financial institutions, research and
          development institutions, and health institutions.

	Financial institutions, local, national or
          international, which invest in land, agriculture, agribusinesses or
          provide credits or subsidies.

	International institutions, such as the United
          Nations institutions, which provide advice, aid, rules for exchanges
          etc. as well as international conventions. 

	Regional political and economic
          institutions.

	Enterprises, small, large or multinational, who are
          buyers, traders, processors, transformers and sellers of
          agricultural products and of inputs for production; logging and
          mining firms. They can form lobbies.

	Non-governmental organizations (NGOs) active in land
          and environmental issues including protection of indigenous
          populations.

	Media.



      

      
Conclusion

        

        The
        Agrimonde-Terra ‘land use and food security’ system emphasizes
        inter-linkages and interactions between the external and direct
        drivers of change and their consequences on food security. It
        demonstrates that achieving food security is dependent not only on
        increasing production, improving quality and ensuring access and
        utilization to all, but that external drivers of change such as the
        political, economic and human context at global, regional, national
        and territorial levels, food diets and climate change play an
        extremely important role. It explains why it is so difficult to reach
        food security. Like the Sustainable Development Goals, it forms an
        ‘indivisible whole’ which leads to the necessity of creating
        connections between policies and actors, and avoiding operating in
        silos.


        

 1In the Global Agro-Ecological Zones (GAEZ)
            approach, land is classified according to its quality or
            suitability for agricultural production. There are eight classes
            ranging from ‘very suitable’ to ‘not suitable’. For more details,
            http://www.fao.org/nr/gaez/fr/ [image: ].
            GAEZ data are used to estimate the maximum cultivable area in each
            region considered in GlobAgri-AgT (Chapter 3 and Chapter 14).
            

 2For more details on
            classification and available data, http://faostat3.fao.org/ [image: ]. FAOStat
            data are also used for the retrospective analysis of land use
            provided in Chapter 5. 

 3 Both indicators are used for the retrospective
            analysis of land use (Chapter 5) as well as for the quantification
            of the hypotheses of change of cropping systems, which are
            involved in the various Agrimonde-Terra land-use
            scenarios.
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      Introduction

        

        The foresight
        approach has become widespread over the past decade, particularly in
        the fields of climate, energy, agriculture and the environment, as a
        means of anticipating future developments in a long-term perspective.
        It differs from work using projections as it takes into account the
        radical indeterminacy of the future, weak signals and possible
        ruptures in system trajectories, and the complexity of long-term
        dynamics. In the words of Gaston Berger, the future from a foresight
        perspective is not considered “as a thing already decided and which,
        little by little, will be revealed to us, but as a thing to be done”
        (1967). By design, it is the domain of contingency and action rather
        than necessity.


        Foresight aims
        to increase the capacity of actors to prepare and shape their future
        by informing their decision-making with the anticipation of possible
        futures. So, foresight has both a heuristic function whose challenge
        is to better understand the potential and risks of contemporary
        dynamics (de Jouvenel, 1986), and an empowerment and decision support
        function (Miller, 2007; Godet, 2000). The Agrimonde-Terra foresight
        study aims to open and participate in the debate on the possible
        future of land use and food security, and to contribute to strategic
        thinking, research and public deliberation.

      

      
Choosing a systemic and exploratory approach to
        understand a complex problem

        

        The method
        employed here is firstly a response to the complexity and the high
        degree of uncertainty which characterize the issue being studied. It
        stems from the fact that issues of land use and food and nutritional
        security can be considered as ‘wicked problems’ (Rittel and Webber,
        1973). According to Rittel’s definition, ‘wicked problems’ are those
        with ill-defined outlines, marked by a high degree of uncertainty,
        where it is difficult to consider all the possible consequences of an
        action because of the interdependence of factors and a multiplicity of
        values and actors that are present in the definition of the problem
        and its solution (Turnpenny et al., 2009). So, depending on the actor under
        consideration, food security may be defined at a household, country or
        global scale, it may or may not incorporate nutritional issues (in
        particular the question of diet-related chronic disease), it may or
        may not focus on food availability and international trade, it may or
        may not be concerned with individual access to food and incomes. In
        addition, the term ‘wicked problems’ characterizes problems for which
        a simple and definitive formulation cannot be posed, to which a single
        solution cannot be applied. Answering one aspect of the problem may
        lead to or generate other problems because the dynamics are
        interlocked and the system is constantly changing. So the future
        relationship between land use and food security cannot be reduced to a
        single issue, for example population growth, but it is necessary to
        take into account changes in agricultural, environmental, climate and
        food systems etc.


        Taken
        separately, the evolution by 2050 of each driver in the ‘land use and
        food security’ system (Chapter 1) is subject to great uncertainty,
        whether it be the impact of climate change, the energy transition, the
        intensification and transformation of agricultural systems and their
        impact on natural resources, nutritional transitions and the
        globalization of food supply chains, but also the processes of
        urbanization, or changes in international governance and public
        policies. But by 2050, these dynamics will actually act simultaneously
        and in an intermingled fashion to determine land use and food
        security. These interdependencies will increase the uncertainty
        tenfold. The foresight approach chosen by the Agrimonde-Terra project
        is a systemic approach for exploring the
        transformations in this complex system of interdependencies.


        Agrimonde-Terra has been defined as an exploratory
        study whose goal is to prepare actors for different possible futures,
        by providing them with elements for understanding and anticipating
        future issues in the form of scenarios. A scenario describes the
        trajectory and future state of the system, defined by a plausible and
        consistent combination of hypotheses about the previously mentioned
        drivers and their relationships. Each scenario offers both a
        reformulation of the problem of the relationship between land use and
        food security by 2050, identifies the issues to be addressed and, in
        some cases, provides a series of options to solve them.


        The scenarios
        constructed are not strictly normative because they also include undesirable
        situations and situations with ambiguous consequences. Nor are they
        simply projections or extrapolations of current trends because they
        take into account possible ruptures and weak signals. The development
        of exploratory scenarios made it possible to update
        a variety of possible system trajectories. Ultimately, the set of
        scenarios developed by Agrimonde-Terra aims to contribute to public
        and scientific debate and deliberative processes by functioning as a
        learning device (Rhisiart et al., 2015) through which actors can become
        acquainted with and anticipate the challenges to come.

      

      
A scenario approach combining morphological analyses,
        foresight forums and a quantitative simulation tool

        

        The method
        adopted by Agrimonde-Terra to consider the future of land use and
        world food security by 2050 combines various approaches: a scenario
        method based on morphological analysis (Ritchey, 2011) and applied at
        various system scales, the implementation of foresight forums to discuss
        hypotheses on evolutions of the system (Jouvenel, 1972; Mermet, 2009),
        and the construction and use of a modelling and simulation tool,
        called GlobAgri-AgT. From a methodological point of view, these
        different types of approaches are inspired by the French ‘prospective’
        school (Godet, 2000; de Jouvenel, 2000).


        The choice of
        the foresight method meets both the study’s objectives and the
        characteristics of the system being studied. In the case of
        Agrimonde-Terra, the method responds to both the challenges posed by
        the complexity of the system, taking into account long-term changes
        and high degrees of uncertainty, and also to the study’s aim of being
        exploratory. Using the scenario method based on morphological analysis
        makes it possible to consider a large number of alternative scenarios
        based on a common analysis of the system’s dynamics, while taking into
        account a high degree of uncertainty (Zurek and Henrichs, 2007). In
        comparison, a four-quadrant scenario method (Schwartz, 1991), which
        might seem appropriate for systems with some stability over time,
        allows for only a small degree of differentiation between scenarios
        and reduces uncertainties to two factors (the two axes of the
        quadrants), which structure the future of the system.


        Using
        morphological analysis in scenario construction makes it possible to
        conduct a systematic analysis and exploration of all the relationships
        which exist between the multiple dimensions of complex problems
        (Ritchey, 2011). Developed by Fritz Zwicky in the 1940s, morphological
        analysis is a qualitative method which alternates analysis and
        synthesis in order to imagine the multiple states of a given system.
        It is a rigorous and creative method. In scenario building,
        morphological analysis begins by analytically breaking down the system
        into sub-systems or drivers, for which alternative hypotheses of
        changes to 2050 are constructed. Following this, morphological
        analysis makes it possible to systematically visualise all the
        possible combinations of the hypotheses, and to identify among them
        the alternative combinations, both plausible and internally
        consistent, which give shape to different scenarios describing the
        future states of the system. Morphological analysis ensures the
        traceability of the scenario construction process by making explicit
        all the hypotheses used in the different phases of the process.
        Finally, it is a question of reducing the number of possible
        configurations of the morphological space by defining relevant
        configurations of hypotheses which trace the contours of a ‘space of
        possible futures’, which is a morphological sub-space. It is in this
        space that organisations and individuals will have to navigate,
        anticipate and act in the future.


        Within
        Agrimonde-Terra, different morphological analyses were carried out
        successively, first at the scale of the system drivers and then at the
        scale of the system as a whole. The various morphological analyses
        conducted on the drivers provided the base required for constructing a
        morphological analysis of the entire system, acting as a series of
        ‘nested boxes’. This architecture, coupled with the hypotheses and
        scenarios, makes the scenarios that have been developed highly robust.
        Indeed, the construction of hypotheses and the choice of hypotheses
        forming the scenario are both transparent and traceable and, in
        particular, comparisons can be made between the hypotheses selected
        for each scenario.


        Each sequence
        of the foresight work relied on a specific forum of experts to
        formulate hypotheses for changes and for the scenarios. To study the
        future evolution of drivers, four separate expert forums worked in
        parallel to conduct foresight reflections on four themes, bringing
        together 80 researchers from developed, emerging and developing
        countries. At the system scale, scenario building was based on the
        expertise of a Scenario Advisory Committee made up of around 15
        international researchers and decision-makers. This committee met four
        times to discuss and validate the hypotheses about the future of the
        drivers of the ‘land use and food security’ system, the combinations
        of hypotheses and the scenario narratives, the quantification of the
        scenarios and the results of the simulations.


        Finally,
        Agrimonde-Terra brings together a qualitative approach to scenario
        building through morphological analysis and a modelling approach based
        on the construction of a data platform and the Globagri-AgT biomass
        balance model (Chapter 3). As Laurent Mermet (2005) points out,
        “conducting foresight reflection using models requires the ability to
        take into account very heterogeneous levels of analysis, from the
        philosophical concepts underlying the architecture of the suggested
        model, through to the choice of the data used, or the writing of
        certain model equations”. In Agrimonde-Terra, the choice was made to
        use a conceptually relatively simple biomass balance model. The
        advantage of balance models is the high degree of flexibility for
        which they can be used. The balance model can easily be adapted to a
        variety of relationships between system drivers and can simulate
        highly contrasting scenarios. The fact that the scenarios are based on
        morphological analysis makes it possible to systematically link the
        qualitative hypotheses and their quantitative translation into
        simulation input data (Chapter 14). The morphological table in which
        the hypotheses used in each scenario are listed provides a unified
        reasoning framework which enables the use of the quantified model.
        This approach responds to some of the issues identified in the
        scientific literature by explaining the relationship between the
        quantification model and the consistency of the hypotheses (van Vuuren
        et al.,
        2012). The coherence of hypotheses at the system scale is
        qualitatively assured by the morphological analysis on which the
        scenarios are built; while the biomass balance model specifies the
        scale and scope of changes described in the scenarios and provides the
        elements to compare scenarios.

      

      
The steps in scenario construction

        

        The
        construction of the scenarios took place in four steps: (1) the
        definition of the ‘land use and food security’ system; (2) the
        construction of the alternative hypotheses of changes to 2050 for each
        driver of the system; (3) the development of land use and food
        security scenarios by combining hypotheses and the construction of
        narratives describing the scenarios, and (4) the implementation of
        simulations illustrating the quantified impact of the qualitative
        assumptions on land use and food security.


        Step one: Defining the ‘land use and food security’
          system

          

          Through an
          analysis of land use and food security, the Agrimonde-Terra
          foresight study identified a system of land use and food security
          defined by four direct drivers and three external drivers of changes
          in land use (Chapter 1). All of these drivers were considered
          separately, first by examining their possible changes to 2050 (see
          Step 2), and then interacting within the framework of the
          construction of scenarios where the drivers are linked according to
          pertinent and consistent configurations (see Step 3 and 4).

        

        
Step two: Construction of alternative hypotheses to
          2050 for direct and external drivers of changes in land use

          

          In order to
          construct alternative hypotheses describing the state of each driver
          in 2050, past changes in the direct and external drivers of the
          ‘land use and food security’ system, as well as the weak signals of
          change and possible ruptures in the future, were studied in
          detail.


          The four
          direct drivers – urban-rural relationships, farm structures,
          cropping systems and livestock systems – were examined by four
          expert groups comprising 20 or so national and international
          specialists in each field. The prospects for each driver by 2050
          were the subject of at least two days of thematic workshops which
          brought the experts together. In advance of the thematic workshops,
          a dedicated team composed in general of two scientific managers and
          a coordinator (Box 2.1), conducted an analysis of the past dynamics
          of the driver’s evolution through a preliminary review of the
          literature. These results were discussed in the two-step workshops.
          After characterizing each driver according to a set of variables
          (Table 1.1, Chapter 1), past trends, weak signals of changes and
          possible future ruptures were identified for each variable on the
          basis of the literature review and expert analysis (Chapters 6 to
          12). Based on a morphological analysis, hypotheses describing the
          possible evolution of the driver by 2050 were then sketched out with
          the experts in the field. Downstream of the workshops, the dedicated
          team developed and formalized the conclusions of the workshops in
          the form of alternative hypotheses for the evolution of the driver,
          making these results available for the following step. This process
          was repeated for each of the four direct drivers of land-use
          change.


           
Box 2.1. Agrimonde-Terra
          Organization
Agrimonde-Terra was composed of:
	Project team: Marie de Lattre-Gasquet
              (Coordinator, CIRAD), Chantal Le Mouël (Coordinator, INRA),
              Olivier Mora (INRA, organiser for scenario building), Catherine
              Donnars (INRA), Patrice Dumas (CIRAD) and Olivier Rechauchère
              (INRA), with the collaboration of Thierry Brunelle (CIRAD),
              Stéphane Manceron (INRA), Elodie Marajo-Petitzon (INRA),
              Clémence Moreau (CIRAD), Marco Barzman (INRA), Agneta Forslund
              (INRA) and Pauline Marty (INRA).

	Steering committee: Pierre Fabre (replaced in
              2015 by Alain Billand) (CIRAD), Hervé Guyomard (INRA), Etienne
              Hainzelin (CIRAD) and Bertrand Schmitt (INRA).

	Scenario Advisory Committee (international
              experts chosen intuitu personae): Agnes Andersson
              Djurfeldt (Lund University, Sweden), Leïth Ben Becher (Synagri,
              Tunisia), Mohamed Elloumi (INRAT, Tunisia), Adama Faye (IPAR,
              Senegal), Richard Guissou/Yves-Gérard Bazie (Ministry of
              Agriculture and Food Security, Burkina Faso), Holger Kray (World
              Bank, USA), John Lewis (Terra Global Capital, USA), Patrick
              Meyfroidt (Louvain University, Belgium), Marc Mueller (FAO,
              Italy), Siwa Msangui (IFPRI, USA), Antonio Onorati
              (International Planning Committee on Food Sovereignty, Italy),
              Stéphane Parmentier (Oxfam, Belgium), Alain Retière (Cap 2100,
              France), Roberta Sonnino (Cardiff University, UK), Sébastien
              Treyer (IDDRI, France), Dominique van der Mensbrugghe (AgMIP,
              Purdue University, USA), Joost Vervoort (CCAFS and Oxford
              University, UK) and Hisham Zehni (IFAD, Italy).

	Scientific coordinators and managers of the
              thematic workshops: 


		Urban-rural relationships: Olivier Mora
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                  Philippe Lescoat (AgroParisTech).




	80 experts who participated in the thematic
              workshops.




          


          With regard
          to the three external drivers of change - climate, diet and the
          global context - the hypotheses for their evolution to 2050 were
          developed on the basis of a literature review of existing trends and
          scenarios, and the development of a morphological analysis.

        

        
Step three: Building land use and food security
          scenarios

          

          Step three
          involved the construction of land use and food security scenarios.
          It was carried out with constant interaction between the project
          team and the group of international experts forming the Scenario
          Advisory Committee (Box 2.1) over a period of one and a half
          years.


          The
          composition of the Scenario Advisory Committee and the choice of
          experts were driven by the need for a multidisciplinary approach,
          for expertise in various fields and for expertise from stakeholders.
          On the one hand, the construction of scenarios on land use required
          the involvement of experts from different fields in order to
          understand the complexity of the phenomena of land use and food
          security. On the other hand, in order to take into account the point
          of view of actors engaged in these fields and their visions of the
          future, experts from international and national institutions (World
          Bank, FAO, IFAD, IFPRI and Ministries of Agriculture) and civil
          society stakeholders were included in the committee. The latter were
          leaders of farmers’ organisations and non-governmental development
          organisations involved in the international arena where food
          security and land use issues are debated.


          In the first
          step, the Scenario Advisory Committee examined and discussed all the
          alternative hypotheses for the evolution of the direct and external
          drivers produced in previous workshops. A basis for analysis was
          created, describing the current situation of the ‘land use and food
          security’ system and its past dynamics. On this basis, the project
          team constructed a morphological table showing all the alternative
          hypotheses for the evolution of all the drivers in the system
          (Figure 13.1). This table served as the basis for the rest of the
          forward-looking thinking as well as for the simulations carried out
          using the GlobAgri-AgT model, and for the production of the
          scenarios, followed by the regionalization of the scenarios. In a
          second step, five land use scenarios were constructed in close
          collaboration with the Scenario Advisory Committee. Each scenario
          consistently and plausibly combines the evolution hypotheses for
          each driver and provides an image of the state of the system in
          2050. A narrative was elaborated for each scenario describing the
          change trajectories in land use and food security and the causal
          relationships which link drivers to each other were identified.
          Finally, the scenarios were enriched by the production with the
          committee of regional variations for each scenario. This work was
          based on a retrospective analysis of regional changes in land use
          and each driver of the system in six world regions.

        

        
Step four: Quantifying of hypotheses and simulating
          scenarios

          

          The
          scenarios were illustrated quantitatively using the GlobAgri-AgT
          data and model developed and run by a dedicated team. The results
          and the consistency of the scenario simulations were discussed with
          the Scenario Advisory Committee, an exchange which made it possible
          to specify the ways of quantitatively translating the evolution
          hypotheses for the drivers, to finalise the results of the
          simulations and to interpret them. This simulation work made it
          possible to evaluate how each region fits into a scenario and to
          identify regional issues.

        
      

      

The outcomes of Agrimonde-Terra and their use

        

        The whole
        process led to the finalization of the scenarios presented in Chapters
        13, 14 and 15, with the five scenarios constructed by Agrimonde-Terra
        available for different world regions. For each scenario, a narrative
        of the future situation in the ‘land use and food security’ system in
        2050 details land use in five dimensions, and food and nutritional
        security in four dimensions (availability, physical and economic
        access, food utilization and stability of access over time). The
        narrative specifies the system’s trajectory, in other words, the
        events, ruptures, causal relationships and public policies that have
        influenced the evolution of the system (Chapter 13). Based on the
        morphological analysis of the ‘land use and food security’ system,
        simulations from the GlobAgri-AgT model provide quantified estimates
        for each scenario in terms of changes in land use, production and use
        of agricultural products, international trade and food availability at
        global and regional scales (Chapter 14).


        Agrimonde-Terra’s outputs have been developed to
        provide a tool for dialogue and reflection for stakeholders in
        decision-making on land use and food security. Three Agrimonde-Terra
        outputs are likely to be used in other regional or national foresight
        reflections: the retrospective and prospective analysis of the factors
        of change (Chapters 6 to 12), the five Agrimonde-Terra scenarios
        (Chapter 13) and their quantitative illustration using the
        GlobAgri-AgT model (Chapters 3 and 14). At the regional scale,
        Agrimonde-Terra’s conceptual framework and outputs provide elements
        for analyzing the current land use and food security situation, the
        current trends leading to each scenario and possible changes to the
        ‘land use and food security’ system by 2050, as has been done for
        sub-Saharan Africa (Chapter 15). Furthermore, Agrimonde-Terra’s
        outputs and the existing methodology can be reused by ad hoc groups of
        public and private actors in order to build land use and food security
        scenarios at the territorial, national or large regional scale. This
        has already been done, for example, in Tunisia (de Lattre-Gasquet et al.,
        2017a).

      

      
Conclusion

        

        The foresight
        method developed within Agrimonde-Terra combines a consideration of
        complexity, an exploratory approach envisaging a plurality of futures
        and a combination of qualitative scenarios and model-based
        simulations. The partial and overall results from the study can be
        used within the context of national or regional foresight exercises
        conducted by groups of actors (researchers, professionals, NGOs and
        public decision-makers) reflecting on the links between land use and
        food security in the long-term.
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      Introduction

        

        The GlobAgri
        platform was set up by CIRAD and INRA to generate consistent databases
        and biomass balance models using data from FAOStat as well as data
        shared by colleagues from different institutions.[4] The databases generated are balanced and account for
        the links between products (through animal feed or oilseed crushing
        for instance). Biomass balance models provide a balance equation
        between resources (domestic production plus imports minus exports) and
        utilization (food, feed and other) for each region and each agri-food
        product. In each equation, imports are a linear function of total
        domestic use and exports are a linear function of the world market
        size. A world trade balance equation ensures that world imports equal
        world exports for each agri-food product. The system of balance
        equations can simulate land-use change in each region induced by
        changes in the use of agri-food products, provided hypotheses made on
        changes of a set of variables (such as plant and animal yields,
        maximum available cultivable land, trade conditions etc.).


        The GlobAgri
        platform has been used to generate a database and a biomass balance
        model specifically customized for Agrimonde-Terra (specific product
        and country aggregation, specific rules for co-product handling and
        specific rules for model closure). The resulting tool is named
        GlobAgri-Agrimonde-Terra (GlobAgri-AgT). It encompasses 33 aggregates
        of agri-food products (25 plants, seven animal aggregates and a
        miscellaneous “Other products”) and covers 14 broad regions.


        We first
        detail the product and geographic nomenclatures of GlobAgri-AgT. Then
        we describe briefly how the biomass balance model functions. Finally,
        we examine the model’s entry variables.

      

      
Product and country aggregation in
        GlobAgri-AgT

        

        In
        GlobAgri-AgT the whole set of FAO’s ‘commodity balances’ (CB) is
        aggregated into 33 agri-food aggregates (Table 3.1). As the FAO’s CB
        do not cover some of the key ingredients fed to animals, such as grass
        and various forage plants, GlobAgri-AgT considers five additional
        aggregates. Corresponding data are from Herrero et al. (2013) and Monfreda et al. (2008).
        Table A1.1 (Appendix 1) details the composition of all the product
        aggregates considered. Oilcrop products are rather detailed in order
        to be able to account for the link between the oilseed and both
        crushing co-products, oil and cake, which is specific for each type of
        oilseed.


        For each
        product in each country, the FAO’s CB provide the resource-utilization
        balance where the utilization involves food, feed, other uses
        (biofuels, for example), waste and processing. The latter reports the
        quantity of the primary product which has been processed into derived
        products (sugars, sweeteners, alcohols, oils and cakes, for example).
        In GlobAgri-AgT, oils and cakes are explicitly accounted for as
        product aggregates and there is no need for specific computations.
        Sugars, sweeteners and alcohols, however, are not explicit product
        aggregates but are accounted for through their equivalent quantities
        in the balance of the parent product from which they are derived. In
        this case, the processing use in a parent product balance is replaced
        by the appropriate items of the balances of its derived products
        (import, export, various uses), in equivalent quantities using
        transformation coefficients. When the processing of a parent product
        into a derived product generates co-products, their import, export and
        various use quantities are also merged with the balance of the parent
        product, on the basis of their energy content. As a first step in
        these overall computations, one must be able for each derived product
        to disentangle the various sources of its supply or, equivalently, for
        each parent product to split the processing use between the various
        derived products produced. We achieve this by first assuming that the
        share of a parent product as a source of production of a derived
        product is correlated to the share of the processing use of this
        parent product in the total processing use of all parent products
        contributing to the production of this derived product (for example,
        if in a region sweeteners are produced from both wheat and maize, and
        wheat processing use accounts for one-third of the total processing
        use of wheat and maize, then one-third of the sweeteners produced will
        be considered to come from wheat). Secondly, as we must deal with
        cases where one parent product is used for the production of several
        derived products (taking the previous example, if wheat is also used
        for producing alcoholic beverages), the shares of this parent product
        in the production of each derived product need to be determined
        simultaneously. A minimization program (of the remaining processing
        use in the balance of the concerned parent product) is used to solve
        this problem.


        The overall
        procedure is described in Dumas and Manceron (2014). But let’s take a
        practical example in order to illustrate fully the general description
        of our computations given above. Suppose that in one region, alcoholic
        beverages are obtained from wheat, molasses and sugar cane. This means
        that in the wheat, molasses and sugar cane balances, one share of the
        processing use is dedicated to producing alcoholic beverages. The
        share of alcoholic beverages coming from wheat, for instance, is
        determined as the share of the processing use of wheat in the total
        processing use of wheat, molasses and sugar cane, considering
        simultaneously the shares of wheat in the production of all other
        derived products wheat is involved in. Then, import, export and the
        various use quantities of alcoholic beverages are transformed into
        import, export and other uses equivalent quantities of wheat, molasses
        and sugar cane. The equivalent quantities of wheat and sugar cane are
        added to the import, export and other uses quantities in the whole
        balances of wheat and sugar cane, while the corresponding processing
        use items are removed. In the same way, the equivalent quantities of
        molasses are added to the whole balance of sugar cane.


        GlobAgri-AgT
        divides the whole world into 14 broad regions (Table 3.2). Table A1.2
        (Appendix 1) specifies the country composition of each region.


        Table 3.1. Agri-food aggregates in
        GlobAgri-AgT*.


        
            	Aggregates from the FAO’s
            CB

            	Aggregates from other
            sources
          

            	Aquatic
            animals
Bovine meat
Dairy
Eggs
Pork
            meat
Poultry meat
Small ruminant meat

            	Fibres
            etc.
Fruit and vegetables
Pulses
Roots and
            tubers
Maize
Other cereals
Rice
Wheat
Sugar
            plants and products
Other products

            	Other
            oilcrops
Cake other oilcrops
Oil other
            oilcrops
Oilpalm fruit
Palm product oil
Palm kernel
            cake
Rape and mustard seeds
Rape and mustard cake
Rape
            and mustard oil
Soyabeans
Soyabean cake
Soyabean
            oil
Sunflower seeds
Sunflower seed cake
Sunflower seed
            oil

            	Grass
            (grass from direct grazing and as silage of permanent pastures)
            Grass-like forages (mixed grass and ryegrass from temporary
            pastures)
Other forages (alfalfa and fodder crops: beats,
            vegetables, sorghum, maize etc.)
Occasional feeds (food
            leftovers, cut-and-carry forages and legumes, roadside
            grasses)
Stover (crop residues) 
          




        * See Table A1.1 for the detail of the
        composition of each aggregate.


        Table 3.2. Broad geographic regions in
        GlobAgri-AgT.


        
            	Brazil/Argentina

            	Canada/USA

            	China

            	North
            Africa
          

            	Rest of
            America

            	EU-27

            	India

            	West
            Africa
          

            	

            	Oceania

            	Rest of
            Asia

            	East,
            Central and Southern (ECS) Africa
          

            	Rest of the
            world

            	Former
            Soviet Union

            	Near and
            Middle East

            	
          



      

      
The GlobAgri-AgT biomass balance model

        

        The
        GlobAgri-AgT biomass balance model is made up of a
        resource-utilization balance equation for each agri-food product in
        each region:


        Prodijt + Impijt – Expijt = Foodijt + Feedijt + Othijt + Wasteijt + VStockijt


        Where i is the product
        (i 
            
              ∈
            
           I), j the region, t the reference year (here
        2007/2009 named ‘2010’ thereafter), Prod the domestic production, Imp imports, Exp exports, Food the
        domestic food consumption, Feed the domestic feed use, Oth the other domestic uses, Waste the waste
        and VStock
        the stock change.[5]


        For all plant
        (vegetal) products (v 
            
              ∈
            
           I), domestic production equals harvested area (A) multiplied by
        per-hectare yield (Y):


        Prodvjt = Avjt × Yvjt


        For all
        products, the domestic feed use is a linear function of the domestic
        production of reference animal products (a 
            
              ∈
            
           I)[6]:
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        Where βiajt is the
        fixed transformation coefficient of product i into animal product a in region j for year t. βiajt are
        thus what we call the feed-to-output ratios. For each animal product
        (e.g.,
        milk), they are a weighted average of the corresponding feed-to-output
        ratios observed in the various production systems co-existing in the
        sector concerned (e.g., mixed, pastoral, urban and other systems
        co-existing in the dairy sector). For the five sectors under
        consideration (dairy, beef, small ruminants, pork and poultry), the
        various production systems are those suggested by Herrero et al. (2013).
        The way the feed-to-output ratios are computed at the production
        system level and at the sector level is described in detail in Dumas
        (2014). One may notice that GlobAgri-AgT assumes that there is no
        substitution between feed ingredients within feed rations: when the
        animal product quantity increases, the feed demand of each ingredient
        increases proportionally while the composition of the ration remains
        unchanged.


        Finally, for
        all products i, imports are written as a fixed share of total
        domestic use:


        Impijt = αijt × (Foodijt + Feedijt + Othijt + Wasteijt + VStockijt)


        Where αijt is the
        import dependence coefficient of region j for product i in year t. In other
        words, GlobAgri-AgT assumes that when total domestic use of one
        product increases in region j, a fixed share of the additional need is
        covered by imports from abroad, while the remaining share is covered
        by increased domestic production, provided that region j’s maximum
        cultivable area is not binding (see below).


        Exports of
        product i by
        region j are
        written as a fixed share of the world market size of product i:
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        Where σijt is the
        world export market share of region j for product i in year t.


        Import and
        export specifications in GlobAgri-AgT imply some rigidity in
        international trade: each region imports a fixed share of its domestic
        use and regional world export market shares are constant. Such
        rigidity may result from several factors such as the slow change in
        regional comparative advantages, and slow change in transport
        infrastructures and commercial channels. However, such specifications
        are rather restrictive when dealing with mid- to long-term analysis.
        We should emphasize, however, that import dependence coefficients (αijt) and/or
        world export market shares (σijt) may be changed exogenously as part of
        simulated scenarios (e.g., the ‘Regionalization’ scenario) and may
        change endogenously as part of the scenario simulations in regions
        where the maximum cultivable land area is binding (see below). In both
        cases such adjustments of import dependence coefficients and world
        export market shares may figure changes in regional comparative
        advantages or transport or trade costs potentially implied by trade,
        agricultural and/or environmental policies for instance.


        Finally, when
        replacing in the balance equations all variables by their respective
        expression in the additional equations, one realizes that, provided
        that Vstock
        is fixed, Food, oth and Waste are the model’s exogenous variables while
        the area harvested (A) is the model’s endogenous variable.


        The handling of co-products

          

          Among the 33
          agri-food aggregates of GlobAgri-AgT, there are some sets of
          co-products, namely ‘Bovine meat’ and ‘Dairy’ in the dairy sector
          and ‘Oil’ and ‘Cake’ in the oilseed crushing sectors (Table 3.1).
          For these sets of co-products, the balance equations reported above
          apply for one of the co-products, which is chosen as the reference
          product, but they must be changed for the other, which is called the
          by-product.


          In
          GlobAgri-AgT, we decided to choose ‘Dairy’ and ‘Cake’ as reference
          products. Balance equations were thereby adapted for ‘Bovine meat’
          (in fact for the dairy by-product share of ‘Bovine meat’ only) and
          for all oilseeds ‘Oils’. In these cases, the production variable
          (Prod) no
          longer freely adjusts following a change in utilizations, but is
          pre-set by the quantity produced of the reference product and one of
          the various uses (most often the Food use) becomes
          endogenous.


          This
          modelling makes it possible to maintain the existing link between
          co-products. However, this creates some difficulties for simulating
          changes in food diets since it requires an exogenous setting of the
          quantities consumed of each product, including ‘Bovine meat’ and
          ‘Oils’, in each region. This problem is easily dealt with for
          ‘Bovine meat’ as there is another source of production unlinked to
          ‘Dairy’: the beef sector. As far as ‘Oils’ are concerned, there is
          no oilseed producing only oil but we circumvent the problem by
          ignoring the link between ‘Palm kernel cake’ and ‘Palm product oil’
          in the model. Hence, in both cases we are able to calculate the food
          consumption shocks for the share of ‘Bovine meat’ produced by the
          beef sector and for ‘Palm product oil’ required for the overall
          changes in ‘Bovine meat’ and ‘Oils’ food consumption to correspond
          exactly to the changes in food diets which are to be simulated.

        

        
Model closure

          

          The model is
          closed firstly adding a world trade equilibrium equation for each
          product and secondly adding an agricultural land constraint equation
          in each region.


          For each
          product i,
          the world trade equilibrium equation is written:
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          While for
          each region j, the agricultural land constraint equation
          is:
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          This
          agricultural land constraint may be defined for various sets of
          products v
          so that the Surf and 
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             may have different meanings: the land constraint may be
          defined for the cropland area, for the pastureland area or for the
          total agricultural land area for instance, or for all other sets of
          products. In GlobAgri-AgT, because of the lack of data regarding the
          maximum pastureland area in each region, we defined the agricultural
          land constraint on the cropland area. Hence Surfvjt is the cultivated area devoted
          to crop product v in region j during year t and
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             is the maximum cultivable area in region j in year t. Let’s
          emphasize at this stage that defining the land constraint on the
          cropland area has important implications since it means that
          pastureland may adjust freely to all the shocks introduced into the
          model. This is one important limit of our Agrimonde-Terra
          quantitative analysis. This limit does not result from the
          GlobAgri-AgT model since the latter can very easily deal with other
          levels of agricultural land constraints. It results from the lack of
          data on potential maximum areas which could be shifted to permanent
          pasture in each region.


          Finally, as
          in the balance equations the domestic production of each crop v in each
          region j
          is linked to the harvested area and the per-hectare yield of
          corresponding products and regions, we need an additional equation
          linking the harvested area to the cultivated area for each crop in
          each region:
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          Where ejt
          measures the ratio of total cultivated area over total harvested
          area in region j for year t. This ratio is lower than one when the
          cultivated area is lower than the harvested area, indicating the
          extent of multi-cropping (or the level of cropping intensity) in the
          concerned region. In contrast, the cropping intensity coefficient is
          greater than one when the cultivated area is greater than the
          harvested area, indicating the extent of fallow land or of harvest
          abandonment due to difficult climatic, economic or geopolitical
          conditions.

        

        
Model solving

          

          In the
          initial ‘2010’ situation, domestic resources-utilizations and world
          trade are balanced for all products and the observed cropland area
          is lower or nearly equal to the maximum cultivable area in all
          regions.


          Let’s assume
          that food consumption of product i increases in region j. According
          to our model specification, this increase is covered partly by
          rising imports and partly by expanding domestic production. This
          results in an expansion of cropland and, possibly, pastureland areas
          in region j. At this stage two situations may arise:


          Region j’s cropland
          area is still lower than region j’s maximum cultivable area, then the
          resolution of the model stops.


          Region j’s cropland
          area becomes greater than region j’s maximum cultivable area,
          then two stages are considered:


          Region j’s exports
          are first evenly reduced (through equi-proportional decrease in its
          world export market shares σijt) until the domestic cropland area falls
          below the maximum cultivable area. At this stage, the resolution of
          the model stops.


          If, even
          with zero exports, region j still needs more cropland area than its
          maximum cultivable area, then region j starts increasing its imports
          (through increases in import dependence coefficients αijt). In
          other words, region j increases the share of its food needs which
          is covered by imports in order to reduce the required rise in
          domestic production and save some cropland area. As initial regional
          import dependence coefficients vary widely across products, we
          defined intervals of initial levels upon which the αijt
          coefficients are increased evenly, making it possible to
          differentiate the level of increase by band.


          Therefore,
          in the last case, the world export market shares and import
          dependence coefficients of regions constrained by their maximum
          cultivable land area become endogenous.

        
      

      

The entry variables of the model

        

        Table 3.3
        below reports the entry variables of the GlobAgri-AgT model. These are
        the variables and the parameters of the model which can be exogenously
        altered for simulating scenarios.


        Table 3.3. The entry variables of the
        GlobAgri-AgT model.


        
            	Variables

            	Definition

            	Examples of
            quantitative hypotheses of simulated scenarios
          

            	Foodij

            	Food
            consumption of product i in region j

            	Population change in region j
Food
            diet change in region j
          

            	Othij

            	Other
            uses of product i in region j

            	Change in
            non-food use of agricultural biomass in region j
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            	Maximum
            cultivable land area in region j 

            	Land
            degradation or land restoration in region j Expansion or reduction of
            irrigated land area in region j
Impact of climate
            change in region j
          

            	Yvj

            	Per-hectare yield of crop v in
            region j

            	Technical
            change and/or change in cropping systems in region j
Expansion or reduction of irrigated
            land area in region j
Impact of climate change in region
            j
          

            	Parameters
          

            	βiaj

            	Feed-to-output coefficient for feed
            product i and animal product a in
            region j

            	Technical
            change and/or livestock system change in region j
          

            	ej

            	Ratio of
            total cultivated area over total harvested area in region j

            	Change in
            cropping intensity in region j
Change in fallow land
            in region j
          

            	αij*

            	Import
            dependence coefficient for product i in region j

            	Change in
            trade policy in region j
          

            	σij*

            	World
            export market share of region j for product i

            	Change in
            trade policy in region j
          




        * Both parameters may become endogenous
        in regions exceeding their maximum cultivable area.

      

      
Conclusion

        

        GlobAgri-AgT is a
        biomass balance model accounting for physical flows under physical
        constraints. It is thus different from a market and trade economic
        model relying on economic behaviors of agents and functioning with
        prices. It is obvious that our model is more rigid and implies less
        smooth adjustments than an economic model, due to the fact that we
        have no prices, which absorb part of the needed adjustment in an
        economic model, and no substitution possibilities between products,
        which contribute to smooth the needed adjustment across products in an
        economic model.


        Despite the
        limits of a biomass balance model such as GlobAgri-AgT, we chose this
        kind of model for tractability and simplicity reasons. First of all,
        in a biomass balance model, many variables are exogenous, thus
        implementing long-term scenarios in this type of tool is rather easy.
        This is not the case with market and trade economic models, in which
        most of the variables are endogenous (especially in computable general
        equilibrium models). For example, in the case of long-term changes in
        food diets, the modeler can directly introduce alternative future
        diets into the biomass balance model (through shocks on the food
        quantities of the various products) while with a market and trade
        model this is not possible since the food quantities are endogenous.
        In the latter case, the modeler can only indirectly implement the
        long-term changes in food diets through shocks on consumers’ income
        and preferences. Secondly, the use of a biomass balance model seemed
        more appropriate for this present exercise. It appeared like a
        simpler, a more transparent, and above all a better pedagogic tool
        compared to economic models, making discussions about the results and
        their main insights easier across economists and non-economists and
        across scientists and other stakeholders.


        

 4These colleagues are warmly thanked as well as their
        institutions: the Center for Sustainability and the Global Environment
        (SAGE), the Commonwealth Scientific and Industrial Research
        Organisation (CSIRO), the International Institute for Applied Systems
        Analysis (IIASA), the Institute of Soil Science of the Chinese Academy
        of Sciences, the Joint Research Center (JRC), Princeton University,
        the World Fish Institute, the World Resources Institute (WRI) and the
        Woodrow Wilson School of Public and International Affairs.
        

 5For Grass, Occasional feeds and Stover, there is no
        international trade and no stock change. The only utilization is feed.
        The Feed
        variable (linked to livestock production) determines alone, through
        the balance, the domestic production (Prod).

 6In the case of co-products, such as ‘milk’ and
        ‘bovine meat’ or ‘oil’ and ‘cake’, one co-product is chosen as a
        reference product while the other becomes a by-product (see Handling
        of co-products below for more details).
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      Introduction

        

        Land use and
        land-use change have become core issues in the debate on the future of
        agricultural and food systems around the world. On the one hand, the
        world will be facing a growing food demand in the coming decades,
        following the expected increase in both world population and income
        per capita. Historically, increased global food needs were met by an
        expansion in the agricultural area and increased agricultural
        productivity through the intensification of production systems. Such
        historical adjustments of agricultural land area and yields have been
        thrown into question since they are detrimental to the environment. On
        the other hand, agriculture is acknowledged as a significant lever for
        climate change mitigation, through bioenergy production and through
        the close relationship between land use and land-use change and
        greenhouse gas (GHG) emissions. In both cases, promoting mitigation
        strategies could likely challenge agriculture’s food production
        objective.


        Because the
        future of agricultural and food systems is closely related to the
        future of climate change and because land-use change is a key factor
        in the food-climate nexus, scenario studies dealing with the future of
        agricultural and food systems from a food security perspective, a
        climate change perspective or both, are increasing their emphasis on
        the future of land use and on land-use change trajectories.


        The objective
        of this chapter is to review the prospects on land-use change at world
        and regional scales provided by these scenario studies. Convergences
        and divergences in hypotheses and results across the studies are also
        identified in order to draw out the major remaining uncertainties and
        the major issues that deserve further work.


        The rest of
        the chapter is organized as follows. We first report on the prospects
        on land-use change from selected scenario studies. Then, we describe
        the main hypotheses underlying land-use change results, which may, at
        least partly, explain the discrepancies across scenario studies.
        Finally, we provide an overview of estimates of the land area that
        would be available for agriculture all over the planet, in order to
        check the consistency of land-use change results in selected scenario
        studies.


        This chapter
        heavily draws on Le Mouël and Forslund (2017), which describes the
        selection procedure that led to a shortlist of 25 scenario studies and
        provides a brief description of each study. For this chapter we
        selected seven scenario studies from the 25, which report harmonized
        quantitative results on land-use change and can be compared. These
        seven scenario studies are reported in Table A2.1 in the Appendix 2
        and are described in more detail in Le Mouël and Forslund (2017).

      

      
Prospects on land-use change from the selected
        scenario studies

        

        Prospects on world cropland area

          

          Figure 4.1
          reports the change in world cropland area, first from 1961 to 2010,
          as computed from observed data, and then from 2010 to 2050, as
          projected by the seven selected scenario studies, in their baseline
          or ‘business as usual’ (BAU) scenarios (Panel 1a) or in their
          alternative scenarios (Panel 1b).[7],[8]


          Figure 4.1a
          suggests that, as far as baseline and BAU scenarios are concerned,
          the selected scenario studies are all expecting an increase in the
          cropland area at the world scale. In addition, with the exception of
          Nelson et
          al. (2010), the selected studies generally agree on the extent
          of the expected cropland expansion, ranging from 134 million
          hectares (Mha) in Alexandratos and Bruisma (2012) to 182 Mha in Popp
          et al.
          (2017) over the 2010-2050 period. In other words, according to these
          studies, under ongoing trends, the world cropland area is likely to
          expand by 100 to 200 Mha by 2050. As suggested by Figure 4.1a, such
          an evolution is just the extension over the future 2010-2050 period
          of the trend observed over the past 1961-2010 period. The Nelson et al. (2010)
          study is a notable exception since it is the only one expecting a
          significant decrease in the future growth rate of world cropland
          area relative to the one observed over the past, leading to a much
          more limited 25 Mha world cropland expansion up to 2050.
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          a. Baseline and ‘Business as usual’
          scenarios
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          b. Alternative scenarios


          Figure 4.1. Changes in world cropland
          area from 1961 to 2010 (observed) and from 2010 to 2050 as projected
          by the selected scenario studies (million hectares, 2010 as the base
          point).


          Source: Authors’ calculation from FAO
          data and from selected scenario studies’ results provided in
          publications (Odegard and van der Voet, Panel 1b, computed from
          information available in Figure 3 in Odegard and van der Voet,
          2014), except Popp et al.: information extracted from the SSP
          database https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=series [image: ].


          When
          enlarging the analysis to more contrasted scenarios, future
          trajectories of changes in cropland area at the world scale, as
          projected by our selected studies, are logically more differentiated
          (Figure 4.1b). Indeed, the alternative scenarios considered in these
          studies involve contrasted hypotheses for the future of the main
          drivers of world agricultural and food systems. These are world
          population, income per capita and/or food diets, and non-food demand
          for bioenergy production on the demand side; climate change, crop
          yields and livestock productivity on the supply side; and world
          market integration or fragmentation on the trade side. It is
          therefore not surprising that the change induced in the world
          cropland area by 2050 differs quite widely according to the study or
          scenario.


          In Pardey
          et al.
          (2014), scenarios are differentiated according only to demographic
          changes. As the extent of the increase in world population directly
          affects the extent of the world’s food needs, Pardey et al.’s ‘High
          population’ scenario requires more cropland at the world level than
          their baseline scenario (+423 Mha versus +148 Mha, respectively).
          The reverse effect is observed following their ‘Low population’
          scenario, which leads to a slightly declining world cropland area
          from 2010 to 2050 (–66 Mha).


          There is
          only one other scenario inducing a decrease in world cropland area
          by 2050: the ‘Vegetarian world’ in the Odegard and van der Voet
          (2014) study. This scenario relies on a specific hypothesis for the
          future of food diets: it involves a shift in diets all over the
          world towards a limited share of animal-based foods (9%). This share
          is significantly smaller than the levels currently observed in
          Western-like food diets and corresponds roughly to the levels
          currently observed in food diets with a low reliance on animal-based
          foods, such as diets in North Africa, Near and Middle East, India
          and sub-Saharan Africa. According to Odegard and van der Voet
          (2014), this scenario would imply a –190 Mha decline in the world
          cropland area from 2010 to 2050. It is worth noting that in our
          seven selected studies, scenarios built on future food diets
          involving lower levels of energy intake and/or of animal-based foods
          (as a world average) tend to use less cropland at the world level
          (see, for example, the SSP1 scenario in Popp et al., 2017, which leads to a
          stable world cropland area up to 2050).


          Besides the
          scenarios mentioned above, all the others in our selected studies
          induce an increase in the world’s cropland area from 2010 to 2050,
          with a maximum increase of more than 2,000 Mha in Odegard and van
          der Voet’s (2014) ‘Low input world’. As suggested by Figure 4.1b,
          this ‘Low input world’ may appear as an outlier since all the
          upper-range results in other studies lie well below this, at around
          400 to 700 Mha. So, ignoring this ‘Low input world’ scenario, the
          expectations of the reported scenarios range from zero to 723 Mha
          (‘Full world’ in Odegard and van der Voet, 2014) of additional
          cropland at the global scale.


          Of course,
          discrepancies across studies can be explained, at least partly, by
          differentiated hypotheses involved in their scenarios, whether that
          be on the demand, supply or trade side (see below).

        

        
Prospects on world pastureland area

          

          As
          emphasized by Le Mouël and Forslund (2017), few scenario studies
          provide information on the induced impacts of their scenarios on
          world and regional pastureland areas. This is confirmed by
          Figure 4.2, which indicates that among our seven selected studies
          only two report on changes in the world pastureland area up to
          2050.[9]


          Both studies
          propose one scenario involving driving forces towards more
          sustainable agricultural and food systems: Agrimonde 1 in Paillard
          et al.
          (2010) and SSP1 in Popp et al. (2017). In both scenarios, these driving
          forces involve a smaller share of animal products in food diets in
          developed regions, and reduced food wastage at household and retail
          levels all over the world. As shown by Figure 4.2, these two
          scenarios are also the ones implying a decrease in world pastureland
          area over the 2010-2050 period: –428 Mha in Agrimonde 1 and –344 Mha
          in SSP1.


          Other
          scenarios, which are more in line with current trends in world
          agricultural and food systems, especially in world food diets, lean
          towards an increase in world pastureland area, the rise ranging from
          +54 Mha in Agrimonde GO (Paillard et al., 2010) to +208 Mha in
          SSP4 (Popp et
          al., 2017). The SSP5 in Popp et al. (2017) is an exception,
          however, since although involving a hypothesis about the
          Westernization of world food diets (implying increasing levels of
          both energy intake and share of animal products, at least in
          developing regions) like the other scenarios mentioned above, it
          involves a reduced world pastureland area by 2050 (–157 Mha). As we
          will see later, the hypothesis on high crop yield growth and the
          probably optimistic hypothesis on productivity improvements in
          livestock systems in scenario SSP5 could likely explain this
          result.
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          Figure 4.2. Changes in world
          pastureland area from 1961 to 2010 (observed) and from 2010 to 2050
          as projected by the selected scenario studies (million hectares,
          2010 as the base point).


          Source: Authors’ calculation from FAO
          data and from selected scenario studies’ results provided in
          publications, except Popp et al.: information extracted from the SSP
          database https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=series [image: ].

        

        
Prospects on regional agricultural land
          areas

          

          Figures 4.1
          and 4.2 deal with changes in cropland and pastureland areas for the
          world as a whole. They hide the differentiated trajectories of
          cropland and pastureland areas that can be obtained from the
          scenarios for the various world regions under consideration.


          Taking
          Figure 4.1a, the baseline or BAU scenarios of our selected studies
          all expect an increasing world cropland area up to 2050. In all
          these scenarios, cropland expansion mainly arises in sub-Saharan
          Africa and Latin America and the expansion in both zones exceeds the
          expected decline in some other regions (most often developed
          regions).


          The same
          picture arises from scenarios reported in Figure 4.1.b. In scenarios
          leading to an overall increase in the world’s cropland area, the
          expected expansion, mainly in sub-Saharan Africa and Latin America,
          overcomes the expected decline in some other regions (mainly in
          developed regions). In scenarios implying an overall reduction in
          the world’s cropland area, the expected expansion, still mainly
          arising in sub-Saharan Africa and Latin America, is more than
          outweighed by the expected decline in some other regions (most often
          developed regions but also Asian regions in some scenarios).


          Regarding
          changes in pastureland area, once again when scenarios lead to an
          overall expansion at the world level, expansion arises mainly in
          sub-Saharan Africa and, to a lesser extent, in Latin America, while
          in most other regions the pastureland area either declines slightly
          or remains stable until 2050. However, in scenarios leading to an
          overall reduction in the world pastureland area, the area often
          decreases in most regions.

        
      

      

Main hypotheses driving the land-use change results
        of the selected scenario studies

        

        In each
        scenario study, alternative scenarios combine different hypotheses for
        the future of the main drivers of world agricultural and food systems.
        Hence, in each scenario study, these differentiated hypotheses for the
        future explain the differences in land-use change impacts of the
        scenarios. When considering together several selected studies, the
        discrepancies in land-use change impacts of the various scenarios are
        still partly explained by differentiated hypotheses for the future of
        drivers but also by the data and models used, which are different
        across and, in some cases, even within, studies (for example, Schmitz
        et al.,
        2014, and Popp et
        al., 2017).[10]


        The hypotheses
        involved in the various scenarios of our seven selected studies are
        reported in detail in Le Mouël and Forslund (2017). In this chapter,
        we only attempt to shed a little light on the role of some major
        hypotheses involved regarding the range and discrepancies of land-use
        change results across scenarios and studies.


        Baseline and BAU scenarios

          

          In baseline
          and BAU scenarios, as reported in Figure 4.1a, the population is
          usually expected to increase according to the medium variant of the
          United Nations (UN) projections, meaning a world population reaching
          9.1 to 9.5 billion in 2050 depending on the study in question. All
          these scenarios are expecting continuing trends in the evolution of
          food diets, meaning a convergence of food diets towards Western-type
          diets all over the world, implying increasing energy intakes, rising
          shares of animal products, vegetable oils and sugar and sweeteners,
          and decreasing shares of staples such as cereals and roots and
          tubers. In all scenarios, these trends are expected to be
          significantly more marked in developing regions than in developed
          ones, where food diets would remain rather stable. In all these
          scenarios, changes in population and in food diets drive up food
          needs until 2050 at the world level and for most world regions.
          Baseline and BAU scenarios also consider the additional expected
          need for biomass for non-food purposes (mostly biofuels in our
          selected studies), even if, as pointed out in Le Mouël and Forslund
          (2017), the selected studies do not provide detailed quantitative
          information on their hypotheses in this regard.


          Globally,
          baseline and BAU scenarios agree on increasing world food and
          non-food needs up to 2050, to be covered by rising agricultural
          production at the world level. According to these scenarios, crop
          yields would continue to increase all over the world, though more
          slowly than in previous decades, mainly due to the expected negative
          effects of continuing trends in climate change. Livestock
          productivity would also continue to improve. However, as suggested
          by Figure 4.1a, the expected improved performance of agriculture all
          over the world would not be sufficient and, according to all
          reported baseline and BAU scenarios, cropland expansion at the world
          level would be necessary to reach the required increase in world
          agricultural production.


          As shown by
          Figure 4.1a, differences in the extent of the expansion of world
          cropland area according to these studies are not so significant,
          except for the Nelson et al. (2010) study, which results in a
          significantly smaller cropland expansion. These differences arise
          from both the hypotheses involved in scenarios, but also from the
          data and models used. Indeed, even if all baseline and BAU scenarios
          consider qualitatively similar hypotheses for the future of the
          various drivers of the world agricultural and food systems, these
          studies do not adopt the same quantitative translation of such
          hypotheses. One key element in this regard is the expected economic
          growth rate, both the world average and for the different regions,
          adopted by the various studies. As indicated in Le Mouël and
          Forslund (2017), baseline and BAU scenarios in the selected studies
          consider differentiated economic growth rates both at the world
          level and for the various regions. As hypotheses for the future on
          food diet changes and on technical progress (i.e., expected crop yields and
          livestock productivity) are either implicitly or explicitly, closely
          related to the expected economic growth in scenarios, this is likely
          to result in different expected food diets as well as crop yield and
          livestock productivity levels up to 2050 in the various studies. In
          addition, as economic growth rates and market liberalization are
          closely interrelated in scenarios, this may also be a cause of
          discrepancies in the results across studies.[11]
          Finally, economic growth may also be closely related to the future
          of climate change in scenarios, which may also result in
          differentiated hypotheses for the future of agriculture’s productive
          performance all over the world.


          The other
          source of discrepancies in the results across the studies lies in
          the different data and models they use. Indeed, because the data and
          models used are different across studies, the simulation of the
          baseline or BAU scenario in each of them does not result in the same
          sharing of the required adjustments between prices and quantities.
          In other words, even if quantitative hypotheses involved in the
          scenarios were exactly the same in all studies, the results for
          land-use change would differ across studies, as would the results
          for price changes (of agricultural products and of land), when
          included in these studies.[12]

        

        
Alternative scenarios

          

          Contrary to
          the baseline and BAU scenarios, alternative scenarios in our
          selected studies (Figures 4.1b and 4.2) consider contrasted
          hypotheses for the future of the drivers of world agricultural and
          food systems. This explains the wider range of results obtained, in
          terms of both cropland and pastureland trajectories to 2050.


          Let’s
          consider first the Pardey et al. (2014) study. The three scenarios
          proposed involve contrasted hypotheses for the future of world and
          regional population. So, comparing the results for world changes in
          cropland area for these scenarios gives an indication of the
          sensitivity of the future trajectory of world cropland to
          demography: from –66 Mha for low population to +423 Mha for high
          population, as compared to +148 Mha for the baseline, over the
          period 2010-2050.


          Turning to
          the Schmitz et
          al. (2014) study, two scenarios are considered, differentiated
          according to the hypothesis for the future of climate change. The
          ‘Reference-SSP2’ scenario extends to 2050 the ongoing trends in
          climate change, while the ‘Reference-SSP2-RCP8.5’ scenario considers
          a hypothesis of more rapid climate warming (as proposed by the IPCC
          through its most extreme climate change pathway, RCP8.5). Therefore,
          comparing the results in world cropland changes of both scenarios
          provides an indication of the sensitivity of the future trajectory
          of world cropland to climate change: from +161 Mha with ongoing
          trends to +266 Mha with more rapid climate warming, over the period
          2010-2050. In terms of world average, the rapid climate warming
          pathway is likely to negatively affect growth in crop yields, so
          more cropland is necessary to cover world food and non-food needs in
          2050.


          In all the
          other selected studies, one can find one scenario involving
          especially optimistic hypotheses on economic growth, which comes
          with significant further liberalization of world markets
          (conventional development hypothesis). These are scenario ‘SSP5’ in
          Popp et
          al. (2017), scenario ‘Agrimonde GO’ in Paillard et al. (2010)
          and scenario ‘Affluent world’ in Odegard and van der Voet (2014). In
          all these scenarios, the optimistic economic growth and further
          liberalized markets lead to a rapid Westernization of food diets
          (implying higher food needs in 2050) and rapid technological
          progress (implying higher crop yields and more productive livestock
          systems in 2050). As shown in Figure 4.1b, such scenarios tend to
          use more cropland at the global scale compared to the previous
          baseline and BAU scenarios. As regards pastureland area however,
          results are more ambiguous: while ‘Agrimonde GO’ would involve an
          additional 54 Mha of world pastureland area from 2010 to 2050,
          ‘SSP5’ would require 153 Mha less pastureland area at the global
          scale over the same period. Even if information in this regard is
          scarce in both studies, this discrepancy could result from the
          differentiated hypotheses adopted on the future of livestock
          productivity on the one hand, and on the extent of substitution in
          food diets between ruminant meat and pork and poultry meat on the
          other.


          The same
          studies also offer one scenario involving driving forces towards
          more sustainable world agricultural and food systems (sustainable
          development hypothesis): ‘SSP1’ scenario in Popp et al. (2017),
          ‘Agrimonde 1’ scenario in Paillard et al. (2010) and ‘Vegetarian
          world’ scenario in Odegard and van der Voet (2014). In these
          scenarios, world food needs increase less rapidly to 2050 since food
          diets are evolving towards healthier diets, which are less
          energy-rich (as a world average and, at least, for developed
          regions) and less animal-rich (as a world average and for developed
          and some emerging regions), while food wastage is reduced all over
          the world. With the exception of ‘Agrimonde 1’, such scenarios are
          among those using the least cropland and lead to a stable (‘SSP1’)
          or decreased (–190 Mha in ‘Vegetarian world’) world cropland area
          between 2010 and 2050. Such scenarios also use the least pastureland
          and involve a reduced world pastureland area over the period
          2010-2050 (–344 Mha in ‘SSP1’, –428 Mha in ‘Agrimonde 1’).


          In terms of
          the world cropland area, the result in the ‘Agrimonde 1’ scenario
          deserves further investigation since despite the induced lower
          increase in world food needs, it still leads to a significant area
          expansion (+486 Mha over the period 2010-2050). The main reason for
          this result probably lies in the hypothesis for the future of
          cropping systems adopted in ‘Agrimonde 1’. Indeed, this scenario
          assumes that the driving forces towards higher sustainability would
          lead to a shift towards agroecological cropping systems, which would
          supposedly result in a significant reduction in the world’s average
          growth in crop yields. Odegard and van der Voet (2014) propose a
          very similar assumption in the ‘Low-input world’ scenario where the
          focus is on sustainability and cropping systems shift towards
          low-input systems.[13] As shown by Figure 4.1b, both
          scenarios are among those using the most cropland. This result
          points out the high sensitivity of future cropland trajectories to
          the evolution of cropping systems and highlights the complexity of
          finding a path to more sustainable agricultural and food
          systems.


          Finally,
          both Popp et
          al. (2017) and Odegard and van der Voet (2014) envisage one
          scenario with the fragmentation of world markets as a main driving
          force: ‘SSP3’ scenario in Popp et al. (2017) and ‘Full world’ scenario in
          Odegard and van der Voet (2014). In these scenarios, both economic
          growth and technological progress are rather slow. Therefore, both
          the small increase in agricultural productivity and rising trade
          barriers contribute to increasing the world cropland and pastureland
          areas required to cover food and non-food needs by 2050. Indeed, in
          each study ‘SSP3’ and ‘Full world’ are among the scenarios using the
          most cropland worldwide (Figure 4.1b). ‘SSP3’ is among the Popp et al. (2017)
          scenarios using the most pastureland (Figure 4.2). This result
          emphasizes the key role of world trade in future land-use change
          trajectories.


          As already
          mentioned, one source of differences in the land-use change impacts
          of scenarios lies in the different models used. The fact that in
          some of our selected scenario studies (namely, Agrimonde, Odegard
          and van der Voet, 2014, and Pardey et al., 2014), the models used
          are not economic models involving price equilibrium mechanisms
          should be underlined. Price adjustment mechanisms clearly contribute
          to smooth adjustments in the quantities needed (including cropland
          and pastureland areas: when food demand increases, product prices
          adjust up, making food supply rise as well as demand for
          agricultural land and finally land prices; because of these food and
          land price adjustments, food consumption and production quantities
          as well as land areas finally need to adjust less than if prices had
          remained constant). Therefore, it is not so surprising that these
          scenario studies using non-economic models are also those exhibiting
          the largest land-use change impacts following their various
          scenarios. Obviously, one must remain cautious though since we
          cannot measure exactly in these land-use change impacts what is due
          to the hypotheses involved in scenarios and what is due to the type
          of model used.

        
      

      

Estimates of available land for agriculture at the
        world level

        

        There are two
        main databases providing data on current land use for the whole planet
        at various geographic levels (agro-ecological zones, countries, large
        regions and the world): FAOStat and the SAGE database (Center for
        Sustainability And the Global Environment, University of Wisconsin).
        There are also two databases providing data on the agricultural
        potential of land all over the world: the GAEZ database (Global
        Agro-Ecological Zones, International Institute for Applied Systems
        Analysis, IIASA, Vienna, and FAO) and the above mentioned SAGE
        database. These databases have been used in a number of studies
        dealing with land-use change for food security and/or for climate
        change purposes. One key question in such studies is how much land is
        currently used for agriculture all over the world and how much
        additional land could be converted to agriculture.


        In the
        following, we use some of these studies, namely Ramankutty et al. (2008),
        Erb et al.
        (2009), Fischer et al. (2011), Lambin and Meyfroidt (2011) and
        Bajzelj et
        al. (2014) to provide an evaluation of current land reserves,
        both globally and in various world regions, that would be suitable for
        agriculture. We also use Roudart’s 2010 analysis, which provides a
        detailed comparison of the three databases mentioned above and of
        their results regarding current land use and agricultural potential of
        land all over the world. Finally, we add the data on land use and the
        agricultural potential of land that we extracted from the FAOStat and
        GAEZ databases for the Agrimonde-Terra foresight study, in order to
        compare the data we used with the data used in existing literature.[14]


        How much land is already used by agriculture around
          the world?

          

          Land used by
          agriculture comprises cropland (or arable land and permanent crops
          area according to the FAOStat definition)[15] and pastureland (or permanent meadows and
          pastures land area according to the FAOStat definition). While the
          first category is well defined, uniformly named and rather
          homogenous across studies, the second is more complex, making its
          manipulation more delicate for comparison purposes. Indeed, the
          definition of pasture is not clear and is subject to uncertainty.
          There are many different types of meadows and pastures (cultivated
          and natural, from poorly productive savannah grassland or rangelands
          through to highly productive meadows in Western Europe, for
          example). Consequently, there are many different ways to classify
          them either as pastureland or in other land-use categories (for
          example, is grazing in a semi-arid area reported as pastureland or
          natural land in global databases? Is grazing underneath forest trees
          reported as pastureland or forest land?). This complexity in
          defining pastureland is confirmed by the many different terms used
          in studies to name it: permanent meadows and pasture (FAOStat),
          pasture land (Ramankutty et al., 2008; Lambin and Meyfroidt, 2011;
          Bajzelj et
          al., 2014), grazing land (Erb et al., 2009), and grass and
          wood land (Fischer et al., 2011).


          It therefore
          comes as no surprise that while the studies under consideration more
          or less agree on the world cropland area currently used, their
          assessments of the world pastureland area show significant
          discrepancies. As suggested by Table 4.1, all studies converge on
          approximately 1,500 Mha of cropland used across the planet over the
          past decade (estimates are for 2000, 2007-09 or 2009 depending on
          the study). However, as far as pastureland area is concerned,
          estimates become more divergent. They range from 2,810 Mha in 2000
          according to Ramankutty et al. (2008) to 4,688 Mha in 2000 according to
          Erb et al.
          (2009), and from 2,812 Mha in 2009 according to Bajzelj et al. (2014)
          to 3,373 Mha in 2007-09 according to FAOStat. It is worth noting
          that, as suggested by Table 4.1, some areas accounted for as
          ‘pastureland’ in Erb et al. (2009) and Fischer et al. (2011) are reported as
          forest land and/or other land in FAOStat or as natural land in
          Bajzelj et
          al. (2014).


          Table 4.1. Land use at the global
          scale according to the studies considered (Million hectares).


          
              	Study

              	Cropland

              	Pastureland

              	Forestry

              	Other
              (incl. Infrastructure)

              	Total
            

              	Ramankutty et al.
              (2008)

              	1,500

              	2,812

              	n.a.

              	n.a.

              	n.a.
            

              	Bajzelj
              et
              al. (2014)

              	1,563

              	2,810

              	2,730

              	5,930
              (110)

              	13,033
            

              	FAOStat

              	1,535

              	3,373

              	4,044

              	4,067

              	13,019
            

              	Fisher
              et
              al. (2011)

              	1,559

              	4,612

              	3,736

              	3,141
              (152)

              	13,049
            

              	Erb
              et
              al. (2009)

              	1,523

              	4,688

              	3,496

              	3,391
              (136)

              	13,038
            




          Source: extracted from publications and from
          the FAOStat database.


          Note: n.a. = not available. Ramankutty
          et al.
          (2008): data for 2000 issued from the SAGE database; Bajzelj et al. (2014):
          data for 2009 based on Ramankutty et al. (2008) and FAO (2010),
          category ‘Other uses’ covering ‘Natural land’ and ‘Built-up’;
          FAOStat: average data for 2007-2009 as used in the GlobAgri-AgT
          database; Fischer et al. (2011): data for 2000 based on GAEZ data
          and various other sources, ‘Other uses’ category covering ‘Sparsely
          vegetated and barren land’ and ‘Settlement and infrastructure’; Erb
          et al.
          (2009): data for 2000 based on Erb et al. (2007), ‘Other uses’
          category covering ‘Non-productive land’, ‘Unused productive land’
          and ‘Infrastructure’.


          Bajzelj et al. (2014)
          use the estimate of the world pastureland area provided by
          Ramankutty et
          al. (2008). As Ramankutty et al. (2008) explain, their final predicted
          world pastureland area is significantly lower than FAOStat data,
          mainly because their estimates for some countries are significantly
          lower than the pastureland area reported by these countries in their
          national census and/or in FAO statistics. The largest difference is
          found in China (400 Mha pasture reported in national statistics
          versus 290 Mha predicted by Ramankutty et al.), followed by Australia
          (320 Mha reported versus 270 Mha predicted) and Mongolia (130 Mha
          reported versus 90 Mha predicted). Ramankutty et al. (2008) emphasize that
          these three countries have large amounts of semi-arid land, which
          may be grazed or not depending on annual climate conditions, and
          consequently be reported as pastureland or other land according to
          the various databases.


          The world
          pastureland estimate provided by Fisher et al. (2011) is 1,239 Mha
          higher than FAOStat data and 1,800 Mha higher than Ramankuttty et al.’s
          estimate. One explanation is that the definition of pastureland
          adopted by Fischer et al. (2011) is broader than the one used in
          both other studies. First, Fischer et al.’s pastureland category
          includes woodland ecosystems and second, it can be seen from
          Table 4.1 that compared to FAOStat data, over the additional
          1,239 Mha of pastureland area in Fischer et al. (2011), 308 Mha are
          reported as forest land and 926 Mha are reported as land for other
          uses in FAOStat. The same conclusion can be drawn when dealing with
          the Erb et
          al. (2009) world pastureland estimate, which is very close to
          that of Fischer et al. (2011).


          Finally,
          according to the existing literature, around 12% of the global land
          area is currently devoted to crops (annual and permanent) and from
          20 to 35%, depending on the study, is currently used as pasture.
          Hence, depending on the study, agriculture currently uses from less
          than 35% to more than 47% of the global land area. The GlobAgri-AgT
          database includes the FAOStat data on land use, computed as a
          2007-2009 average. Therefore, for Agrimonde-Terra we consider that
          cropland currently accounts for 12% of the total world land area and
          pastureland for 26%. Thus, 38% of the global land area is used for
          agriculture.

        

        
How much productive land around the world?

          

          Having
          assessed the current extent of agricultural land across the planet,
          the second important question is how much land could be used at most
          for agriculture all over the world? The GAEZ approach offers a
          method for assessing land’s suitability for agricultural production
          following a series of steps. First, the land resource is
          characterized (for each AEZ, at the grid cell level) through the
          components of climate, soil, landform and current land cover. Then,
          the potential agro-climatic yield and the maximum attainable
          yield[16] in each cell is computed with a
          crop model for different crops under different input levels and
          management systems. Finally, a suitability index is defined by
          comparing the potential agro-climatic yield and the maximum
          attainable yield. This suitability index makes it possible to
          classify each cell over eight possible land classes from ‘very
          suitable’ to ‘not suitable’.[17]


          The GAEZ
          suitability index and its related land classification method have
          been used in many studies dealing with issues connected to land
          productivity or agricultural land availability (in particular, the
          impacts of climate change on agriculture). Most of the studies
          considered in this section also rely on GAEZ land suitability data.
          However, as there are different ways of calculating the suitability
          index[18],
          their estimates of the maximum land area suitable for agriculture
          globally are different, as suggested by Table 4.2.


          Table 4.2. Agricultural potential of
          land according to the studies considered (Million hectares).


          
              	Study

              	Prime
              land

              	Good
              land

              	Marginal
              land

              	Non-suitable land

              	Total
            

              	Fisher
              et
              al. (2011)

              	1,300

              	3,100

              	1,100

              	7,550

              	13,049
            

              	GAEZ

              	4,288

              	8,731

              	13,019
            

              	Bajzelj
              et
              al. (2014)

              	2,830

              	2,550

              	7,660

              	13,038
            




          Source: extracted from publications and
          from the GAEZ database.


          Note: Fischer et al. (2011): ‘Prime land’,
          suitability index (SI) > 80%; ‘Good land’, 40% < SI < 80%;
          ‘Marginal land’, 20% < SI < 40%; ‘Non-suitable land’,
          SI < 20%; GAEZ: computed from the GAEZ database for the
          GlobAgri-AgT database, ‘Cultivable land’, SI > 40%;
          ‘non-cultivable land’, remaining land; Bajzelj et al. (2014): ‘Prime land’,
          SI > 70% for at least one of the major crops, for low and for
          high inputs; ‘Good land’ 25% < SI < 70%, for low and for high
          inputs; ‘Other’ (unsuitable), marginal and unsuitable land.


          According to
          Fischer et
          al. (2011) there is around 1,300 Mha of land on our planet,
          which can be considered very suitable for crop production. They
          describe this as ‘Prime land’ and its suitability index is greater
          than 80% (at least 80% of the potential agro-climatic yield is
          attainable). There is an additional 3,100 Mha of land which exhibits
          good to medium suitability. This is considered ‘Good land’ and its
          suitability index is between 40% and 80%. According to Fischer et al. (2011),
          the remaining land (called ‘Marginal land’ and ‘Non-suitable land’)
          is not suitable for crop production.[19] Therefore,
          according to Fischer et al. (2011), there is around 4,400 Mha of
          land which is suitable for crop production across the world.


          Bajzelj et al. (2014)
          also rely on the GAEZ method and data, and also use the ‘Prime land’
          and ‘Good land’ classes. However, as shown by Table 4.2, these land
          classes mean different things in the two studies. Indeed, the
          definition of ‘Prime land’ and ‘Good land’ is different in Bajzelj
          et al.
          (2014): it is significantly more flexible for ‘Prime land’ and
          stricter for ‘Good land’ (Table 4.2 notes). According to Bajzelj et al. (2014),
          our planet would benefit from 2,830 Mha of ‘Prime land’, more than
          double Fischer et al.’s estimate. This would leave 2,550 Mha
          of ‘Good land’ and, in total, 5,380 Mha of land would be suitable
          for crop production across the planet. This means there is a
          difference of nearly 1,000 Mha between the estimates of Fischer et al. and
          Bajzelj et
          al. on the area suitable for crop production, which is far from
          negligible. This corresponds roughly to the so-called ‘Marginal
          land’ in Fischer et al. (2011). Hence, one explanation of the
          discrepancy between the studies is that the method adopted by
          Bajzelj et
          al. to compute the suitability indices and to classify land
          leads them to consider ‘Marginal land’ as suitable for crop
          production while Fischer et al. exclude this land type from land
          suitable for crop production.


          In
          Agrimonde-Terra, we also use the GAEZ approach and data and we chose
          to consider the land with a suitability index greater than 40% as
          the land suitable for crop production or as the maximum cultivable
          land area. As indicated in Table 4.2, this makes our estimate
          (4,288 Mha) very close to that of Fischer et al. (2011).


          At this
          stage, it is still not possible to evaluate how much additional land
          could be converted to agriculture in the future. Indeed, land
          suitable for crop production is not restricted to crop production
          and may well be devoted to other uses. Both Fischer et al. (2011) and
          Bajzelj et
          al. (2014) also provide information on the distribution of land
          suitable for crop production (or agriculture) over the current land
          use, both globally and for various regions.

        

        
How much productive land is available for
          agriculture?

          

          As suggested
          in Table 4.3, Fischer et al. (2011) and Bajzelj et al. (2014) provide different
          patterns of current land-use distribution over land suitability
          classes. Unsurprisingly, this results in different estimates of land
          reserves for agriculture across the world.


          Table 4.3. Land-use distribution over
          suitability classes (Million hectares).


          
              	Study

              	Prime
              land

              	Good
              land

              	Marginal
              land

              	Non-suitable land

              	Total
            

              	Fisher et al.
              (2011)
            

              	Cropland

              	400

              	800

              	300

              	0

              	1,500
            

              	Pastureland

              	400

              	1,100

              	500

              	2,600

              	4,600
            

              	Forestry

              	500

              	1,100

              	300

              	1,800

              	3,700
            

              	Other

              	0

              	0

              	0

              	3,200

              	3,200
            

              	Total

              	1,300

              	3,100

              	1,100

              	7,550

              	13,050
            

              	Bajzelj et al.
              (2014)
            

              	Cropland

              	730

              	470

              	360

              	1,560
            

              	Pastureland

              	540

              	640

              	1,630

              	2,810
            

              	Forestry

              	660

              	540

              	1,540

              	2,740
            

              	Other
Incl.
              Infrastructure

              	900
50

              	900
30

              	4,130
30

              	5,930
110
            

              	Total

              	2
              830

              	2
              550

              	7,660

              	13,040
            




          Source: extracted from publications.


          Note: Fischer et al. (2011): data for 2000,
          ‘Pasture’ category covering ‘Grass and woodland’, ‘Other uses’
          category covering ‘Sparsely vegetated and barren land’ and
          ‘Settlement and infrastructure’; ‘Prime land’, suitability index
          (SI) > 80%; ‘Good land’, 40% < SI < 80%; ‘Marginal land’,
          20% < SI < 40%; ‘Non-suitable land’, SI < 20%; Bajzelj et al. (2014):
          data for 2009, ‘Other uses’ category covering ‘Natural land’ and
          ‘Built-up’; ‘Prime land’, SI > 70% for at least one of the major
          crops, for low and for high inputs; ‘Good land’
          25% < SI < 70%, for low and for high inputs; ‘Other’
          (unsuitable), marginal and unsuitable land.


          Comparing
          Tables 4.1 and 4.2, we could conclude that globally the current
          world cropland area (around 1,500 Mha) is much smaller than the land
          considered suitable for crop production (4,288 to 5,380 Mha
          depending on the study), leaving large reserves of potential
          cropland for the future. Probably based on this logic, the first
          assessments of the world’s agricultural land reserves were rather
          optimistic. Roudart (2010), for example, states that in 2005, only
          38% of the world’s cultivable land (i.e., suitable for crop
          production) is cultivated (specifically, 1,563 Mha of cropland
          compared to 4,152 Mha of cultivable land).


          Looking at
          Table 4.3, we can see that these estimates could be even more
          optimistic since part of the land considered as not suitable for
          crop production by Fischer et al. (2001) and by Bajzelj et al. (2014)
          is already used for crop production. These areas amount to 300 Mha
          and 360 Mha respectively (on marginal or non-suitable land). This
          land should be added to the estimates of the world’s land area
          suitable for crop production in both studies. This would then rise
          to 4,700 Mha and 5,740 Mha respectively. Therefore, given that the
          current world cropland area is about 1,500 Mha, the world’s reserve
          of cultivable land would reach 3,200 Mha according to Fischer et al. (2011)
          and 4,240 Mha for Bajzelj et al. (2014). Both studies point out that most
          of this reserve is located in Latin America and Sub-Saharan
          Africa.


          However,
          some authors have started to challenge these early very optimistic
          estimates, arguing that it is somewhat misleading to consider areas
          already used for other purposes in the cultivable land reserve. This
          idea was already present in Roudart (2010), who suggested several
          estimates for the world’s reserve of cultivable land under different
          hypotheses, notably one excluding cultivable areas already under
          forest use. According to Table 4.3, adopting the same hypothesis
          would reduce the world’s reserve of cultivable land to 1,600 Mha for
          Fischer et
          al. (3,200 Mha reserve of cultivable land minus 1,600 Mha of
          cultivable land already under forest use) and to 2,640 Mha for
          Bajzelj et
          al. (4,240 Mha minus 1,600 Mha).


          We could
          adopt the same logic regarding the cultivable land area already used
          for pasture, arguing that once the world’s cropland has expanded, at
          least part of current pastures would move on to land under forest or
          other uses. According to Table 4.3, adopting such a hypothesis would
          further reduce the world’s reserve of cultivable land to 100 Mha for
          Fischer et
          al. (1,600 Mha minus 1,500 Mha) and to 1,460 Mha for Bajzelj
          et al.
          (2,640 Mha minus 1,180 Mha). In other words, while for Fischer et al. (2011)
          an expansion of the world’s agricultural land (cropland and
          pastureland) would necessitate further deforestation, this could
          potentially be avoided in Bajzelj et al. (2014) since the
          expansion of agricultural land could take place on areas currently
          under other uses (called ‘Natural land’ in Bajzelj et al.).


          According to
          Erb et al.
          (2009), the global ‘uncultivated productive land’ area would amount
          to 1,578 Mha in 2009. This figure is close to the global land
          reserve of cultivable land estimated above from Bajzelj et al.’s
          results. On the other hand, the alternative estimate provided by
          Lambin and Meyfroidt (2011) is closer to Fischer et al.’s
          results. Lambin and Meyfroidt state that estimates of the global
          land reserve (i.e., uncultivated productive land) “are often
          too optimistic as many of these areas are under natural forests, are
          already used as permanent pastures, are protected areas, include
          marginal lands, or are only suitable for a single crop (e.g., olive
          trees in Mediterranean drylands)” (Lambin and Meyfroidt, 2011,
          supporting information, p. 1). They use a high estimate of 445 Mha
          for the global land reserve based on the results of a World Bank
          report (Deininger et al., 2011), the latter using a study by
          Fischer and Shah (2010) built on GAEZ data.


          At this
          stage, two conclusions are possible. First, if we assume that
          current cropland can expand on all the cultivable land available
          across the planet whatever its current use (except infrastructure),
          there is a large global land reserve: between 3,000 Mha and more
          than 4,000 Mha depending on the study, the majority of it in Latin
          America and Sub-Saharan Africa. Conversely, however, if we assume
          that current cropland can expand only on the cultivable land which
          is not already under pasture, forest or infrastructure use, the
          global land reserve is much more limited: from 100 Mha to around
          1,400 Mha depending on the study, the majority again in Latin
          America and Sub-Saharan Africa.

        
      

      

Conclusion

        

        In conclusion,
        we can compare the results of the scenario studies we have examined in
        terms of land-use trajectories and the estimates of the world’s
        reserve of cultivable land, according to the existing literature. As
        far as baseline and BAU scenarios are concerned, it is worth noting
        that their anticipated expansion in the world’s cropland area by 2050
        (ranging from +25 to +182 Mha, Figure 4.1a) fall into the range of the
        estimates of the world’s reserve of cultivable land, even the more
        restrictive ones (100 to 1,400 Mha).


        However, the
        conclusions are more ambiguous when we consider the alternative
        scenarios in these studies. Given their anticipated expansion in the
        world’s cropland, ranging from +175 Mha (SSP4) to +486 Mha (Agrimonde
        1), +723 Mha (‘Full world’) and +2,130 Mha (‘Low-input world’, Odegard
        and van der Voet), it is clear that the compatibility of these
        cropland increases with global land reserves depends crucially on the
        hypothesis used for estimating these reserves. Considering the most
        restrictive estimates of global maximum cultivable land, it is clear
        that some scenarios would not be sustainable, as they would involve
        further deforestation.


        

 7Observed data are from the FAOStat database.
          Cropland area in Figure 4.1 corresponds to the FAO category ‘Arable
          land and permanent crops’ area.

 8The seven selected scenario
          studies do not consider the same temporal horizon. So, in order to
          make their results comparable, we computed from their results the
          corresponding area change over the 2010-2050
          period.

 9In Figure 4.2, data from 1961 to 2010 are observed
          data extracted from the FAOStat database. Pastureland area in
          Figure 4.2 corresponds to the FAO category ‘Permanent meadows and
          pastures’ area. As in Figure 4.1, as the two studies do not consider
          the same temporal horizon, the corresponding change in area over the
          2010-2050 period has been computed from their
          results.

 10On this point see, for example, von Lampe et al.
        (2014).

 11Further market liberalization makes it possible in
          economic models such as the ones used in these studies, to deepen
          comparative advantages so less cropland is needed at the world level
          for a given level of agricultural production.

 12Le Mouël and Forslund (2017) for more details in
          this regard.

 13In addition, the ‘Low-input world’ scenario in
          Odegard and van der Voet (2014) assumes fragmented world markets
          implying no trade between the world regions under consideration.
          This is certainly one cause explaining the particularly large
          expansion in the world’s cropland area induced by the ‘Low-input
          world’ scenario compared to Agrimonde 1 as well as to all other
          reported scenarios.

 14These data are part of the
        GlobAgri-AgT database. See Chapter 3 for more
        details.

 15We also use the term ‘cultivated land’ for this
          category.

 16The potential agro-climatic yield is combined with
          several reduction factors, directly or indirectly related to climate
          and soil and terrain conditions, in order to derive the maximum
          attainable yield. 

 17For instance, the ‘Very high’ and ‘High’ land
          classes relate to suitability indices greater than 85% and 70%,
          respectively, meaning that, at least 85% and 70%, of the potential
          agro-climatic yield may be reached on the land in these classes. For
          more details about the GAEZ method, see http://webarchive.iiasa.ac.at/Research/LUC/GAEZv3.0/docs/GAEZ_Model_Documentation.pdf [image: ]
          

 18The suitability index may be calculated
          considering different sets of crops (crops or crop groups, rainfed
          or irrigated) for different input levels and management systems,
          using different aggregation rules, for example.

 19As we will see later, this does not mean that such
          land is not suitable for agriculture since some ‘Marginal land’
          could be used as pasture for instance.
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      Introduction

        

        The foresight
        process integrates the long-term dimension, past and future. In this
        chapter we concentrate on the past dimension and present a rapid
        review of the evolution of the five dimensions of land use between
        1960 and the early 2010s, at both a global level and for six world
        regions. Describing past trends and breaks in the five dimensions of
        land use helps to grasp their long-term dynamics as well as the roots
        of the current situation in land use and food security.


        As presented
        in Chapter 1, Agrimonde-Terra considers that there are five
        complementary, interlinked and dynamic dimensions of land use. The
        land’s agronomic potential is the first dimension and determines the
        suitability of land for agriculture and, within agriculture, for
        different crops. Land’s agronomic potential varies over time as a
        result of climate change, farmers’ decisions and technical progress,
        as well as policies through their impacts on these drivers. Access to
        land is the second dimension. It depends on land tenure systems and
        land policy, which are affected by the geopolitical situation, the
        degree of competition for land, farmers’ incomes and access to credit
        etc. A qualitative analysis of the evolution of access to land can be
        provided. The distribution of land between different uses is the third
        dimension. Diets, demography, climate, and international trade are
        important drivers of this dimension. The fourth dimension is the
        degree of intensity of land use. It evolves over time as it is
        influenced by available techniques (e.g., technical progress) and
        farmers’ decisions. The final dimension of land use is the services
        land provides. These services depend on how land is used (agriculture
        vs. forests,
        for instance) and, as far as agricultural land is concerned, on
        farming practices. This dimension of land use focuses on the linkages
        between ecosystems and human well-being, and has grown in importance
        since the 1990s.


        Most of the
        data used in this chapter are from FAOStat. Data on land use thus use
        the FAO classification.[22]

      

      
The agronomic potential of land

        

        In recent
        decades, and in all regions of the world, the agronomic potential of
        land, i.e.
        its suitability for cultivation, has been, in some places, positively
        influenced by agricultural practices that have restored soil
        nutrients, improved soil organic matter and soil biotic activity,
        protected soils from strong winds and erosive water flows, enhanced
        biological interactions and synergies (UNEP, 2014). However, in most
        places of the world, the agronomic potential of land has been
        negatively affected by land-management activities such as mechanized
        agriculture, monoculture practices, inappropriate use of inputs and
        overgrazing, as well as by urban and industrial expansion and mining
        activities (UNEP/UNECE, 2016). Other on-going trends are the impacts
        of natural factors, such as floods, landslides and land sealing, and
        extreme climate events on the agronomic potential of land (UNEP/UNECE,
        2016). Water reserves are also depleting in a number of regions.
        Millions of households are located in areas where the agronomic
        potential of land and water reserves are in decline and this has a
        major impact on their food security. Scherr (1999) estimates that
        about one fourth of the global soils and 38% of arable land and
        permanent crops area are degraded. Of a total of around 1,900 million
        hectares of degraded land, around 1,200 hectares is estimated to be
        ‘seriously degraded’, and persistenly high rates of erosion affect
        more than 1,100 million hectares of land worldwide (Lavelle et al., 2005,
        cited by UNEP, 2014).


         
Box 5.1. Glossary of terms used
        relative to land use.
Agricultural area: sum of areas under “Arable
        land and Permanent crops” and “Permanent meadows and pastures”.
Arable land: land under temporary
        agricultural crops (multiple-cropped areas are counted only once),
        temporary meadows for mowing or pasture, land under market and kitchen
        gardens and land temporarily fallow (less than five years). The
        abandoned land resulting from shifting cultivation is not included in
        this category. Data for “Arable land” are not meant to indicate the
        amount of land that is potentially cultivable.
Forest area: land spanning more than 0.5 hectares
        with trees higher than 5 metres and a canopy cover of more than 10%,
        or trees able to reach these thresholds in situ. It does not include
        land that is predominantly under agricultural or urban land use.
        
Permanent crops: land
        cultivated with long-term crops which do not have to be replanted for
        several years (such as cocoa and coffee); land under trees and shrubs
        producing flowers, such as roses and jasmine; and nurseries (except
        those for forest trees, which should be classified under “forest”).
        Permanent meadows and pastures are excluded from land under permanent
        crops.
Other land: land not
        classified as Agricultural land and Forest area. It includes built-up
        and related land, barren land, other wooded land etc.
Permanent meadows and pastures: land
        used permanently (five years or more) to grow herbaceous forage crops,
        either cultivated or growing wild (wild prairie or grazing
        land).
Agrimonde-Terra uses the term “Cultivated area” to designate arable
        land + permanent crops.
Source: FAO statistics
        division - Food and Agriculture Organization of the United Nations,
        Last updated April 2014.


        


        The past and
        current agronomic potential of land in the various regions of the
        world differ widely according to their land endowment, to human
        activities and natural events. Figure 5.1 presents the observed land
        use (arable land, pasture, forest and others; Box 5.1 for a glossary
        of terms on land use) and maximum cultivable area (i.e., GAEZ 1 to
        4, Chapter 4) in 2010.[23] North Africa,
        the Near and Middle East, China, India and West Africa have the lowest
        areas of land suitable for crop production. Arable and permanent crops
        areas in North Africa, the Near and Middle East and China are about to
        reach or already exceed areas considered suitable for cultivation
        which means that arable and permanent crops are already planted on
        land where potentially attainable yields are considered relatively
        low. In India, arable and permanent crop areas are close to the
        231 million hectares considered suitable for crop production. In
        highly densely populated countries of sub-Saharan Africa (SSA), such
        as Rwanda and Burundi, the maximum cultivable area has also been
        reached. In large regions such as Canada/USA, Latin America, East,
        Central and South (ECS) Africa and the Former Soviet Union (FSU),
        there are still vast areas suitable for crop production. These areas
        however may be currently devoted to other usages such as forests or
        infrastructure, for instance, and thus not directly available for
        agriculture (e.g., Lambin and Meyfroidt, 2011). The largest
        cultivable areas are found in ECS Africa (928 million hectares),
        followed by Brazil and Argentina (615 million hectares), and Canada
        and USA (593 million hectares).


        
            [image: IA_MADD_AgriTerra_5-1.jpg]
          



        Figure 5.1. World map of Agrimonde-Terra
        regions with observed land use (arable land, pasture, forest and
        others) and maximum cultivable area in 2010 (million ha).


        Source: GlobAgri-AgT, adapted data from
        FAOStat (http://faostat3.fao.org/ [image: ]) and GAEZ
        project (http://www.fao.org/nr/gaez/fr/ [image: ]).


        Graphic design: Elodie Carl.


        The Latin
        America and Caribbean region (LAC) is rich in natural resources and
        more than 52% of its total area has a good agronomic potential (GAEZ 1
        to 4). However, degradation is one of the greatest challenges in the
        region and all countries are affected by one or more processes of
        soil, water and air contamination in at least part of their territory
        (UNEP-lac, 2016). This deterioration is caused by deforestation and
        excessive grazing, over-exploitation of the soil due to monoculture
        practices, failure to rotate crops, and improper intensive irrigation.
        The development of infrastructure, urbanization, mining and oil
        exploitation are also affecting the areas suitable for agriculture.
        The pressures on water differ vastly within the sub-regions, but
        agricultural, industrial and household demand for water resources
        increases with population growth, economic development and frequency
        of extreme climatic events (UNEP-lac, 2016). The region has started to
        reforest, but plantations are mostly on land no longer suitable for
        agriculture, either because of land degradation or because of the
        costs required for transforming them into areas suitable for new
        agricultural production systems (UNEP-lac, 2016).


        In North
        Africa, land with a good agronomic potential represents only 2% of the
        total area. In West and ECS Africa, land with a good agronomic
        potential represents between 45 and 50% of the total area
        respectively. In many countries of North and sub-Saharan Africa,
        because of the small area with good agronomic potential, farmers
        cultivate or graze their animals on environmentally fragile areas
        without appropriate conservation measures, poor fertilizer management
        and inefficient irrigation practices. This leads to degradation,
        especially loss of top soil, salinization and desertification
        (UNEP-africa, 2016). The most severe land degradation has occurred on
        grasslands (40% are degraded), forestland (about 26% are degraded) and
        cropland (12% degraded) (Nkonya et al., 2016). In SSA, it is estimated that land
        degradation affects up to two-thirds of the productive land area and
        65% of the entire African population (ELD Initiative and UNEP, 2015).
        Natural factors, such as climate variability and extreme climate
        events, wind and water erosion, play a major role in land degradation.
        Demand for agricultural products and fuelwood, inappropriate
        cultivation practices, commercial logging, urbanization, mining
        activities and industrialization are also affecting the agronomic
        potential (Rudel, 2013).


        In Asia, about
        28% of the total area has a good agronomic potential. However, this is
        an average hiding high variability across Asian countries;
        corresponding figures are 70% for India and only 12% for China. Over
        past decades, the agronomic potential of land and water reserves have
        been significantly depleted by agricultural intensification,
        urbanization, and development of infrastructure, demand for biofuels,
        mining and industrial activities (UNEP-asia, 2016). Over-application
        of chemical fertilizers, irrigation at a large scale and with poor
        drainage, rapid crop rotation and overgrazing have led to soil
        pollution (including pollution by heavy metals), erosion, compaction,
        acidification, salinization, declining soil organic matter, weed
        infestation, soil fertility depletion, and biological degradation,
        which need urgent attention according to UNEP (UNEP-asia, 2016).


        In Europe,
        North America and the Former Soviet Union, the area with good
        agronomic potential represents about 28% in average of the total area.
        The land is affected by farming and land-management practices,
        urbanization, especially the creation of urban-rural ‘fringe’ areas,
        and the development of infrastructure and recreation areas. This is
        leading to soil erosion and loss of organic matter, but also to soil
        contamination, loss of biodiversity, compaction and other physical
        deterioration, salinization, floods, landslides and land sealing
        (UNEP/UNECE, 2016). There are sub-regional differences: land sealing
        is prevalent in Western Europe, and land abandonment is prevalent in
        Eastern Europe and FSU. Climate change could accelerate the intensity
        of these threats to soil quality.


        In the future,
        the above-mentioned events could continue to negatively impact the
        agronomic potential of land and agricultural productivity unless there
        are radical changes in policies and practices. In addition, future
        climate change will affect the agronomic potential of land all over
        the planet (Chapter 7).

      

      
Access to land

        

        Access to land
        is a major dimension of land use and poor access to land, either in
        the form of landlessness or because of insecure and contested land
        rights, often leads to rural poverty and food insecurity (Cotula et al., 2006).
        In many countries, a wide array of overlapping, and at times
        contradictory, rules, laws, customs, traditions, perceptions and
        regulations that govern access, use, control and transfer of land, are
        found (IFAD, 2008). Therefore, farmers have various means of access to
        land. The main paths are intra-family transfers, community membership,
        land markets for purchases and leases, and land reforms and programmes
        by States or decentralized institutions and groups (e.g., land
        registration, redistribution of land, restitution and recognition of
        land rights) (de Janvry et al., 2001). This means that access to land
        does not only have a legal dimension, but it also has a social,
        cultural and demographic dimension, a political dimension and an
        economic dimension. The expansion of a classic understanding of
        property rights that results in a market for land rights is therefore
        only one of the means to improve access to land (de Schutter, 2011).
        Lack of access to land can result in poverty, exclusion and food
        insecurity, especially when access to other economic activities is
        difficult.


        In most
        countries of Africa, Asia, Latin America and the Caribbean, land
        tenure systems have been influenced by colonial patterns. During the
        colonial period, to secure economic advantages from their possessions,
        the colonial agents took the richest natural resources for themselves
        and paid little attention to local people. Several land tenure systems
        co-existed: the system of the colonial power, customary rights to land
        set by traditional authorities who determined who used land, and areas
        without control of any authorities (Rudel and Hernandez, 2017). After
        independence, each country set up agrarian reforms in its own way.
        Some countries produced State-secured land tenure systems, but others
        did not manage to do so.


        Over the past
        40 years, access to land in Latin America and the Caribbean has
        remained mostly inequitable and insecure, despite efforts to reform
        aspects of property rights, to regularize land registration of rural
        and urban land and to modernize land registration systems. The
        colonization process led to the establishment of immense estates and
        the fact that there is often hardly any limit to the exclusive
        character of private property (Merlet, 2010). Extensive land reforms
        started in the 1910s in Mexico, and agrarian reforms and
        redistribution programmes took place in a number of other countries as
        an outcome of revolutions and changes in policies to redress the
        dualistic latifundias-minifundias land tenure structure. Some of the
        land in the haciendas was expropriated; access to land and, later,
        land titles, were given to former permanent workers of these estates.
        Modernization projects targeting traditional structures were set up.
        Starting in the 1970s, and mostly in the 1990s, Latin American
        governments, often encouraged by the United States, reoriented their
        agrarian policies and enacted laws which encouraged the land market as
        a solution to the agricultural problem. Today, the land tenure systems
        have led to three pathways: the subdivision of farms, which is found
        in Mexico, Central America and the Andean nations, the concentration
        and foreignization of land in the Southern Cone countries, and the
        pre-eminence of State land ownership in the Caribbean (ECLAC-FAO-IICA,
        2013). Land tenure in frontier regions remains highly contested
        (Borras et
        al., 2011) and unequal. This situation leads to land conflicts,
        as multiple actors compete for the same land (UNEP-lac, 2016). About
        80% of the total arable land is in farms of more than 100 hectares and
        this land is frequently under-used or left idle; 2% of the land is
        controlled by 50% of the smallest and subsistence farms which overuse
        it (ECLAC-FAO-IICA, 2013; Lowder et al., 2016). In the past decade, land grabbing
        has been an important issue, especially in Argentina and Brazil. In
        many cases, it results in the incorporation, mostly adversely, of
        smallholders and indigenous communities into the emerging plantations
        and value chains (FAO, 2014). Peasants may retain some access to land
        but lose their control over activities and are forced to diversify
        their sources of income. Therefore, important tensions between
        landless farmers and very smallholders on the one hand, and large
        landowners on the other, still remain. Finally, it is important to
        note that in Latin America, concomitantly, actions have been taken to
        facilitate the ownership and control of land by indigenous peoples and
        local communities. They now own 18% of the land and control an
        additional 5%, which is high compared to the global situation, where
        they own 10% of land and control an additional 8% (Rights and
        Resources Initiative, 2015).


        After
        independence, most Asian countries implemented land reform programmes.
        Socialist reforms were implemented by revolutionary governments in
        China and Vietnam, and later followed by de-collectivisation. Land
        reforms were implemented in Japan, South Korea and Taiwan and
        considered successful. In India, land reforms are carried out at the
        sub-national State level and therefore security of access to land,
        paths to land market liberalization and land provision for specific
        private players differ from one sub-national State to the other (Sud,
        2014). In other Asian countries, trends were towards land markets.
        Over the years, rapid population growth and high population density
        created pressures on land and access to land for small farmers became
        increasingly difficult. There was some rethinking of the role and
        functions of the central state, greater decentralization, and peasant
        movements and civil society organizations became more influential.
        Today, access to land is still insecure because of the unfinished
        agenda of land reforms, especially land reforms for forests and the
        ‘public domain’ which have been neglected (Quizon, 2013). Agriculture
        is dominated by smallholders who depend largely on household labour
        and have less than two hectares of cropland; pressure on land is very
        high. Nevertheless, this does not prevent large-scale acquisitions or
        leasing of lands by corporations, leading to the displacement of small
        farmers, settlers and indigenous communities. According to Land Matrix
        data, 305 large-scale deals involving 4.9 million hectares have been
        concluded in Asia (mostly Cambodia, Laos, Indonesia and the
        Philippines) since 2000 (Nolte et al., 2016). A number of South-East Asian
        investors, notably Malaysian companies, but also companies in
        Singapore, India, Hong Kong and China, which have high population
        pressures, are also engaging in major land deals and accessing land at
        the expense of smallholders. Leaving aside China, which has recognized
        a significant portion of its land as community-owned, indigenous
        peoples and local communities formally own less than 1% of the land in
        Asia.


        In Africa,
        secure, equal and equitable access to land is also a major issue. The
        concept of ‘State-owned land’ is of particular importance and covers a
        wide range of situations (Chouquer, 2011). It is usually accompanied
        by a system of concessions or use rights, which regulate the way that
        the State makes land available for use by others and plays an
        important role in the current search for land by corporations. As far
        as access to land by women is concerned, “the pattern that women own
        less land than men, regardless of how ownership is conceptualized, is
        remarkably consistent”, and in many cases, the gender gaps are quite
        large (Doss et
        al., 2013, p. 29). Access to land for most African women is
        “still linked to their relationship with a male family member and is
        forfeited if the relationship ends” (Al-Zubaidi and Assubuji, 2013, p.
        5).


        In North
        Africa, a number of countries (for example, Algeria, Egypt, Libya and
        Tunisia) have undertaken extensive land reform programmes but land
        rights often remain extremely complex and include registered lands,
        melk lands (private lands), habous lands (or waqf) and customary forms
        of pastoral land management (AUC-ECA-AfDB Consortium, 2010). The
        consequence is persisting land tenure insecurity and conflicts. In
        some countries, a dual form of agriculture is found with large
        properties and public domains on the one hand, and very small plots
        cultivated for subsistence by family farmers on the other hand.
        Women’s rights over land are very poorly recognized.


        After
        independence in sub-Saharan Africa, a variety of land administrative
        reforms were introduced reflecting different types of national
        coalitions and alliances. During the structural adjustment programmes,
        land reforms became subject to two countervailing pressures: the
        promotion of land markets as well as the promotion of private land
        rights, which required convertibility of customary rights into
        statutory tenure, decentralizing administration, giving greater roles
        to civil society and communities, and establishing policies that
        protect the livelihood interests of the poor (Amanor, 2012). Support
        to local institutions to undertake intermediate forms of land
        registration has been effective in a number of places, with careful
        checks of local and external interests, measures to limit disputes and
        to ensure that the needs of those with the least power are given due
        weight (Toulmin, 2009). Nevertheless, access to land is still the
        cause of many conflicts between farmers and herders, local populations
        and migrants, local populations and corporations, as well as
        displacements. Tensions are particularly high when the agronomic
        potential is high because of access to water, as well as when
        population densities are high. Purchases and leases of land by local
        urban and foreign investors are increasing the pressures on local and
        small farmers. According to Land Matrix data, Africa is by far the
        most targeted continent by foreign investors. Since 2000, 422
        agricultural deals were concluded involving a total area of almost
        10 million hectares; they are mostly located along the major rivers
        (Nolte et
        al., 2016).


        In FSU, access
        to land is still marked by the collectivization period despite the
        collapse of Soviet Union in 1991. The land reform of the early 1990s
        was extremely rapid. In theory, the state monopoly on land was
        repudiated and the ownership of agricultural land was transferred free
        of charge from the State to private individuals and collective farms,
        and required farms to reorganize as joint-stock companies. In addition
        to peasants, the land was to be distributed to any other qualified
        individuals who requested it and intended to use it for agricultural
        purposes. However, in practice, the process of establishing land
        property and rights has been slow, incomplete and variable from
        country to country. This is favouring the purchasing and leasing of
        land by foreigners; Ukraine and Russia are second and third in terms
        of target countries for foreign investments in land (Nolte et al.,
        2016).


        In OECD
        countries, land tenure is considered secure. The French Civil Code,
        British Common Law, and the German-style land book, all contribute to
        securing land access and transferability of rights. From a legal point
        of view, access to land by men and women is possible. From an economic
        point of view, younger people find it increasingly difficult to
        access, and some countries have set up systems to facilitate their
        access to land. Nevertheless, there is an increase in the degree of
        foreign ownership of farmland. This is especially noticeable in some
        parts of Spain and Eastern and Central Europe. Small farmers are being
        thrown out of farming every year while large farms and agribusinesses
        are expanding their scope widely and rapidly. For example, in Romania,
        0.4% of farms exploit 49% of the agricultural area (Levesque, 2014).
        In Australia, about 9.78% of the cultivated area is considered
        ‘grabbed’ (Rulli et al., 2013). In a number of OECD countries,
        land sealing (e.g., infrastructural development and urban
        sprawl) is limiting the development of agricultural areas and
        contributing to higher value for land.


        Finally, land
        has always been a basic repository of wealth and value. For producers,
        farmland generates income through production. For investors, income is
        generated either through lease payments collected from tenant farmers,
        or as a percentage of harvest revenues. Over the past decade, farmland
        valuations have increased in the USA, Brazil and Australia.[24] Investment in farmland has switched from an asset
        class limited to farmers, wealthy individuals and a few financial
        institutions to a sought-after asset class that provides good returns
        on investments. According to Nolte et al. (2016), investors target
        two groups of countries. The first group consists of countries with a
        high Global Hunger Index (GHI) and a high dependence on their
        agricultural sectors. Their presence in these countries is supposed to
        lead to higher food production and job creation. The second group
        consists of countries with a much lower GHI and agriculture is
        proportionally less important to their national economies.
        Acquisitions take place in the context of a transition from centrally
        planned state economies to more capitalist and free market economies.
        In South America, the State is rarely involved as an intermediary.


        This very
        brief description demonstrates that in many regions of the world,
        access to land is still insecure, unequal and inequitable. Many States
        do not have tenure systems which can prevent the concentration and
        foreignization of land. There are tensions between processes of
        decentralization of the administration of land tenure and political
        centralization, use and access to national land, land markets and
        fiscal resources. Also, there are a growing number of contracts
        (concessions) between States and investors. The value of land has
        increased and buying land is increasingly considered as a good
        investment by companies and individuals. However, small farmers are
        starting to develop a variety of strategies to adapt.

      

      
Distribution of land between different uses

        

        Global overview

          

          Since the
          16th century,
          the total global area of permanent cropland has almost doubled every
          century from 300 million hectares around 1700, to 420 million
          hectares around 1800, to 850 million hectares around 1900 and to
          15,300 million hectares around 2000 (Klein Goldewijk et al., 2011).
          In 2010, cropland comprises about 10% (around 1,500 million
          hectares) of the world land area, whereas agricultural area in total
          made up around 33% (around 4,900 million hectares). Between 1961 and
          2010, world arable and permanent crops areas have increased by about
          +12% (from 1,368 million hectares to 1,527 million hectares)
          (Figure 5.2). This net increase is the result of an area of land
          newly brought into cultivation that is greater than the area of land
          which came out of production during the same period. During this
          period, the global irrigated area has doubled, accounting for most
          of the net increase in cultivated land, and land under rainfed
          systems have shown a very slight decline (FAO, 2011b).
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          Figure 5.2. World agricultural area
          evolution from 1961 to 2010 (1,000 hectares).


          Source: FAOStat.


          Between 1961
          and 2010, within harvested areas (Box 5.1) of arable and permanent
          crops, the share of the area dedicated to cereals shrunk from 67% to
          55% and that of oil crops rose from 8% to 18% (Figure 5.3). However,
          there was an expansion of the area for the major cereals (maize,
          rice and wheat) between 1965 and 1982, stagnation until 2002, and a
          decrease since then (Figure 5.4 and Grassini et al., 2013). Overall, the
          share of the major cereals in world harvested areas of arable and
          permanent crops decreased slightly from 44% in 1961 to 42% in 2010.
          Oil crops, especially soyabean, have expanded rapidly since the
          early 2000s (Figure 5.5). Globally, the share of the area dedicated
          to fruit and vegetables increased from 5% to 8%, that of pulses fell
          from 7% to 6%, while that of roots and tubers as well as fibres fell
          from 5% to 4%. The share of sugar plants and products has stayed
          around 2% (starch was found in other products) and the share of
          other plant products climbed from 2% to 3% (Figure 5.3). These
          evolutions impact nutritional security.
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          Figure 5.3. Shares of the world
          harvested areas of 8 crops in 1961 and 2010 (%).


          Source: FAOStat.
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          Figure 5.4. Evolution of world
          harvested areas of cereals from 1961 to 2010 (1,000 hectares).


          Source: FAOStat.
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          Figure 5.5. Evolution of world
          harvested areas of oil crops from 1961 to 2010 (1,000 hectares).


          Source: FAOStat.


          Areas
          devoted to permanent meadows and pastures increased from the 1960s
          to the mid-1990s and then slowly decreased. Over the whole period,
          the world area of permanent meadows and pastures rose from
          3,078 million hectares in 1961 to 3,358 million hectares in 2010,
          i.e. about
          +7.3 million ha per year (Figure 5.2). There are, however, regional
          differences. In China, Brazil, MENA (Middle East and North Africa),
          and FSU, permanent meadows and pasture areas have increased
          significantly throughout the period. In contrast, pasture areas have
          decreased in Asia, especially India (–26%) and in OECD (–17%)
          (Manceron et
          al., 2014). Pasture areas have remained more constant in Latin
          America (excluding Brazil) and sub-Saharan Africa. At the world
          level, forests areas have decreased (from 4,168 million hectares in
          1990 to 4,033 million hectares in 2010, i.e., −3.3%) (Figure 5.6).[25]
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          Figure 5.6. Evolution of world area
          under forests and other uses from 1990 to 2010 (1,000 ha).


          Source: FAOStat.


          The use of
          land for livestock has grown over the period, and livestock
          mobilizes large areas of pasture and cropland with pastures covering
          about 2.2 times more land than arable crops (Manceron et al., 2014).
          However, competition between feed and food has to be framed in term
          of protein conversion efficiencies and ‘land opportunity’. Also,
          grasslands have a critical role in the valorization of non-arable
          land for producing food; almost 60% of all permanent pastures are
          efficiently used for producing food with no direct competition with
          cropland for food production (Manceron et al., 2014). However, three
          trends can be observed: there are regions (i.e., China, Brazil, Middle
          East, North Africa and FSU) where permanent pastures areas increased
          significantly between 1961 and 2010 but to a much smaller extent
          than ruminant production. In contrast, pasture areas decreased in
          other regions (i.e., India: −26%, Oceania: −16%, Canada/USA:
          −6%, Asia excluding India and China: −14% and UE27: −13%). Finally,
          pasture areas remained rather constant in Latin America (excl.
          Brazil/Argentina) and Sub-Saharan Africa (FAOStat, see also Chapter
          12).

        

        
Regional overview

          

          The Second
          World War has had a profound effect on the spatial distribution of
          land (FAO, 2000). Agriculture suffered massive devastation during
          the war throughout Europe, in the USSR, in large areas of Asia and
          the Pacific, and in North Africa. In sharp contrast, food supplies
          were abundant in producer countries that had been relatively spared
          by the conflict - Canada, the United States, Australia and Argentina
          - and these countries took on the role of food suppliers for their
          allies and made a special effort to stimulate their output. After
          the war, Asia was considered to have problems of an almost
          insurmountable nature because it had half of the world’s population
          but only one-fifth of the earth’s land; the political situation was
          extremely unstable. Africa’s situation then looked better as the war
          years had led to a strong demand for agricultural commodities,
          especially many industrial crops, and minerals, whose production had
          developed. We will now look at what happened in each region since
          1960.


          Agricultural
          areas have decreased in OECD countries between 1961 and 2010. The
          decrease has been much sharper in the EU27 (from 141 to 119 million
          hectares for arable and permanent crops areas, i.e. –15.6%, and from 78 to
          68 million hectares for permanent meadows and pastures, i.e. –12.8%)
          than in Canada and USA (from 231 to 207 million hectares, i.e. –10.4%,
          and from 282 to 264 million hectares, –6.4% respectively).


          Since the
          1970-1990 period, there has been a territorial specialization in the
          distribution of land in Europe. On the one hand, there are highly
          productive intensive farming and forestry areas and, on the other,
          increasingly marginalized small-scale farm mosaics and extensive
          land use systems, or even abandoned land. Hotspots for the decline
          of cropland are found mainly in Eastern Europe and the
          Mediterranean. Cropland expansion has been rare overall, and
          occurred mainly in the Netherlands, Northern Germany, some areas in
          central France and Ireland. Large areas of Europe have been
          characterized by stable cropland patterns (Kuemmerle et al., 2016).
          Wheat, maize, oats, barley, oilseed rape and soyabean have
          progressively become the crops covering the majority of cultivated
          areas. Bovine and especially dairy production have grown rapidly but
          without increasing pasture areas thanks to yield improvements,
          animal feed imports, geographic concentration and increasing
          specialization of rations, species, and systems. The contribution of
          these systems to water contamination is increasingly questioned.


          In the FSU,
          since 1991, the arable land and permanent crops area has decreased
          by –14.6% and reached 195 million hectares in 2010. This has mostly
          taken place in Russia, Ukraine and Belarus. In this land
          abandonment, socio-economic factors have probably played a greater
          role than physical factors (Alcantara et al., 2013). The decrease in
          arable and permanent crops areas has been compensated by an increase
          in permanent meadows and pastures: between 1991 and 2010 meadows and
          pastures have experienced a +11% expansion, reaching 362 million
          hectares in 2010. Within the arable and permanent crops harvested
          area, the share of sunflower grew considerably (from less than 3% in
          the 1990s to more than 9% in 2010), while the share of cereals
          (mainly wheat, corn, and barley) decreased (from 77% in the 1990s to
          less than 74% in 2010). Nevertheless, cereals remain the main
          production, with wheat representing 2/3 of cereal areas. Large areas
          are also devoted to sugar plants (13% of harvested area in 2010).
          Urban agriculture covers small areas but is practiced by half of the
          urban population (Boukharaeva and Marloie, 2011).


          In North
          Africa and the Near and Middle East, there has been an +11% increase
          in arable and permanent crops areas over the 1960-2010 period
          because of the expansion of permanent crops areas (+117%) reflecting
          the growth of fruit trees production for exports. Other major
          productions are cereals (mainly wheat) and sugar plants. Permanent
          meadows and pastures areas increased until the early 2000s and has
          decreased since then. Livestock production has grown four-fold,
          driven by intensification in dairy and poultry breeding; cereals and
          cakes are imported. In the MENA region, since 1990, 100% of the land
          considered as suitable for agriculture is exploited.


          Arable land
          increased only slightly in Asia, between 1961 and 2010 (from about
          340 to 369 million hectares) but permanent crop areas more than
          tripled (from about 22 to 74 million hectares). Permanent meadows
          and pastures climbed from 276 to 541 million hectares. The regional
          expansion of agricultural land and practices such as shifting
          cultivation has caused deforestation (UNEP-asia, 2016). While the
          largest areas of arable land are still devoted to rice and sugar
          plants, there has been a major increase in the area devoted to fruit
          and vegetables, soyabean, fibres, oil palm, and maize. Areas devoted
          to other cereals and pulses have decreased. The expansion of
          permanent pasture is due to the growing consumption of animal
          products in the region (a 10-fold increase over the period).


          In Latin
          America, between 1961 and 2010, the land area devoted to arable and
          permanent crops has risen from about 100 million hectares to
          184 million hectares (+84%); the area of meadows and pastures went
          up from 460 million hectares to 559 million hectares (+22%) and
          seems to stabilize by the end of the period. LAC, especially Brazil
          and Argentina, has become a major producer of soyabean, overtaking
          North America, but also of sugar plants in addition to fruit and
          vegetables; the share of soyabean in total harvested area has gone
          from 0.5% in 1961 to nearly 40% in 2010. LAC has remained a major
          producer of maize and wheat. Starting in the 1980s, Brazil and
          Argentina took advantage of the huge increase in demand from China
          and deforested to plant soyabean. Since the 2000s, soyabean is
          essentially planted on acid soils previously considered unsuitable
          for agriculture. Between 1961 and 2010, the area under forests went
          down by –9%.


          In SSA,
          between 1961 and 2010, arable land and permanent crops increased
          from about 144 to 230 million hectares (i.e. +60%), permanent meadows
          and pastures went from 801 million to 827 million hectares (i.e. +3%);
          forests areas decreased from 741 million hectares in 1990 to
          666 million hectares in 2010 (i.e. –10%). SSA differs from the other regions:
          most food commodities are for domestic consumption and interactions
          between crops and livestock are strong. In this region, in 2010
          about 22% of the land listed as agricultural is actually cultivated
          for crops, and the majority is grazing land used for breeding
          livestock. In 1960, 15% of the land listed as agricultural was
          cultivated for crops. Plant-based food production has increased by
          +2.6% per year on average since 1970, a rate similar to the one seen
          in Asia (+2.7%) and slightly higher than the global average
          (+2.15%). The largest areas of arable land are devoted to ‘other
          cereals’ (millet, sorghum etc.), maize, roots and tubers, pulses,
          and fruit and vegetables, which is linked to domestic diets. Areas
          devoted to ‘other cereals’ have increased by about +87% between 1961
          and 2010. Areas devoted to oil palm have decreased but current
          restrictions on logging and the acquisition of land in Asia are
          pushing investors back to West Africa and the Congo Basin.

        
      

      

Degree of intensity of land use

        

        The degree of
        intensity of land use concerns farming practices, which depend on the
        techniques available and farmers’ decisions. It is affected by
        technical progress, farmers’ decisions and policies. Over the past 40
        years, the intensity of land use has increased considerably at global
        level. According to the FAO (2011), in 1961, 0.45 hectare was
        necessary to feed one person. In 2010, about 0.23 hectare is
        cultivated per head of the world’s population. High-income countries
        cultivate more than twice the area per capita (0.37 hectare) than
        low-income (0.17 hectare) countries, while middle-income countries
        cultivate 0.23 hectare per capita (FAO, 2011b). Europe today has some
        of the most intensively managed croplands in the world (Kuemmerle et al.,
        2016).


        We present
        here a retrospective overview of cropping intensity ratios and
        observed yields per hectare, the two quantitative indicators used by
        Agrimonde-Terra in the foresight process as far as land use intensify
        is concerned. In order to improve the intensity of land use, since the
        1960s the transfer of technology model has dominated the organization
        of agricultural knowledge processes in developing countries and meant
        disseminating improved seeds, training farmers in chemical input use
        and simplified practices, and developing irrigation and mechanization
        (McIntyre et
        al., 2009). We will present a very brief retrospective of yields
        of major cereals crops and cropping intensity ratios. Then we will
        also present a retrospective of the use of improved and genetically
        modified crops, of fertilizers and pesticides, of irrigation and of
        mechanization, which have contributed to improving the intensity of
        land use in the different regions of the world.


        Cropping intensity ratios

          

          According to
          Ray and Foley (2013, p.2): “the growth in annually harvested
          cropland and standing cropland has been changing in recent decades…
          While standing cropland area increased at the rate of about
          3.5 million ha/year (from about 1.37 billion ha in 1961 to about
          1.55 billion ha in 2011), the annually harvested land increased at a
          much faster rate of about 5.5 million ha/year (to reach about
          1.38 billion ha in 2011 from about 1.06 billion ha in 1961). The
          ratio of annually harvested land to total standing cropland has been
          increasing over time as well (from 0.78 to 0.89 between 1961 and
          2011), showing that the world’s cropland harvesting frequency has
          been increasing significantly. In fact, the frequency of land
          harvesting increased even faster between 2000 and 2011; globally,
          annually harvested land increased at the rate of about 12.1 million
          ha/year which was approximately 4 times faster than the rate for
          standing cropland expansion (about 2.9 million ha/year).”


          Ray and
          Foley (2013) point out regional differences in the cropland harvest
          frequency: in most of Western Europe, land is used consistently;
          however, a few countries (e.g., Austria, France, Germany, Portugal and
          Italy) are increasing cropland harvest frequency. A number of
          Eastern European countries are decreasing their cropland harvest
          frequency with the exception of Poland and Ukraine. In America, many
          countries are increasing their cropland harvest frequency with the
          exception of Argentina, Mexico, Cuba and the Dominican Republic,
          where it is decreasing. Most Asian countries have increased their
          cropland harvest frequency. In the past decade, China has gone from
          1.24 to 1.40 harvest per year and India from 1.08 to 1.21 harvest
          per year. Given the quality of soils, this growth will probably not
          last in the future. In many sub-Saharan African countries, the trend
          is towards negative cropland harvest frequency change, either
          because of an increase in crop failures or fallow periods, or an
          increase in cropland areas that have not been brought into
          production, or of a reduction in double- and triple-cropping, or the
          fact that more than 95% of agriculture area is rainfed.

        

        
Yields of major cereal crops

          

          Average
          cereal yields over the last 50 years varied from about 373 kg per
          hectare in Namibia to 6,215 kg per hectare in the Netherlands, and
          there were 38 countries that had average yields over 3,000 kg per
          hectare (Liu et
          al., 2015). The average cereal yield increased from 1,258 kg
          per hectare in 1961 to 2,925 kg per hectare in 2010 (Liu et al., 2015).
          A retrospective evolution of maize, rice and wheat yields is
          provided by Ray et al. (2012), Iizumi et al. (2014) and Grassini et al. (2013),
          and despite different datasets and methods, they show quite
          consistent results and highlight different aspects. After a period
          of significant yield improvements, three yield trajectories are
          identified: continued growth, stagnation and decline. Globally, rice
          and wheat yields have reached upper plateaus (33% and 27% of cases
          reported by Grassini et al., 2013) or are stagnating (23% and 24% of
          Grassini et
          al.’s 2013 cases, and in 35% and 37% of harvested areas
          according to Ray et al., 2012). Maize (26%) has fewer cases of
          yields reaching an upper plateau (5% of cases according to Grassini
          et al.,
          2013) and stagnation (33% of cases according to Grassini et al., 2013,
          and 26% of harvested areas according to Ray et al., 2012). Ray et al. (2012)
          also report yield stagnation for 23% of areas with soyabean.
          Collapses of yields are identified in 3% of maize areas, 1% of rice
          areas and 1% of wheat areas (Ray et al., 2012).


          In Europe,
          there is evidence of wheat yield stagnation and, in some areas, of
          maize. In the United States, especially in the western part, wheat
          yields are stagnating. In Asia, there is evidence of maize, rice,
          wheat and soyabean stagnation; rice yields are stagnating in China,
          India, and Indonesia across 79%, 36% and 81% of rice-growing areas
          respectively (Ray et al., 2012). This raises major concerns for
          the future of production under current conditions. In Africa, there
          are major intra-regional differences for maize as well as for rice
          in West Africa. In Botswana, Kenya, Madagascar, Zambia, and
          Zimbabwe, maize yields are collapsing (Iizumi et al., 2014). In Latin America,
          maize yields are still improving nearly everywhere except in Mexico,
          and soyabean yields are stagnating in some parts of Brazil (Ray et al.,
          2012).


          Based on
          literature reviews, Grassini et al. (2013) make hypotheses about the factors
          contributing to yield plateaus and stagnation. These are the fact
          that the crop reaches its biophysical yield ceiling in the region
          where it is produced, but also “cyclical weather patterns, land
          degradation, shift in the location of production area to regions
          with poorer soils and climate, policies on the use of fertilizers
          and pesticides, and insufficient or poorly oriented investment in
          agricultural research and development,” (Grassini et al., 2013,
          p.5).

        

        
Improved and genetically modified crops

          

          Breeding
          programmes developed early in the 20th century in the USA and European countries.
          There had been major technological advances in the 1950s. In the
          1990s, molecular breeding accelerated the pace of progress and the
          precision of plant genetics and breeding. Since the 2000s, the
          introduction of a multitude of ‘omics’ tools provided an
          unprecedented ability to dissect the molecular and genetic basis of
          traits as well as the characterization of whole genomes (Kumpatla
          et al.,
          2012).


          Since 1960,
          the crop varieties planted by farmers in cultivated systems have
          shifted from locally adapted and developed populations to more
          widely adapted varieties produced through formal breeding systems
          (modern varieties). Roughly 80% of the wheat area in developing
          countries and three-quarters of the rice area in Asia is planted
          with modern varieties (MEA, 2005b). For other crops, such as maize,
          sorghum and millet, the proportion of area planted with modern
          varieties is far smaller (MEA, 2005b). International research
          programmes for the improvement of maize, wheat and beans, with
          funding from the Rockefeller and the Ford Foundations, played a
          major role in the creation and diffusion of improved varieties in
          Latin America, Asia and Africa (McIntyre et al., 2009). Private companies
          also invested very early in plant breeding and since the 1990s,
          seed, agrochemical, and pharmaceutical companies have merged into
          ‘life science’ companies. Commercial transgenic crops were
          introduced in 1996; they covered about 4% of the global cropland
          area in 2004 and 12% in 2016 (185 million hectares) (ISAAA, 2016).
          The crops mostly concerned are maize, soyabean, cotton and beets. In
          2016, genetically modified crops were found in 26 countries, 19
          developing and seven industrial countries; the USA grew 39% of the
          global total, Brazil 27%, Argentina 13%, Canada 6%, and India 6%
          (ISAAA, 2016).


          This has
          been facilitated by evolutions in the international and legal
          contexts. The International Convention for the Protection of New
          Varieties of Plants (UPOV) was signed in 1961 providing a sui generis
          protection to crop varieties with important exemptions for farmers
          and breeders (McIntyre et al., 2009). In the 1970s, the European
          Patent Convention stated that plants and animals are not patentable,
          but in the 1980s, the first patents were granted to living organisms
          by US courts, and the European Patent Office moved to grant patents
          on plants in 1999 (McIntyre et al., 2009). In the 1990s, the Agreement on
          Trade Related Aspects of Intellectual Property Rights (TRIPS)
          spurred a debate on plants and varieties in developing countries.
          The UPOV Act prohibited farmers from sharing seed of protected
          varieties. Throughout the period, the FAO was involved in
          discussions, notably with the Commission on Plant Genetic Resources
          for Food and Agriculture (CPGRFA) and the FAO-International
          Undertaking (IU-PGRFA), but did not really manage to protect local
          varieties and small farmers (McIntyre et al., 2009).

        

        
Fertilizers and pesticides

          

          The
          application of chemical fertilizers and pesticides in agricultural
          systems has been considered to be an important means to improving
          crop yields. Over the past two decades, efficiency of use, and
          impacts on yields and the environment have however been widely
          debated, and inefficiency and negative impacts are increasingly
          noted (Liu et
          al., 2015; Mueller et al., 2017).


          The
          fertilizer industry is linked to the countries which control the
          production of the primary materials needed to produce fertilizers,
          i.e.
          Canada, China, the United States, India and Russia (IPES-Food,
          2017).


          Globally,
          there is unequal availability of fertilizers, and therefore
          application rates. Consumption per hectare of harvested area and
          nitrogen use efficiency vary a lot per country and within countries
          (Nesheim et
          al., 2014; Liu et al., 2015; Mueller et al., 2017). In Asia, the
          consumption of fertilizers was promoted during the Green Revolution
          (Pingali, 2012) and its use is widely spread. East Asia accounts for
          41% of global nitrogen consumption, 37% of global phosphate
          consumption and 31% of global potash consumption, and South Asia
          accounts for 19%, 22% and 17% of global consumption of the three
          fertilizer types respectively (UNEP, 2013); Malaysia consumed more
          than 800 kg of fertilizers per hectare of harvested area in 2010
          (Liu et
          al., 2010). In contrast, most African countries use few
          fertilizers: 80% of African countries lack nitrogen and in 2010,
          eleven countries were using less than 50 kg of fertilizer per
          hectare (Liu et
          al., 2015). In Latin America, phosphorus scarcity is
          widespread. However, at global level, the observed nitrogen use
          efficiency (NUE) has “declined from an average of 54% N recovery in
          harvested materials during 1961–1977 to 47% N recovery during
          1994–2009.” (Mueller et al., 2017, p.7).


          As far as
          pesticides (insecticides, herbicides, fungicides and bactericides)
          are concerned, the USA consumed the largest amount of insecticides
          followed by India. Twenty countries consumed more than 2 kg per
          hectare of insecticides in 2010, with 12 nations in North and South
          America; whereas countries located at high latitudes used less than
          45 g per hectare (Liu et al., 2015). In Africa, most countries
          officially import few pesticides, but smuggling of pesticides is
          largely practiced (Chapter 15). Most pesticides are provided by
          agricultural input industries which have become highly concentrated
          during the period 1994-2009 (Fuglie et al., 2011). In 2014, the
          world’s six largest agrochemical corporations controlled 75% of the
          global pesticides market and also 60% of the global seed market
          (IPES-Food, 2017).

        

        
Irrigation

          

          Agriculture
          is by far the biggest economic sector to use water. Irrigated
          systems have an impact on land intensity as it can boost
          agricultural production. Between 1961 and 2010, while the arable and
          permanent crop area increased by +12%, land under irrigation more
          than doubled and continues to grow; 40% of irrigated areas are
          reliant on groundwater either as a primary source or in conjunction
          with surface water (FAO, 2011b). In 2012, more than 324 million
          hectares were equipped for irrigation worldwide, i.e. 21% of
          the area devoted to arable land and permanent crops. However, 71% of
          the irrigated areas (about 230 million hectares) are in Asia, and
          25% are in the Americas and Europe. In Asia, in 1961, 19.6% of area
          devoted to arable and permanent crops was irrigated and this
          percentage climbed to 41% in 2012. Asia’s irrigated areas are mostly
          in China and India. In South America, the percentage rose from 6.5%
          to 10.5% between 1961 and 2012. In North Africa, it went from 17.1%
          to 25.6%, whereas in sub-Saharan Africa, it went from 2.4% to 3.4%.
          Inefficient use of water for crop production depletes aquifers,
          reduces river flows, degrades wildlife habitats and leads to
          salinization of irrigated land (FAO, 2016a).

        

        
Mechanization

          

          At the
          production level, agricultural mechanization (e.g., for crop establishment,
          weeding, fertilization, irrigation, crop protection and harvesting)
          leads to substitution of labour by capital. There are different
          levels of mechanization and sizes of machines (Böttinger et al., 2013),
          and the machines can contribute in various manner to increasing the
          intensity of land use. According to Böttinger et al. (2013), in the European
          Union, there are a high number of machines per hectare reflecting
          over-mechanization and a tendency to fewer and higher-powered
          machines; in the USA, farms are completely mechanized and there is a
          trend towards larger and higher-horsepower equipment and automation;
          in Japan, agriculture is highly mechanized but mostly with small,
          sophisticated and specialized machines, with a trend towards more
          automation; in FSU, machines and tractors are old and their
          replacement is slow. In Latin America, Asia and the Near East, there
          has been an increase in engine power leading to a fall in the number
          of draught animals, although at local level animals can still be
          very important. For example, in Latin America and the Caribbean,
          tractor numbers increased 1.7 times between 1961 and 1970, and
          thereafter tripled to reach 1.8 million in 2000 (FAO, 2016); in
          Asia, the number of tractors increased five-fold between 1961 and
          1970, and then ten-fold, reaching 6 million units in 2000 (Sims et al.,
          2016).


          In
          sub-Saharan Africa, in 1961, the number of tractors in use (172,000)
          exceeded the number both in Asia and the Near East, but have since
          increased slowly, peaking at 275,000 in 1990, before falling to
          221,000 in 2000 (Sims et al., 2016); draught animal power and human
          muscle power still play a major role.

        
      

      

Services provided by land: employment, regulating,
        supporting and cultural services

        

        Land use
        provides employment, and benefits from and influences ecosystem
        services, such as the provision of services (the material benefits
        people obtain from ecosystems such as water, food, wood and other
        goods), regulating services (maintaining air and soil quality,
        providing flood and disease control, or pollinating crops), supporting
        services (providing living spaces for plants or animals and
        maintaining a diversity of plants and animals), and cultural services
        (the non-material benefits people obtain from ecosystems). Lack of
        data and indicators make assessments difficult and subjective.
        Nevertheless, from 2001 to 2005, the Millennium Ecosystem Assessment
        addressed the consequences of ecosystem change for human well-being.
        We present here a very brief overview of the situation of agricultural
        employment, and provide some information on regulating services and
        supporting services in the different regions of the world.


        Agricultural employment

          

          Agricultural
          land use provides direct employment through agricultural production,
          forestry, hunting etc. and indirect employment through food, wood
          and biomass value chains. At global level, there is a decline in
          direct agricultural employment: in 1991, direct agricultural
          employment represented 43.4% of the global work force; in 2010, it
          represented 30.8%, and in 2017, the estimation is 28.4%, which means
          that about 946 million people around the globe are employed in world
          agriculture, representing slightly less than 1 in 3 of all workers.
          Between 1991 and 2010, the decrease in agricultural employment has
          been particularly sharp in East, South-East and South Asia,
          Northern, Southern and Western Europe, Northern America and the
          Middle East (Table 5.1). In 2010, there are regional contrasts in
          employment in agriculture as a percentage of total employment: the
          percentage is very low in OECD countries (around 3.6%) and very high
          in SSA (around 62%); it remains high in South Asia (39%) and East
          Asia (30%) (Table 5.1). In the latter regions, the proportion of
          poor people in the agricultural sector is very high and the role of
          women, children and forced labour is largely unrecognized. Also,
          many agricultural workers are excluded from national labour laws,
          have low wages and dangerous working conditions (ILO, 2007).


          Table 5.1. Employment in agriculture,
          by region, as share of total employment (1991 and 2010).


          
              	Region

              	% in
              1991

              	% in 2010
            

              	World

              	43.4

              	30.8
            

              	Northern, Southern and Western
              Europe

              	7.7

              	4
            

              	Eastern
              Europe

              	15.5

              	11.7
            

              	Northern America

              	3

              	1.7
            

              	East
              Asia

              	49.5

              	24.4
            

              	South-East Asia &
              Pacific

              	57.1

              	39.3
            

              	South
              Asia

              	62

              	49.7
            

              	Latin
              America & Caribbean

              	25

              	16.9
            

              	Middle
              East

              	24.5

              	14.3
            

              	North
              Africa

              	35.2

              	30.4
            

              	Sub-Saharan Africa

              	67.5

              	58.7
            




          Source: International Labour Office
          (ILO). Employment by sector - ILO modelled estimates, November
          2017.

        

        
Regulating, supporting and cultural services

          

          The
          Millennium Ecosystem Assessment (2005) reports that: “Over the past
          50 years, humans have changed ecosystems more rapidly and
          extensively than in any comparable period of time in human history,
          largely to meet rapidly growing demands for food, fresh water,
          timber, fibre, and fuel. This has resulted in a substantial and
          largely irreversible loss in the diversity of life on Earth. The
          changes that have been made to ecosystems have contributed to
          substantial net gains in human well-being and economic development,
          but these gains have been achieved at growing costs in the form of
          the degradation of many ecosystem services, increased risks of
          nonlinear changes, and the exacerbation of poverty for some groups
          of people. These problems, unless addressed, will substantially
          diminish the benefits that future generations obtain from
          ecosystems” (MEA, 2005b, p.1). In 2005, approximately 60% (15 out of
          24) of the ecosystem services examined during the Millennium
          Ecosystem Assessment were degraded or used unsustainably, and
          therefore there was a degradation of regulating, supporting and
          cultural services. The harmful effects of the degradation of
          ecosystems are the emission of greenhouse gases, a significant rise
          in the number of floods and wildfire, land, water and air
          degradation and pollution, a decline in genetic diversity among
          cultivated species, a decline in the occurrence and diversity of
          wild pollinators[26] and an increase
          in the incidence of infectious diseases and zoonotic pathogens etc.
          (MEA, 2005b). They are especially being borne by the poorest,
          contributing to growing inequities. A few years later, Rockström et al. (2009)
          proposed the concept of “planetary boundaries” to describe
          “thresholds that will trigger non-linear, abrupt environmental
          change within continental- to planetary-scale systems” (Rockström
          et al.,
          2009, p.1). Steffen et al. (2015) estimate that changes at the
          level of sub-systems will impact the functioning of the Earth’s
          system as a whole.


          Biodiversity
          decline and loss has been very high in Eastern and Western Europe,
          but with lower rates in Central Europe, Russia and Central Asian
          countries. The Caucasian Mountains, the Carpathians, the mountains
          of Central Asia and the Irano-Anatolian highlands still have high
          species richness and harbour many endemic species (UNEP/UNECE,
          2016). Wild pollinators, in North West Europe and North America,
          have declined in occurrence and diversity (and abundance for certain
          species) at both local and regional scales (IPBES, 2016). Human
          habitat, infrastructure, agriculture, industry and mining as well as
          poor waste management put heavy pressures on land and are badly
          affecting soil and water quality, and leading to the removal of open
          and green spaces and impairing cultural services. Pesticide use and
          stockpiles of hazardous chemicals are a major concern for public
          health and ecosystem integrity (WHO, 2010).


          In Africa,
          biodiversity is considered to still be very high both in terms of
          species and ecosystem types and, with certain notable exceptions, in
          remarkably good condition. The Congo Basin rainforest is the second
          largest tropical rainforest in the world and Lake Victoria is the
          second largest freshwater lake in the world (UNEP-africa, 2016).
          Biodiversity is contributing to food supply, traditional medicines
          and tourism. However, it “faces significant threats from illegal
          trade in wildlife, mono-cropping, air and water pollution, forest
          loss, climate change, and increased prevalence of invasive alien
          species” (UNEP-africa, 2016, p.77). Lack of valuation of
          biodiversity contributes to inadequate conservation efforts. On
          average, the population has sufficient water to meet their needs,
          but assessments at the local level reveals disparities in access to
          water resources. The cultural value of ecosystems is rated highly by
          both traditional local and affluent urban communities (MEA,
          2005b).


          LAC benefits
          from an exceptional variety in its biodiversity (e.g., in
          Brazil, Colombia, Ecuador, Mexico, Peru and Venezuela), and has been
          the centre for the domestication of plant species (cassava, common
          beans and maize, for example, in Central America and the
          Andes-Amazon). At the household and local levels, huge varieties of
          plants are cultivated for food, fibre and medicinal purposes. Land
          plays an important role in the culture of indigenous populations.
          Many countries are involved in initiatives to reduce emissions from
          deforestation and forest degradation (REDD), and to foster and
          recognize the environmental services of forests for the region and
          the world. They seek to achieve a valuation of environmental
          services provided by forests, as well as for carbon capture and
          biodiversity conservation. However, land-use change, including
          degradation and fragmentation of natural habitats, conversion of
          natural habitats to agriculture and pastureland, and expansion of
          certain crops such as sugar cane, soyabean and coffee plantations as
          well as places to rear livestock put the services provided by land
          at risk (UNEP-lac, 2016).


          In Asia and
          the Pacific, biodiversity has been damaged by agriculture,
          overgrazing and conversion to forest plantations and natural forest
          logging (UNEP-asia, 2016). Of the 2 billion hectares of dryland in
          Asia, more than half are affected by desertification; the increasing
          dust storms are attributed to wind-related desertification
          processes, resulting from human impacts in arid, semi-arid and
          sub-humid regions of Northern China (UNEP-asia, 2016). Shifts in the
          composition of forests and water scarcity are also diminishing
          ecosystem services.

        
      

      

Conclusion

        

        The retrospective
        overview of land use in the world underlines important challenges for
        the five dimensions of land use.


        The agronomic
        potential of land is already over utilized in North Africa, the Near
        and Middle East, the South Mediterranean zone, China, Rwanda and
        Burundi. In India, the rest of Asia, EU27 and West Africa, arable and
        permanent crops areas are getting close to the maximum cultivable area
        according to our retained assumption (i.e., suitability index 1 to 4
        from the GAEZ project). In these regions and/or countries which are
        highly populated, there is a scarcity of land for crops. All regions
        except Brazil/Argentina, Rest of America, North America, FSU and ECS
        Africa face constraints on the availability of land with good
        agronomic potential. As in the past, land’s suitability for
        cultivation has been affected by inappropriate land-management
        practices, natural factors and climate change. The challenge of
        maintaining the agronomic potential of land in these areas and in the
        rest of the world is very important for global and local food
        security


        Access to land
        has a legal dimension, but it also has social, demographic, political,
        economic, cultural and biophysical dimensions. Despite land reforms,
        access to land remains insecure in many countries. In recent decades,
        growing food demand, increased population density and conflicts have
        contributed to insecure access to land for millions of people,
        especially younger people and women, who wish to cultivate land,
        cannot access land or have access only to areas with a low agronomic
        potential, or their rights are contested, or they are kicked off their
        land, or are far away from markets, or their land is contested by
        other groups etc. Providing secure access to land is of crucial
        importance for the food security of millions of households.


        As far as the
        distribution of land is concerned, the main challenge seems to be to
        control the expansion of areas for oil products (for food, feed and
        energy) and animal feed, and to ensure that land distribution provides
        healthy diets to the population. Pasture represents 2.2 times more
        land than arable land and a major challenge is to increase its
        capacity to store carbon in soils with appropriate management
        techniques.


        Technology-driven intensification has improved
        the intensity of land use, especially yields, but the most common
        pattern has been the simultaneous increase in agricultural yields and
        cultivated areas (Rudel et al., 2009). The relationship between yields
        and land saving is complex (Stevenson et al., 2013), and technological
        change is only one parameter in land savings, and profitability for
        farmers plays a major role in land expansion at a local level
        (Angelsen and Kaimowitz, 2001). Over the past decade, yield plateaus
        and even falling yields have been identified in many crops and in many
        areas, despite the continuous progress in crop genetics and
        technologies. The negative impacts of the use of inorganic fertilizers
        and pesticides on human health and the environment are increasingly
        noted.


        Finally, as
        far as the regulating and supporting services provided by land are
        concerned, there have been major breaks in the past 50 years. One
        challenge is the maintenance and development of pollinators and
        biodiversity, as these have a major impact on food production.
        Providing agricultural employment in Africa is another important
        challenge as the proportion of people employed in agriculture remains
        very high and other economic sectors are not developing.


        

 20Marco Barzman prepared a retrospective of land use
          in OECD countries and in Latin America and the Caribbean (LAC).
          Pauline Marty prepared a retrospective of land use in Former Soviet
          Union (FSU) and in Middle East and North Africa (MENA). Clémence
          Moreau prepared a retrospective of land use in Asia and in
          sub-Saharan Africa (SSA).

 21The authors thank Chantal Le Mouël for all her
          suggestions and proofreading of this chapter.

 22 For more details on classification and available
        data in FAOStat, see http://faostat3.fao.org/. Data series in some
        regions (especially FSU, MENA, Asia and SSA) are not always
        reliable.

 23As presented in Chapter 4, land with a suitability
        index greater than 40% has been considered as suitable land for crop
        production and considered as the maximum cultivable land area for
        regions whose cultivated land area in 2010 does not exceed this
        assumed maximum cultivable land area.

 24 http://www.informaecon.com/MCSGlobalFarmSurveyJul2014.pdf [image: ]
        

 25In FAOStat, data on areas
          under forests are not available before 1990.

 26The volume of production of pollinator-dependent
          crops has increased by 300% over the past five decades, and overall
          these crops have experienced lower growth and lower yield stability
          than pollinator-independent crops (IPBES, 2016). They are affected
          by intensive agricultural practices.



Chapter 6
The Global Context

          

          

          Marie de Lattre-Gasquet and Clémence
          Moreau[27]

        
      

      Introduction

        

        As presented
        in Chapter 1, there are a number of indirect causes of land-use change
        which operate diffusely. Agrimonde-Terra decided to consider the
        ‘global context’ as a driver of change in the land use and food
        security system. Three forces were identified in the global context:
        (a) governance, i.e. political factors, alliances between actors
        and policies, (b) economic development and resources, i.e. economic
        growth and inequalities, energy mix, international trade, research and
        innovation, and (c) human development, i.e. demography, education,
        culture and ethics.


        In this
        chapter, we first present a number of past and on-going trends as well
        as uncertainties that have been identified at the global level
        relative to these three forces, and look at their influence on land
        use and food security. Then, we describe the
        hypotheses for 2050 relative to the global context, which have been
        built by the Agrimonde-Terra team and discussed with the Scenario
        Advisory Committee.


        Upon the
        recommendation of this Committee, the five “alternative pathways of
        future societal development, described as shared socioeconomic
        pathways (SSPs)” (O’Neill et al., 2017) prepared by the climate change
        research community were not adopted for two reasons. First, they were
        developed for another purpose as their ultimate goal was “to produce
        integrated scenarios that will indeed include socioeconomic and
        environmental conditions as affected by both climate change and
        climate policy” (O’Neill et al., 2014, p. 389). They describe future
        conditions that are relevant for adaptation and mitigation of climate
        change whereas the Agrimonde-Terra’s hypotheses are about the global
        context for land use and food security. Second, at the time of the
        development of the Agrimonde-Terra’s hypotheses relative to the global
        context, the concept of SSPs had started to be developed (O’Neill et al., 2014) but
        the elements of the SSPs were not yet precise and assumptions were not
        yet published.

      

      
Governance

        

        Fukuyama
        (2013) defines governance as “a government’s ability to make and
        enforce rules, and to deliver services, regardless of whether that
        government is democratic or not” (p. 348). Governments are therefore
        the major actors involved in the governance of the land use and food
        security system. However, a number of other institutions, such as
        international and regional organizations and initiatives, private
        companies, NGOs and philanthropic associations, as well as citizens,
        are also active. Alliances between these actors are formed and
        rivalries for power exist. They frame access to land, as well as the
        priorities for policies, public investments, and regulations related
        to land, to the environment and climate change, to agricultural
        production and food processing, and to diets.


        Political instability and conflicts in the poorest
          regions of the world

          

          While a
          number of countries have improved the governance of their land over
          the past 40 years, a great number of countries remain unstable,
          subject to frequent coups d’état, protracted conflicts and
          corruption. They are unable and/or not ready to effectively govern
          on land use and food security issues. During this period, the number
          of member countries of the United Nations has grown from 149 to 193,
          some of them as a result of the division of countries.[28] There has also been a
          rise in the number of inter-ethnic conflicts, terrorism and piracy
          activities. Armed violence is resulting in the death of many
          civilians, or their displacement and migration, and their lack of
          access to land and food. In 2017, the World Bank believed that
          two billion people lived in countries where development outcomes
          were affected by fragility, conflict and violence.[29] Natural resources are
          rarely the sole cause of conflicts, but land is implicated in all
          phases of conflicts, from the outbreak of violence to the
          resolution, and conflicts lead to land degradation, deforestation,
          the decrease in cultivated areas and production, and migration.
          Non-controlled areas are home to illicit trade and armed rebels. In
          the future, demographic growth, climate change, economic instability
          and tensions over resources will contribute to the increase in
          political instability and concentration of fragility in areas where
          multiple vulnerabilities intersect; a protracted ‘ecosystemic
          crisis’ impacting several generations and causing irreversible
          damage will develop (Maietta et al., 2017). Such crises are already taking
          place in the Lake Chad Basin, the Ganges Delta and the Aral Sea.
          Also, whereas in the past rich countries have contributed to the
          extraction of resources in fragile areas, in the future they could
          face significant tensions due to political instability in Africa,
          the Middle East and Latin America.

        

        
Globalization, integration, national sovereignty
          and local governance

          

          From a
          political and economic point of view, an increasing number of
          countries are hesitating between integration and national
          sovereignty. There is also increased demand for recognition of
          governance at more local levels, be they cities or territories
          (Caron et
          al., 2017).


          Global
          governance is promoted by a number of specialized United Nations
          (UN) agencies and other international institutions and programmes.
          The relationships between international institutions and countries
          are complex. On the one hand, States are members of the UN agencies
          and other international institutions. States participate in
          collective work and finance international institutions. However, in
          the past 20 years, core funding by countries has been decreasing and
          earmarked contributions have grown. International institutions are
          now financed with hybrid arrangements that weaken them and lead to a
          fragmentation of their strategies (Jenks and Topping, 2016). On the
          other hand, a number of agencies can impose their point of view on
          countries and even challenge the authority of governments. In some
          cases, domestic policies are influenced by the recommendations and
          funding of these international institutions. In other cases,
          countries do not take into account the recommendations of these
          reports, or there is a long time span between the publication of the
          report or the signature of the agreement and the implementation of a
          policy. While the world was alerted about the limits of resources 45
          years ago (Meadows et al., 1972), sustainable development became
          an objective 30 years ago (Brundtland, 1987), the first global
          report on climate change (IPCC) was written 26 years ago and the
          first Conference of Parties on Climate Change was held 21 years ago,
          these have not yet radically modified the policies of most
          governments, the strategies of many enterprises, and the attitudes
          of most farmers and citizens towards resources (Box 6.1 for other
          major events in the global governance of land use and food
          security). It is now widely recognized that international
          institutions need reforms and there are uncertainties about their
          future capacity to govern and provide strategic directions.


          Historically, regional governance has been
          based on geographical proximity. Countries decided to cooperate for
          their mutual security, e.g. the European Union and ASEAN. However,
          trans-national cooperation is now essentially driven by trade. The
          development of information and communication technologies increases
          the importance of shared interests or ideology and regional entities
          can now link cities or territories. Over the past two decades, the
          world has become increasingly multipolar and no State currently
          seems able to find a solution to conflicts or impose its view of the
          world. In the future, regional governance could become more
          amorphous, of a pop-up nature. Initiatives could be set up to pursue
          particular purposes and these will be easily disbanded. However,
          regional cooperation could emerge from people engaging in social and
          cultural exchange (Jarrar, 2016).


          The concept
          of ‘sovereignty’ is used in law, political philosophy and
          geopolitics. It relies on the idea that entities are impenetrable to
          one another and are, for that reason, delineated by precise
          boundaries that define their identity (Latour, 2016). On the one
          hand, sovereignty is used at the national level to defend the Nation
          State, national values and protectionism, as well as by groups who
          share the same ethnic, religious, linguistic or other cultural
          categories to claim some form of independence. On the other hand,
          sovereignty is challenged by global issues such as climate change
          (Latour, 2016).


          Also, over
          the past 30 years, cities and territories have become geographical
          scales in which new types of governance are developing. Elinor
          Ostrom (2011) considered that territories are a prime area for
          applying new governance processes situated somewhere between
          collective action and public action, and at the interface between
          the State and markets.


          As far as
          land is concerned, there is no global governance or international
          convention related to the issue because “land is seen as too
          politically sensitive or too technically complicated to lend itself
          to meaningful resolution” (UN Interagency Framework Team for
          Preventive Action, 2012). Nevertheless, ‘Voluntary Guidelines on the
          Responsible Governance of Tenure of Land, Fisheries and Forests in
          the Context of National Food Security’ (FAO, 2012) were developed
          through a broad partnership of international, regional and national
          organizations. They outline principles and practices that
          governments can refer to when making laws and administering land,
          fisheries and forest rights. Further, a World Forum on Access to
          Land was held in 2016 at the initiative of associations. Land
          governance is mostly conducted at national level. However, there is
          also the promotion of land governance at the territorial level as
          well as ‘terroir’ or origin-linked products. As far as
          food security is concerned, a large number of institutions are
          active on the issue but “none has the authority and legitimacy to
          take responsibility for all aspects or to coordinate the various
          institutions and manage potential conflicts” (Fouilleux et al.,
          2017).


           
Box 6.1. Some major events in the global
          governance of land use and food security.

                	1945

                	FAO:
                creation of the Food and Agriculture
                Organization
              

                	1961

                	World
                Food Programme is created because of concern about potential
                world food shortage.
              

                	1963

                	FAO
                and WHO: creation of the Codex Alimentarius Commission for
                harmonized international food standards to protect the health
                of consumers and ensure fair trade practices
              

                	1964-67

                	GATT:
                Kennedy round  Wheat Trade Convention (WTC) and Food Aid
                Convention (FAC)
              

                	1972

                	Club
                of Rome: publication of ‘Limits to growth’
              

                	1973-79

                	GATT’s Tokyo round: increased
                trade liberalization but modest agreement on
                agriculture
              

                	1973

                	First
                recognized world food crisis  creation of Committee on Food
                Security (CFS)
              

                	1979

                	FAO:
                World Conference on Agrarian Reform and Rural
                Development
              

                	

                	Brundtland Report on
                environment and development
              

                	1990

                	IPCC
                First Assessment Report
              

                	1992

                	Rio
                Earth Summit
              

                	

                	Convention on Biological
                Diversity
              

                	1994

                	United Nations Framework
                Convention on Climate Change (UNFCCC)
              

                	

                	United Nations Convention to
                Combat Desertification (UNCCD)
              

                	1986-1994

                	GATT’s Uruguay round: agreement
                on agriculture, limiting domestic support and export
                subsidies, prohibiting non-tariff import restrictions, and
                establishing special and differential treatment for developing
                countries
              

                	1995

                	WTO:
                creation of World Trade Organization
              

                	

                	First
                Conference of Parties (COP 1) on Climate Change
              

                	1996

                	FAO:
                “Food security exists when all people, at all times, have
                physical and economic access to sufficient, safe and
                nutritious food which meets their dietary needs and food
                preferences for an active and healthy life”
              

                	2000

                	Adoption of the eight
                Millennium Development Goals (MDGs)
              

                	2001-05

                	Millennium Ecosystem Assessment
                (MEA)
              

                	

                	WTO’s
                Doha round: negotiations on agriculture
              

                	2005-08

                	International Assessment of
                Agricultural Knowledge, Science and Technology for Development
                (IAASTD)
              

                	2008

                	United Nations Collaborative
                Programme on Reducing Emissions from Deforestation and Forest
                Degradation (REDD)
              

                	2012

                	FAO –
                CFS: Voluntary Guidelines on the Responsible Governance of
                Tenure of Land, Fisheries, and Forests in the context of
                National Food Security
              

                	2013

                	WTO’s
                Bali package: agreement to negotiate a permanent solution to
                public stockholding for food security purposes, call for more
                transparency in tariff quota administration, expansion of the
                list of General Services and declaration to reduce all forms
                of export subsidies
              

                	2015

                	WTO’s
                Nairobi package: elimination of agricultural export subsidies
                by developed countries, except for a handful of agricultural
                products; developing countries have longer periods to do
                so.
              

                	2016

                	World
                Forum on Access to Land and Natural Resources
              

                	

                	Adoption of 17 Sustainable
                Development Goals (SDGs)
              




          

        

        
Changes in the role of governments

          

          Traditionally, governments have three main
          responsibilities: “To provide goods and services (e.g.,
          education and health care); regulate the interactions within society
          and the economy; and redistribute income (e.g., through the tax and
          transfer system). Among many other responsibilities, governments are
          also responsible for managing risks, ensuring fairness in society,
          fighting corruption and protecting the environment. To finance these
          activities, governments raise money in the form of revenues (e.g.,
          taxation) and/or through borrowing” (OECD, 2017). Over recent
          decades, a number of countries have made efforts to transform the
          management of their public sector, for example, by promoting the
          adoption of private sector practices, reducing the costs of the
          public sector, transferring traditional public sector
          responsibilities to the private sector or to decentralized services,
          developing a culture of performance, evaluation and impact,
          encouraging holistic strategies and coordinated actions etc.
          Evidence of declining public trust has also been seen for some time
          in declining voter turnouts, the growing appeal of populist and
          extremist ideologies in some regions and, above all, in negative
          perceptions of the government as an institution prone to corruption
          (Bertucci, 2006). For the future, major uncertainties are related to
          the capacity of governments to regain trust, to decrease debts and
          adjust budgets to new expenses, and to adapt to the digital age.

        

        
Policies: From Millennium Development Goals to
          Sustainable Development Goals and land use policies

          

          The
          evolution from the eight Millennium Development Goals (MDGs) through
          to the 17 Sustainable Development Goals (SDGs) represents an
          important change in the global governance of development issues (Box
          6.1). The eight MDGs emanated from UN Summits and Conferences of the
          1990s and were endorsed in the United Nations Millennium Declaration
          of 8 September, 2000. They formed a blueprint for action agreed by
          all of the world’s countries and leading development institutions to
          eradicate poverty, illiteracy, hunger, discrimination against women,
          unsafe drinking water and degraded environment. They reflected
          widespread public concern about the issues and marked a historic and
          effective method of global mobilization (Sachs, 2012). During the
          MDG era, the number of hungry people in the world declined but “much
          of humanity’s progress has come at a considerable cost to the
          environment. High-input, resource-intensive farming has contributed
          to deforestation, water scarcity, soil depletion and high levels of
          greenhouse gas emissions” (FAO, 2017a, p. 14).


          Beginning in
          2016, 17 SDGs and 169 targets to wipe out poverty, fight inequality
          and tackle climate change over the next 15 years were adopted. The
          SDGs mark some changes in global governance because they were
          developed after wide consultation with people from all sectors of
          society. The notion of developed and developing countries has
          changed – Brazil, India, and China are increasingly influential in
          global politics – and connections between places have rapidly
          developed. The SDGs do not focus on the end goal alone, but also on
          the means used to achieve it. There is recognition that natural
          resources (including land use), food and livelihoods cannot be
          looked upon separately. Interconnections between the goals are
          recognized and taken into account. There is an attempt to break the
          ‘silos approach’ as well as the lack of coordination between sectors
          and policies, which means that governments will need to have a more
          holistic and coherent approach to problems and will need to monitor
          and evaluate policies (OECD, 2017). All countries – whether they are
          upper, middle or low income – are concerned by the SDGs and have to
          make tangible improvements to the lives of their citizens. There are
          uncertainties about delivering the SDGs by 2030, globally and in
          particular countries. It will depend on many factors, such as the
          ability to connect local innovation capacity with global parameters
          (Leach et
          al., 2012), to break the silos in government actions, to make
          stakeholders accountable and to find the necessary financial
          resources.


          In relation
          to these goals, there has been an evolution in the ‘measure’ of
          governance. Starting in the early 1990s, expert thinking in the
          international development community focused on the concept of ‘good
          governance’ with the expectation of a strong positive correlation
          with improved economic performance. Large investments were made to
          improve public administration and transparency and broaden
          democratic participation. However, there was a progressive
          realization that policy bottlenecks and political conflicts that
          impede good governance are complex and could not be easily resolved.
          Three aspects of governance are now increasingly considered: good
          governance (the processes of decision-making and their institutional
          foundations), effective governance (the capacity of countries to
          pursue sustainable development) and equitable governance
          (distributive outcomes) (Bierman et al., 2014). Also, official
          development assistance (ODA) which used to encourage convergence
          between less and more developed economies is increasingly focused on
          protecting global public goods and on delivering SDGs (Severino and
          Ray, 2009). It is confronted with the interventions of a variety of
          new actors, especially large private foundations and the private
          sector, as well as local interventions.

        

        
Growing role of large corporations in global
          governance

          

          There is a
          great variety of enterprises in the world, both formal and informal.
          There are an estimated 125 million formal micro-small-medium
          enterprises (Kushnir et al., 2010) and 100,000 multinational
          enterprises (MNEs) and among the latter, 1,500 are State-owned MNEs
          which own more than 86,000 foreign affiliates (UNCTAD, 2017). Large
          corporations – industrial, financial and service companies – are
          major political, economic, environmental and cultural forces in the
          world. Until the end of Cold War, most multinational corporations
          focused their strategies on influencing home and host governments
          and policies (Gilpin, 1975). Since then, many countries have
          introduced policies to attract potential investors. Information
          technologies and management capacities have allowed firms to
          maximize efficiencies, to set up global supply chain across
          countries, to improve productivity and also to gain bargaining power
          vis-à-vis governments (Detomasi, 2007). As these companies benefit
          from the lack of fiscal coordination between countries and “play by
          the rules they are given” (Reich, 2008), they often pay as little
          tax as possible and can endanger Nation States’ sources of revenue.
          They are accountable only to their own self-selected boards and
          “rationalize their actions as necessary to address market failures”
          (Birn, 2014), and promote new technologies, innovation, and
          management techniques. The influence of MNEs and of their affiliates
          on global governance is also found in the public-private
          partnerships they form. Furthermore, over the past decade, private
          companies and their philanthropic branches, foundations and trusts
          are increasingly implicated in the humanitarian sector as funders
          and direct implementers (Maietta et al., 2017).


          Agro-industrial, trading and food processing
          companies, alongside large supermarkets and digital companies, as
          well as investments funds, are major actors in the global land use
          and food security system. In past decades, they have provided modern
          inputs, technology, machinery and skills to modernize production
          techniques, which have contributed to higher yields, resistance to
          pests and diseases, easier work for farmers and increased food
          availability. However, over time, they have also contributed to the
          specialization and standardization of production, and the use of
          inputs which may have negative impacts on soils, water and health.
          They have led to a homogenization of cultivated varieties, reduction
          in the use of local varieties and their exchange, increased erosion
          of biological diversity, heavy debts for farmers and market
          dependence. Private companies are the main large-scale buyers of
          land, followed by stock exchange-listed companies and investment
          funds (Nolte et
          al., 2016). These companies promote “both productionist and
          productivist visions of food security. They are organized globally
          and offer global technical solutions for a problem presented as a
          global one, using food security as a justification for their
          business by citing the need to increase productivity levels to feed
          nine billion people” (Fouilleux et al., 2017, p.11). They have contributed to
          improved access to food and nutrition transition (Chapter 8).

        

        
Global activism by civil society groups

          

          A great
          variety of NGOs, civil-society groups, churches and faith-based
          organizations, producers’ and consumers’ associations are involved
          in global governance, including land use and food security issues.
          They gain access to political arenas. As far as land is concerned,
          there are NGOs which are influential at international level (e.g., La Via
          Campesina, the Farmer Network, COPA-COGECA in the European Union,
          Agricultural Producers’ Organizations of West Africa – ROPPA) and
          some of them strongly oppose productivism and agribusinesses. Other
          groups concentrate on the rights of indigenous populations on their
          land. As far as food security is concerned, the approach of these
          groups is “to re-politicize the debate by asking questions about how
          food is produced and by whom” (Fouilleux et al., 2017, p. 13). A number
          of associations and NGOs actively campaign to influence political
          and economic actors and their strategies. NGOs, for example, have
          played a key role in shaping new private regulatory schemes that
          have emerged (Busch, 2007).

        

        
Development of alliances between a wide variety of
          actors

          

          A number of
          alliances of public and private actors are formed. For example,
          there are alliances of public and private actors that “interact with
          traditional public forms of land use regulation, leading to ‘hybrid’
          interventions” (Lambin et al., 2014, p. 129). Their interventions can
          take the form of instruments such as “eco-certification,
          geographical indications, commodity round tables, moratoria, and
          payments for environmental services” (Lambin et al., 2014). There are many
          other examples, too. For instance, environmental performance
          standards and standards for socially responsible production are
          established by NGOs and industry associations (Gulbrandsen, 2012).
          Non-State actors “such as mining companies, conservation NGOs,
          consultants, scientists and foreign aid donors” influence the State
          in order to control and secure forests for wealth generation or
          biodiversity conservation (Corson, 2011). The ‘New Alliance for Food
          Security and Nutrition’ has been formed by G8 countries led by the
          USA, several African governments and transnational corporations and
          aims to facilitate foreign investment in Africa without any
          obligations to protect local farmers. Another example is social
          networking, which enables citizens to coalesce and leads to open,
          participatory and peer-driven power (Heimans and Timms, 2014).

        
      

      

Economic development and resources

        

        Global economic growth and structural
          transformation of economies

          

          The global
          per capita GDP has increased almost five-fold in the 20th century and
          tripled over the past 30 years with the average global GDP/capita
          (in constant 2010 US $) climbing from $3,800 (1961) to $9,516 (2010)
          and 10,283 (2015).[30] Global employment grew at an average annual rate of
          1.7% between 1991 and 2007, but since then employment growth has
          slowed to 1.2% per annum. For the future, there are questions about
          the evolution of the economy, and unemployment could continue to
          rise as the labour force expands (ILO, 2015).


          The sectoral
          and spatial distribution of economic activities has also changed.
          According to UNIDO (2013), in developing countries, the percentage
          of GDP originating in agriculture was 37% in 1950, 21% in 1980 and
          16% in 2005. The percentage of GPD originating in manufacturing rose
          from 12% in 1950 to around 17% in 1980 and 15% in 2005 (UNIDO,
          2013). In advanced countries, the percentage of GDP originating in
          agriculture fell from 16% in 1950 to 4% in 1980 and 2% in 2005. The
          percentage originating in manufacturing fell from 23% in 1980 to 16%
          in 2005. For services, the percentage climbed from 60% in 1980 to
          71% in 2005. However, manufacturing and agriculture still play a
          major role in employment. According to ILO modelled estimates
          starting in 1991, at this date 43.4% of the world’s population was
          employed in agriculture, 23.7% in industry and 42.1% in services; in
          2015, the estimates were 27.2% for employment in agriculture, 24.1%
          in industry, and 42.1% in services. The decrease in the percentage
          of the population employed in agriculture has been particularly high
          in South East Asia and the Pacific, in Eastern Asia and Latin
          America. In 2015, the percentage of the population employed in
          agriculture was about 57.6% in sub-Saharan Africa, 29% in Northern
          Africa, 33.3% in South East Asia and the Pacific, 18.5% in Eastern
          Asia, 14.2% in Latin America and the Caribbean, 4.5% in European
          Union 28, and 1.7% in Northern America. In the future, agricultural
          employment, like the other economic sectors, could change due to the
          development of automation technologies.


          Productivity
          gaps between agriculture and other sectors can contribute to an
          explanation of the differences between countries in agriculture’s
          contribution to GDPs and employment shares. These gaps are mainly
          related to the levels of technology currently applied in the
          agricultural sector: “At the global level, agricultural work remains
          largely manual and mechanization is limited. As a result,
          agricultural productivity has been decoupled from other types of
          activities, resulting in lower agricultural incomes, which are also
          impacted by changes in relative prices between agricultural and
          non-agricultural goods. The consequence is that the value added of
          other sectors rises much faster than in the agricultural sector,
          which, nevertheless, continues to employ a significant proportion of
          the working population. Given the importance of agriculture in rural
          areas, these processes explain the income gap between towns and the
          countryside and account for the broad extent of rural poverty”
          (Losch, 2016, p. 7).


          Also, since
          the 1970s, policies have been liberalized, there has been a greater
          concentration of assets and a growing role for financial markets.
          This includes deregulation for banks and equity funds and rapid
          financial innovation (Crotty, 2009) which have contributed to
          economic growth but also to growing debts for all economic actors
          and a major financial crisis in 2007-08. In the mid-2015, the total
          global debt-to-GDP ratio is significantly higher than it was before
          the 2008 crisis. Whereas advanced economies got indebted before the
          2008 crisis, in emerging and developing countries aggregate debt
          levels have increased sharply since that period and represent a
          major risk for the future (WEF, 2018). The debt level of enterprises
          and governments has also increased (WEF, 2018). These processes have
          major impacts on agriculture and the rural economy in developing
          countries, especially off-farm diversification and on-farm
          specialization (Losch et al., 2012). Also, new financial models for
          agriculture are being developed (Kloeppinger-Todd and Sharma, 2010).
          Banks and investment funds are increasingly engaging in commodity
          and farmland investments, and conventional agrifood firms are acting
          like financial institutions (Clapp et al., 2016). Land is
          increasingly considered a financial asset, and that could impact the
          land market dynamics (Fairbairn, 2014; Ducastel and Anseeuw, 2017).
          Food chains are increasingly managed to facilitate mass production
          and standardization, and the development of trade (McCullough et al., 2008;
          Rastoin and Ghersi, 2010). Nevertheless, a variety of agrifood
          systems remain (Fournier and Touzard, 2017) (Chapter 8).

        

        
Income and wealth disparity

          

          Per capita
          income has diverged across countries for decades, but since the
          1990s and in particular since the 2000s, there is evidence of
          convergence at the global level (UN-DESA, 2015). The convergence
          between rich and poor countries has been driven by Asian countries,
          first China and India, and now the whole Asian region. However, in
          East Asia, widening income inequality gaps between inhabitants of
          rural and urban areas have been linked to higher incomes associated
          with good education and rapid industrialization. Over the past
          decade, income growth has been seen in Latin American and the
          Caribbean. Africa and Oceania have hardly contributed to global
          convergence. Nevertheless, the top richest 1% in the world has more
          wealth than the rest of the world combined (Piketty, 2013) and
          sub-Saharan Africa and South Asia account for more than 80% of the
          world’s poor. Almost three-fifths of the world’s extreme poor are
          concentrated in five densely populated countries: Bangladesh, China,
          the Democratic Republic of Congo, India and Nigeria.[31] In all regions of the world inequality in income
          distribution within countries compels some citizens to live in
          poverty. In OECD member states, since the 2007-2008 recession,
          inequality levels are at their highest since data collection started
          (OECD, 2015). The same trend is observed across many countries
          across the world.

        

        
Production: energy and water use, and digital
          transformation

          

          Wood and
          later coal, oil and natural gas have played an enormous role in the
          development of society. Nuclear energy, renewable sources of energy
          (hydroelectric, solar, wind and biomass) and non-conventional
          hydrocarbons started to play a role much later. Global energy
          consumption has grown rapidly over the past 40 years in response to
          economic development and demographic growth, especially in emerging
          economies such as China and India. The future availability of fossil
          fuels (especially oil and natural gas) and their impacts on
          greenhouse gas (GHG) emissions are leading to major questions about
          the means to reduce their production and use (Stern, 2006). Fossil
          fuels are used in many agricultural and food processing activities,
          such as mechanization, irrigation, drying and cooking, and the
          production of fertilizers and herbicides. Smith et al. (2007)
          have estimated that agriculture accounted for 10-12% of total global
          anthropogenic GHG emissions, and that agricultural CH4 and N2O emissions
          increased by nearly 17% from 1990 to 2005.


          Biomass
          energy includes garbage, wood, landfill gases and biofuels.
          First-generation biofuels are produced from traditional food and
          feed crops. World biofuel production grew five-fold between 2001 and
          2011 but is still a minor source of energy. However, its efficiency,
          impact on land and forest use, food prices and GHG emissions remain
          very controversial. The steepest rise in biofuel production occurred
          in 2007-2008, concomitantly with a sharp rise in food commodity
          prices (HLPE, 2013), quickly followed by food riots in the cities of
          many developing countries. Research is currently being conducted on the
          development of second-generation biofuels produced from various
          sources of biomass which do not directly compete with food and feed
          crops and whose production is more efficient (Guyomard et al.,
          2011).


          Water is
          used in industry and mining, in agriculture (including for
          livestock), in households, but also for energy production and
          ecosystems’ livelihood. The first three uses of water have grown
          much faster than population growth over the last forty years. In
          1960, 2,000 km3 of water were used every year; since 2000,
          the annual consumption of water is about 4,000 km3 (see
          Aquastat[32]), which is more than capacities of renewal. Around
          20% of total water used globally is from ground water resources
          (renewable or not), and this share is rising rapidly, particularly
          in dry areas. At global level, the withdrawal ratios are 69%
          agricultural, 12% municipal and 19% industrial. However, a large
          percentage of water withdrawn by agriculture is consumed by
          vapor-transpiration whereas the industry or domestic uses restitute
          most of the water they use. Agricultural use is the highest in Asia
          (81% in 2010) and the lowest in Europe (25%). Over the years, uses
          of water by agriculture and industry have become a major source of
          pollution of groundwater, watercourses and soils. Water resources
          have become a real political and economic issue for governments of
          emerging and developing countries, and a major source of potential
          conflicts.


          Over the
          past two decades, automation and digitalization have had an impact
          on production in all economic sectors as well as on patterns of
          consumption (less ownership and more pay-per-use) and partnerships.
          Agriculture and the food industry are quickly entering the era of
          platform economics. Some digital platforms are a meeting place for
          farmers and consumers (short supply chains), for distributors and
          farmers (for inputs, spare parts or small farming equipment), for
          the sharing of equipment, for promoting local production and
          combating waste, for crowdfunding etc. In the future, data and
          intelligence could be at the centre of business models; data
          qualification, ownership and security will become crucial, including
          for land use and food processing.

        

        
Changes in trade

          

          International trade in goods and services has
          gone from about 124 billion US$ in 1960, to 4 trillion US$ in 1995,
          to 24 trillion US$ in 2014, and has slightly declined since, which
          may be a sign a diminishing interdependence and integration between
          countries (UNCTAD, 2015b). At the same time there has been the
          development of (a) a multilateral trading system promoting
          liberalization, elimination of tariffs and quotas, but also
          facilitating the development of non-tariff trade barriers such as
          the Sanitary and Phytosanitary (SPS) agreement, Technical Barriers
          to Trade (TBT) agreement and the Agreement on Trade-Related
          Intellectual Property (TRIPs) (Box 6.1); and (b) preferential and
          regional trade agreements and international trade corridors; these
          were traditionally in Europe and North America, but have shifted to
          the Asia-Pacific region. Also, there has been the development of
          Fair Trade, which seeks to re-engineer value chains between small
          producers in developing countries and buyers, in order that a
          greater proportion of the overall rents accrue to those who provide
          the inputs (Nicholls and Huybrechts, 2017). Trade is a key element
          in land-use changes and food security strategies, a driver of
          changes in ecosystems (Pace and Gephart, 2017) as well as a vector
          for the introduction of alien species (Hulme, 2009). Perceptions of
          future food and resource limitation are causing changes in trade
          (Pace and Gephart, 2017), especially as structural production
          surpluses have nearly disappeared and there are no more big players
          with large stocks (Daviron and Douillet, 2013).


          Global
          agricultural trade has grown much slower than trade in other
          products. Farm products accounted for more than 30% of all
          merchandise traded globally until 1960, but since the early 2000s,
          its share has averaged less than 9% (Anderson, 2010). The value of
          global agricultural exports nearly tripled between 2000 and 2012,
          while agricultural exports increased by about 60% in volume terms
          over the same period (FAO, 2015a). The geography of agricultural
          trade is changing quickly (Daviron and Douillet, 2013). In Asia,
          imports as a share of apparent consumption increased regularly
          between 1960 and 2004 (from 4% to 14%) (Anderson, 2010) and Asia has
          become the fastest growing net importer since then, driven
          especially by China, South East Asia and India. The Latin American
          share of agricultural production was stable (around 25%) between
          1960 and 2004 (Anderson, 2010) but over the past decade, Latin
          America has become the largest net exporter of food, with
          significant production growth outstripping sustained consumption
          growth (FAO, 2015a). North America was the second largest net
          exporter but has lost its domination. Eastern Europe and Central
          Asia are shifting from being net importers to becoming net exporters
          (FAO, 2015a). Sub-Saharan Africa’s net imports have been growing as
          food production is unable to keep pace with growing population and
          demand.

        

        
Research and innovation: growing role of the
          private sector

          

          Over the
          past 40 years, scientific breakthroughs and technological and
          organizational innovations have fuelled substantial gains to the
          economy, and they are continuing to do so to the point that experts
          say that we are on the brink of a technological revolution that will
          fundamentally alter the way we live, work, and relate to one
          another. Agriculture and food systems have been transformed by
          technological advances in material and life sciences which have led
          to major improvements, for example, genetic engineering, vaccines
          for livestock, Integrated Pest Management (IPM), minimum tillage
          systems, geographical information systems, and robotic systems.


          In the
          agri-food sector, research and development in the public and the
          private sectors contributed to major gains in agricultural
          productivity in industrial countries after World War II, and to the
          spread of the Green Revolution beginning in the 1960s, allowing food
          output to more than keep pace with demand. Over the years, the
          geographical distribution of Agricultural Research and Development
          (Ag R&D) has changed. The governments of middle-income nations
          are now investing more in agriculture research than those in
          high-income ones, and the gap between spending by high-income and
          low-income countries is widening. Rich countries accounted for 56%
          of global public sector spending on Ag R&D in 1960, but only 47%
          in 2011 (Pardey et al., 2016). Globally, private sector
          spending on agricultural research and development is catching up
          with public sector spending. “In 2011, an average of 52.5% of the
          research on crop breeding, informatics, fertilizers, pesticides and
          food technologies in rich countries was being done by private firms
          (in 1980, the figure was 42%). For middle-income countries, the
          private proportion of domestic spending was 37% in 2011 (up from 19%
          in 1980). Middle-income countries’ share of private AgR&D
          spending in 2011 was 35.5%, up from close to 16% in 1980” (Pardey
          et al.,
          2016, p. 302).
          The growing role of the private sector means that intellectual
          property rights in agriculture, such as plant patents, plant
          breeders’ rights, utility patents, trade secrets, trademarks and
          geographical indicators, are going to play a major role and
          influence who will benefit from the research. It also means that the
          pursuit of public research leading to common goods and the capacity
          of governments to fund public research are going to be major
          challenges in the future (Piesse and Thirtle, 2010).


          Furthermore,
          for many decades, society in richer countries has had total
          confidence in the capacity of science and technology (S&T) to
          overcome many problems. This situation is changing because S&T
          now involves diverse sets of actors which leads to a complex
          distribution of power and struggles over which directions should be
          taken (EFS, 2013). Youth interest in science is declining and budget
          constraints are triggering tensions about the governance of science
          and technology. The perceptions of S&T’s impacts on society and
          the environment are increasingly diverse.

        
      

      

Human development

        

        Demography: concentration of population growth in
          Asia and Africa

          

          The world’s
          population almost quadrupled in the twentieth century, rising from
          1.6 to 6 billion people. More precisely, it has gone from 3 billion
          in 1960 to 6.96 billion in 2010, and in 2016, the world population
          reached about 7.4 billion.[33] The global population growth rate is declining:
          this growth rate was 2.1% in the 1960s and 1.2% in the 2010s. In
          2016, Asia represented about 59.7% of the world’s population (55.2%
          in 1950), Africa accounted for 16.4% (9.1% in 1950), OECD countries
          for 15.3% (29% in 1950) and Latin America and the Caribbean for 8.6%
          (6.7% in 1950). The growth of the population is therefore
          concentrated in Africa and Asia.


          The average
          annual rate of change of the urban population has tended to decrease
          at world’s level: 2.99% for the period 1960-1965, down to 2.20% for
          the period 2005-2010, and 2.05% for the period 2010-2015. It is
          decreasing in all regions of the world, including Africa where it
          remains however very high (3.55% for the period 2010-2015) and Asia
          (2.5% for the period 2010-2015). The average annual rate of growth
          of the rural population in less developed regions has fallen
          drastically (from 0.72% in 1960-1965 to 0.21% in 2010-2015), but in
          sub-Saharan Africa it has remained very high (2% for the period
          1960-1965 and 1.86% for the period 2010-2015).


          As a share
          of the world’s population, international migration is increasing
          slightly faster than the world’s population. International migration
          represents 3% of all people today, compared with 2.6% in 1960,
          according to United Nations statistics. South-South migration flows
          (i.e.
          across developing countries) are growing compared to South-North
          movements (from developing to developed countries) (UN-DESA, 2017).
          The vast majority of refugees are hosted in Asian and African
          countries (UN-DESA, 2017). Out-migration from rural regions is also
          a major trend that leads to a decrease in rural labour. Once they
          get out of rural areas or move across borders, many migrants send
          money (remittances) back to families in their countries of origin;
          the overall annual flow of such remittances has nearly tripled since
          2000 (Connor et
          al., 2013). Remittances help to make vulnerable communities
          more resilient to shocks (Lambin and Meyfroidt, 2011); they give
          receiving groups the capacity to opt for more risky or costly
          agricultural choices. Migrations from rural areas can lead to labour
          shortages and therefore to shifts to less labour-intensive practices
          (Mendola, 2008; Radel et al., 2010) or to adoption of monoculture
          practices (Schmook and Radel, 2008).


          Unprecedented changes are occurring worldwide
          as fertility and mortality rates decline in most countries and the
          population ages (236 million people over 60 in 1960; 769 million in
          2010, and 969 million in 2015). According to the United Nations
          Population Fund, the proportion of people aged 60-plus is already
          higher in less developed regions than in developed regions; it is
          rising at a fast pace in the developed regions which have little
          time to adjust to the adverse impacts of ageing. The youth (ages 10
          to 24) constitutes more than 1.8 billion of the world’s population
          and is at its highest ever level; 226 million youth aged 15-24 live
          in Africa and represent 19% of the global youth. For Africa, youth
          represents both an opportunity and a challenge: they need to be
          educated and employed, fed in a healthy fashion and cared for, but
          they are also full of energy, creativity and talents.


          The levels
          of development have improved all over the world. UNDP (2016) reports
          that “every developing region’s Human Development Index (HDI) value
          has increased considerably between 1990 and 2015, although progress
          has been slowing since 2010. This reflects important advances not
          only in income, but also in health and education. Between 1990 and
          2010, the aggregate HDI value of the least developed countries
          increased by 46%.” (UNDP, 2016, p. 26). The global extreme poverty
          rate (1.90 $ a day) has fallen from 60% in 1990 to 3.5% in 2013 in
          East Asia and the Pacific, and from 44% to 15% in South Asia during
          the same period (UNDP, 2016).

        

        
Persistence of global divide in education and
          gender inequity

          

          Since the
          1970s, there has been a strong focus on primary school enrolment in
          developing countries and secondary school enrolment has also
          progressed. Nevertheless, a great divide remains between the poorest
          and richest countries: in 2010, about 33% of the population over the
          age of 15 had no schooling in South Asia and sub-Saharan Africa and
          23.8% in the Middle East and North Africa (Barro and Lee, 2010).
          However, significant progress has been made by developing countries
          in terms of reducing gender inequality in education among the
          overall population over the age of 15; for example, the ratio of
          female to male average years of schooling increased from around
          62.5% in 1950 to 81.2% in 1990 and 85.9% by 2010 (Barro and Lee,
          2010). This situation has an impact on land use and food security as
          education is a necessary, though not sufficient, driving force for
          alleviating hunger and poverty. Better education levels can
          facilitate social and technological change.


          More
          generally, women’s participation in the labour force is
          significantly less compared to men; women have substantially lower
          salaries for the same type of work and a higher percentage of women
          are employed in vulnerable or irregular jobs. In no country do women
          have the same opportunities as men to participate in economic and
          social decision-making processes. In agriculture, the population is
          ageing and increasingly feminized as men migrate for longer periods
          and for further destinations. Data must be considered with caution
          but FAO estimated that in 2010, 43% of the workforce in agriculture
          was feminine. There are however large differences between countries,
          and the share of women’ employment in agriculture varies from crop
          to crop, from activity to activity and from age group to age group
          (de Schutter, 2013). Women are often farm workers and sometimes
          independent food producers, and they face then different kinds of
          issues (de Schutter, 2013).

        

        
Importance of culture in land use and food
          consumption

          

          The
          importance of culture in land use has been widely recognized thanks
          to the Millennium Ecosystem Assessment (MEA, 2005b) which posits
          that “people are integral parts of ecosystems and that a dynamic
          interaction exists between them and other parts of ecosystems, with
          the changing human condition driving, both directly and indirectly,
          changes in ecosystems and thereby causing changes in human
          well-being”. A number of the Millennium Ecosystem sub-global
          assessments found that human cultures, knowledge systems, religions
          and social interactions have been strongly influenced by ecosystems;
          how societies and individuals organize landscapes, production and
          consumption are also influenced by behavioural factors related to
          culture, ethics and values. The International Assessment of
          Agricultural Knowledge, Science and Technology for Development
          (IAASTD) (McIntyre et al., 2009) has played a major role in the
          assessment of the importance of local and traditional knowledge in
          agriculture. Local, traditional and indigenous communities are
          increasingly recognized as a reservoir of knowledge about
          agricultural practices and diets.

        
      

      

Future global contexts in 2050

        

        The general
        purpose of the narratives about the political, economic and social
        contexts is to provide broad descriptions of future conditions that
        will indirectly but strongly impact the land use and food security
        system. Five hypotheses have been built and their main characteristics
        are presented in Table 6.1. Each column in Table 6.1 describes one
        hypothesis for the global context in 2050, which is a combination of
        assumptions of change in the three identified forces: governance,
        economic development and resources, and human development. Below are
        very brief narratives for each hypothesis. They appear in greater
        detail in the section ‘How did we get there?’ of the narratives of the
        Agrimonde-Terra scenarios (Chapter 13).


        As far as
        demography is concerned, Agrimonde-Terra adopted the same assumption
        for all hypotheses for the global context in 2050. Based on the median
        projection provided by the United Nations (2015 revision), it is
        assumed that the world population will reach 9.7 billion people in
        2050. The situation between 2010 and 2050 will vary in each region:
        stability in the European Union, Former Soviet Union and China; strong
        increases in West Africa, and in East, Central and South Africa (+192%
        and +155%, respectively), in North Africa and the Near and Middle East
        (+72% and +70%, respectively), and to a lesser extent in India (+45%)
        (Chapter 14).


        When a
        foresight exercise on land use and food security is carried out at a
        regional, national or territorial scale, assumptions about governance,
        economic development and resources, and human development should also
        be built at the scale that is considered.


        Table 6.1. Characteristics of the five
        hypotheses for future global contexts in 2050


        
            	Hypotheses
            for 2050

            	

            	Sustainable
            and cooperative world

            	Regionalization and energy
            transition

            	Economic
            and political fragmentation

            	Conventional development led by
            market forces

            	Dominance
            of non-State actors
          

            	Governance

            	Alliances

            	Cooperation among States,
            businesses, civil society organizations and international
            institutions.

            	States
            join to form large, supranational regional blocs to face recurrent
            crises while preserving their own cultural specificities.
            Competition among regions remains.

            	Few. Many
            countries have unstable governments, unable to cope with crises or
            to prevent other countries or businesses seizing their resources.
            Internal conflicts in some countries. Local communities share and
            manage resources.

            	Alliances
            between multinational companies, investment funds and
            international institutions.
Weak States.

            	Domination of hybrid and agile
            coalitions made up of NGOs, MNE, foundations, associations and
            local authorities which address topics of their interest.
            Governments try to coordinate their actions.
          

            	Policies

            	Coherent
            and integrated policies and regulations on many topics.
            Intergovernmental framework agreements to manage land and
            water.

            	Based on
            regional interests.

            	Few

            	Few or
            influenced by the interests of companies.

            	For
            climate change mitigation and to fight poverty.
          

            	Globalized world 

            	Regionalized world

            	De-globalized world

            	Globalized world

            	Globalized world
          

            	Cooperative and
            regulated world 

            	Regionalization

            	Political
            fragmentation and local communities

            	Globalization
            with multipolar governance

            	Hybrid
            coalitions and common goals
          

            	Economic development and
            resources

            	Economy

            	Moderate
            growth. Shift to a circular and green economy. Significant
            geographical proximity between producers and consumers.
            Differentiation of products, attention to quality.

            	Moderate
            growth. Principle of ‘food sovereignty and subsidiarity’ at the
            regional bloc level based on regional food supplies and supported
            by businesses and civil society organizations.

            	Low
            growth. Production and processing mostly carried out by small
            units and exchanged locally. Severe national debts.

            	Steady
            growth. Subsidized consumption for the poorest in urban areas to
            avoid social tensions. Agro-industrial food system:
            standardization, specialization, and mass markets.

            	Growth at
            global level but economic situation of groups and individuals
            depend on their capacity for networking. Spread of
            ICT.
          

            	Average
            GDP/cap: $20,000.

            	Average
            GPD/cap: $20,000.

            	Average
            GDP/cap: $18,000.

            	Average
            GDP/cap: $24,000.

            	
          

            	Energy
            mix

            	Decreased
            reliance on fossil fuels and increased use of 1st and 2nd generation
            biofuels. Carbon as a cornerstone of energy
            markets.
Consumption: 696 EJ.

            	Transition to renewable energy (300
            EJ), especially biomass. Regional carbon trading
            schemes.

            	Use of
            fossil fuel when locally available and use of renewable energy in
            other cases. Weak access to energy in some regions.

            	Heavy
            reliance on low-cost fossil fuel and rare metals leading to
            depletion of reserves. Low concern for
            environment.
Consumption: 879 EJ.

            	Development of renewable energy.
            Decentralized production and smart networks.
          

            	Trade

            	Free
            trade but regulations to assure quality of products.

            	Strong
            intra-regional trade.

            	Limited
            to neighbouring countries or countries with whom bilateral
            agreements have been signed.

            	Liberalization; low barriers and
            subsidies, harmonization of standards.

            	Free
            trade and active international markets.
          

            	R&I

            	Public-private partnerships. Shared
            intelligence and participative research. Complexity, integration,
            interdisciplinarity.

            	Investments in R&D depend on
            region’s resources.

            	Joint
            research projects supported by crowdfunding platforms and run by
            volunteer activists. Hardly any public research.

            	Strong
            influence of priorities of private sector. Full confidence in
            technology; Specialization. Development of ‘omics”’, big data,
            remote sensing.

            	Joint
            research projects funded by private sector and NGOs. Researchers
            are versatile and mobile, and there is confidence in their
            capacities to find solutions to many challenges the world is
            facing. High reliance on information technologies.
          

            	

            	Towards economic
            sustainability

            	Energy
            transition, sovereignty & subsidiarity

            	Low growth and
            informal economy.

            	Rapid growth,
            fossil fuel-based economy, private R&I.

            	Post-industrial
            & technology-based economy
          

            	Human development

            	Migration

            	Low
            level.

            	Within
            regions.

            	Uncontrolled.

            	From
            resource-poor countries to richer ones.

            	Circular
            mobility between urban and rural areas, and between
            countries.
          

            	Social
            model

            	Fight
            against poverty, high attention to health and education.
            

            	Attention
            to employment, education and health, but situations vary from one
            region to the other. Collaboration within regions.

            	Unemployment and social
            instability.
Education at community level if
            available.

            	Acceptance of inequalities.
            Deterioration of public health. High employment rates, except in
            agriculture.

            	Growth of
            middle class. Development of e-learning. Attention to
            health.
          

            	

            	Towards a new
            social model

            	Social
            priorities are regional

            	Instability

            	Inequalities

            	Middle class and
            mobility
          




        Hypothesis 1: Sustainable and cooperative
          world

          

          There is a
          major rupture in this hypothesis: a change in the attitudes of
          institutions and individuals which leads to cooperation towards
          sustainability. States cooperate amongst themselves and with
          businesses, civil society organizations and international
          institutions and they all make strong commitments towards the
          mitigation of climate change, regulation of the nutritional quality
          of food products, health and a shift to a green and collaborative
          economy. Over the years, energy, climate, agriculture, logistics and
          food policies are integrated and converge. Land reforms are adopted
          and there is secure access to land for all. Policies also support
          the reduction of energy consumption and GHG emissions; they place
          limits on transport, improve carbon sequestration, encourage
          efficient use of inputs which are harmless for the health, advocate
          for consumer restraint and are people-centred. In developing
          countries, with technology transfer, technical assistance and
          financial resources, efficient energy production systems are
          established which generate little pollution and operate on small
          scales. Agri-food companies are committed to improving the
          nutritional quality of their food products, diversifying production
          and limiting their ecological footprint. Efforts are made to reduce
          losses and waste. Economic growth is moderate (in 2050, per capita
          GDP is $20,000 in 2050). Trade is liberalized but regulated through
          social and environmental norms. In developed and developing
          countries, research is highly participative, and innovation is
          technological, social and organizational. The fight against poverty
          is multifaceted and world inequalities are reduced.

        

        
Hypothesis 2: Regionalization and energy
          transition

          

          The major
          break that leads to this hypothesis is that States join and form
          large, supranational blocs to face together recurrent crises caused
          by climate, social and economic change, and to implement a ‘food
          sovereignty and subsidiarity’ principle based on regional food
          supplies and supported by businesses and civil society
          organizations. Countries regroup by regions and globalization is
          abandoned.


          Policies are
          steered towards regional issues. Each region uses its own energy
          resources. In regions with little fossil fuel, large quantities of
          renewable energy, especially biomass energy, are produced and
          efforts are made to reduce energy consumption. Economic growth is
          moderate (per capita GDP is $20,000) with a strong intra-regional
          trade. Trade between regions is limited. Investment in research
          varies according to the region. Regions with more limited financial
          resources concentrate on social innovation and on modernizing
          organizations, allowing them to remain competitive in a digital
          world. Within each region, countries network to improve education
          and research.

        

        
Hypothesis 3: Economic and political
          fragmentation

          

          There are
          on-going trends towards this hypothesis which assumes political and
          economic fragmentation, as well as severe geostrategic tensions.
          Some countries have been in chaos for many years and their situation
          worsens with monetary and financial crises, States struggle to cope
          with their debt, there is the rise of nationalism in a few
          countries, unemployment and social instability are problems and
          international and regional institutions are unable to roll out
          coherent policies to help governments overcome their difficulties.
          International fossil energy markets are hit and access to energy is
          reduced in some regions. Crises in developed countries trigger more
          crises in emerging nations. Political instability aggravates
          economic difficulties and leads to internal conflicts in some
          countries. Global economic growth is low (per capita GDP stands at
          $18,000) but there are huge differences within countries and between
          countries. The informal economy is widely developed. Trade is
          limited to neighbouring countries. Education develops in an informal
          yet rather efficient manner through the exchange and sharing of
          experience; healthcare follows a similar trend. Groups of
          researchers and other interested stakeholders set up joint research
          and innovation projects supported by crowdfunding platforms and run
          by volunteer activists. Local communities of farmers and users of
          spaces gradually organize themselves to share and manage the use of
          resources.

        

        
Hypothesis 4: Conventional development led by
          market forces

          

          There are
          many on-going trends towards this hypothesis: a high reliance on
          fossil fuels and low level of concern for environmental issues,
          faith in technological progress to solve all problems, global
          markets and belief that competitive markets contribute to economic
          growth.


          In this
          hypothesis, there is an alliance between multinational corporations,
          investments funds and international institutions to push towards
          this model. Economic growth is based on low-cost fossil fuel, and
          trade barriers are low. Above all, people have confidence in
          technology to overcome limited natural resources, as well as in
          education and information and communication technologies. Research
          focuses on industrial efficiency and cost reduction. The convergence
          of technologies allows considerable progress, but at the price of a
          number of accidents with serious effects on health and the
          environment. There are large inequalities at global and national
          levels. However, this development leads to an increasing number of
          environmental, health, economic and social catastrophes. Energy
          prices rise sharply as conventional oil and then gas resources
          become increasingly rare; reserves of phosphate and rare metals with
          low extraction costs are depleted. Competition over water is fierce.
          Public health deteriorates sharply due to pollution and unhealthy
          diets. Migrations from resource-poor countries to richer ones are
          very large.

        

        
Hypothesis 5: Dominance of non-State actors

          

          The on-going
          trends towards this hypothesis are the globalization of the economy,
          the digitalization of relationships and the multiplication of
          initiatives by non-State actors such as NGOs, civil society
          organizations, philanthropic associations, faith-based organizations
          and academic institutions.


          In a highly
          globalized world, where mobility is very common, rather than uniting
          around a national government, people tend to join groups that share
          common interests, thereby creating powerful currents of opinion. The
          consensus within public opinion regarding the main challenges and
          growth of the middle classes provide the foundation on which the
          power of the non-State interest groups is based. Urbanization and
          information technologies facilitate the development of multiple
          coalitions which are independent of national governments.
          Governments perceive their role as being organizers and coordinators
          of the ‘hybrid’ coalitions of State and non-State actors that evolve
          according to the challenges concerned. Transnational interest groups
          have the ability to bypass national governments seeking to regulate
          their activities. They challenge traditional jurisdictions and
          regulations. The power of the networks and ad hoc coalitions raises
          security issues and generates geopolitical uncertainty, although
          such changes also bring greater global wealth. Energy production is
          decentralized. The economic situation of groups is dependent on
          their networking capacities, and there are large inequalities.
          Researchers are versatile and mobile; there is confidence in their
          capacity to find solutions to many of the challenges faced by the
          world.

        
      

      

Conclusion

        

        The global context
        has changed drastically over the past forty years. A number of
        political, economic, social and technological trends and stakeholders
        are manifesting themselves, and opposing each other, creating major
        disruptions.


        In the past
        forty years, the population has concentrated in Asia and Africa, and
        this represents a major challenge for future land uses and food
        security at global level and in these regions.


        Global
        economic growth has been very rapid and contributed to changes in food
        systems and diets as well as major investments in agricultural
        research and development. Trade has evolved influenced by the
        simultaneous development of a multilateral trading system and the
        development of non-tariff trade barriers and preferential and regional
        trade agreements, and these evolutions have influenced the
        distribution of land uses. The pace of technological change has been
        very rapid, influencing heavily land use intensity in certain
        countries and less in others, especially in Africa and Asia. The share
        of agriculture in the economy and employment has evolved at different
        speed in different regions of the world.


        Global
        governance of land uses and food security has been promoted while
        there has been increased attention paid to national sovereignty and
        even recognition of governance of land uses at the levels of
        territories. Political instability and conflicts represent major risks
        for land uses and contribute to food insecurity. Large corporations
        are extremely influential and civil society organizations have become
        extremely active, and new alliances could shape the land uses and food
        security.
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      Introduction

        

        Agriculture,
        Forestry and Other Land Use (AFOLU) is at the forefront of climate
        change issues as it is both concerned by its impacts and will be a
        major actor in its mitigation. AFOLU is responsible for just under a
        quarter (~10-12 GtCO2eq/yr) of anthropogenic greenhouse gas (GHG)
        emissions, mainly from deforestation and agricultural emissions from
        livestock, soil and nutrient management, and among the economic
        sectors has one of the most important mitigation potentials. In
        particular, AFOLU offers the possibility of producing negative
        emissions, which will be essential to limit global temperature changes
        below 2°C or 1.5°C above pre-industrial levels.


        There is also
        evidence of the impacts of historical and recent climate change on
        food production, with a global net loss in average wheat and maize
        yields of –3.8% and –5.5% respectively relative to what would have
        been achieved without the climate trends in 1980-2008 (Lobell et al., 2011).
        Extreme weather events played an important role in the food crisis of
        2007-2008 and continue to multiply. While it is too early to attribute
        these phenomena to anthropogenic activities, major changes in
        temperature and precipitation due to the increased concentration of
        greenhouse gases could greatly disrupt agricultural production systems
        and threaten world food security.


        Food security
        is a complex issue, which has several dimensions and should not be
        confused with food production. Evaluating the impact of climate change
        on food security is particularly challenging as it results from a
        complex process of estimations involving four main sources of
        uncertainty: the emissions scenario, the climate scenario, the induced
        variation in crop yields and cultivable area, and the impact on food
        security. Assessing the interactions between climate mitigation and
        food security is even more challenging as they depend fundamentally on
        the way mitigation options are implemented.


        As a
        contribution to the ongoing reflection, this chapter presents the
        three narratives for climate change impacts and mitigation in 2050
        used in the Agrimonde-Terra foresight exercise. Before, to
        contextualize these narratives, we first present a literature review
        on the impacts of climate change on agriculture and then a brief
        overview of the agricultural mitigation pathways and the international
        negotiation process that should drive them.

      

      
Overview on the impacts of climate change on
        agriculture

        

        Projected impacts of climate change on
          agriculture

          

          The IPCC (Intergovernmental Panel on Climate
            Change) scenarios

            

            Climate
            projections made within the IPCC Fifth Assessment Report (AR5) are
            based on a set of four ‘Representative Concentration Pathways’
            (RCP). The RCPs are scenarios that specify radiative forcing
            (expressed in watt/m2) and corresponding emissions, but are not
            directly based on socio-economic storylines like the previous
            Special Report on Emissions Scenarios (SRES) (IPCC, 2013). Four
            RCP scenarios were selected from the published literature: the
            lowest pathway RCP2.6 (also referred to as RCP3-PD) which peaks at
            3 W/m2 and
            then declines to approximately 2.6 W/m2 by 2100; the medium-low RCP4.5
            and the medium-high RCP6 aiming for stabilization at 4.5 and
            6 W/m2,
            respectively around 2100; and the highest scenario, RCP8.5, which
            implies a radiative forcing of 8.5 W/m2 by 2100.


            Projected
            changes in global mean surface air temperature in 2046-2065 range
            from +1.0°C (confidence interval = 0.4°C-1.6°C) in RCP2.6 to
            +2.0°C (1.4°C-2.6°C) in RCP8.5 (Figure 7.1). AR5 models project a
            gradual increase in global precipitation over the 21st century:
            +0.05 mm/day in RCP2.6 to +0.15 mm/day in RCP8.5, with, however, a
            relatively large spread in model projections. In spite of these
            uncertainties, surface soil drying is projected with high
            confidence, especially under RCP8.5, in some regions: the
            Mediterranean, Northeast and Southwest South America, Southern
            Africa and Southwestern USA.
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            Figure 7.1. Global mean temperature
            change averaged across all Coupled Model Intercomparison Project
            Phase 5 (CMIP5) models (relative to 1986–2005) for the four RCP
            scenarios.


            Source: IPCC (2013), FAQ 12.1,
            Figure 1, pp. 1037.


            Note: RCP2.6 (dark blue), RCP4.5 (light blue),
            RCP6.0 (orange) and RCP8.5 (red). Likely ranges for global
            temperature change by the end of the 21st century are indicated by
            vertical bars.

          

          
Projected impacts on potential agricultural
            land

            

            Assessments of the suitability of land for
            agricultural use under climate change conditions at the global
            scale demand large amounts of data and for this reason are
            relatively sparse. We present here the study conducted by Zabel
            et al.
            (2014) which is used in the quantification of the Agrimonde-Terra
            scenarios.


            Zabel et al. (2014)
            evaluate land resources based on ecological rules relating to the
            suitability of land for agricultural use based on eight parameters
            (mean temperature, precipitation, texture, coarse fragments,
            gypsum concentrations, base saturation, pH, organic carbon,
            salinity, sodicity and slope). The projections presented in Zabel
            et al.
            (2014) are made under the A1B climate scenario, which lies between
            RCP6.0 and RCP8.5. According to their results, climate change
            leads to a 560 million hectare (Mha) increase in suitable cropland
            area until 2100, which comes mostly from high latitude countries
            such as Canada, Russia and China. This result is consistent with
            previous estimates from Ramankutty et al. (2002). Net loss of
            suitable areas is expected in some regions, most notably
            sub-Saharan Africa, Middle East-North Africa and Australia-New
            Zealand. Also a strong decrease in multiple cropping area is
            projected in Brazil (–160 Mha) and Sub-Saharan Africa (–150 Mha).
            In spite of a larger area suitable for agriculture, the overall
            productive capacities of global ecosystems will not necessarily be
            expanded by climate change as the actual crop yields should also
            be taken into account (see following paragraph).

          

          
Projected impacts on crop yields

            

            Based on
            the abundant literature on the impact of climate change on crop
            yields published since AR4, the AR5 report comes to the following
            conclusions: (i) crop yields of wheat, maize and rice in both
            tropical and temperate regions are negatively affected beyond 3°C
            of local warming without adaptation, even with the benefits of
            higher carbon dioxide (CO2) and rainfall; (ii) crop yields of wheat
            and maize in tropical regions diminish significantly even with a
            slight rise in temperature (1 to 2°C); (iii) there is a potential
            for yield loss in all three temperate crops at low temperature
            changes.


            The
            potential benefits of adaptation are clear for wheat and rice, but
            have not been demonstrated for maize. The gains from incremental
            crop-level adaptation are estimated at 7-15% on average (Challinor
            et al.,
            2014). Among the possible adaptation strategies studied (planting
            date, fertilizer, irrigation, cultivar or other agronomic
            adjustment), cultivar adjustment appears to be the most effective,
            with irrigation also showing benefits.


            South Asia
            and Southern Africa are the two regions that, in the absence of
            adaptation, would suffer the most negative impacts on several
            important crops (Lobell and Burke, 2008; IPCC, 2014a).

          

          
Projected impacts on livestock

            

            Production
            of meat and milk may be impacted by climate change in many ways:
            changes in the quantity and quality of feed, heat stress and water
            scarcity, increased incidence of livestock disease, loss of
            genetic diversity etc. However, there are important knowledge and
            data gaps on the future impact of climate change on livestock
            production (Thornton et al., 2009), especially in the tropics and
            sub-tropics, making it difficult to assess each of these potential
            effects.


            The actual
            impact on livestock production is also difficult to assess because
            of the large range of possible adaptations available. Extensive
            livestock systems occur over a huge range of biophysical and
            socio-ecological systems, with a consequent large range of
            potential adaptations. In many cases, these livestock systems are
            highly adapted to past climate risk, which should provide a sound
            starting point for climate change adaptation (Thornton et al.,
            2009). In developed countries, livestock systems are generally
            adaptable and resilient. In developing countries, in contrast,
            households which are dependent on keeping livestock may be much
            more vulnerable to changes in climate and climate variability,
            with the potential for increased poverty and decreased food
            security (Thornton, 2008).

          

          
Projected socio-economic impacts

            

            In
            response to changes in temperature and precipitation, AR5 reports
            estimates of increases in food prices ranging from 3-84% to 2050
            (IPCC, 2014a).[34] However, these results are
            difficult to interpret as they depend to a large extent on the
            adaptation capacities represented in the models: for the same
            shock, the more flexible the model (in terms of technology,
            farming practices, trade etc.), the lower the impact on food
            prices (Nelson et al., 2014). For this reason, biophysical
            models are considered to project higher impacts than economic
            models, in which adjustments to changing environmental conditions
            by farmers are easier (Mendelssohn, 1994).


            Beyond the
            impact on food prices, some studies have tried to directly
            estimate the impact of climate change on undernourishment. To do
            so, Baldos and Hertel (2014) incorporated into a partial
            equilibrium model of global agriculture a food security module
            linking changes in prices to changes in average dietary energy
            intake and to shifts in the full caloric distribution. Using the
            yield estimates from Müller et al. (2010), they show that climate change
            could result in an increase of +27 million in the global
            malnourished population in 2050, compared to a baseline scenario.
            Sub-Saharan Africa and South Asia are the two regions the most
            severely hit, with the incidence of malnutrition increasing by
            more than +20% (compared to the baseline) in both regions. When
            the effects of CO2 fertilization are added, the number of
            malnourished people declines by around –35 million compared to the
            baseline. Overall, the contribution of climate change to the
            malnutrition headcount is nonetheless of a secondary order
            compared to socio-economic drivers such as population and per
            capita income. This conclusion about the prevailing role of
            non-climate drivers on food security is shared by the academic
            literature and the IPCC.


            A drawback
            of many socio-economic assessments is their consideration of
            incomes as exogenous, while they may be a more important driver of
            food insecurity than commodity price changes themselves (Hertel
            et al.,
            2010). In so doing, they neglect some of the various mechanisms
            that limit access to food. If producers are price-takers for
            outputs and if the farm-level demand is inelastic, then a
            reduction in supply will boost incomes with potential benefits for
            food security for this category of household. Therefore, the
            actual impact of climate change on poverty and food security
            depends crucially on where households earn their income. To study
            this effect, Hertel et al. (2010) use the general equilibrium
            model GTAP to account for the feedback between prices and incomes,
            combined with the distribution of households aggregated into
            groups based on their primary source of earnings over a sample of
            15 developing countries. They showed that if the poor are mostly
            self-employed in agriculture, poverty can be reduced by a modest
            adverse shock in productivity, while it will be increased by the
            same shock if poverty is dominated by wage earners and urban
            poverty.


            Ricardian
            analysis is used as an alternative approach to economic models for
            estimating the impact of climate change on agriculture, especially
            in West Africa. The Ricardian approach measures the relationship
            between net revenues from crops and climate using cross-sectional
            evidence.

          

          
Impact of changes in climate variability on food
            security

            

            Changes in
            the inter-annual variability of yields are seen by many authors to
            be a major driver of food insecurity by undermining the resilience
            of food systems and affecting the stability of food availability
            and access (IPCC, 2014a).


            However,
            only a few estimates of climate variability are available in the
            literature and studies on the effects of climate variability and
            extreme climatic events on food systems are also scarce (Thornton
            et al.,
            2014). There is, for example, no mention of studies assessing the
            impact of climate variability on food price and food security in
            AR5. In a review of possible impacts of changes in climate
            variability, Thornton et al. (2014) stress that the treatment of the
            impacts of climate variability is a heavily under-researched area,
            particularly how harvest failures in one continent may influence
            food security outcomes in others.


            Based on
            the global gridded crop model LPJmL, Müller and Robertson (2014)
            simulated the year-to-year variability for the 2000s (1980-2009)
            and 2050s (2040-2069) expressed as the coefficient of variation
            (CV) in the RCP8.5 climate scenario. Their results indicate an
            increase of more than +5% in CV in 64% of grid cells and a
            decrease of more than –5% in 29% of cases. However, it is
            difficult to draw conclusions in terms of food security from these
            results as there is no indication on the geographical distribution
            of impacts. Furthermore, increases in CV can be due to reductions
            in mean yields and/or increases in the standard deviation of
            yields, and often simulated changes are a combination of the two
            (IPCC, 2014a).


            Devereux
            (2007) shows that food crises triggered by extreme climatic events
            can be schematically described as a sequence of “entitlement
            failures”. This hypothesis implies that food crises do not
            generally result from isolated weather shocks, but from a
            succession of shocks, that progressively undermine the capacity of
            societies to respond to climatic events (e.g., by selling farming
            equipment). At each new shock, the societies reach gradually a new
            step in the sequence of “entitlement failures”, until experiencing
            a food crisis.


            Studies at
            the local scale provide some insights on the potential impacts of
            climate variability on food security. A survey conducted in three
            communities in Ghana shows how extreme climatic events are
            impacting food security (Codjoe and Owusu, 2011). Flooding and
            cold conditions hamper food storage, while extreme dryness
            facilitates it. Excessive flooding may also destroy feeder roads
            that link food production area and major markets, cutting some
            regions off from access to food. Adaptation strategies that
            enhance transportation and storage facilities can therefore
            adequately alleviate food insecurity. Providing farmers with early
            warning systems, extending credit to farmers and the use of
            supplementary irrigation are other effective adaptive options.

          
        
      

      


Mitigation pathways

        

        Main insights from AR5

          

          The AFOLU
          sector is responsible for around a quarter of anthropogenic GHG
          emissions (~10-12 GtCO2-eq/yr) on average over the decade 2000-2009,
          with global emissions of 5.0-5.8 GtCO2eq/yr from agriculture and around
          4.3-5.5 GtCO2eq/yr from forestry and other land uses
          (IPCC, 2014b). AFOLU emissions have stabilized since the decade
          1990-1999 thanks to a reduced rate of deforestation, most notably in
          Brazil, and afforestation, most notably in China, Vietnam and India.
          Net annual baseline CO2 emissions from AFOLU are projected to
          decline over time, partly driven by technological change and partly
          by the projected declining rates in the expansion of the agriculture
          area related to the expected slowing in population growth (IPCC,
          2014b). Historical and projected trends of AFOLU emissions are,
          however, particularly uncertain due to specific measurement
          difficulties in the AFOLU sector.


          Land-based
          mitigation represents a potential large share of the total
          cumulative abatement (20 to 60% to 2030, and 15 to 40% to 2100;
          IPCC, 2014b) and is therefore essential to limit global temperature
          changes to 2 or 1.5°C above pre-industrial levels. In contrast to
          the transport and energy sectors, a significant share of AFOLU’s
          mitigation potential is located in developing countries, which may
          raise possible issues in terms of food security. Mitigation in the
          AFOLU sector can be carried out both by reducing the GHG emission
          intensity per kg of output (through improved cropland and livestock
          management), and by conserving or enhancing carbon stocks in soils
          or vegetation (through afforestation/reforestation and BECCS:
          bioenergy with carbon capture storage). Trade-offs between both
          strategies may appear in some cases, because a reduction in emission
          intensity may lead to lower yields and fewer areas for carbon
          sequestration.


          The
          development of integrated environment/climate/agricultural
          production practices, such as agroecology or sustainable
          intensification, is a way to bridge this conflict by optimizing crop
          production per unit area, taking into account the sustainability
          aspects. Consumption-based measures, such as changes in diet or a
          reduction in food loss and waste, are another way to bridge this
          conflict by reducing the overall tension on land. They may enable
          both lower use of inputs and larger areas for
          afforestation/reforestation or bioenergy production. Therefore they
          offer a substantial mitigation potential (1.5-15.6 GtCO2-eq/yr), greater
          than supply-side measures (1.5-4.3 GtCO2-eq/yr at carbon prices between 20
          and 100 US$ tCO2-eq/yr) (Popp et al., 2010). However, they seem
          particularly complex to enforce as they are considered to impinge on
          individual liberties in many countries. Given these difficulties,
          some authors recommend that they should be designed to contribute to
          other policy agendas, such as improving environmental quality (Smith
          et al.,
          2012) or improving dietary health (Macdiarmid et al., 2011).


          Important
          barriers to the implementation of supply-side measures also exist as
          it implies profound changes in agricultural practices and land-use
          in some regions. Among the main obstacles, AR5 mentions access to
          market and credits, technical capacities to implement mitigation
          options, accurate monitoring of emission levels and institutional
          frameworks and regulations. Large-scale bioenergy production raises
          many issues about possible adverse effects on biodiversity, food
          security, water use and access to land, and the scientific debate on
          the overall benefits of specific bioenergy pathways remains
          unresolved (IPCC, 2014b).


          AFOLU
          mitigation measures may be associated with socio-economic and
          environmental co-benefits provided that they are sustainably
          implemented. For bioenergy, for example, this means it must be
          integrated with food production, notably through suitable crop
          rotation schemes, or use of by-products and residues (Berndes et al., 2013).
          Mitigation options designed to enhance carbon stocks in soils may
          also have a positive impact on food security by improving land
          quality (Lal, 2004). Other potential co-benefits include, for
          example, human health and well-being through more adapted diets,
          clarification of land tenure, synergies with other international
          agreements, including the United Nations Convention to Combat
          Desertification (UNCCD, 2011), or the Convention on Biological
          Diversity (CBD).

        

        
The climate negotiation process

          

          Climate
          negotiations were initiated at the Earth Summit in Rio de Janeiro in
          1992 with the adoption of the United Nations Framework Convention on
          Climate Change (UNFCCC, 1992) as the first pillar of the
          international climate regime. The convention established general
          principles of the climate regime: Article 2 calls for the prevention
          of “dangerous anthropogenic interference with the climate system”
          and Article 3 establishes an equity principle based on common but
          differentiated responsibilities (CBDR).[35] Since its ratification
          in 1994 by 194 countries (the so-called parties to the Convention),
          the convention proceeds through annual diplomatic meetings called
          Conference of the Parties (COP).


          The
          Copenhagen Conference (COP15 held in 2009) was supposed to achieve
          an ambitious global treaty and launch a new round of negotiations
          for the next decade. The conference gave rise to high expectations
          among civil society but finally led to a simple agreement signed by
          28 countries, whose content was officially institutionalized in
          Cancun (COP16 held in 2010). Reasons for the failure include
          geopolitical factors (limited room for manoeuvre of the US
          administration), clumsiness of the Danish presidency and the
          unwillingness of developing countries to back a global agreement
          without, in turn, significant commitments from developed countries
          (Bodansky, 2010; Grubb, 2010; Rajamani, 2010). The increasing role
          of the BASIC countries (Brazil, South Africa, India and China) has
          reflected a new balance of power in international relations since
          the early 2000s.


          However, the
          Copenhagen agreement represents a turning point in climate
          negotiations. First, the 2°C target appears for the first time as an
          ultimate global objective for emission reduction. Second, while the
          Kyoto Protocol reflected a top-down approach in climate
          negotiations, that is to say starting from a common global objective
          deriving into domestic commitments, the Copenhagen Accord emphasizes
          a bottom-up approach through a nationally-determined pledge
          (Bodansky, 2010). For the first time, developing countries committed
          to reduce their emissions, with both domestic efforts and the help
          of developed countries. Developed countries committed to a financial
          target of $100 billion per year by 2020 and on the creation of a
          Green Climate Fund (GCF) designed to channel a significant share of
          this financial backing. A monitoring system called MRV (Measuring,
          Reporting and Verification) regarding the mitigation measures was
          planned but its modalities remained a controversial issue with China
          and India.[36]


          From
          Copenhagen to Paris (COP21), discussions followed an incremental
          process of adjustment of the climate regime while laying the
          foundations for a global agreement. In particular, the Durban
          platform (COP17 held in 2011) initiated a negotiation process aimed
          at producing a ‘protocol, or other juridical instrument’ and adopted
          the second phase of commitment of the Kyoto protocol (2013-2020).
          The Warsaw conference in 2013 invited parties to communicate before
          the Paris conference their Intended Nationally Determined
          Contributions (iNDCs) (Decision 1/CP.19, Para. 2b).


          The adoption
          of the Paris Agreement on 12 December 2016 (UNFCCC, 2016)
          institutionalized a new paradigm of climate negotiations initiated
          at Copenhagen (Bodansky, 2016). It is a global agreement, which
          applies not only to developed countries, like the Kyoto Protocol,
          but also to developing countries, accounting for a growing share of
          global emissions. It calls for a limit to the increase in the global
          temperature well beyond the 2°C target and to pursue efforts to
          limit the temperature increase to 1.5°C above pre-industrial levels
          (Art 2) and recognizes the necessity to “foster climate resilience
          and low greenhouse gas emissions development, in a manner that does
          not threaten food production” (Art 2). To achieve these objectives
          and fill the gap with the current content of iNDCs renamed NDC
          (National Determined Contributions) it institutionalizes an
          iterative process every five years (Art 14). This global stocktaking
          will review collective progress and put forward emission reduction
          plans for the next five-year period. Although the agreement does not
          include any type of compliance system, it establishes a common
          transparency and accountability framework. The 100 billion $/yr
          target by 2020 to finance adaptation and mitigation measures is
          confirmed and will be a floor by 2025 (Decision, paragraph 54).


          COP 21 is an
          important step from the food security point of view, as for the
          first time in a global climate agreement, the fundamental priority
          of food security and its vulnerability to climate change have been
          recognized. COP21 also marked the official launch of the ‘4 per
          1000’ international initiative which aims to address in an
          integrated way the issues of food security, adaptation to climate
          change and mitigation of anthropogenic emissions by increasing the
          soil carbon stock by 4‰ per year.

        
      

      

Future climate change impacts and mitigation in
        2050

        

        Based on the
        available literature, three narratives for climate change impacts and
        mitigation in 2050 have been developed.


        Hypothesis 1: Stabilization of Global
          Warming

          

          Ambitious
          targets on temperature changes to 2100 set by the COP21 have created
          a momentum towards strong mitigation efforts. Nationally Determined
          Contributions (NDC) decided at COP 21 have been the basis for much
          more ambitious action plans. Through a proactive political approach
          and a strong commitment from civil society, a broad range of options
          are deployed to stabilize climate change. Instruments for emissions
          reduction - carbon tax, cap-and-trade systems, low-carbon standards
          etc. - are implemented in most countries of the world, steering
          investments towards low-carbon goods and technologies. The total
          consumption of fossil energy is significantly reduced through energy
          efficiency measures and efforts to encourage greater moderation. At
          the same time, the production of renewable energy (solar, wind,
          hydro and biomass) increases significantly. Climate mitigation is
          also facilitated by relatively low climate sensitivity (i.e., the
          temperature change in response to the change in radiative
          forcing).


          The
          agriculture, forest and other land-use (AFOLU) sector plays a key
          role in mitigation efforts. All mitigation options are considered,
          including carbon storage in agricultural soils (through, for
          example, the 4 per 1000 initiative) and resource use efficiency
          measures, especially concerning the use of synthetic nitrogen. These
          strategies are adapted to local situations to create synergies with
          yield increases and the limitation of land degradation. The global
          production of modern biomass energy[37] reaches 102EJ/yr in 2050,
          mostly used for producing electricity in association with carbon
          capture and sequestration (Chapter 14 for more details). The
          development of first-generation biofuel ceases because of its poor
          environmental assessment. In this scenario, as in the two others,
          the evolution of forest areas mirrors the evolution of agricultural
          areas, which are themselves driven by our hypotheses for the future
          of the other drivers of the ‘land use and food security’ system:
          global context, food diets, rural-urban relationships, cropping
          systems and livestock systems as described in chapters 6, 8, 9, 11
          and 12 respectively.


          As a result,
          global temperature changes are maintained well below +2°C to 2100
          (and +1°C to 2050) and changes in precipitation remain limited
          (<+0.05 mm/day in 2100). In this context, the agricultural system
          does not experience any major change compared to the current
          situation due to climate conditions. Crop yields are not
          significantly affected by climate change in both temperate and
          tropical zones. Similarly, elevated CO2 and O3 concentrations have few impacts on crop
          yields and crop protein content. The area of cropland suitable for
          agricultural production does not notably change compared to the
          current situation.

        

        
Hypothesis 2: Runaway climate change

          

          International agreements adopted under the
          United Nations Framework Convention on Climate Change (UNFCCC) do
          not lead to significant effective emission reductions. NDCs are not
          actually enforced in most countries, especially in the largest
          emitting ones, because of the lack of political will and the
          influence of fossil energy producers. At the local, national and
          regional scales, citizens’ initiatives do not balance the influence
          of the oil industry and the belief that technical change will solve
          the climate issue. The world’s economies remain dependent on fossil
          energies whose availability is still high thanks to the exploitation
          of shale and unconventional resources, fossil energy reserves in the
          Arctic and deepwater drilling. Agriculture is based on the
          conventional development model with large consumption of synthetic
          fertilizers and pesticides. No specific measure to increase the
          carbon storage in soils or vegetation is taken. The production of
          modern biomass energy (60 EJ/yr in 2050 – Chapter 14 for more
          details), used as second-generation biofuel or bioelectricity, is
          encouraged by government subventions to develop additional
          industrial and agricultural capacities based on past experiences of
          bioenergy (deployment of ethanol from maize in the USA, ethanol from
          sugar cane in Brazil and biodiesel in Europe). Production of
          first-generation biofuel is constant at its 2015 level, hindered by
          the cheap price of fossil fuel.


          In this
          context, greenhouse gas emissions continue to rise sharply
          positioning the climatic system in a scenario corresponding to the
          RCP8.5. Global temperature changes reach +4°C in 2100 (+2°C in 2050)
          and changes in precipitation amount to +0.15 mm/day in 2100. Under
          this scenario, there are strong impacts on the agricultural system.
          The area of cropland suitable for agricultural production increases
          by approximately 600 Mha by 2100 (Zabel et al., 2014; including +120 Mha
          for moderately suitable to very suitable land). However, this
          increase is unevenly allocated, as it mainly concerns Northern
          latitudes while arable cropland areas decrease in tropical regions.
          The average suitability of cropland areas also decreases
          significantly. On average at the global scale, wheat yield decreases
          by –13% between 2010 and 2050, maize yield by –14%, rice yield by
          –16%, soybean by –30% and groundnut by –21% (Müller and Robertson,
          2014). Extreme events (heat waves, floods etc.) become more
          frequent, leading to increased inter-annual variability in crop
          yields. Increases in CO2 and O3 concentrations may also have a direct impact
          on crop yields (positive for CO2, negative for O3) and on the protein content of
          crops (negative for CO2, positive for O3).

        

        
Hypothesis 3: Moderate warming

          

          In a context
          characterized by the collapse of the international governance
          system, the UNFCCC negotiation process has eventually failed to
          provide an effective action plan towards emission reductions. NDCs
          are progressively abandoned by the States and climate change
          mitigation is now considered only as a co-benefit of adaptation
          measures, as well as reduced food and energy consumption due to
          lower economic activity and/or energy independency strategies. The
          latter strategies concern, for example, the development of biomass
          energy, whose production reaches 150 EJ/yr globally in 2050. The
          rise in bioenergy production is especially strong in regions without
          abundant fossil resources. Two variants of bioenergy production are
          considered, differing due to the share of dedicated energy crops and
          wood biomass (Chapter 14 for more details).


          Global
          temperature changes reach +2°C in 2100 (+1°C in 2050) and changes in
          precipitation amount to +0.08mm/day in 2100. The moderate warming
          assumed in this scenario generates discernible impacts on the
          agricultural system.[38] On average, at the global scale, wheat yield
          decreases by –6% between 2010 and 2050, maize yield by –7%, rice
          yield by –8%, soybean by –15% and groundnut by –10%. Yield losses
          will be greater in tropical regions than in Northern latitudes. The
          area of cropland suitable for agricultural production increases by
          +100-200 Mha by 2050 (+60 Mha for moderately suitable to very
          suitable lands). However, this increase is unevenly allocated as it
          mainly concerns Northern latitudes while arable cropland areas
          decrease in tropical regions. The average suitability of cropland
          areas decreases moderately. The frequency of extreme weather events
          increases (heat waves, floods etc.), leading to a moderate rise in
          the inter-annual variability in crop yields. The biogeochemical
          composition of the atmosphere changes (CO2, O3), but without significantly affecting yields
          and crop quality.

        
      

      

Conclusion

        

        In spite of
        some uncertainties and research gaps, particularly on climate
        variability and impact on livestock, scientific literature agrees that
        climate change, whether through impacts or mitigation, will be a major
        driver of world agriculture in the coming decades. Based on these
        conclusions, we have endeavored in this chapter to construct
        narratives representative of the possible futures in terms of impact
        and mitigation of climate change. Because we are still at the
        crossroads where most options remain possible, we built a set of
        hypotheses covering a large range of pathways, from the most
        optimistic one (‘Stabilization of global warming’) to the most
        pessimistic (‘Runaway climate change’).


        

 34Most of these studies did not include the CO2 fertilization
            effect, considering that it balances the bias of omitting the
            negative effect of elevated ozone and increased weed and pest
            damage (IPCC, 2014a). 

 35The CBDR means that all parties to the convention
          recognize their responsibilities in climate change but some
          countries are more responsible than others. In practice,
          industrialized countries (mostly in the Northern hemisphere) are
          considered more responsible. 

 36 China and India rejected all kinds of binding
          system but ultimately agreed on a voluntary monitoring system of
          ‘measurement, reporting and verification’ in accordance with
          guidelines adopted by the COP (paragraph 5) communicated each
          year.

 37We use the expression ‘modern biomass energy’ as
          opposed to the traditional use of biomass energy such as firewood
          for cooking and heating. 

 38Climate change impacts on agriculture under this
          climate pathway are supposed to be half those under the ‘Runaway
          climate change’ pathway (for more details, Chapter
          14).
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      Introduction

        

        Through food
        supply chains, diets determine production in agriculture and thus act
        indirectly on land use. Indeed, the generalization of Western diets
        rich in animal products (meat, dairy products and eggs) leads to an
        increase in livestock production, which is a major contributor to
        agricultural land expansion (van Dooren et al., 2014). However, diets are
        also directly linked to health outcomes. Although the improvement of
        diets in terms of macro-nutrient intakes has reduced undernutrition
        globally, insufficient and poor quality foods still contribute to an
        important level of undernutrition and micronutrient deficiencies in
        developing countries (Smith and Haddad, 2015). Furthermore, dietary
        changes have led to a dramatic increase in obesity and diseases such
        as diabetes, cardiovascular diseases and certain cancers. A dietary
        change from traditional and minimally processed foods to refined and
        ultra-processed foods seems partly responsible for this increase.
        Currently emerging countries are experiencing a rapid nutrition
        transition based on energy-dense and micronutrient poor foods, and
        facing a double burden of malnutrition where overnutrition coexists
        with undernutrition. Dietary changes are therefore a major contributor
        both to land-use change and food security.


        This chapter
        examines past and future changes in global diets taking into account
        both developing and developed countries. The forward analysis of
        dietary changes focuses on four characteristics: nutrition transition
        and dietary patterns in terms of the types of foods consumed; health
        outcomes of diet changes and malnutrition; the changes in food value
        chain and the impact of urbanization and increasing incomes; and food
        and nutrition policies. At the end of the chapter, we present four
        narratives for food diets in 2050 that are based on the previous trend
        analysis. Our objective is to contribute to the current debates on
        dietary changes by exploring a plurality of plausible futures for
        global diets, describing the associated challenges and issues, and
        presenting some pathways for healthier diets at the global level.

      

      
Understanding changes in diets through types of food
        and calorie availabilities

        

        Changes in the availability of food calories
          across world regions: an uneven distribution

          

          Food balance
          sheets produced by the Food and Agriculture Organization of the
          United Nations (FAO) show a worldwide increase in daily calorie
          availability over the past two decades. Between 1991 and 2008, this
          grew globally from 2,600 kcal/person/day to 2,810 kcal/person/day.
          However, these increases are not uniform. For example, growth has
          been more rapid in developing countries, increasing by
          +250 kcal/person/day, than in developed countries, which increased
          by +140 kcal/person/day over this period. The distribution of
          calorie availability across countries remains very uneven. Developed
          countries averaged 3,370 kcal/person/day in 2010, while developing
          countries averaged 2,710 kcal/person/day. Sub-Saharan Africa and
          South Asia had the lowest levels of food availability, at under
          2,400 kcal/person/day.


          Growth has
          varied considerably from region to region. The largest gains were in
          East Asia, Latin America and the Caribbean, with increases of +260
          to +480 kcal/person/day. China experienced an increase of
          +480 kcal/person/day between 1991 and 2008, reaching
          3,060 kcal/person/day, and Brazil a +400 kcal/person/day rise, up to
          3,230 kcal/person/day. In sub-Saharan Africa, calorie availability
          increased by +210 kcal/person/day from 1991 to 2008, reaching
          2,380 kcal/person/day. The smallest gains were in South Asia and
          Oceania, where increases were less than +100 kcal/person/day. Food
          availability in India has remained largely stagnant, with a small
          +70 kcal/person/day increase over the period, up to 2,330
          kcal/person/day in 2008. Moreover, in India, the average calorie
          intake per person has actually decreased over the past 25 years,
          particularly for the poorest segments of the population (Deaton and
          Drèze, 2009).


          Nonetheless,
          one can observe a relative reduction of the disparity in food
          availability between developed countries and developing countries
          between 1991 and 2008. In developed countries, calorie availability
          seems to have reached a plateau at 3,370 kcal/person/day and even
          shows a slight decline of –40 kcal/person/day between 2008 and
          2010.

        

        
Changes in the relative share of food products in
          diets

          

          Major differences
          in the types of food available contribute to the disparity in
          dietary calorie availability between developed and developing
          countries. Between 1963 and 2003, developing countries experienced
          significant growth in calories from meat (+119%), sugar (+127%) and
          edible plant oils (+199%), whereas in developed countries, growth
          was mainly due to an increase in edible plant oils (+105%), with
          much smaller increases in the calories available from meat (+15%)
          and cereals (+15%) (Kearney, 2010).


          Worldwide
          consumption of cereals rose from 128 kg/person/year to
          147 kg/person/year between 1961 and 2009, an increase of 15% (Keats
          and Wiggins, 2014). Although the share of cereals and roots and
          tubers in dietary calorie availability fell slightly between 1990
          and 2006, from 56% to 51% (FAO, 2013), cereals continue to play an
          important part in dietary calorie availability, providing around
          half of the average daily intake across the world. Cereals are
          particularly important in developing countries, where they provide
          up to 70% of the dietary calorie availability and less so in
          developed countries (32%) (Kearney, 2010; FAO, 2013). Wheat is the
          main cereal crop and worldwide consumption has increased much more
          quickly than any other cereal, especially in developing countries.
          The availability of secondary cereals (barley, sorghum, rye, millet,
          oats etc.) has fallen, though millet and sorghum remain an important
          source of calories in many sub-Saharan countries.


          Overall,
          dietary availability of roots and tubers fell by –21%, from
          77 kg/person/year to 61 kg/person/year between 1961 and 2009. There
          was a +48% increase in the availability of animal products over this
          period, with the strongest growth in North Africa, East Asia (China)
          and Southeast Asia.
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          Figure 8.1. Contributions of
          agricultural products to dietary energy supplies (kcal per cap per
          day) in 1990-1992 and 2007-2009 for selected regions.


          Source: FAO, WFP, IFAD (2012), Figure 9,
          p 17. Reproduced with permission.


          Between
          1990-92 and 2007-09, marked differences and contradictory trends
          were observed at regional levels (Figure 8.1). For example, in Asia,
          dietary calorie availability from cereals and roots and tubers
          declined while that from animal products and edible plant oils
          increased. Over the same period, calorie availability from cereals
          increased in sub-Saharan Africa, raising concern over a reduction in
          the diversity of food products available and subsequent effects on
          health and food security.

        

        
The diverse dynamics of malnutrition: towards a
          greater overall burden of malnutrition

          

          A global reduction of undernutrition but with
            major regional differences

            

            Undernutrition has decreased rapidly in
            developing countries, mainly as a result of the improved
            availability of food. But 780 million people are still
            undernourished, suffering from chronic hunger (FAO, IFAD and WFP,
            2015).


            Childhood
            undernutrition reflected in stunting (too short for their age) has
            declined by –40% in developing countries since 1990 (Table 8.1).
            While 44% of children under five were stunted in 1990, the rate
            dropped to 29% in 2010 (Smith and Haddad, 2015). The number of
            stunted children globally has decreased from 253 million in 1990
            to 165 million in 2011 (Black et al., 2013). It’s a figure that remains
            high however. Undernutrition, including nutrient deficiencies, is
            a cause of 3.1 million child deaths annually, representing 45% of
            all child deaths in 2011 (ibid.) There are major regional
            differences behind these figures. In 1970, the greatest prevalence
            of stunting was recorded in South and East Asia, while in 2010 the
            problem mainly concerned South Asia and sub-Saharan Africa.
            Between 1970 and 2010, the prevalence of stunting dropped by –70%
            in East Asia and in Latin America (Smith and Haddad, 2015).


            Table 8.1. Trends in the prevalence
            of stunting among children under five in developing countries
            (1970-2010).


            
                	Region

                	1970

                	1980

                	1990

                	2000

                	2010

                	Changes
                1970-2010 (percentage points)

                	Percentage changeb
              

                	South
                Asia

                	68.8

                	66.6

                	61.3

                	49.7

                	40.0

                	–28.8

                	–41.9
              

                	Sub-Saharan
                Africa

                	46.1

                	44.2

                	47.2

                	43.8

                	40.0

                	–6.1

                	–13.2
              

                	East
                Asia and the Pacific

                	54.9

                	48.1

                	42.4

                	25.7

                	13.1

                	–41.8

                	–76.1
              

                	Middle East and North
                Africa

                	42.6

                	30.3

                	30.8

                	26.7

                	20.6

                	–22.0

                	–51.6
              

                	Latin
                America & Caribbean

                	36.9

                	29.2

                	22.4

                	18.1

                	12.1

                	–24.8

                	–67.2
              

                	Europe and Central
                Asia

                	a

                	a

                	27.1

                	a

                	12.1

                	-

                	–
              

                	All
                developing countries

                	54.3

                	49.3

                	44.4

                	36.1

                	29.2

                	–25.1

                	–46.2
              




            a Under-five population coverage for
            the region is insufficient for calculating stunting
            estimates.
b Decline over 1970-2010 as a percent of 1970
            level.


            Source: Smith and Haddad (2015),
            Table 1, p. 181.


            For
            adults, undernutrition is measured by underweight, with a Body
            Mass Index (BMI) below 18.5kg/m2 characteristic of the condition.
            The three regions most affected by underweight are South Asia
            (30.2% prevalence in adult women in 2010), sub-Saharan Africa
            (12.1%), and East Asia and the Pacific (7.9%) (Popkin and Slining,
            2013). Between 1990 and 2010, the prevalence of underweight
            decreased considerably in East Asia and the Pacific (from 10.3% to
            7.9%), Central Asia (from 4% to 2.3%) and Latin America (from 7.2%
            to 3.2%). However, the prevalence of underweight remained stable
            in South Asia (=30%), sub-Saharan Africa (=12%) and the Middle
            East and North Africa (=1.7%).

          

          
Persistent micronutrient deficiencies

            

            Micronutrient deficiencies, which are
            insufficient intake of vitamins and minerals essential to human
            health, persist globally and affect two billion people worldwide
            (IFPRI, 2016). Deficiencies in vitamin A, iron, zinc or iodine
            have a significant impact on health and remain stable. Vitamin A
            deficiency, which impairs proper growth and increases
            vulnerability to infections, affected 31% of children under five
            in 2007 (more than 163 million), compared to 36% in 1990 (UNSCN,
            2010).


            Undernutrition is directly linked to dietary
            intake (the result of insufficient intake compared to an
            individual’s nutritional requirements) and health status. Food
            availability is not the only factor in reducing malnutrition. It
            depends on household resources, health environment and services,
            and resources for care for mother and children (Smith and Haddad,
            2015). Factors such as food diversity, the education level and
            status of women and the sanitary environment play a major role. In
            a sample of 116 countries over the period 1970 to 2012, Smith and
            Haddad (2015) showed that food diversity contributed 15.2% to the
            reduction in child malnutrition, measured using stunting as the
            indicator, with improved food availability contributing 18.2%
            (ibid.). Food diversity’s role was particularly significant in
            Asia, where improved diversity accounted for 13.8% of the decline
            in stunting, whereas food availability accounted for only 4.2%.
            Increasing food diversity therefore plays a role roughly equal to
            the increase of available calories in reducing stunting.

          

          
A dramatic increase of overweight and obesity
            and diet-related non-communicable diseases

            

            As a
            result of dietary and lifestyle changes, over-nutrition has
            developed with the intake of food products which are too rich in
            calories, proteins, fat, carbohydrates and sugar. There has been a
            significant shift from undernutrition to overnutrition as a
            predominant issue and the emergence of overweight and obesity and
            diet-related non-communicable diseases in developing
            countries.


            The rise
            in overweight and obesity is a consequence of dietary change.
            Overweight and obesity is caused by increased calorie intake,
            changes in dietary composition and reduced physical activity
            levels (Ng et
            al., 2014). Overweight is defined as a BMI between 25 kg/m2 and
            30 kg/m2
            and obesity as a BMI of more than 30 kg/m2. In the past 30 years, the
            global rise in overweight and obesity has been dramatic, doubling
            in women and tripling in men. This increase accelerated in the
            past decade. While in 2005, the numbers of overweight and obese
            adults were 937 million and 396 million, respectively, the number
            of overweight individuals had reached 2.1 billion in 2013, of
            which 671 million were obese (Kelly et al., 2008; Ng et al.,
            2014). The proportion of overweight men rose from 28.8% in 1980 to
            36.9% in 2013, and the proportion of overweight women climbed from
            29.8% to 38%. Among children, the number of overweight increased
            +54% between 1990 and 2011, from an estimated 28 million to an
            estimated 43 million children (Black et al., 2013). Overweight and
            obesity rose rapidly in all areas of the world and in developing
            countries in particular. In 2013, half of the world’s obese
            population is found in ten countries: the United States, China,
            Russia, India, Brazil, Mexico, Egypt, Germany, Pakistan, and
            Indonesia. Some 62% of obese people in the world live in
            developing countries (Ng et al., 2014). Around 15% of the world’s
            obese population lives in India or China (where adult obesity
            prevalence is between 3.7% and 5%), while 13% lives in the United
            States (adult obesity prevalence of 33.8%). The trend of obesity
            prevalence in children, if maintained, would lead to an expected
            9.9% prevalence level at the world level in 2025, or 64 million
            children (Black et al., 2013). If trends continue, by 2030,
            nearly 59% of the world population could either be obese or
            overweight (Kelly et al., 2008).


            In
            relation to dietary changes, diet-related non-communicable
            diseases are dramatically growing each year worldwide, especially
            diabetes, cardiovascular diseases, osteoarthritis and certain
            cancers (Hawkes et al., 2009). Obesity is a major risk factor
            in the development of such diseases. While in Western countries
            cardiovascular diseases and cancers are the leading causes of
            mortality, and obesity and type 2 diabetes have now acquired the
            status of epidemics, these diet-related non-communicable diseases
            are now expanding at a fast pace in developing countries, while
            undernutrition also persists.


            Unhealthy
            diet is one of the four behavioural risk factors for
            non-communicable diseases (NCD) among tobacco, physical inactivity
            and alcohol. In 2012, NCD were responsible for 68% of the
            56 million deaths that occurred globally (WHO, 2014), of which
            three-quarters occurred in developing countries. If current trends
            are maintained, NCD deaths are projected to increase from
            38 million in 2012 to 52 million by 2030 (ibid.). As diets
            changed, diabetes rose strongly from 108 million in 1980 to
            422 million adults in 2014 (WHO, 2016). Two-thirds of all diabetes
            cases occurred in developing countries. In China, for example,
            where dietary changes are major, type 2 diabetes increased from a
            prevalence of less than 1% in 1980 to 10% in 2008 (Hu, 2011). In
            Asia, rapid economic development, urbanization and strong dietary
            change led to an explosion in the prevalence of diabetes.

          
        
      

      


The nutrition transition and its drivers

        

        A global nutrition transition? From developed
          countries to developing countries

          

          Nutrition
          transition was first seen in industrialised countries, such as the
          United Kingdom, mainland Europe and the United States, from the
          early years of the 19th century, with Japan undergoing a similar
          change from 1910 to 1989. In these countries there was a shift to
          diets which were higher in calories, followed by a replacement of
          plant-based calories with animal-based ones and a reduction in the
          consumption of cereals and vegetables. Such a transition in diet is
          intertwined with an epidemiological transition as decreased
          undernutrition leads to longer life expectancy and, more broadly,
          fewer communicable diseases (Omran, 2005).


          Since 1990,
          Drewnowski and Popkin (1997) have studied the nature and pace of
          nutritional transition and its relationship with economic, social
          and demographic factors. The current nutrition transition describes
          the global dietary changes and how diets are changing in low- and
          medium-income countries to converge towards what is often termed the
          ‘Western diet’. Since the 1970s, diets have begun to shift “towards
          increased reliance upon processed foods, increased away-from-home
          food intake, and increased use of edible oils and sugar-sweetened
          beverages” (Popkin et al., 2012). Urbanization and increasing
          incomes are major drivers of dietary changes through eating style
          (out-of-home consumption and snacking) and food environment
          (supermarket, mass media and free trade agreements). In parallel, a
          reduction in physical activity occurred linked to urbanization
          processes and changes in economic activities. The health outcomes of
          this dietary change are a strong rise in obesity and diet-related
          non-communicable diseases.


          With the
          global diffusion of these diets and physical inactivity, obesity and
          chronic diseases have shifted from the high-income to low-income
          populations, from urban to rural areas, and from developed countries
          to developing countries (ibid.; Drewnowski, 2009). Studies in Brazil
          have shown a shift of the obesity problem towards individuals with
          lower socioeconomic status (Monteiro et al., 2007). Hawkes (2006)
          found that as national economies grew and gross domestic product
          (GDP) increased the obesity problem that initially affected the
          highest socioeconomic categories in both developed and developing
          countries became a problem for low-income populations as well.

        

        
The four characteristics of the nutrition
          transition in terms of agricultural products

          

          This dietary
          change, which takes place at different speeds, can be defined by
          increased intakes of refined carbohydrates, added sugars, fats
          especially vegetable oil and animal-source foods (Popkin et al., 2012).
          In term of agricultural products, four characteristics of the
          nutrition transition have been widely recognised: a revolution in
          edible plant oil, increasing consumption of animal products,
          increasing consumption of sugars and sweeteners, and declining
          consumption of legumes, wholegrain cereals and vegetables.


          The first
          characteristic is the huge surge in the consumption of edible plant
          oil, which represents 8.5% of the calories consumed worldwide
          (Drewnowski, 2000). Drewnowski and Popkin (1997) stressed that,
          while the notion of the Westernization of diets continues to be
          associated with the consumption of animal products, nutrition
          transition in developing countries has seen strong increases in the
          share of edible plant oil in diets. Indeed, in developing countries,
          one-quarter of the calorie increase in daily intake in the period
          1970 to 2006 was attributable to edible plant oils (Alexandratos and
          Bruinsma, 2012). This increased consumption strongly relates to food
          processing and to changes in national and international agricultural
          policy (Maire et al., 2002). Increased meat and dairy
          production requires increased production of feed protein for cattle
          in the form of oilcakes. Edible plant oil surpluses were produced
          and then sold on world markets at low prices due to government
          support in the form of subsidies, credits and food aid, and thanks
          to liberal trade policies, which opened up national and
          international food markets.


          Growth has
          come from three major oilseed crops: soyabean, palm, and rapeseed
          (Hawkes, 2006). Together, these accounted for 69% of global edible
          plant oil production in 2005, up from 39% in the 1970s (Alexandratos
          and Bruinsma, 2012) and not only do these three oils dominate the
          market but they have helped structure the sector, which has seen
          production increases concentrated in a small number of countries
          (Brazil and Argentina for soyabean, Malaysia and Indonesia for palm
          oil and the European Union, China, Canada and India for rapeseed)
          (ibid.).


          The second
          shift in diets concerns the increased intake of animal products.
          This current shift towards increased consumption of meat, eggs and
          dairy products is reminiscent of the first dietary transition
          experienced in developed countries, although the ‘livestock
          revolution’ in animal production has occurred only partially in
          developing countries (Delgado et al., 1999). Between 1970 and 2006, meat
          consumption in developing countries increased by an average of +5.1%
          per year and milk and dairy product consumption by an average of
          +3.6% per year. This rate of growth has slowed down and though meat
          consumption increased by +6.1% between 1987 and 1997, it increased
          by only +2.9% between 1997 and 2007 (Alexandratos and Bruinsma,
          2012). In developing countries, the availability of meat tripled
          between 1963 and 2003 (Vranken et al., 2014), mostly in China, where per
          person consumption increased four-fold in 30 years, and in Brazil,
          where per person consumption doubled over the same period.


          However,
          there are major differences among developing countries and it has
          been suggested that increases in meat consumption have been
          overestimated. In a study of meat consumption in 98 developing
          countries in 2007, Alexandratos and Bruinsma (2012) found that
          consumption was less than 10 kg/person/year in 23 countries and
          between 10 and 20 kg/person/year in 24 countries. In 17 of these
          98 countries, including India and many African countries, there had
          been no increase in animal protein availability since the 1970s.
          They infer that the global phenomenon of increased meat consumption
          is much less widespread than suggested by globally aggregated data
          and is swayed by the heavy weighting of China and Brazil. Moreover,
          in Western countries, meat consumption appears to have stabilized,
          particularly in the United Kingdom, where it has actually decreased
          over the past 30 years (Kearney, 2010; Vranken et al., 2014).


          The only
          effective ‘revolution’ in meat consumption is in poultry
          (Alexandratos and Bruinsma, 2012). The share of poultry in total
          meat production increased from 15% in 1970 to 32% in 2006 and per
          person consumption of poultry tripled. In developed countries, per
          person consumption of poultry increased by +7.5% per year. Over the
          same period, there was no increase in beef consumption (Kearney,
          2010) and, although pork consumption increased in China, it remained
          stable elsewhere.


          The overall
          increase in the consumption of dairy products occurred at a slower
          pace and primarily affected developing countries (+3.6% per year
          between 1971 and 2007). In developed countries, dairy consumption
          was stagnant (+0.1% per year). Increased dairy consumption occurred
          mainly in China, South Asia and East Africa, and to a lesser extent
          in sub-Saharan Africa and North Africa (Alexandratos and Bruinsma,
          2012).


          Most
          nutritionists agree that these developments have led to an overall
          diversification in diets, which a priori has led to decreased overall
          undernutrition (though there are exceptions). However, this
          nutritional transition has also caused overnutrition and a dramatic
          increase in obesity and diet-related diseases.


          Diets today
          contain much more sugar and sweetener than they ever did in the
          past, particularly with the advent of high-fructose corn syrup.
          Though data is scarce, changing sugar and sweetener consumption
          patterns in the United States reveal that per person consumption
          (for ages two and up) of added sugars is 375 kcal/day. Intake levels
          of added sugar from food have been relatively stable for the past 30
          years, but sugar intake from drinks (soft drinks and fruit juices)
          has increased sharply. In 1977–1978, two-thirds of added dietary
          sugar came from food; in 2003-2004 half came from sugar-sweetened
          beverages (Popkin et al., 2012). Energy intake from drinks
          increased by +217 kcal/day over the past 30 years in the USA, with
          drinks now representing 21% of daily energy intake (Barquera et al., 2008).
          Similar patterns can be seen in Mexico, where consumption of soft
          drinks increased by +40% between 1984 and 1998 (Rivera et al., 2004).
          Sugar consumption has increased significantly in East Asia and India
          and, to a lesser extent, in Latin American and Africa (Kearney,
          2010). There are, however, considerable disparities among countries
          and, in many cases, no data available. As for edible plant oil,
          increased intakes of sugars and sweeteners are major drivers of
          unhealthy diets which are responsible for cardiovascular diseases,
          diabetes, and overweight and obesity.


          Globally,
          consumption of coarse grains and pulses – which are characteristic
          of traditional diets in most developing countries – has declined.
          Though few studies focus on these categories, FAO data, from Asia
          and Latin America in particular, point to a downturn in their
          availability. These changes in diet reduce the diversity of
          nutrients and fibre intake.

        

        
The pattern of the nutrition transition in terms
          of food products: the diffusion of processed and ultra-processed
          products

          

          Dietary
          changes now happen at a much faster pace – and on a much larger
          scale – in developing countries than during the first nutrition
          transition observed in developed countries (Popkin et al., 2012).
          Dietary changes are primarily observed in urban areas, but now
          increasingly occur in rural areas as well. The current nutrition
          transition in developing countries is based on the rapid growth in
          fat from edible plant oils and the increase in animal product
          consumption has slowed at different rates across regions (while
          growth in meat and dairy consumption and decrease in vegetable fat
          consumption were the major characteristics of the previous nutrition
          transition; Drewnowski and Popkin, 1997). Another difference of the
          current nutrition transition is the diffusion of new processed foods
          and sodas (Rivera et al., 2004) which have changed the structure
          of diets and its patterns (with, for example, increased consumption
          of added sugars and vegetable oils). New agri-food products are
          introduced through advertising campaigns that often incorporate
          local viewpoints or traditions in an attempt to shift the cultural
          norms and rules that define what, where, when and how much people
          eat. Lang (1999) notes that nutrition transition is also a cultural
          transition, whereby a cultural consumption model is imposed through
          advertising and marketing.


          To
          understand the obesity epidemic, a group of nutritionists at the
          World Public Health Nutrition Association analyzed the changes in
          the types of food products available in the global food system
          (Monteiro et
          al., 2010). They identified a strong correlation between the
          diffusion of ultra-processed products in the food system and the
          increase in obesity. Ultra-processed products include ready-to-eat
          meals that are high in calories, fat, sugars and salt, and are
          formulated to be tasty, or even addictive (Ifland et al., 2009).
          They are composed of ingredients derived from processed or refined
          foods, including hydrogenated and other oils, flours and starches,
          various sweeteners and animal by-products. These products are
          widespread due to food distribution systems and are aggressively
          marketed by transnational companies (Moodie et al., 2013). The consumption
          of ultra-processed foods destabilizes traditional diets, leads to
          increased intake of obesogenic nutrients and to changes in dietary
          behaviour. The spread of ultra-processed foods first began in
          developed countries, where they were increasingly consumed from the
          1980s and were accompanied by a rise in child and adult obesity
          rates. With the development of transnational food companies, these
          foods have recently become common in low- and medium-income
          developing countries where consumption has risen sharply (Moodie et al., 2013).
          In Brazil, for example, the share of ultra-processed products (e.g., ready
          meals, sausages, soft drinks, cookies and bread) in diets rose from
          19% to 30% between 1987-88 and 2008-2009, while the share of
          culinary ingredients (e.g., oils, fats, flours and sugar) and
          minimally processed foods (e.g., rice, beans, meat and milk) dropped from
          36% to 29%, and from 44% to 39% respectively (Martins et al., 2013).
          During this same period, the adult obesity rate rose from 12% to 17%
          (Martins et
          al., 2013). In Canada, the dietary contribution of
          ultra-processed products in total energy is more than 50% (Monteiro
          et al.,
          2013). Among low- and middle-income countries, ultra-processed foods
          now account for a quarter of daily energy intake in Mexico, Chile,
          Brazil (Martins et al., 2013), China (Monteiro et al., 2013)
          and in Asia in general (Baker and Friel, 2014).

        
      

      

The drivers of nutrition transition: urbanization
        and changes in food supply chains

        

        Dietary
        changes have been driven mainly by rising incomes, urbanization and
        the globalization of food value chains. In this section, we focus on
        the impacts on dietary patterns of the urbanization processes, which
        to a certain extent are closely linked to economic development and the
        globalization of food value chains.


        Dietary changes driven by urbanization

          

          The
          contemporary development of urbanization around the globe,
          proceeding at different rates in different regions, has modified the
          food environment and individual lifestyles, which in turn has caused
          dietary changes (Swinburn et al., 2011). Urbanization brings rural
          migrants to cities, where traditional rural diets rich in cereals,
          grains and fibres tend to be abandoned. As Dixon et al. (2007)
          emphasize, “the nutrition transition typically starts in cities
          because urbanization accompanies social and economic trends that
          promote transition” by modifying both food supply and food demand.
          City dwellers adapt their diets to their shifting lifestyles, which
          are marked by greater mobility, salaried employment and higher
          incomes. These factors lead to an increased frequency of meals eaten
          away from home, modifications to food preparation and changes in the
          types of foods consumed (more meat and dairy products). Urbanization
          also has a significant impact on the establishment of large
          supermarket chains to supply urban populations, which determines
          access to products manufactured by transnational agri-food
          businesses. This is largely because urbanization helps to improve
          the transport systems that facilitate the exchange of products and
          improve access to imported products. Urbanization also goes hand in
          hand with access to mass media, which is coupled with the
          development of marketing and advertising for food products. In urban
          environments, low-cost processed products are typical food supplies,
          and food and beverage advertising is common. Urbanization leads to
          increased consumption of products sold by fast food restaurants,
          supermarkets and agri-food businesses, particularly soft drinks,
          ready-to-eat and processed foods. This combination of factors
          contributes to a globalized pattern of food consumption (Hawkes et al., 2009)
          characterized by similar trends in numerous regions throughout the
          world. Urbanization is also accompanied by a shift toward Western
          dietary practices, which is reflected in the high intake of
          energy-dense foods, oils and fats, and processed foods (Hawkes et al., 2009).
          Urbanization can improve undernutrition by increasing energy intakes
          and food diversity. However, dietary patterns and the lower physical
          activity levels of urbanites have major consequences on health. The
          appearance of diet-related chronic diseases is a direct result of
          the nutrition and food transition in urban areas. In countries where
          urbanization is increasing, diets are transforming rapidly and
          causing changes in epidemiological profiles. This dynamic is
          spreading to rural areas (Mendez and Popkin, 2004).


          Table 8.2. Food consumption changes
          per capita by age and urbanization in China (1991-2011).


          
              	

              	1991

              	2000

              	2011

              	Three mega cities
              2011
            

              	Age

              	2-18

              	19-59

              	60+

              	2-18

              	19-59

              	60+

              	2-18

              	19-59

              	60+

              	2-18

              	19-59

              	60+
            

              	Edible
              oils - grams

              	17.6

              	23.4

              	22.7

              	19.8

              	29.4

              	30.1

              	20.9

              	29.9

              	30.6

              	17.0

              	23.0

              	22.0
            

              	Edible
              oils - % of total energy

              	7.8

              	7.8

              	9.0

              	9.7

              	11.2

              	13.3

              	12.0

              	13.0

              	14.7

              	10.0

              	12.0

              	12.0
            

              	Low
              urbanization

              	15.1

              	21.1

              	20.4

              	18.6

              	29.9

              	28.5

              	16.2

              	29.7

              	31.9

              	

              	

              	
            

              	Middle
              urbanization

              	20.9

              	25.6

              	25.2

              	16.8

              	25.8

              	26.1

              	21.2

              	30.2

              	28.4

              	

              	

              	
            

              	High
              urbanization

              	22.2

              	26.8

              	21.9

              	24.4

              	32

              	32.3

              	21.8

              	29.8

              	31.6

              	

              	

              	
            

              	Total
              animal-sources foods – kcal/d

              	178.6

              	239.8

              	217.4

              	236.4

              	287.7

              	265.9

              	266.2

              	333.0

              	266.1

              	321.8

              	379.8

              	330.1
            

              	Low
              urbanization

              	131.3

              	168.9

              	141.5

              	1411.9

              	169.9

              	146.9

              	167.3

              	218.8

              	166.2

              	

              	

              	
            

              	Middle
              urbanization

              	242.3

              	309.7

              	270.9

              	229.6

              	271.9

              	231.8

              	239.2

              	299.7

              	239.2

              	

              	

              	
            

              	High
              urbanization

              	355.4

              	401.0

              	292.6

              	369.4

              	413.6

              	343.8

              	319.4

              	388.3

              	310.4

              	

              	

              	
            

              	Coarse
              grains – kcal/d

              	87.6

              	114.0

              	87.0

              	41.8

              	56.6

              	56.8

              	25.4

              	39.0

              	48.0

              	10.0

              	17.0

              	25.0
            

              	Low
              urbanization

              	100.3

              	143.2

              	109.3

              	72.1

              	99.6

              	108.9

              	39.2

              	64.1

              	59.9

              	

              	

              	
            

              	Middle
              urbanization

              	82.3

              	103.8

              	98.7

              	28.3

              	44.3

              	47.6

              	20.5

              	47.3

              	54.5

              	

              	

              	
            

              	High
              urbanization

              	14.2

              	11.9

              	3.3

              	23.8

              	31.4

              	34.3

              	24.3

              	28.5

              	41.1

              	

              	

              	
            

              	Legumes
              and products – kcal/d

              	59.5

              	77.5

              	78.9

              	59.5

              	78.4

              	74.3

              	46.1

              	73.6

              	73.0

              	33.0

              	52.0

              	66.0
            

              	Low
              urbanization

              	58.6

              	76.0

              	74.4

              	59.1

              	73.0

              	56.0

              	29.5

              	67.6

              	48.1

              	

              	

              	
            

              	Middle
              urbanization

              	60.8

              	78.9

              	65.4

              	61.6

              	84.9

              	80.7

              	52.6

              	87.4

              	82.6

              	

              	

              	
            

              	High
              urbanization

              	62.1

              	77.8

              	121.6

              	57.5

              	77.8

              	80.1

              	44.4

              	65.8

              	72.7

              	

              	

              	
            




          Source: Zhai et al. (2014), Table 2, p.
          21.


          China
          reflects these changes (Zhai et al., 2014). Between 1990 and 2010, the
          urbanization level increased from 26.4% to 49.2% and the prevalence
          of overweight increased from 12% to 27%. In 2010, compared to less
          urbanized areas, the Chinese megacities (with more than 10 million
          of inhabitants) have the highest consumption level of animal-sourced
          foods (pork, poultry and dairy products) and lowest levels of
          consumption of coarse grains and legumes (Table 8.2). In comparison,
          the urbanization level in India in 1990 was similar to that of China
          but grew at a slower pace (25.5% to 30.9%) and the increase in the
          prevalence of overweight was also much more moderate, increasing
          from 13% to 18% (UN, 2014; Popkin et al., 2013). Urbanization
          levels remain low in East Africa (25%) and South Asia (34%), where
          the prevalence of overweight and obesity is less than 24% (Ng et al.,
          2014).


          Nevertheless,
          changes do not seem to be wholly and exclusively linked to
          urbanization levels, especially in regions which are already highly
          urbanized. For instance, between 1990 and 2010, Latin America and
          North Africa saw modest growth in their urbanization levels (from
          70.3% to 78.8% and 45.6% to 51.2%, respectively) while the
          prevalence of overweight increased sharply (from 34% to 51% and 58%
          to 71% respectively). Other factors appear to come into play,
          including access to and consumption of processed foods, based on the
          expansion of large food chains and lifestyle changes.

        

        
Changes in food supply chains: impacts on
          nutrition and agriculture

          

          Alongside
          the increasing urbanization described above, nutrition transition is
          also influenced by major changes in food supply chains. Food value
          chains are rapidly changing in developing countries, especially
          specific segments of the supply chain such as wholesale, logistics,
          cold chain, processing and retail (Gomez and Ricketts, 2013). The
          role of transnational agri-food companies is central as they enter
          the food markets of developing countries to sell processed food at
          low prices, using marketing and advertising. The diffusion of highly
          processed food products is mainly linked to the development of
          large-scale retail and second-stage food processing, based on
          Foreign Direct Investment (FDI) (Reardon et al., 2012). But it is also
          linked to the small retailers and local stores that sell processed
          foods (Gomez and Ricketts, 2013). As Reardon et al. have shown in Asia,
          changes in these supply chains influence the transformation of both
          urban food markets and diet composition and farming (Reardon et al.,
          2012).


          The massive
          development of the wholesale trade by private operators has been a
          significant element in the reconfiguration of food value chains
          (Reardon and Timmer, 2014). Large logistics companies provide
          wholesale services, warehouse management, integrated management
          systems, the development of a cold chain and packaging. The
          investment in logistics and storage helps prevent food losses and
          waste along the food system. At the global level, these changes are
          related to a decline in public wholesale markets (Guarin, 2013), the
          opening up of domestic markets and the development of Foreign Direct
          Investment (FDI), all of which are related to the liberalization of
          the distribution sector in the 1990s and 2000s (Reardon and Timmer,
          2014). The development of wholesalers is removing intermediaries in
          the value chain; for example, there are fewer village
          intermediaries, collecting products from farmers, and direct
          purchase by wholesalers from farms is developing (ibid.).


          The
          development of a private retail sector in the 1990s and 2000s has
          been called the ‘supermarket revolution’. These trajectories were
          first observed in East and South Asia, then in Latin America and
          occasionally in West Africa (Reardon et al., 2012). In 2002, the
          share of supermarkets in the market for processed and packaged
          products was 33% in South-East Asia and 63% in East Asia; in the
          market for fresh products, the share of supermarkets was 15-20% in
          South-East Asia and 30% in East Asia (excluding China). China is
          experiencing rapid development in urban areas; the share of
          supermarkets in urban food markets was 48% in 2001, compared to 30%
          in 1999 (Pingali, 2007).


          For
          consumers in developing countries, supermarkets offer access to
          dietary diversity by expanding the variety of products sold.
          However, the benefits of this diversity are limited to consumers
          with high incomes. Consumption surveys in Zambia and Kenya show that
          supermarket sales are primarily due to individuals in the wealthiest
          20% and the diverse products offered are too expensive for most
          households (Dixon et al., 2007; Tschirley et al., 2010). Studies in
          Vietnam, Kenya, Zambia and Colombia have shown that low-income
          households purchase processed and packaged products in supermarkets
          rather than fresh products, dairy and meat, which are frequently
          more expensive in supermarkets than in traditional shops and markets
          (Cadilhon et
          al., 2006; Tschirley et al., 2010; Guarin, 2013). These factors
          limit supermarkets’ ability to provide a diet balanced in
          micronutrients for low-income consumers (Gomez and Ricketts,
          2013).


          Given that
          85% of products sold by supermarkets are semi-processed or processed
          (Reardon and Timmer, 2014), the most significant effect of the
          transformation of retail trade has been on the processing sector. In
          Thailand, Mexico and China, between 50% and 80% of packaged and
          processed products are sold in supermarkets; in the same three
          countries, only 37%, 27% and 32% of fresh produce is sold in
          supermarkets (Gomez and Ricketts, 2013). The growth in sales of
          processed products in developing countries not only involves
          supermarkets but also uses traditional channels (allowing them to
          reach both urban and rural areas and using mass media and
          advertising to promote these products). For example, in India, small
          independent grocery stores located in both urban and rural areas
          accounted for 53% of sales of processed and packaged products in
          2010 (ibid.). Poor consumers in developing countries are targeted
          and the diffusion of processed and packaged products is likely to
          have a significant impact on diets, disproportionately increasing
          the number of calories ingested per day by urban consumers and
          producing negative health effects. The spread of supermarkets may
          contribute to obesity and overweight by promoting access to cheap
          processed foods that are high in energy.


          These
          changes in food value chains have had strong impacts on agriculture.
          In developing countries, domestic production has shifted to respond
          to local demand rather than causing increased imports, with the
          exceptions of wheat imports in South-East Asia, and rice and wheat
          imports in Africa (Reardon and Timmer, 2014). The domestic supply of
          non-cereal products has increased rapidly and has kept pace with
          dietary changes: diversifying production to meet demand;
          specializing production at the farm scale; developing commercial
          agriculture to supply urban markets near roadways and cities
          (diversification of products: fruit and vegetables, animal products
          etc.) (Pingali, 2007; McCullough et al., 2008). Worldwide, over
          the period 1961-2009, the crops with the strongest relative growth
          rates in national food supplies were those used to produce edible
          plant oils (see above) (Khoury et al., 2014). Changes in diets have reduced
          the diversity in global crop species, with the most rapid
          convergence occurring in East and South-East Asia and in sub-Saharan
          Africa. The reliance on a small number of crop species, mainly major
          cereals such as wheat, rice and maize, and oil crops, may pose
          problems for agricultural and genetic diversity, and biodiversity,
          and to the general resilience of the food system. Crops whose
          consumption has fallen, such as coarse grains and roots and tubers,
          are cultivated less extensively even though they are often better
          adapted to the particular agro-ecological situation as they are
          stress-tolerant varieties, could have important nutritional benefits
          and could be sources of additional fibre and nutrients (such as
          coarse grains), unlike the more common crops used to make
          energy-dense food.

        
      

      

Reducing malnutrition

        

        The nutrition
        transition has enhanced food security by increasing calorie
        availability, but has also led to a dramatic increase in obesity and
        diet-related non-communicable diseases. By 2025, the World Health
        Organization (WHO) aims to halt the rise in obesity and diabetes and
        reduce diet-related non-communicable diseases by 25% (Vandevijvere,
        2014). Achieving this objective will be needed to improve food systems
        and diets. In this section we examine the different strategies to
        reach a healthy diet and the major actors responsible for it.
        Targeting a balanced diet through diet diversification appears to be a
        way of simultaneously addressing both overnutrition and undernutrition
        (Arimond and Ruel, 2004).


        The importance of protecting traditional diets at
          the regional level

          

          On a global
          scale, the discussion regarding dietary changes puts more emphasis
          on the convergence of diets than on specific regional diets. But
          while food systems are evolving and hybridizing by integrating
          features of Western diets, they have maintained strong specificities
          based on culinary traditions and food culture as well as regional
          agriculture and crop species. For example, cereals account for more
          than 50% of daily calorie availability in North Africa and Asia
          (wheat and rice respectively) and for only 30% in developed
          countries (Figure 8.2). Secondary cereals are also important in
          sub-Saharan Africa, where millet and sorghum are widely consumed
          (Figure 8.2). Another example are roots and tubers, which represent
          more than 20% and 15% of daily calorie availability in sub-Saharan
          Africa and Melanesia respectively, while their share in other
          regions is less than 5% (Figure 8.2).
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          Figure 8.2. Contributions of
          agricultural products to daily energy availability of the world
          regions in 2010 (kcal per cap per day).


          Source: GlobAgri-AgT.


          The
          traditional diets of low-income countries have interesting
          nutritional patterns, in particular because of the low share of
          unhealthy foods, although they are often energy-deficient diets with
          low consumption of animal products (Arimond and Ruel, 2004).
          Traditional diets tend to be high in protective food groups, such as
          vegetables, whole grains and fruit, and low in ‘negative’ food
          groups, such as highly processed meats, salty and high-fat snacks
          and sweetened beverages (Delisle, 2010). A study on women in rural
          Tanzania has shown that ‘traditional-inland’ diets, characterized by
          cereals, oils, fats and vegetables, are healthier than so-called
          ‘purchase’ diets, which include breads, cakes and sugar and are
          associated with increased weight gain and obesity (Keding et al., 2011).
          However, the differences among regional diets and their transition
          modalities have so far been poorly studied (Tseng, 2005). A recent
          assessment of global dietary quality demonstrated that changes
          between 1990 and 2010 have tended to worsen overall diet quality,
          because the increase in unhealthy foods has been overtaken the
          benefit from the increase of healthy foods in dietary changes,
          especially in middle-income countries (Imamura et al., 2015). Thus, ‘dietary
          Westernization’ in developing countries can usually lead to a
          deterioration of the nutritional quality of diets as a result of
          decreased fibre and increased sugar, fats, refined carbohydrate and
          salt (Uusitalo et al., 2005). The improvement of traditional
          diets through increased calorie intakes or their controlled
          hybridization with Western diets could substantially limit the
          development of diet-related non-communicable diseases. This approach
          would maintain the nutritional patterns of traditional systems and
          could limit the spread and impact of highly processed foods over the
          long term. The main issue of such an approach is the regulation of
          the dynamics of dietary changes in the face of liberalized food
          markets and globalized value chains.

        

        
The importance of supply chains for increasing
          access to healthy foods

          

          The work of
          Tschirley et
          al. (2010) helped to relativize the role of supermarkets
          compared to traditional distribution networks, particularly in
          sub-Saharan Africa, and showed the importance of open markets for
          selling fresh produce. Traditional fresh produce supply channels
          (for fruit and vegetables and animal products) remain important in
          Africa and in developing countries in general (ibid.). Traditional
          channels account for the majority of fruit and vegetable produce
          sales, even in countries in which the retail sector is well
          established –63% in Thailand, 73% in Mexico and 68% in China. Wet
          markets have an important role in supplying fresh food to the
          poorest populations in countries such as Kenya, Zambia and Colombia,
          as do neighbourhood shops (Tschirley et al., 2010; Guarin, 2013).
          Most animal products in developing countries come through
          traditional channels, as shown by surveys in Ethiopia (beef), Kenya
          (milk and meat), Bangladesh (meat and dairy products) and Vietnam
          (pork). Low-income households in these regions have access to fresh
          animal products through nearby small outlets (Gomez and Ricketts,
          2013). In sub-Saharan Africa, consumers access staple foods
          primarily through traditional supply chains (70% of staple foods on
          average in Zambia and Kenya). Similar shares exist in some Asian
          countries, such as India.


          So, open air
          markets, informal vendors and traditional shops provide the poorest
          populations with access to fresh products, such as fruit and
          vegetables, dairy products, eggs and meat, at affordable prices.
          Access to these foods via these distribution channels can help to
          diversify the diets of low-income households and increase their
          intake of fibre and micronutrients (ibid.). Under certain
          conditions, including the improvement of food safety for animal
          products, promoting such channels can reduce undernutrition (Roesel
          and Grace, 2015).

        

        
The role of rural-urban relationships in supply
          chains

          

          Most supply
          chains go from rural to urban areas. Farmers diversify their
          production to include high value-added products or may specialize to
          meet urban demand (Pingali, 2007). Agricultural production systems
          tend to become more commercial as a result of the organization of
          the retail trade, wholesale trade specialization and
          better-structured supply systems. Actors in Asia have sought to
          strengthen the domestic supply chain between rural and urban areas
          by investing heavily in storage, packing, logistics and commercial
          services. For example, the rapid emergence of refrigerated storage
          facilities for potatoes in Uttar Pradesh ensures the potato supply
          in Delhi (where two-thirds of the potatoes now come from
          refrigerated warehouses located near production areas) (Reardon et al.,
          2012).


          Intermediary
          cities can play a major role in the organization of food flows
          between rural areas and different categories of cities. Studies
          regarding the organization of supply chains based on small
          mercantile production with a low level of capital emphasize the
          importance of synergy between the development of an urban network
          and the construction of supply chains to large cities. Several
          regions exemplify the importance of intermediary cities as vectors
          for shaping rural economies and reinforcing food security in
          response to urban food demand (Chaléard, 1996; Shen and Ma, 2005;
          Cadilhon et
          al., 2006).


          Faced with
          the rise of global obesity, diet-related health problems and food
          crises, some cities or regions are addressing food security and
          nutritional concerns by re-regionalizing food systems (Donald et al., 2010).
          This approach is based on the notion “that the conventional
          agro-industrial food system has not effectively provided a
          nutritious, sustainable and equitable supply of food” (ibid.). It
          promotes the production and consumption of ‘regional foods’ based on
          the emergence of regional food networks linking urban and rural
          areas (Kneafsey, 2010). Across the world numerous initiatives to
          promote sustainable access to fresh and healthy food for urbanites
          seek to forge new alliances between consumers and producers and
          between urban and rural areas (Sonnino, 2009; Marsden and Sonnino,
          2012). The policy tools used include the development of public
          procurement strategies for food access, spatial planning in
          peri-urban areas to protect agricultural land and boost the capacity
          of urban agriculture to reduce malnutrition, the establishment of
          food policy councils to mobilize civil society to design urban food
          strategies and the creation of ‘food hubs’, which promote new
          connections between urban and rural areas and ensure the supply of
          fresh products (Gomez and Ricketts, 2013).

        

        
Food policies for healthier diets

          

          Addressing
          unhealthy diets and the global convergence toward Western diets
          requires a multisectoral policy approach which includes the food
          supply and trade, and its implementation has proved to be
          challenging. For most authors, nutrition policies, using incentives
          rather than regulatory approaches, have failed to slow the growth of
          obesity (Kleinert and Horton, 2015) and have had only limited
          effects on diet-related non-communicable diseases (Popkin et al., 2012;
          Moodie et
          al., 2013; Swinburn et al., 2015). Based on public-private
          partnerships, these soft approaches include voluntary codes of
          conduct and product reformulation, the labelling of healthy food
          products and the promotion of physical activity. As stated by
          Vandedevijvere (2014), “voluntary initiatives by the food industry
          do not seem to work well without strong government leadership and
          the threat of legislation”. Drawing on the experiences of nutrition
          policies in Brazil, Monteiro and Cannon (2012) proposed binding
          regulations to limit the spread of ultra-processed products that
          destabilize diets and to protect traditional diets.


          Public
          policies aimed at healthy diets target educational issues, trade,
          industrial processes, consumption and relationships between actors
          within the supply chain. The current literature advocates three
          types of measures (Hawkes, 2012; Popkin et al., 2012; Pinstrup-Andersen,
          2013; Swinburn et al., 2015): taxes on unhealthy products;
          regulations that restrict the marketing and advertising of unhealthy
          products (including sodas) to children; and policies to foster the
          consumption of, and access to, healthy foods in schools and public
          sector food services. The first two are intended to limit the
          consumption of unhealthy products, while the third aims to promote
          healthy foods which include fruit and vegetables. Though few nations
          have implemented these measures, Brazil has established a policy
          requiring that 70% of food served in schools be fresh or minimally
          processed and Mexico has implemented binding regulations on sodas
          and snacks (a 10% tax and a ban on sodas and snacks with high
          calorie content in schools) (Stern et al., 2014).


          Complementarity between public policies and
          establishing comprehensive global regulations is essential. An
          increasing number of nutritionists (Chopra et al., 2002; Swinburn et al., 2011;
          Vandedevijvere, 2014) suggest a global initiative “to establish
          internationally binding instruments” or “international tools” for
          “regulating trade, investments, production and promotion of healthy
          and unhealthy products”. Chopra et al. (2002) suggest the definition of certain
          nutritional standards and guidelines in the Codex Alimentarius to
          frame nutrition issues for the food trade. A second proposal is to
          expand the sanitary concerns of the World Trade Organization (WTO)
          to encompass nutrition. WTO agreements might include financial
          instruments to limit international investment in products with a
          negative impact on public health (ibid.). However, movement towards
          the comprehensive treatment of nutrition issues is slow. In 2013,
          the WHO established the Global Action Plan for the Prevention and
          Control of Non-communicable Diseases 2013-2020. To promote healthier
          diets, this plan includes a targeted reduction of salt added to
          processed foods, of trans- and saturated fats in food products and
          their replacement by unsaturated fats, the limitation of added
          sugars in foods and beverages, the limitation of excess calorie
          intake linked to high energy density foods, and the increased
          availability and affordability of fruit and vegetables.


          Since the
          2000s, studies have emphasized the importance of the food
          environment and its transformation due to the globalization of
          supply chains and the penetration of developing countries by
          transnational food companies (Hawkes, 2006; Popkin et al., 2012;
          Swinburn et
          al., 2015). The challenge today is to implement nutrition
          policies that can act on different stages of the supply chain by,
          for example, encouraging food processors to implement processing
          which preserves the nutritional qualities of food and to reformulate
          unhealthy food products (Keding et al., 2013; Crino et al., 2015; Fardet et al., 2015),
          promoting the production of fruit and vegetables (Pinstrup-Andersen,
          2013) and access through outdoor markets and local shops (Gomez and
          Ricketts, 2013; Keding et al., 2013).


          Implementing
          nutrition policies which address both undernutrition and
          overnutrition is a complex issue. Indeed, studies have shown that
          programmes intended to reduce undernutrition by increasing calorie
          availability may increase the prevalence of overweight and obesity
          (Popkin et
          al., 2012). Focusing policy on diet diversification could be a
          means of simultaneously addressing both undernutrition and
          overnutrition (Vorster et al., 2011; Fanzo, 2014). Such policies would
          facilitate access to a variety of products. Moreover, with respect
          to overnutrition, dietary diversification could limit the impact of
          ultra-processed products. Such diversity could also enhance
          traditional diets, which often suffer from low food diversity
          (Keding et
          al., 2011).

        
      

      

Future global diets in 2050

        

        Based on the
        trends described previously as well as on potential disruptions, four
        narratives for global diets in 2050 have been produced. They result
        from the combination of contrasted assumptions on changes until 2050
        in the key drivers of the global diet system. As indicated in
        Table 8.3, four key drivers have been considered: (i) food transition
        patterns, in terms of the types of products consumed (cereals, fats,
        meat, processed foods, soft drinks, fruit and vegetables); (ii) the
        food supply chain; (iii) government food policies; (iv) health
        outcomes relating to overnutrition and undernutrition. One may notice
        that agricultural production is not included as a key driver of the
        global diet system. Nevertheless, we consider, as part of the four
        global diet pathways, their impacts on agriculture.


        The first two
        narratives describe pathways based on current nutrition transition
        trends. The first one emphasizes a transition to diets based on
        ultra-processed products, while the second considers a transition to
        diets based on animal products.


        The other two
        describe disruption pathways relative to current trends. The first
        assumes major food policies towards healthy diets based on diversified
        foods, and the other describes regional pathways of food supply chains
        coherent with traditional diets.


        The
        quantification of these four narratives are presented in Chapter
        14.


        Table 8.3. Characteristics of the four
        diet narratives in 2050 horizon, each of which corresponds to a
        combination of different dimensions of the system.


        
            	Hypotheses
            for 2050

            	Diets based
            on processed foods and globalized value chains

            	Diets based
            on animal products and urban style of eating

            	Healthy
            diets based on food diversity

            	Regional
            diversity of diets and food systems
          

            	Dietary
            patterns and eating styles

            	High
            level of calorie intake 
– Increased consumption of vegetable
            oils, refined cereals, processed meat, sugars and salt 
–
            Reduced consumption of fresh products, pulses and coarse
            grains
– Diets mainly based on processed and highly processed
            foods. Growth of ready-to-eat foods
– Global convergence of
            diets

            	High
            level of calorie intake 
– Increased consumption of meat,
            dairy products, sugars and salt; and reduced consumption of
            cereals 
– Changes towards urban eating style, increasing
            incomes (Chinese ‘megacity’ model)
– Increase in
            away-from-home meals
– Food access inequality between cities
            and rural areas

            	Medium
            level of calorie intake 
– Diets rebalanced through increased
            consumption of fruit and vegetables, pulses and coarse
            grains
– Reduced consumption of fats, refined cereals, sugars
            and salt (and of animal products in developed countries)
:-
            Increased food diversity 

            	Levels of
            calorie intakes vary according to the region
– Stabilization
            of consumption of cereals, coarse grains, pulses or tubers and
            roots as the basis of diets, with the significance of each product
            depending on the region
– Continuation of culinary
            traditions
– Diversity of dietary practices varies across the
            world’s major regions 
          

            	Food
            value chains

            	Modern
            value chains: logistics, transnational food corporations,
            supermarkets

            	Urban
            supply chain: logistics, processing, supermarkets, restaurants and
            neighbourhood shops 

            	Increased
            logistical and storage capacities
New food processing
            protecting food nutrients
Outdoor markets, retail outlets and
            supermarkets

            	Regionally focused supply chains
            (production and processing) linking urban centres to rural
            areas
          

            	Government food
            policy

            	‘Laisser-faire’

            	Debate
            about diet and human health: regulation of certain agri-food
            manufacturing processes (limits on added sugars, salt and
            ultra-processed foods), taxes on obesogenic products

            	– Trade
            regulation based on nutrition standards
– Public health
            policies support a value chain restructuring to change food supply
            for healthy diets
– Increased education of women

            	–
            Government policies promote food sovereignty and high‑quality
            products
– Urban policies reconnect food consumption with
            regional production (public procurements)
          

            	Nutritional status: overnutrition
            and undernutrition 

            	– High
            and increasing rates of obesity and diet-related non-communicable
            diseases in developing countries
– Undernutrition caused by
            food price volatility and micronutrient deficiencies for
            low-income households in developing countries

            	– High
            and increasing rates of obesity and non-communicable diseases due
            to urban diets and low physical activity
– Nutritional
            nutrient deficiencies in poor urban areas (slums) and in rural
            areas with no access to markets

            	–
            Stabilization of diet-related non-communicable diseases due to the
            prevalence of balanced diets
– Decreasing undernutrition due
            to food diversity 

            	–
            Diversity in dietary practices limits growth of high-fat,
            high‑sugar diets and high energy intakes
– Moderate
            undernutrition due to increased incomes of rural
            households
          

            	Impact on
            agriculture*

            	–
            Increased production of palm, rapeseed and soyabean oils
            (vegetable oils);
 – wheat, rice and maize (staple cereals);
            and sugarcane etc., for use in ultra-processed foods
– Strong
            shift from ruminant to poultry meat

            	-
            Increased production of animal feed (soyabeans, maize) and high
            value‑added agriculture near cities (livestock, fruit and
            vegetables)
– Shift from ruminant to poultry
            meat

            	Increased
            production of fruit and vegetables, coarse grains and
            pulses

            	Development of regional-specific
            products linked with regional traditional diet (mainly coarse
            grains, pulses and roots and tubers)
          




        *This characteristic relates to the consequences of
        each narrative on farming and cultivated products as a result of
        system changes.


        Hypothesis 1: Transition to diets based on
          ultra-processed products. A global dietary convergence based on
          transnational value chains

          

          Looking
          backwards from 2050, a strong nutrition transition in developing
          countries has led to a convergence of diets worldwide and a
          significant increase in energy consumption (Table 8.3). This
          transition has been driven by the large-scale deployment of
          transnational value chains in developing countries. The growth of
          retail outlets, logistics, agribusiness multinationals, marketing
          and advertising has reshaped the food supply in urban and rural
          areas. These changes in developing countries have globally resulted
          in increased consumption of vegetable oil, refined cereals,
          processed meat, added sugars and salt and reduced consumption of
          fresh products, pulses and coarse grains. All over the world, a
          strong convergence of diets has occurred as they now include a large
          proportion of processed and highly processed products that are often
          energy-dense and micronutrient-poor foods. In 2050, these
          low-quality diets have greatly increased the prevalence of
          overweight and obesity, and diet-related non-communicable diseases
          such as diabetes, cardiovascular disease and some forms of cancer.
          Furthermore, in 2050 declining dietary diversity for the poor has
          increased micronutrient deficiencies, despite better access to
          inexpensive calories than in 2010.

        

        
Hypothesis 2: Transition to diets based on animal
          products. An urbanization of diets and of eating styles

          

          From the
          standpoint of 2050, the dietary transition that has occurred is
          based jointly on food supply and on lifestyle changes, through
          improved incomes in urbanized areas (Table 8.3). Urban lifestyles
          are characterized by increased reliance on food services (such as
          restaurants, snack products and soft drinks) and the reduced
          incidence of meals at home (and, for example, the development of
          ready-to-eat food). The diet in 2050 is characterized by high
          consumption of animal products such as meat (pork and poultry), eggs
          and dairy products, of fats, processed foods, added sugar and salt
          and low consumption of cereals, pulses and vegetables. These diets
          have high levels of daily calorie consumption and, combined with low
          levels of physical activity in urban environments, have led to an
          increase of obesity and diet-related non-communicable diseases. From
          2010 to 2050, food inequality has increased as affluent urban
          populations gain access to a more diversified diet while
          disadvantaged urban populations living in slums are vulnerable to
          price variability. Certain rural areas lacking access to food
          markets (i.e., food deserts) have experienced increased
          undernutrition.

        

        
Hypothesis 3: Healthy diets based on food
          diversity. Dietary practices promoted by nutrition policies

          

          In the
          context of 2050, given the increasing costs of treating the
          consequences of overnutrition and malnutrition, public health
          policies have been implemented at both the global and national
          levels to reorient consumption towards healthier and more
          diversified diets and to address the persistent issue of
          malnutrition (Table 8.3). On a global scale, measures have been
          taken to limit trade in energy-dense ultra-processed products with
          low nutritional values. Measures implemented at the national level
          include health education and the reconfiguration of food systems to
          target key players and products (e.g., subsidized prices for
          fruit and vegetables; reduction of losses and waste; assistance to
          open-air markets; support for school food programmes; taxation of
          unhealthy foods). Diets have become more balanced and diversified
          through the inclusion of more fruit and vegetables, pulses, coarse
          grains and a moderate intake of animal products in developed
          countries. Improving access to a variety of foods and increasing
          daily caloric intake in developing countries has helped to address
          the challenges of undernutrition, particularly those associated with
          stunted growth in children.

        

        
Hypothesis 4: Regional diversity of diets and food
          systems. A synergy between a re-regionalisation of supply chains and
          maintaining regional diets

          

          Seen from
          the year 2050, regional supply chains have been reshaped
          reconnecting diets to regional food crops (Table 8.3). In contrast
          to the hypothesis of a global dietary convergence, since 2010 diets
          have been through diverse and heterogeneous pathways that have
          reinforced their regional specificity. Since 2010, the consumption
          of cereals, coarse grains, or tubers and roots as the basis of diets
          has stabilized, the significance of each product depending on the
          world region in question. Traditional value chains, which are now
          more or less hybridized with supermarkets or agribusiness, keep pace
          with contemporary developments, yet value culinary culture. Regional
          agriculture participates in value chains, through urban policies of
          major cities connecting urban food consumption to regional
          agricultural production and product quality certification systems.
          The prevalence of obesity and non-communicable diet-related diseases
          has remained stable since 2010 and, furthermore, undernutrition has
          reduced due to the impact of supply chain developments on the
          incomes of rural households.

        
      

      

Conclusion

        

        This foresight
        analysis underlines the importance of pluralizing the scenarios for
        global diets in 2050. It suggests, on the one hand, putting forward
        for discussion the vision of a convergence in global diets and, on the
        other, putting aside dogmatic notions about the classic healthy diet
        (such as Mediterranean or vegetarian diets), in favour of an approach
        which takes into account multiple pathways of dietary change based on
        current diets and which mobilizes the nutritional qualities of
        traditional and regional diets. This chapter (see the quantification
        of future diets in Chapter 14) offers a set of four global diet
        scenarios that can be used for global and regional assessments of the
        impacts of dietary change.


        

 39I thank Anthony Fardet for his comments and
          thoughts to improve hypotheses on future diets, and Chantal Le Mouël
          for her suggestions and proofreading of this
          chapter.
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      Introduction

        

        Urban-rural
        relationships and urbanization processes play a significant role in
        food value chains, food security and nutrition, and, indeed, in
        land-use changes, though this is still overlooked in spite of some
        studies (Tacoli, 1998; Marsden and Sonnino, 2012). Since the 2008 food
        crisis, debates on food security and agricultural issues have
        emphasized the significance of the spatial organization of food
        systems and the location of agriculture. In this chapter, we focus on
        socio-spatial relationships between urban and rural areas taking into
        account urbanization processes and the structural transformation of
        rural spaces. Urbanization processes are transforming social, economic
        and ecosystem interactions between urban and rural areas and play a
        central role in re-configuring food supply chains. Rapid land-use
        change results from the intensified connections of cities and rural
        hinterlands, of sites of production and consumption, at various scales
        (Friis and Nielsen, 2017). For example, evidence of the increasing
        distance between places where demand for food is found and those where
        it is produced can be seen in the growth of food miles (Paxton, 1994)
        and the international food trade (Kastner et al., 2014). However,
        agriculture remains the primary activity in rural areas in developing
        countries, where it constitutes the main form of employment and rural
        areas continue to face specific issues with regard to poverty, food
        insecurity and undernutrition.


        Rather than an
        overly dichotomous analysis, for example restricting urban dwellers to
        the role of consumers and rural populations to the role of food
        producers, the aim of this chapter is to explore the complex and
        intricate issues of urban-rural interactions based on a method
        combining two approaches. The first, summarized in Section 2, is a
        comprehensive scientific review scanning separately the current trends
        in urbanization and rural transformation processes. The second,
        presented in Section 3, is the result of a foresight workshop based on
        a specific expert group (Box 9.1). Based on the underpinning empirical
        observations, possible disruptions, weak signals and scientific
        controversies, the workshop resulted in the building of hypotheses
        about urban-rural relationships in 2050. Through these hypotheses, we
        underline the diverse significance of urban-rural assemblages for land
        use and food and nutrition security.


         
Box 9.1. Members of the
        expert group on rural-urban relationships and contributors to
        rural-urban relationship hypotheses in 2050.
Members of the expert group on rural-urban
        relationships

              	Name

              	Institution

              	Discipline
            

              	Christine Aubry

              	INRA,
              UMR SADAPT, Paris, France

              	Agronomics
            

              	Nicolas
              Bricas

              	CIRAD,
              UMR Moisa, Montpellier, France

              	Socio-economics
            

              	Jean-Marie Cour

              	Consultant, retired
              expert

              	Engineer
            

              	Julien
              Custot

              	FAO,
              Rome, Italy

              	Agronomics
            

              	Carl
              Gaigné

              	INRA,
              UMR SMART-LERECO, Rennes, France

              	Economic geography
            

              	Hélène
              Guétat

              	University of Toulouse, UMR
              Dynamiques Rurales, Toulouse, France

              	Geography
            

              	Bruno
              Losch

              	CIRAD,
              UMR ARTDev, Montpellier, France

              	Economics
            

              	François
              Moriconi-Ebrard

              	CNRS,
              UMR Espace, Avignon, France

              	Geography
            

              	Paule
              Moustier

              	CIRAD,
              UMR Moisa, Montpellier, France

              	Economics
            

              	Claude
              Napoléone 

              	INRA,
              UMR Ecodéveloppement, Avignon, France

              	Economics
            

              	Martine
              Padilla

              	CIHEAM,
              Montpellier, France

              	Economics
            

              	Jonathan Rigg

              	Durham
              University, National University of Singapore,
              Singapore

              	Geography of
              Development
            

              	Adrian
              Rodriguez

              	CEPAL,
              Economic Commission for Latin America and the Caribbean (ECLAC),
              Santiago, Chile

              	Economics
            

              	Roberta
              Sonnino

              	School
              of City and Regional Planning, Glamorgan Building, Cardiff
              University, Cardiff, UK

              	Geography and
              planning
            

              	Christophe Soulard 

              	INRA,
              UMR Innovation, Toulouse, France

              	Geography
            

              	Akiko
              Suwa-Eisenmann

              	INRA,
              UMR PjSE, Paris, France

              	Economics
            

              	Cecilia
              Tacoli

              	International Institute for
              Environment and Development (IIED), London, UK

              	Acting
              Head, Human Settlements Group; Team Leader,
              Rural-urban
            

              	Daniela
              Toccaceli 

              	Centro
              Interuniversitario Europeo di Studi Rurali GAIA, Dipartimento di
              Scienze Economiche, University of Florence, Florence,
              Italy

              	Territorial
              economics
            

              	Erik
              Westholm

              	Swedish
              University of Agricultural Sciences, Dep. Urban and Rural
              Development, Högskolan Dalarna, Sweden

              	Social
              and economic geography 
            


Contributors to rural-urban
        relationship assumptions in 2050

              	Name

              	Institution

              	Case
              study
            

              	Jonathan Rigg

              	Faculty
              of Arts and Social Sciences, National University of Singapore,
              Singapore

              	Thailand
            

              	Alberto
              Salamanca

              	Stockholm Environment Institute,
              Asia Centre, Bangkok, Thailand

              	Thailand
            

              	Daniela
              Toccaceli

              	University of Florence, Florence,
              Italy

              	Tuscany
              (Italy)
            

              	Ophélie
              Robineau

              	CIRAD,
              UMR Innovation, Toulouse, France

              	Bobo-Dioulasso (Burkina
              Faso)
            

              	Bayuni
              Shantiko

              	Center
              for International Forestry Research, Bogor,
              Indonesia

              	Java
              and Sumatra (Indonesia)
            




        

      

      
Significance and changes in urban-rural
        relationships

        

        The process of urbanization

          

          The pace, nature
          and drivers of urbanization are discussed in the scientific
          literature. The shift from a mainly rural to a mainly urban
          population, through the increase in permanent rural-to-urban
          migration and natural growth in the urban population, underpins the
          global rise of an ‘urban era’. However, the analytical dichotomy
          between urban and rural areas, and also the mechanisms at play, are
          increasingly subject to debate (Brenner and Schmid, 2013). It seems
          that the more urbanization increases, the more the ways of
          describing urban forms and urbanization processes are called into
          question; the apparent uniqueness of the urbanization phenomenon
          conceals a diversity of processes and relationships with rural
          areas.


          Urbanization trends

            

            Measuring
            the urban phenomenon remains a challenge, as there is no unified
            definition of what constitutes urban. An ‘urban area’ is a vague
            concept, and the designation of urban or rural settlements is
            often linked to administrative functions. Depending on the
            country, the minimum size for an urban area ranges from a
            threshold of more than 2,000 inhabitants (as in France, Kenya and
            Gabon) to a threshold of 5,000 (Madagascar, Ghana and Mali),
            10,000 (Greece and Ivory Coast) and even 20,000 inhabitants in the
            case of Nigeria (Moriconi-Ebrard et al., 2010). This criterion
            is frequently combined with other criteria concerning activities,
            with a strong presence of agricultural activities being
            discriminatory for the definition of ‘urban’. The definition of an
            urban population has consequences on the definition of the rural
            population, since the most regular feature of ’rural’ is
            characterized by that which is not ‘city’.


            The most
            common indicator used for measuring urbanization is the
            urbanization level, which is “the increasing share of a nation’s
            population living in urban areas” (Satterthwaite et al.,
            2010). An increase in urbanization level results from several
            outcomes: net migration from rural to urban areas, high fertility
            rates and high natural urban growth in urban areas (Jedwab et al.,
            2015), expansion of urban boundaries or the formation of new urban
            centres based on in situ growth of rural villages (McGranahan
            and Satterthwaite, 2014).


            The
            difficulty of identifying what is urban or rural is demonstrated
            by the case of India. In India, the urbanization level, as defined
            by the Census of India, remains at 28%, one of the lowest in the
            world, arguing for a high potential for urban growth in the
            future. However, in 2001, the number of ‘villages’ having more
            than 10,000 inhabitants in India surpassed the number of official
            ‘towns’ and ‘urban areas’ with more than 10,000 inhabitants. In
            other countries, these ‘villages’ would be considered small towns
            and included in the ‘urban’ category. The authors conclude that
            the urbanization level is underestimated in India and that the
            “statistical approach of the urbanization does not allow to take
            in account the dramatic increase of thousands of small-sized urban
            localities” (Denis and Marius-Gnanou, 2011).


            An urban transition

              

              Based on the
              thresholds used in each country, the United Nations has
              estimated that over the past 60 years, the process of
              urbanization has been very rapid with the global urbanization
              level evolving from 30% in 1950 (meaning that 70% of the global
              population lived in rural areas) to 50% in 2007. This date
              underlines a shift in the world’s population, which has become
              mainly urban. In the latest urbanization prospects, published by
              the United Nations Population Division for 2014, the global
              urbanization level (the share of urbanites in the total
              population) was 54% (UN, 2015). The urbanization level was low
              in Asia and Africa, as these regions remain mainly rural with
              only 48% and 40% of their population living in urban areas. The
              highest levels of urbanization were in Latin America and the
              Caribbean (80%), North America (81%) and Europe (73%). In 2014,
              78% of the inhabitants of more developed regions lived in urban
              areas, while this figure was only 48% for less developed
              regions. Since 1950, the rate of urbanization has been high in
              Asia and Africa, with a 1.5% and 1.1% annual increase in the
              proportion of urban population respectively. This indicates a
              rapid pace of urbanization compared to the slow pace seen in
              regions with high levels of urbanization, where the rate is
              generally less than 0.4% annually.


              According to UN projections, the world’s
              urban population is expected to rise from 3.9 billion in 2014 to
              4.9 billion in 2030 and to 6.3 billion in 2050, which
              corresponds to 66% of the world’s population being urban (UN,
              2015). From 2014 to 2050, 90% of the increase in the world’s
              urban population will take place in Asia and Africa. The 50%
              threshold in urbanization would be crossed in 2030 in Asia and
              in 2050 for Africa, these regions reaching urban populations of
              64% and 56% respectively in 2050. In sub-Saharan Africa, the
              urban population will quadruple, reaching 1.1 billion people,
              while that of Asia will increase by +61%, with India’s rural
              population doubling to reach 0.9 billion people in 2050. In
              contrast, in a few developed countries the urban population is
              expected to decline by 2050, with falls of –7 million in the
              Former Soviet Union and –12 million in Japan. The regional
              hypothesis of an eventual fall in the urban population should
              also not be excluded, as this has been observed in certain
              regions in the Northern hemisphere, particularly in some
              historical cities in regions experiencing economic decline or
              demographic changes, labelled “shrinking cities” (Pallagst et al.,
              2009).


              According to UN projections, the world’s
              rural population will remain stable between 2014 and 2050. From
              3.4 billion people currently, it will reach a peak in 2020 and
              decline slowly after this date to a rural population of
              3.2 billion people in 2050. However, rural trends will be
              diverse between regions and will even evolve in contrasting
              ways. The rural population is expected to increase in one-third
              of the countries in the world, while remaining stagnant or
              decreasing in the other two-thirds. In sub-Saharan Africa, the
              rural population is expected to almost double, reaching
              0.9 billion people in 2050. In Oceania, the rural population is
              expected to rise from a quarter (reaching 11 million people in
              2050). With the exception of China, the rural population is
              expected to remain stable in Asia. In China, a major rural
              decline is expected to reduce the rural population by half,
              falling to 355 million people in rural areas in 2050.


              The
              growth of urban populations associated with urbanization most
              often results in a reduction of the rural population.[41] However, this relationship is
              neither general nor automatic. In developed countries, urban
              growth has long been based on rural migration fostered by high
              rural birth rates. The singular position of the African
              continent should be taken into account when analyzing the
              urban-rural interactions that are important to food security.
              That a high-growth rural population is maintained over the
              course of the urbanization process seems to support the thesis
              of the existence of urbanization processes without
              industrialization, or even without growth (Fay and Opal, 2000),
              in what Bezemer and Headey call the “urban bias” (2008). In this
              case, urbanization is not able to accelerate the transformation
              of rural structures (decline in the number of rural active
              workers and the modernization of agriculture) as was observed in
              industrialized countries. In addition, it should be pointed out
              that the UN’s methods for estimating trends tend to overestimate
              the rate of urbanization by 20 to 30% depending on the world
              region in development. Taking into account other hypotheses for
              changes in birth rates in urban areas also calls for the
              downward revision of hypotheses for urban growth (Bocquier,
              2004; Montgomery, 2008; Potts, 2009).

            

            
Urban settlement size: the
              emergence of megacities and the development of medium-sized
              cities

              

              Urban systems
              may simultaneously be defined by the distribution of the urban
              population between differently sized cities (urban hierarchy),
              the configuration of urban networks (polarized, polycentric or
              mono-centric) and by the morphology of the urban space (linear,
              star-shaped, compact, spread out etc.). All of these factors
              result from the history of interactions between cities, and each
              city’s interactions with the natural and other resources of its
              surrounding area and the wider spaces beyond (the city’s
              interface with the rest of the world).


              The
              settlement size induced by urbanization processes is also
              important for urban-rural linkages. Recurring discourse in the
              media associates urbanization dynamics with the multiplication
              of large metropolises on a global scale, ‘megacities’,
              emphasizing their strong demographic growth and their spatial
              expansion (‘sprawl’). Indeed, one of the features of 20th
              century urbanization was that it led to the appearance of these
              large cities. In 50 years, the average size of the 100 most
              populated cities climbed from 2 million inhabitants in 1950 to
              6.3 million inhabitants in 2000. There were just two
              ‘megacities’ (i.e. cities with more than 10 million
              inhabitants) in 1950, 10 in 1990 accounting for 6.7% of the
              world’s urban population, and 28 in 2014. Between 1990 and 2014,
              the number of large cities of 5 to 10 million inhabitants more
              than doubled. In 2014, most of the large cities and megacities
              are already located in developing regions (Asia, Latin America
              and Africa). Contrary to the generally accepted idea, these
              large cities only host a small proportion of the global
              population. In 2014, megacities accounted for 12% of the world’s
              urban population, while small urban settlements with less than
              500,000 inhabitants currently host half of the world’s urban
              population.


              Moreover, medium-sized cities (1 to
              5 million inhabitants) have been growing at a much faster pace
              than megacities. The population living in medium-sized cities
              doubled between 1990 and 2014, with 20% of the urban population
              living in these cities.


              There is
              a scientific debate about the future of urban settlement trends.
              Some argue that historical trends, which tend to slowly shrink
              the share of urban population in small settlements in favour of
              megacities, will continue (UN, 2015). Others argue that the
              growth of large cities is decelerating and that the urban
              population is relocating in small and medium-size cities
              organized in networks (Satterthwaite et al., 2010; Moriconi-Ebrad
              et
              al., 2008). Despite past predictions of strong urban
              growth, megacity growth has slowed over recent decades
              (Jakarta), to reach a state of virtually no growth (Bangkok and
              Seoul) (Montgomery, 2008), or are increasing only through their
              natural demographic growth (for example, in India).


              In 2025,
              the urban population in large cities with over 5 million
              inhabitants is expected to rise to 22% and to 24% for cities
              with 1 to 5 million inhabitants (UN, 2012). In 2030, the
              emergence of larger cities is expected, located in developing
              regions. One more megacity and six more large cities are
              expected to appear in China, seven more megacities in India,
              three more megacities and nine more larger cities in Africa and
              two more megacities in Latin America (UN, 2015). This trend to
              higher urbanite concentration in large cities is greater in
              developing countries than in developed countries, where the
              proportion of cities with less than 500,000 inhabitants is
              expected to fall from 50% to 41% in 2025, compared to only 53%
              to 46% in developing countries. However, according to Montgomery
              (2008), in the future these smaller towns (with fewer than
              500,000 inhabitants) will continue to absorb close to half of
              the growth in the urban population, whereas megacities will not
              absorb a large share of this growth (about 10%).

            
          

          

The emergence of metropolitan regions

            

            With the
            rise of megacities, the forms of urbanization in Asia and
            particularly in South-East Asia have been described as the
            emergence of large metropolitan regions within which urban-rural
            distinctions tend to disappear (McGee, 2009). Many terms have been
            used in the analysis of this specific urbanization processes, such
            as ‘Desakota’, ‘City-Regions’, ‘Mega-Urban Regions’ and ‘Extended
            Metropolitan Regions’. The first metropolitan regions identified
            were Jakarta-Bandung, Hong Kong and the Pearl River delta region,
            and Bangkok.


            This
            process of metropolization is characterized by the transformation
            of large cities in a fragmented peri-urban space and
            multi-polarized urban settlements. As described by other authors
            studying other world regions, the process of metropolization does
            not appear as a monocentric settlement pattern with a concentric
            spatial increase around one centre (as in Moscow) but as the
            emergence of a metropolitan network of cities with a poly-centric
            agglomeration pattern (as in Brussels/Anvers, Milan/Verona and
            Porto) (Moriconi-Ebrad, 2014).


            In Asia,
            the emergence of metropolitan regions is also characterized by a
            high degree of mobility of people between workplace and
            residential areas (commuting), mobility of goods and by the close
            articulation of farming and non-farming activities (McGee, 2009).
            Studies carried out in Asia have characterized these dynamics in
            Manila, Jakarta, Bangkok, Kuala Lumpur, Ho Chi Minh City and Hanoi
            (McGee, 2009). To refer to the emergence of these new metropolitan
            spaces hybridizing rural and urban characteristics, in his study
            of Jakarta McGee uses the term desakota, combining the
            Indonesian words desa (village) and kota (city). It stresses the
            interpenetration of urban activities (industries and
            infrastructure) and rural areas, and at the same time a certain
            urbanization of rural lifestyles (forms of mobility and
            non-farming activities). The term desakota also conveys an
            urbanization process that does not fit the classical theory of
            rural migrations fuelling the growth and expansion of cities while
            rural regions decline (McGee, 1991). It differs from Western
            visions of peri-urbanization, mainly fuelled by households’
            migration from towns towards their peripheries. The term desakota
            describes an urbanization that takes place in situ in rural areas with a
            high population density and which, through the growth of rural
            populations close to large metropolises, gives rise to extended
            metropolitan regions where farming and non-farming activities are
            closely intertwined, where urban buildings border fields and where
            transport and communication conditions have improved. This in situ
            urbanization is particularly strong in China, where rural
            migration towards cities is regulated by the Hukou system and
            where the influence of coastal metropolises is giving rise to vast
            metropolitan regions, as in the case of the Quanzhou ‘city-region’
            (Zhu et
            al., 2009) and the Shenyang-Dalian region (Wang, 1997).


            The
            governance of metropolitan regions combines several land-use
            systems, one based on rural or ‘agrarian’ regulation and the other
            urban, based on titled land ownership. Traditional land
            regulations often break down with the urban activities that
            characterize these spaces and so they escape urban planning tools,
            making these spaces ‘grey areas’ for metropolitan governments. In
            addition, low-income households are often excluded from cultivated
            land since the competition for land usage intensifies with urban
            expansion (Tacoli, 2003; Shantiko, 2014). A major problem with
            these areas concerns the environmental tensions surrounding
            farmland, due to the pressure on land for urbanization and the
            environmental deterioration due to highly intensive use,
            particularly of water, and air pollution (McGee, 2009).


            Urbanization has
            concentrated consumers in large urban centres, physically
            distancing them from agricultural production spaces, and so the
            feeding of urbanites relies on complex and sometimes extremely
            long supply chains that mix the local, regional and international
            scales. As Allen (2009) highlights, as global trade expands, large
            cities becomes “less reliant upon their hinterland for sustenance
            and are increasingly importing not only their consumer goods, but
            also food, energy, water and building materials from distant
            sources.”

          

          
The role of intermediate cities

            

            The
            importance of small towns in urbanization dynamics and in the
            distribution of the urban population has also been highlighted by
            different authors (Moriconi-Ebrard et al., 2010; Denis and
            Marius-Gnanou, 2011; Cohen, 2006; Montgomery, 2008; UN, 2012). The
            Africapolis study identified three contexts propitious for the
            growth of small cities: (i) in the densest rural regions, (ii) in
            the peripheries of large cities, and (iii) along major transport
            arteries, emphasizing the need to deepen knowledge on this last
            context. In sub-Saharan Africa, the emergence and multiplication
            of small towns results from in situ growth of villages and rural towns,
            essentially through natural growth without migration.
            Moriconi-Ebrard et al. (2008) stress the singularity of the
            urbanization dynamics at play, contrary to the classical
            perception of urban growth due to rural migration: it is “the lack
            of rural exodus [that] explain[s] urbanization, which in this case
            materializes through the proliferation of small and medium-sized
            towns” (Africapolis, 2008). These trends are driving the
            appearance of an ever-denser fabric of small towns, which can form
            vast nebulae or networks, such as the loose urban fabric that
            entirely covers the Kerala region in India (Denis and
            Marius-Gnanou, 2011).


            Small
            urban centres provide access to employment in economic activities
            and to basic services such as health and education, both to urban
            people and to rural people from surrounding areas (Satterthwaite
            et al.,
            2010). As highlighted by Cohen (2006), policies in favour of small
            cities remain weak and in view of future changes in small cities,
            they need to improve their basic services in order to be able to
            manage their rapidly growing populations.


            Small
            towns are also major places of intermediation with rural
            surrounding areas and agriculture (Chaléard, 1996). They
            simultaneously concentrate markets for agricultural products,
            transport activities, food processing and spaces of intermediation
            with external urban markets. They are central places for regional
            economies generating incomes for residents and migrants, and
            consuming and processing food from surrounding agriculture
            (Satterthwaite and Tacoli, 2003; Albaladejo, 2012; Robineau, 2014
            and 2015). For example, in Bobo-Dioulasso, agriculture was
            previously based on the production of a main cash crop (cotton)
            and part of globalized networks. Today, Bobo-Dioulasso is a city
            in a strong relationship with its rural areas, which host
            diversified agricultural production: “the city acts as a relay for
            agricultural products, both for their processing and marketing,
            and maintains close links with the agricultural activities in the
            region” (Robineau, 2014). Several contexts highlight the
            importance of these intermediary cities as vectors for shaping
            rural economies in response to urban demand, including China (Shen
            and Mab, 2005) and Europe (Toccaceli, 2014).

          

          
The hypotheses of reverse dynamics of
            urbanization

            

            Along with
            Southern Asia, sub-Saharan Africa is a region with one of the
            world’s lowest urbanization levels (37%) but is undergoing urban
            growth, the intensity, nature and forms of which are debated.
            Urbanization in Africa is often characterized as the migration of
            poverty, driven by permanent rural migration towards urban areas
            (UN-HABITAT, 2008). However, as Fay and Opal (2000) noted, these
            cities are not in a position to create sufficient employment to
            absorb the influx of rural migrants. Based on the analysis of
            recent data collected by the UN-HABITAT Programme, Potts (2013)
            sheds light on unexpected variation rates in the urban population
            in sub-Saharan Africa.[42] In
            a general trend reversal compared to the previous period, which
            saw a general rise in the levels of urbanization, a
            counter-urbanization trend (i.e., a drop in the share of the urban
            population) can be observed in 10 countries, while four others
            have a low rate of urbanization and only three countries are still
            experiencing a rise (ibid.).


            The
            analysis of migratory dynamics sheds light on complex trends in
            urban-rural relationships. Even though migration towards cities
            continues to exist, at a statistical level, over the past 10
            years, it has been counterbalanced by out-migration due to the
            lack of economic opportunities and security in the cities. As
            Andersson Djurfeldt and Jirström (2013) put it, the fall in rural
            migration as the main source of urbanization reflects changes in
            migratory behaviours. In part, permanent rural to urban migrations
            are being replaced with circular or seasonal migrations. These
            forms of mobility are resources that allow individuals and
            households to face up to the uncertainties encountered in urban
            settings (Andersson Djurfeldt, 2002; Simon et al., 2004). Temporary
            migrations have been studied in Zimbabwe (Anderson, 2002), Ghana
            (Simon et
            al., 2004), Zambia (Potts, 2005), West Africa (Beauchemin and
            Bocquier, 2004) and sub-Saharan Africa in general (Potts, 2013).
            These migration strategies in the face of precariousness translate
            into the development of a ‘culture of mobility’ between urban and
            rural habitats, sometimes on a transnational scale.

          
        

        

Rural transformations

          

          At the
          global level, agriculture is still the main sector of employment. In
          1990, 31% of the active population in middle-income countries worked
          in farming and 69% in low-income countries. The agricultural sector
          accounted for only 5% of the active population in high-income
          countries. These figures illustrate the wide variety of rural
          economies found around the world, but also the predominance of
          farming activities. In developing countries, most regional and rural
          household income depends essentially on small farms. Worldwide, it
          is estimated that 450 million farmers cultivate holdings of less
          than 2 ha, most of them living in Asia, supporting a population of
          around 2 billion (Rigg et al., 2016). Rural areas and agricultural
          activities continue to face specific issues concerning poverty, food
          insecurity and undernutrition; more than half of the people in the
          world facing food insecurity are small farmers.


          In the
          coming years, rural areas of certain developing countries where the
          rural population is still growing will face strong rural
          transformations. For example, in sub-Saharan Africa, between now and
          2025, economies will have to incorporate 330 million youths,
          195 million in rural areas and 135 million in cities; 60% of the new
          workers entering the labour market will be rural (Losch et al., 2012).
          Currently, 65% of sub-Saharan Africa’s population still lives in
          rural areas and 65% of the labour force is engaged in agriculture.
          Given the challenges sub-Saharan Africa will face over the short and
          medium term (a 15-year period), it is difficult to imagine the
          creation of hundreds of thousands jobs a year in urban areas. This
          means that rural activities, which refers to both agriculture and
          the rural non-farm economy, will account for the “major part of the
          equation of youth employment” (Losch et al., 2012).


          Rural non-farming employment and the
            ‘deagrarianization’ hypothesis

            

            Many
            studies have shown the growing role of non-farm activities in the
            development of rural economies and its importance for household
            income in developing countries. Over the past 30 years, non-farm
            activities (excluding secondary and seasonal activities) have
            developed and make up 30% of full-time rural employment in Asia
            and Latin America, 20% in West Asia and North Africa, and 10% in
            Africa (Haggblade et al., 2010). The household surveys examined
            by Reardon et
            al. (2007) have measured rural income by including seasonal
            and part-time activities. The resulting findings show that income
            from non-farming activities accounts for close to 35% of rural
            income in Africa and close to 50% in Asia and Latin America. The
            role of remittances (included in non-farm incomes) in this income
            varies between 11% of rural income in Asia and 6% in Africa and
            Latin America. This non-farming employment involves not only
            industry, which accounts for close to 20-25% of rural non-farming
            employment, but trade, transport, construction and other local
            services, which account for 75-80% (Haggblade et al.,
            2010). The composition of these activities varies hugely: small
            businesses offering farming services and food processing
            activities in rural areas, seasonal employment in farming and food
            processing etc. In some countries, public employment contributes
            to rural non-farming income, for example, in Egypt and Pakistan
            (45% and 25% of rural non-farming income respectively), and in
            India, where it makes up approximately 20% of rural non-farming
            employment (ibid.).


            The increase in
            rural non-farming employment has been particularly strong over the
            past 20 years and many authors have argued that there is a
            ‘deagrarianization’ of the rural economy (Bryceson, 2002).
            Deagrarianization is seen as a long-term process with peasants
            veering away from the traditional production of export crops and
            staple crops, and finding income diversification in
            non-agricultural activities (ibid.). However, deagrarianization in
            sub-Saharan Africa has been much debated. Some authors emphasize
            the need to develop a livelihood approach to understand these
            changes. It is not just a change in the development model from
            agrarian to non-agrarian modes of production, but in terms of
            livelihood strategies for the adaptation and diversification of
            activities, bearing in mind the reversibility of such strategies
            used by households (Yaro, 2006).


            There is a
            particularly large share of part-time activities and income
            diversification in rural non-farming employment. Studying
            Bangladesh, Nepal and Pakistan, Davis et al. (2010) showed that most
            households (52%, 53% and 36% respectively) have diversified
            sources of income (no activity exceeds 75% of total income). So in
            India (Lanjouw and Murgai, 2009), the share of rural non-farming
            employment rose from 22% to 31% between 1983 and 2004. Over the
            same period, the share of full-time farmers dropped from 38.8% to
            31.9% and that of farming employees from 24.3% to 21.8%. According
            to Reardon and Timmer (2014), the current growth of rural income
            in Asia is mainly due to the growth in non-farming employment.

          

          
Multi-local households and new urban-rural
            mobilities

            

            Mobility
            is complex and affects urban-rural relationships in multiple ways:
            long-distance migration, permanent migration, commuting between
            peri-urban areas and urban centres, circular or temporary
            migration, not to mention the leisure-related mobility that is
            particularly significant in developed countries. As Rigg and
            Salamanca (2014) underlined, “drawing a distinction between rural
            and urban and farming and non-farming, whether we do that in terms
            of production or labour, prevents us from seeing the inter-leaving
            of these activities and spaces”. Several researchers have pointed
            out that rural–urban migrations in developing countries are
            increasingly temporary or circular, through multi-local households
            that remain engaged in farming and develop non-farm activities in
            rural or urban areas (Tacoli, 2002; Rigg, 2006). Studies in Asia,
            Latin America and sub-Saharan Africa underline the relationships
            between temporary mobility and the diversification of rural
            activities. These studies highlight multiple locations and rural
            change in Malaysia (Preston and Ngah, 2012), livelihood
            diversification in rural Laos (Martin and Lorenzen, 2016) and
            rural Thailand (Rigg et al, 2012), rural livelihood
            diversification in sub-Saharan Africa (Ellis, 1998; Bryceson,
            2002), multi-local livelihood and food security in rural Africa
            (Andersson Djurfeldt, 2015b), complex livelihood and circular
            migration for farmers in Mozambique (Mercandalli, 2013),
            pluri-activity and temporal mobility in rural and farming
            households in Bolivia and Central America (Vassas Toral, 2011;
            Prunier, 2013); multi-sited households in Amazonia (Pinedo-Vasquez
            and Padoch, 2009).


            With the aim of
            diversifying the incomes of rural households, farming ones in
            particular, temporary migrations connect a rather rural location,
            where part of the household is located and engaged in farming
            activities, to another location, urban or rural, where other
            members of the household are engaged in income-earning activities
            in industry, services or agriculture. Temporary or circular
            migrations that rely on extended family networks are becoming the
            norm in some developing countries in Asia and Latin America. They
            support diversified incomes for households, contributing to food
            security at this level.


            Rigg
            (2006) stressed the fact that, far from just being poverty
            management strategies, circular and temporary migrations allow
            villagers to escape the employment constraints linked to farm work
            and to work throughout the year, thereby securing more regular
            income and diversifying the income stream. As Rigg and Salamanca
            (2014) show in their study of two villages in rural Thailand,
            households are often multi-sited between a village and Bangkok.
            These changes are linked to transformations in both rural and
            urban areas. Improving infrastructure, personal mobility and
            services in rural areas has permitted villagers to be multi-local,
            while the development of factories in peri-urban and rural areas
            brings work to mobile members of rural households. Furthermore,
            the resilience of farming in a household’s activities is closely
            linked to the vulnerabilities associated with non-farm work
            (ibid.). In this process, households “as a unit of production,
            emotional attachment and social relations” have not been
            dissolved, but have been re-spatialized (ibid.). In rural Asia, a
            large proportion of rural households have now diversified their
            activities in both urban and rural areas with income streams
            coming from both farm and non-farm activities and can be
            characterized as multi-local (Rigg et al., 2012).


            As the
            current urbanization processes lead to a growth in small towns and
            increase the connectivity between urban and rural areas, the
            improved accessibility of towns or rural markets through transport
            infrastructure drives the development of rural non-farming
            activities. As Andersson Djurfeldt (2015a) shows in sub-Saharan
            Africa, smallholders in rural areas close to small towns are more
            likely to benefit from these changes in rural employment than
            those in remote rural areas that are poorly connected to urban
            centres.


            Multi-local livelihoods depend on family
            networks and comprise temporary migration, remittances from urban
            to rural areas and food transfers from rural to urban areas (Rigg
            and Salamanca, 2014; Andersson Djurfeldt, 2015a). Cash transfers
            from remittances can contribute to the development of agriculture
            and can reduce rural poverty, thereby improving food security
            (Rigg, 2006; Satterthwaite et al., 2010; Deshingkar, 2012). However, the
            consequences of circular migration on agricultural development are
            ambiguous. On the one hand, remittances “sustain livelihoods,
            permit investment in education and farming, and bring development
            and substantial material gains to the village” (Rigg and
            Salamanca, 2014). Remittances can stimulate agricultural
            development and food security through higher urban incomes and new
            commercial opportunities (Andersson Djurfeldt, 2015a). As observed
            in Africa and Asia, these outside incomes allow investments to be
            made in farm production, through the purchase of agricultural
            inputs in particular, but they also help farmers to assure the
            financial security in their households that is necessary for
            experimentation with new agricultural practices, particularly crop
            intensification (Deshingkar, 2012). On the other hand, the
            departure of workers from the farm, and young people in
            particular, can lead to an accelerated ageing of the farming
            population (for example, China and Thailand), a feminization of
            agricultural work, or a deintensification process (Rigg and
            Salamanca, 2014). Moreover, for the poorest households, food
            transfers from rural to urban areas can have a negative effect on
            food security for rural household members (Andersson Djurfeldt,
            2015a).

          

          
Diverse rural transformations

            

            A
            diversity of rural dynamics has been identified. First,
            non-agricultural activities develop in rural areas alongside
            agricultural ones (Haggblade et al., 2010; Losch et al., 2012). Non-farm
            activities provide additional income streams for rural households,
            drive permanent and temporary migration towards urban centres
            (with money and knowledge flowing back towards the countryside)
            and have led to the phenomenon of multi-local households (Rigg,
            2006). In particular, household strategies prompt a
            reconsideration of the urban–rural dichotomy in favour of diverse
            possibilities ranging from urban to rural, which provide both
            opportunities and present challenges for households.


            Second,
            from a spatial perspective, some rural areas develop into
            peri-urban areas because of urbanization pressures, with a
            specific mix of agricultural and urban activities (McGee, 1991;
            Moustier and Fall, 2004; Lerner and Eakin, 2011). Third, synergies
            arise between rural areas and small towns as they are
            simultaneously a market for products, a place for food processing
            and spaces of intermediation with other urban markets. Fourth,
            agriculture remains the primary activity in rural areas in
            developing countries. In regions where urbanization processes are
            weak, some reagrarianization could occur because of possible
            political and social crises.

          
        
      

      


Future urban-rural linkages in 2050

        

        Analyzing
        changes in the relationships between urban and rural areas and their
        implications for land use and food security needs to take into account
        both the processes of urbanization and the transformation of rural
        areas. Rather than an overly dichotomous analysis, for example
        restricting urban dwellers to the role of consumers and rural dwellers
        to the role of food producers, we offer inter-relational assumptions
        for urban and rural areas.


        Based on urban
        and rural trends, weak signals and possible disruptions, hypotheses
        for change in 2050 were constructed by the expert group. Three
        hypotheses for urbanization processes in 2050 have been developed: a
        concentration in large cities; the emergence of a network of cities;
        and a reverse trend towards the stagnation of large cities. In
        addition, four hypotheses for rural transformation based on rural
        trend processes have been constructed: the marginalization of the
        rural economy; the relative disappearance of the agricultural economy
        (deagrarianization); rural-urban synergies; and the diversification of
        the rural economy. Crossing hypotheses about urbanization processes
        and rural dynamics in 2050, we produce a matrix describing possible
        urban-rural linkages in 2050 (Figure 9.1). The aim of this
        double-entry table is to define the extent of what is possible and to
        explore the widest possible latitude of rural-urban interactions.
        These alternative visions of rural-urban relationships in 2050 range
        from the separation and complete control of one type of dynamics over
        another through to the implementation of integrated linkages, with a
        number of possible intermediate situations.
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        Figure 9.1. Alternative hypotheses for
        urban-rural linkages in 2050, combining urbanization processes and
        rural transformations.


        Our hypotheses
        to 2050 focus on four main future configurations in rural-urban
        relationships: megacities and spatial rupture with rural hinterlands;
        the role of intermediate urban centres in agri-food networks;
        household mobility and multi-activities between urban and rural areas;
        urban fragmentation, counter-urbanization and reagrarianization. These
        four assumptions can help to understand how distinct issues might be
        articulated and to better differentiate what is at stake for food
        security in these specific rural-urban linkages. In order to test and
        to enrich the plausibility of these hypotheses about rural–urban
        linkages, experts such as Jonathan Rigg and Albert Salamanca
        (Thailand), Ophélie Robineau (Bobo-Dioulasso), Bayuni Shantiko (Java
        and Sumatra) and Daniela Toccaceli (Tuscany) were asked to compare
        them to specific regional configurations and in particular to specify
        their food security and land use implications, from across Africa,
        Asia and Europe (Box 9.1 and Mora et al., 2014).


        Hypothesis 1: Large metropolitan region with a
          spatial rupture to rural hinterlands

          

          In 2050, massive
          rural migration concentrated the population in large urban centres,
          particularly in coastal areas. This agglomeration was a response to
          a global dynamic of metropolization where exchanges (not only
          financial flows, but also flows of information, products and people)
          are concentrated in a limited number of well-connected cities,
          creating an archipelago economy at the world level. At the
          individual level, this generated a standardization of lifestyles,
          where consumerism is dominant and where regional or family
          solidarity is weakened. Spatially, these large metropolitan areas
          experienced an interweaving of urban activities (housing, transport
          infrastructure and industry) and rural activities, of which
          agriculture is part. Large cities are connected via international
          trade to some rural areas that may be far away, taking advantage of
          low transport costs. In addition, some agricultural activities
          develop close to large cities (urban agriculture and high
          added-value products) and in specialized places linked to large
          cities through international trade. However, farmers living in
          remote, marginal or disconnected rural locations have no, or
          difficult, access to food value chains and to urban consumers.
          Globally, the decline in agricultural employment is mainly due to
          rural migration to large urban areas. The food strategies of urban
          and rural households rely mainly on the purchase of food items
          available through national or international markets.

        

        
Hypothesis 2: Multi-local and pluriactive
          households in a rural-urban archipelago

          

          In 2050, temporary
          migration to cities developed according to employment and income
          opportunities in urban and rural areas. Farming remained a core
          activity within rural households, but it now took place within
          multiple activities. The share of non-agricultural work in the
          incomes of rural households increased and mobility intensified,
          thanks to functional transport infrastructure. Circular and
          temporary migration rose due to uncertain urban growth. Incomes in
          rural households diversified and led to individual specialisation of
          activities within households. The organisation of this mobility
          between rural areas and urban areas is based on a network of cities,
          where migrants can find employment either in secondary cities in
          which industry or services are located, or other rural areas where
          cash crops create a demand for a seasonal workforce, or in large
          growing cities. Food strategies of multi-local households combine
          self-consumption, supplies from regional or international markets
          and supplies through family networks.

        

        
Hypothesis 3: Rural areas integrated within urban
          networks through value chains

          

          In 2050, urban
          organization is multipolar, powered by endogenous population growth
          and rural migrations. The development of cities and their
          relationships transforms the existing urban network. This
          urbanization process generates specific relationships between the
          network of cities and rural areas. The development of secondary
          urban centres in relation with larger cities leads to a
          reconfiguration of rural areas where synergies develop between
          agriculture, food processing and local food markets. Rural
          households have diversified activities including, in particular,
          processing operations or the marketing of agricultural products.
          Household food strategies rely on diversified foods, with
          traditional products consumed in the region retaining an important
          place. These are supplied through the markets in secondary urban
          centres.

        

        
Hypothesis 4: Urban fragmentation and
          counter-urbanization

          

          This scenario
          describes a set of de-concentration and fragmentation processes in
          the urban population through a block or an end to the growth of
          large agglomerations and by a carry-over effect on the growth of
          small urban settlements and medium-size cities. The new urban map
          resulting from this differential growth is favourable for historical
          locations and, where appropriate, to counter-urbanization. The end
          of rural migration to the cities is linked to increasing congestion
          problems, unemployment, pollution and lack of access to housing and
          basic services. It results in a redeployment of population growth to
          small towns, medium-sized cities and urban fragmentation (urban
          sprawl). In some regions of the developing world, an increase in
          rural populations even leads to reagrarianization and a decline in
          farm size due to pressure on land. ‘Food deserts’ develop and food
          supply is now provided mainly by the informal sector, which relies
          on community and family networks.

        
      

      

Conclusion

        

        Within this
        framework based on rural and urban current trends, we have explored a
        number of issues working on assumptions of urban-rural linkages in
        2050. Through the assumptions, three main issues appear that could
        determine food security and nutrition issues in different ways: the
        role of metropolization in concentrating food value chains, the
        importance of the intertwining of urban and rural spaces for rural
        employment and agricultural activities, and household strategies.
        Modern food value chains, led by transnational food companies, and
        linked with urbanization, are complexifying the interactions between
        urban and rural places, convoluting scales, resulting in nutrition
        transition and changes in the location of agricultural production.
        Despite the homogeneous global discourse on world urbanization,
        looking at the plurality and diversity of urban dynamics helps us to
        reconsider the diverse impacts of urban-rural relationships on food
        and agricultural issues. In addition, the dominant narratives of
        urbanization and rural transformation are thrown into question by the
        development of non-farm employment, deagrarianization and household
        strategies based on synergies between rural and urban spaces.
        Regarding food security and nutrition, our hypotheses underline the
        role of urban agriculture and land planning for metropolitan areas,
        the importance of food chains in connecting small rural farmers to
        urban food markets, the role of intermediate cities in collecting,
        processing and retailing food products, and the importance of mobility
        between urban and rural spaces as a strategy securing access to food
        at the household level.


        

 40The authors thank all the participants of the two
          sessions of the workshop on rural-urban relationships (Box 9.1).
          They also thank the contributors to the four regional case studies
          that helped us to finalize our rural-urban relationship hypotheses
          for 2050: Jonathan Rigg and Alberto Salamanca for their study on
          North Thailand, Ophélie Robineau for a study on Bobo-Dioulasso
          (Burkina Faso), Daniela Toccaceli for a study on Tuscany (Italy) and
          Bayuni Shantiko for a study on Java and Sumatra (Indonesia). For a
          presentation of those case studies, see the report of the workshop
          in Mora et
          al. (2014).

 41In the early 20th century there were seven
              rural inhabitants for one urban inhabitant, today the ratio is
              one for one.

 42“By contrast urbanization in most countries in
            Asia has really been rapid: in the past two decades a much larger
            proportional shift out of rural areas has occurred than has
            recently been typical in Africa” (Potts, 2013).
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      Introduction

        

        Why look at
        farms and farmers in a foresight process on land use and food
        security? The answer lies in the fact that, in concrete terms, it is
        farmers who manage most of world’s land used to feed humans and
        animals. Their production choices govern farmland use. At the
        frontiers of farmlands they contribute, on the one hand, to
        deforestation and the draining of wetlands in order to replace them
        with fields and grasslands and, on the other hand, they have to
        abandon degraded lands or are pushed off their land through social
        exclusion, poverty, war or urban development.


        With regards
        to food security, although farmers are food producers, most of the
        poor and hungry people in the world live in rural areas and are,
        paradoxically, small farmers (HLPE, 2013). International reports
        (World Bank, 2007; Hazell et al., 2007; IAASTD, 2009; HLPE, 2013; Riesgo
        et al.,
        2016) converge on the assertion that supporting small farms can be
        considered a ‘win-win’ proposition for hunger and poverty reduction.
        At the same time, massive land acquisitions and development of
        large-scale landholdings are taking place, putting the spotlight on
        the increasing role of finance in the agricultural sector. Farming
        models split opinion on the best way to improve food production and
        rural livelihoods. Two radical visions are in opposition: those who
        praise mechanized farming integrated into mass markets and those who
        recommend smaller farms practicing agroecology focused on local food
        systems (e.g., Altieri et al., 2012). There are many
        different options in between these positions. Another dispute concerns
        farmers’ relations to upstream and/or downstream agro-industrial
        corporations: is it an indicator of economic development or a path to
        dependence? (McMichael, 2009).


        This chapter
        is based on the learning points of a workshop held in 2013 with
        international experts and stakeholders (Box 10.1).[44]
        We first examined the drivers of change in farms and management
        practices, and their trends all over the world. Then we identified
        seven shaping forces, and for each of these we suggested alternative
        assumptions for the future. Finally, combining all the hypotheses, the
        Agrimonde-Terra team built six assumptions for the future of farms up
        to 2050 and constructed their narrative.


         
Box 10.1. Members of the
        expert group on farms structures.
Experts present in workshops in Paris
        (06/19 2013 and 11/07 2013)

              	Name
              

              	Institution 
            

              	Agnes
              Andersson Djurfeldt

              	Department of Human Geography,
              Lund University, Sweden
            

              	Lubica
              Bartova

              	Faculty
              of Economics and Management, Slovak University of Agriculture,
              Nitra, Slovakia
            

              	Martine
              François

              	GRET,
              France
            

              	Pierre
              Gasselin 

              	INRA,
              UMR Innovation, Montpellier, France 
            

              	Philipp
              Heinrigs

              	Club du
              Sahel, OECD, Paris
            

              	Frédéric Landy

              	University Paris-Ouest Nanterre,
              Nanterre, France 
            

              	Eric
              Lambin

              	University of Louvain, Louvain,
              Belgium
            

              	Bruno
              Losch

              	CIRAD,
              UMR ARTDev, Montpellier, France
            

              	William
              Masters 

              	Friedman School of Nutrition
              Science and Policy at Tufts University, Boston,
              USA
            

              	Michel
              Merlet

              	AGter,
              Nogent sur Marne, France
            

              	François Purseigle

              	ENSAT,
              Toulouse, France
            

              	Miroslava
              Rajcaniova

              	Faculty
              of Economics and Management, Slovak University of Agriculture,
              Nitra, Slovakia
            

              	Adrian
              Rodriguez 

              	CEPAL,
              Economic Commission for Latin America and the Caribbean (ECLAC),
              Santiago, Chile
            

              	Dimitri
              Skuras

              	Department of Economics,
              University of Patras, Patras, Greece
            

              	Jan
              Douwe van der Ploeg

              	Department of Rural Sociology,
              Wageningen University, Wageningen, The Netherlands
            


Other experts interviewed

              	Perrine
              Burnod 

              	CIRAD,
              UMR Tetis, Antanarivo, Madagascar
            

              	Marie-Hélène
              Schwoob

              	IDDRI,
              Sciences Po, Paris, France 
            

              	Harris
              Selod

              	World
              Bank, Washington, USA and INRA, PjSE, Paris,
              France
            




        

      

      
Past and on-going changes in farms

        

        Dealing with a high diversity of farms

          

          Farms are
          highly diverse because of the interplay of external and internal
          driving forces. Therefore, defining a typology of farms is a gamble
          (FAO, 2007). A brief analysis of FAOStat data underlined the limits
          of worldwide statistics (FAO, 2012b) which estimate the total number
          of farms in the world at around 570 million (Figure 10.1). We
          considered farms as the basic unit for production irrespective of
          their status: family farm, cooperative, agribusiness, state farm,
          subsistence farm and also landless farmers, who are still around and
          can even find new niches in urban areas. We chose to characterize
          them by their combination of production factors (land, labour and
          capital) and through their integration into social and economic
          dynamics (household and community networks, and upstream/downstream
          relationships). These factors become our key drivers to describe the
          distinctive farming patterns. There are, of course, many other ways
          to distinguish the different “farming styles” (van der Ploeg et al., 2009).
          Some other potential drivers are examined in detail in other
          chapters: the global context (Chapter 6), rural-urban relationships
          (Chapter 9), changes in diet, food chains and food demand (Chapter
          8), cropping systems (Chapter 11) and livestock systems (Chapter
          12), for instance. We decided to consider them as background
          elements here. Some of their consequences, when important for
          shaping farm structures, are nevertheless pointed out. In the
          following, we describe the trends in our drivers observed over past
          decades. Farming patterns are also changing in space. The
          coexistence of different types of farms within a region is dependent
          on input and output market options, public policies, trade rules and
          power relationships. This balance is in constant flux.


          Agricultural
          policies generally reflect roles that agriculture plays in the
          economy. In general terms, they seek to develop competitive and
          efficient farms as well as ensuring a fair standard of living and a
          stable income for farmers. Though they are usually generic in the
          sense that they apply to all farms together, agricultural policy
          measures sometimes target specific farming styles: smallholders (the
          main issue in developing countries according to international
          institutions), commercial farms, state farms, cooperatives etc.
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          Figure 10.1. The distribution of farms
          around the world (570 millions farms in 161 countries*, by region or
          country group).


          Note: Numbers of countries included are
          shown in parentheses. Country regional groupings are the same as
          those used by the World Bank (2011). * Only 161 of the 167 countries
          with observations are classified by World Bank groupings.


          Source: Lowder et al. (2014), Figure 1, p 5.
          Reproduced with permission.

        

        
Farmland: size and access

          

          Increasing number of farms of less than 2
            hectares

            

            One common
            way to define a farm is its size, as measured by the amount of
            land used (Eastwood et al., 2009; Hazell et al., 2007), though some
            database systems may instead consider the number of livestock or
            gross sales as criteria. However, depending on the type of
            production or the agro-ecological zone, farm size in hectares
            provides only an approximate measure of production potential. The
            World Bank – like other international organizations – uses
            2 hectares as the threshold to define ‘small-scale farming’ (World
            Bank, 2003). While this may be an appropriate limit in many
            countries, it is not the case worldwide. A Chinese farmer with
            2 hectares is considered the head of a large farm, whereas a
            Brazilian farmer with 50 hectares would be considered to have a
            small farm in Central Brazil. The farm area criterion is also
            unsuitable for land held by several families or groups, as in the
            case of common land farming (Schwoob, 2012).


            The
            extreme disparity of farmland distribution between farmers is a
            striking feature of world farming. Bélières et al. (2013) estimate that
            about 70% of farms use less than 1 ha which just about represents
            10% of the total agricultural area. In contrast, 0.1% of farms
            represent one-third of the global farmland area (Figure 10.2).
            These results are consistent with others studies on farm area
            distribution (Lowder et al., 2016; HLPE, 2013). However, the
            situation varies greatly according to the region. Farms of more
            than 100 hectares represent more than 35% of all farms in Oceania,
            more than 25% in North and Central America, and more than 15% in
            South America. Farms of less than 1 hectare represent more than
            90% of farms in China, around 60% of farms in India, other Asian
            countries and Africa, and about 28% of farms in North America and
            Europe (Bélières et al., 2013).
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            Figure 10.2. Number of farms according to
            their farm area in world regions.


            Source: Bélières et al.
            (2013), Figure 4, p 37.


            Because of
            the demographic weight of Asia and sub-Saharan Africa, the average
            area of farms in the world has been falling since 1950 (FAO, 2013;
            Masters, 2013; Lowder et al., 2014) (Figure 10.2). But it also fell
            in regions such as Latin America and the Caribbean where the
            average size shrunk from about 80 ha per farm in 1960 to 54 ha in
            2000 (Lowder et al., 2016). The decrease in the average
            farm area in South Asia and Africa is primarily due to rapid
            population growth, with the young generation exerting strong
            pressure on farmland (Losch, 2012; Djürfeldt and Jirstöm,
            2013).


            The issue
            of whether an optimal farm size exists has a long tradition in the
            debate on “agriculture for development” (the title of the World
            Bank’s 2008 report). In particular, the role of smallholders is
            frequently discussed. According to one narrative, smallholders
            will never be ‘competitive’ and the main policy focus should be
            the provision of social safety nets and education to help the
            youth find employment beyond agriculture. For the other narrative,
            smallholders represent efficient and resilient family ‘peasants’
            who are seeking autonomy and territorial insertion (Via Campesina,
            2010; van der Ploeg, 2014). There are no clear answers to the
            relationship between increases or decreases in farm size and
            general growth in the economy (Eastwood et al., 2009). According to
            empirical studies, there is an inverse relationship between farm
            size as measured by area and farmland productivity in Africa and
            Asia, even though labour productivity of small farms is low
            (Larson et
            al., 2013; Ali and Deininger, 2014). Several recent works
            update this question by highlighting and quantifying the
            contribution of smallholders to production and food security
            (HLPE, 2013; Wiggins and Keats, 2013; Herrero et al.,
            2014; Samberg et al., 2016). For example, Samberg et al.
            (2016) conclude that smallholders produce more than half of the
            food calories produced globally. Herrero et al. (2017) show that farms
            smaller than 2 ha produce more than half of all food nutrients in
            China and are of key importance in South Asia, sub-Saharan Africa
            and East-Asia Pacific. And if we consider farms under 20 ha, then
            their contribution to most food commodities grows to up to 75% in
            sub-Saharan countries, South-East Asia, South Asia and China.
            These authors add that both production and nutrient diversity
            diminish with increasing farm area and that the greater the
            diversity of farm sizes in a region, the greater the diversity of
            the nutrients produced.

          

          
Insecure access to land is still widely the
            case

            

            It is
            generally recognized that there is a dynamic relationship between
            land rights and food security (Maxwell and Wiebe, 1999; ECA, 2004;
            Miggiano et
            al., 2010; Kepe and Tessaro, 2014). Many households that
            experience land insecurity also face food insecurity. Women are
            particularly affected by land insecurity because land regimes are
            often detrimental for them (Agarwal, 1994). Land rights are secure
            when there is a high degree of confidence that land users will not
            be arbitrarily deprived of land use and when an individual’s
            rights are accepted. Land rights are supported by land tenure
            systems, i.e. the sets of formal or informal rules and
            institutions which reflect relationships between people in their
            dealings with land.


            Land
            tenure systems play a very important role (de Lattre-Gasquet et al.,
            2014). Many configurations exist such as verbal contracts, long or
            short-term leases, tenancy, sharecropping, public or community
            commons and illegal occupation. Depending on the arrangement, land
            can be owned by the farmer, belong to someone else or be a common
            good. For landless farmers, common lands often constitute a
            safeguard against social exclusion. Numerous local innovations
            underline the vigour of customary land laws, especially for
            irrigation networks or in pastoralist regions. Contrary to
            widespread opinion, titling is far from being generalized nor
            socially validated around the world. Nevertheless, it has been the
            object of significant effort in the 20th century and considered a
            necessary condition for securing access and investments in
            agriculture by many international donors (Binswanger and Feder,
            1995). Nonetheless, the advantage of the land market over informal
            local arrangements is not obvious because it is not always
            transparent or fair, and public institutions sometimes fail in
            recording rights and adjudicating disputes (Binswanger and Feder,
            1995). Furthermore, property rights and land use rights often
            overlap. A farmer can use plots having a different status:
            individual, collective, sharecropping etc. In many cases, large
            farmers are often absentee landlords. Therefore, some authors have
            suggested that land tenure systems should be evaluated as ‘bundles
            of rights’ (Lavigne Delville, 2010). Finally, securing access to
            land seems to be more important than the formal status of the land
            (Macours et
            al., 2010).


            There are
            situations which deserve specific mention. Some countries have
            opted for generalized state ownership of land, while in other
            countries unregistered land and land presumed vacant or without an
            owner constitutes ‘a partial state monopoly on land’ (Chouquer,
            2011). Land then can become a source of state revenue via the
            allocation of concessions or sales. Moreover, protected areas,
            parks and reserves prohibit access to crops and livestock. On the
            one hand, this contributes to conserving biological systems that
            would otherwise be degraded or destroyed, but on the other, people
            are displaced or denied access to resources (Brockington and
            Wilkie, 2015). Finally, land reforms are on the agenda in a few
            countries thanks to government programmes (Brazil, Namibia, the
            Philippines, Guatemala, Cuba etc.). But, with the exception of
            Zimbabwe, the proportion of concerned farmers rarely exceeds 1% of
            the national total.


            Climate
            change has a large impact on land-use change. Climatic phenomena
            and environmental hazards such as floods, cyclones, droughts and
            wildfires increase insecurity of land tenure (Reale and Handmer,
            2011). In particular, global warming exacerbates conflicts between
            nomadic cattle herders and crop farmers due to the scarcity of
            water and fodder.


            Another
            striking phenomenon concerns large land acquisitions by foreign
            investors, mostly for agriculture and mining (Woodhouse, 2010;
            Anseeuw et
            al., 2012a). It is a subject of concern for NGOs and
            multilateral organizations (Grain, 2008; World Bank, 2010; Geary,
            2012). Large acquisitions affect all continents and are no longer
            restricted to developing countries as recent debates in France
            show (Levesque, 2016). Such acquisitions result from the
            combination of increasing demand for food and biomass for energy
            and growing opportunities for financial gains from raw materials
            (Grataloup, 2007). According to ‘Land Matrix’, between 2000 and
            2016, 26.7 million hectares of farmland have been handed over to
            foreign investors who own about 2% of the global farmland. The
            average area in these transactions was 35,756 hectares and the
            median size 8,650 hectares (Nolte et al., 2016), which means
            that some transactions involved very large areas. Purchases
            concern primarily land with high agronomic potential, densely
            populated and accessible. However, many of these investment
            projects cause a media outcry and do not reach a conclusion. Lack
            of transparency and respect for local users’ rights, as well as
            competition with local elite powers, explain the high failure
            rates of land grabbing projects and undermine business viability
            (Burnod and Tonneau, 2013). International institutions are trying
            to promote ‘good practices’ (World Bank, 2007; FAO, 2012a) but
            some studies highlight that the balance of power usually works
            against small farmers, who are sometimes excluded or dispossessed
            (Anseeuw et
            al., 2012a; Deininger and Byerlee, 2012; Oya, 2013).
            Moreover, the agribusiness plans of large companies to develop
            rural services and infrastructure seldom come to fruition (Dayang
            Norwana et
            al., 2011). There are, for example, too many cases where the
            authorities displace local people on the grounds that the
            agricultural project will serve the general interest, even though
            the venture is of a commercial nature. Such exclusion is also
            observed in Eastern Europe (Bazin and Bourdeau-Lepage, 2011;
            European Parliament, 2015).

          
        

        

Farm labour force

          

          The agricultural population is decreasing at the
            global level, growing in SSA and located mainly in Asia

            

            The FAO
            defines the agricultural population as “all people depending on
            agriculture, forestry, fishing and hunting for their livelihoods.
            It comprises all the people economically active in agriculture and
            their non-working dependents, but the agricultural population does
            not necessarily live exclusively in rural areas” (FAO 2013, p
            4).


            Until
            2000, agriculture was the mainstay of employment around the world.
            Although the share of employment in agriculture declined, the
            number of people working in agriculture still reached about
            1.3 billion in 2011. This corresponds to 40% of the global
            workforce (FAO, 2012b) but the share of agriculture in national
            labour forces varies considerably.
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            Figure 10.3. Active agricultural
            population in the overall active population: past situation and
            projections for 2020.


            Source: Bélières et al. (2013), Figure 1, page
            68, based on data from FAOStat.


            Over the
            past 40 years, the share of the agricultural sector in the active
            world population has been decreasing (Figure 10.3) especially in
            industrialized countries, but also in East Asia, Latin America and
            the Caribbean regions since the 2000s (FAO, 2012b). However, the
            total of people making a living from agriculture expanded in many
            regions: it almost doubled in Asia and multiplied by 2.5 in
            sub-Saharan Africa between 1961 and 2006, and is expected to
            increase until 2050 (Dorin, 2014). As a result, 91% of the world’s
            agricultural population are now concentrated in these two regions
            (77% in 1961) where they still represent 60% of the total
            workforce (80% in 1961). Hence, there are almost 500 million
            people working in agriculture in China and more than 200 million
            in India and in sub-Saharan Africa (Bélières et al., 2013).


            Women and
            the elderly are important labour forces on farms. At the global
            level, women are more active in agriculture than men (FAO, 2012b).
            They produce more than 50% of foodstuffs (FAO, 2011a), this
            percentage rising to 60% in Asia and 80% in sub-Saharan Africa
            (ILO, 2005a). According to the FAO, 90% of the labour force
            involved in rice production is female. Ageing in agriculture is
            significant in Latin America, China, Northern Asia and Western
            Europe. Young rural generations tend to prefer urban or industrial
            jobs, which are better paid (Leavy and Smith, 2010; Proctor and
            Lucchesi, 2012). But they also give up farming because of the
            cost. Based on very substantial investments, doubts have been
            raised about the viability and capacity to self-reproduce of many
            modern farms (Hervieu and Purseigle, 2009). On the contrary, young
            people still represent 65% of the farm workforce in sub-Saharan
            Africa (Losch et al., 2011).

          

          
People working in agriculture have very diverse
            statuses

            

            World
            statistics do not provide information on the status of workers in
            agriculture. These may be independent farmers, contractors,
            permanent employees, daily-paid workers or even forced into
            slavery-type conditions. The labour force on a farm often includes
            a variety of people who provide formal and informal contributions,
            thereby often making it difficult to determine the relative shares
            of family, unpaid and paid labour. However, the order of magnitude
            highlights the overwhelming majority of family labour. Despite the
            growing farm size, persisting high shares of family farmers in
            North America show that family farms remain even in modern
            agriculture due to labour-displacing capital accumulation and
            mechanization (Eastwood, 2009).


            Waged
            employment in agriculture not only concerns large industrialized
            farms but also smaller-scale plantations as well as family farms.
            The rate of paid workers in agriculture is highly variable across
            the world and the figures are also controversial. According to
            FAO-ILO-IUF (2007), it concerns 450 million people. The share of
            waged work is generally low but can grow when farm size increases.
            It represents around half of the farm labour force, notably in
            three large countries: India (100 million paid workers of which
            many also have their own plot of land and hire their own workforce
            to complete the household income, World Bank, 2008), Brazil
            (4 million, OECD, 2015) and United States (1.4 million, OECD,
            2015).


            Farm
            labour is usually poorly paid. The gap between a farmer’s income
            and the national average income is often in the order of 1 to 10
            in OECD countries and maybe up to 1 to 150 in the poorest
            countries (McMillan and Rodrik, 2011). There is also a lack of
            equity among farm workers as women and young people often
            contribute with unpaid work. Since the Millennium Summit, the
            International Labour Organization has supported national
            agricultural programmes on ‘decent work’ (ILO, 2005b).


            All around
            the world, farm households are increasingly pluri-active in order
            to diversify their income. In 2010, off-farm income had reached
            40% or more of total farm household income in many Asian and
            African countries and 70% of total farm household income in China
            (Riesgo et
            al., 2016). Diversification may be imposed by unfavourable
            economic conditions or chosen as a strategy to spread risk (Ellis,
            2000). The household configuration determines the level of
            multiple jobs and the activities on the farm. One or several
            members can contribute to income from an off-farm job and
            undertake non-agricultural activity on the farm (Losch et al.,
            2011; Anderson Djürfeldt and Jirström, 2013).


            To
            complement this global snapshot, some recent studies have
            highlighted new forms of labour governance in agriculture. They
            partly appeared due to economic fluctuations and crises, which
            affect farms everywhere but are particularly detrimental to farms
            with few resources to cope with risk. Contract farming is one
            possible response (Cotula and Berger, 2014). The Ugandan sugar
            sector and the Mozambican biofuel plant sector, for example, seem
            to prefer contracting with family farms rather than recruiting
            employees. New jobs such as ‘local development brokers’ have
            emerged. These function as intermediaries between investors, local
            authorities, technical advisers and those who implement production
            (Bierschenk et al., 2000). In some countries, large farms
            and landholdings tend to outsource farm work through service
            providers and machinery syndicates. Where there is complete
            delegation, the land owner no longer works on the farm (Hervieu
            and Purseigle, 2009). For example, in Argentina, the ‘pooles de
            siembra’ (sowing pools) are the result of contracts between a club
            of investors, landowners who expect an annuity, and agricultural
            machinery enterprises hiring out labour and equipment from sowing
            to harvesting (Albaladejo et al., 2012).

          
        

        

Capital: access to credit and technical
          improvement

          

          International statistical indicators on capital
          are especially inappropriate with regards to the large number of
          farms which are not directed towards markets (Vatn, 2002; Losch,
          2012). The more farms substitute labour with capital, the more they
          need financial instruments to manage their investments and working
          capital.


          Difficult access to finance for poor
            farmers

            

            Agricultural investments are generally
            considered high-risk because of production’s susceptibility to
            climatic hazards. Loans take the form of seasonal credits paid to
            farmers for a period of up to a year, but also finance investments
            land purchase, irrigation, machinery, post-harvest and processing
            equipment that are only amortized over several years. These term
            investments are often beyond the self-financing capacity of
            farmers (FAO, 2017b). Hence, a great number of agricultural
            households are in debt. High indebtedness is a big issue for farm
            transfer and farmers’ social well-being. Within vertical
            integration processes, food-processing firms may invest directly
            in farms which benefit from this external capital (inputs,
            buildings and equipment) but, in turn, farmers lose part of their
            decision-making autonomy.


            Poor
            farmers, who have reduced access to savings, also have a low
            investment capacity (World Bank, 2007). This is especially true
            for women (Fletschner and Kenney, 2014) and those who live in
            remote areas where retail banking is limited and production risks
            are high (Kloeppinger-Todd and Sharma, 2010). In middle- and
            low-income countries, national budgets and development aid
            dedicated to agriculture remain limited (Figure 10.4).
            Nevertheless, widespread Internet coverage benefits remote rural
            populations by improving access to banks and telecommunication
            companies now increasingly offer financial services via mobile
            phones.
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            Figure 10.4. Investment in agriculture in
            low- and middle-income countries by source in 2005-2007 (annual
            average). The number of countries covered is shown in
            parentheses.


            Source: FAO (2017b), citing FAO (2012),
            Figure 5, p. 14. Reproduced with permission.

          

          
Recent trends

            

            Two
            radically different scales for outsourcing agricultural capital
            have recently arisen: macro-actors at the world level and local
            communities. During the 1980s and 1990s, financial liberalization
            led to a downward trend in agricultural finance. But since the
            2000s, growth in food and biomass demands has attracted investors
            who include agricultural raw materials in their portfolios (Ouma,
            2014). The promoters of agricultural ‘financialization’ are
            macro-actors such as banking corporations, investment funds,
            pension funds, private equity firms and wealthy individuals often
            coming from outside agriculture. Their investments usually concern
            agro-holdings and farms involved in cash crops and biofuels. At a
            much smaller scale, social initiatives in credit have been
            re-emerging since the 2000s. For example, the NGO ‘Terres de
            Liens’ in France and ‘Viva Sol’ in Lithuania collect funds from
            the local community to provide land and equipment to farmers.[45] An increasing number of
            local or regional authorities now operate in the same way (Bahner,
            2011). Such initiatives are usually based on local solidarity in
            which the producer-to-consumer link is favoured (Fraticelli,
            2011). These operations allow new farms to be established without
            inter-generational transfer and make it possible to overcome
            situations where farmers face unmanageable levels of debt.

          

          
Mechanization remains a key driver

            

            Manual
            equipment and limited capital still characterize large parts of
            agriculture in the world, especially in pioneering zones where
            land may be cleared with very low capital input using slash and
            burn systems (Mazoyer and Roudart, 1997). In general, technical
            change is closely dependent on access to credit, information and
            output markets. This means mechanization is still unevenly spread
            across the continents (Figure 10.5). It is more common among
            wealthy and larger farms, which have easier access to finance. But
            several options can help small farmers who cannot afford to
            purchase equipment: rentals, recourse to machinery syndicates or
            the sharing of machinery within farmer communities or
            cooperatives.
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            Figure 10.5. Tractor use by
            region.


            Source: FAO (2016b), FAOStat (2008).
            Reproduced with permission.


            Substituting labour with mechanization has
            been associated with the industrial revolution and, more recently,
            with the Green Revolution (Timmer, 2009). Techniques and equipment
            made it possible to intensify production and to irrigate crops. In
            Asia, the Green Revolution model was that of double-cropping,
            improved genetics, high input use and low mechanization. Land
            productivity increased considerably, generating surpluses to feed
            the growing urban populations. However, labour productivity
            remained low, which is the main reason for the high level of rural
            poverty observed. In the Soviet world, agricultural
            intensification was based on large collective production units
            relying on mechanization and intensive input use. In OECD
            countries, the Green Revolution model oscillated between extensive
            mechanized agriculture in the United States and Australia, and
            intensification in Europe, leading to a major rural exodus that
            spanned two generations. The Green Revolution is now criticized
            because of its role in soil degradation and loss of biodiversity,
            which made many agricultural regions more vulnerable than they
            were prior to the Green Revolution (Ostrom et al., 1999).


            Recently,
            information technology has brought innovations that claim to offer
            smarter resource use and better monitoring of livestock and
            agricultural production thanks to email and chat applications,
            remote sensing, spatial mapping technologies and robots (Torero,
            2014). The impact of this ‘digital revolution’ on agricultural
            sustainability is controversial. But it is supposed to become
            important due to the need for higher precision in the use of
            chemicals and in animal care, and due to demands for food
            documentation. Agro-ecology, that is agriculture based on
            biodiversity and natural processes, is another source of
            innovation and an alternative to capital-intensive,
            high-technology approaches.

          
        

        

Integration into markets and food systems

          

          Food systems
          are prominent forces shaping output markets and farm management. The
          growing urban consumer class is a worldwide trend; it has led to a
          standardization of food products through mass-market retailing and
          to globalized flows of agricultural commodities (Rastoin and Ghersi,
          2010). The spatial distribution of production and farms is impacted
          by urban concentration and food supply industrialization as global
          markets give priority to regional specialization (Gaigné et al., 2011).
          On the one hand, international corporate concentration in the food
          sector strengthens the asymmetry between farms and upstream and
          downstream stakeholders (Woodhouse, 2010). Recent observations
          suggest a greater vertical integration due to the weight of
          supply-side drivers. This trend tends to transform independent
          farmers into ‘service providers’ for big companies which oversee the
          process from input supply to harvest sale, processing and retailing.
          It has many implications for farm trajectories and regulations.
          Anseeuw and Ducastel (2013) describe, for example, South Africa’s
          new agricultural model based on foreign investments and a
          ‘corporatization’ of the agricultural sector. On the other hand, a
          product consumed in one country is often produced in another and
          exchanged via international trade. Thus, local consumption is
          increasingly met by global supply chains involving tele-connections
          between different countries (Liu et al., 2013). Some studies
          underline the high rate of land use displacement currently needed to
          satisfy local food consumption (Yu et al., 2013). Farmers’
          production choices are then increasingly driven by changing factors
          in distant markets (Lambin and Meyfroidt, 2011; Meyfroidt et al., 2013;
          Weinzettel et
          al., 2013; Kastner et al. 2014). Policymakers have to face this
          new challenge and are called upon to design policies which include
          risk management tools so that any adverse shock in another part of
          the world is unlikely to jeopardise both national food production
          and food security.


          Besides
          global commodity markets, regional ‘terroirs’ are promoted on all
          continents and there is a growing demand for products with specific
          attributes such as local, organic, fair trade, geographical
          indication or cultural heritage. The development of certified
          products leads to a large range of private and public regulations,
          including labels and private standards. This diversification might
          also be a response to economic and climatic risks: niche markets
          with high value may connect marginal rural areas with urban demand.
          Statistics show that land use under certified production is more
          stable (Rueda and Lambin, 2013).


          Urbanization
          also creates new needs and new services for farmers living near
          cities as there is a trend towards the shortening and relocation of
          food supply chains. ‘Community farming’ develops, offering
          environmental and social benefits, which may be promoted both by
          urban upper and middle classes and by poor farmers and consumers
          looking for local markets and affordable products.


          As for
          farmers who live farther away, their capacity to benefit from growth
          in urban demand, especially in fresh fruit, vegetables, meat and
          dairy, can be limited by the lack of infrastructure connecting rural
          areas to cities and to logistic platforms for exports. Weakness in
          rural road systems, electrical power grids, warehousing,
          refrigerated storage and transportation explain the weakness of
          downstream food processing or agro-industry in many low-income
          countries.

        

        
The combination of previous factors

          

          The
          combination of farm land, labour, capital and markets provides
          information about the world distribution of farming styles
          (Figure 10.6):


          	While farms in Asian countries account for almost
            80% of the world’s agricultural labour force, they produce 45% of
            its agricultural value, hold 40% of capital stock and one-third of
            farmland.

	Abundant land and labour are available for African
            farms, but their capital stock and output are low compared to
            other regions.

	Farms in North and Central America, Caribbean,
            Europe and Oceania concentrate almost half of the capital on 40%
            of the world’s farmland. However, they utilize only 5% of the
            global agricultural labour force.
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          Figure 10.6. The distribution of production,
          farmland, capital and employment by world region (FAO
          classification) in 2007.


          Source: FAOStat (2007), calculation by
          the authors.


          Note: Caribbean Islands are included in North and
          Central America. Other Asia includes 50 countries among which are
          Japan and Uzbekistan, and countries from the Near and Middle
          East.

        
      

      

Looking at the forces reshaping farms

        

        Thanks to the
        expert group discussions, we identified seven forces acting on farm
        redesign: farm governance, mobility of production factors, labour
        organization, land use rights, the diversification of sources of
        income, distance to consumers and the rationale underlying land use.
        For each force, assumptions have been formulated for 2050.


        Governance distribution

          

          Governance
          determines who makes decisions about production factor and output
          combinations, and how other stakeholders make their voice heard.
          Rapid and major changes redistributing farming governance are
          currently occurring in agriculture across the world. Farm
          expectations, performance criteria and strategic horizons vary
          according to this governance. Decision makers may prioritize family
          income, return on investments, employment, market outputs,
          environmental quality etc. Five assumptions for future farm
          governance have been identified:


          	Governance by financial investors, e.g. banks,
            pension funds, investors’ clubs etc. The management of farm
            production is delegated from outside the farm by
            brokers.

	Governance by agro-industrial firms (public or
            private) as in the case of vertical integration. Downstream
            operators in the agri-food systems or States are investing in
            farms in order to secure their supply of agricultural raw
            materials or to ensure a return on investments and develop
            commercial networks. Farm management depends on the aggregators’
            strategy.

	Shared governance by farmers and non-farmers (e.g.,
            consumers and local communities), with reciprocal exchanges and
            recognition of the multi-purpose nature of farm activities. Farm
            management results from local agreements.

	Collective governance by a group of farmers who
            jointly manage their land, share equipment, negotiate with buyers
            in order to improve their economic, social and political
            recognition (HLPE, 2013). Farmers’ groups can also develop
            sanitary or environmental standards and quality certifications
            that would not be possible individually because of the excessive
            costs involved. Farmers may organize themselves in cooperatives or
            through other formal or informal collective agreements.

	Family governance. This is the most traditional
            mode of governance and largely the case in subsistence farming.
            Farmers and their extended families make decisions. They own or
            rent the farmland and can buy their inputs from whom they choose
            and sell to whom they want.



        

        
Segmentation of production factors

          

          Traditionally, production factors in
          agriculture are rooted at the farm level. However, the
          internationalization of markets, growing farm size in some regions
          and various dimensions of farming systems complicate resource needs
          and farm management. We have witnessed a rapid development of new
          forms of production that separate capital, land and labour
          managements, especially in Eastern Europe and Latin America (Cochet
          et al.,
          2011). While segmented, production factors are also more mobile.
          Farms may share or delegate part of these production factors. Five
          assumptions have been formulated for the future:


          	High degree of segmentation and mobility of all
            production factors, i.e. land is rented, capital and labour are
            outsourced. Farm is run by one or several foremen who do not carry
            out the practical work but manage rented land and paid labour and
            rely on external sources of capital including that from the
            non-banking financial sector.

	High capital mobility. Farms rely on capital
            coming from investors with a wide range of profiles: industrial
            companies, urban investors’ clubs, international traders etc. High
            capital mobility leads to the ‘financialization of agriculture’.
            Investors seek rapid profitability.

	High labour mobility. Farmers or members of their
            households can migrate, either on a daily or seasonal basis. The
            quantity of labour on farms varies depending on the economic
            context and family needs.

	Local rooting of production factors. Farmers use
            their own labour force, have the full use of their farmland and
            investment relies on the family’s self-financing capacity and
            access to banking.

	Difficult access to land and capital. Labour is
            the main production factor and may be partly hired.



        

        
Labour organization

          

          Most farms
          are held by families whose members constitute the labour force.
          Substitution of family labour is related to mechanization. This
          evolution has been facilitated by the capacity of urban areas and
          developments in the industrial and service sectors to absorb labour
          from agriculture. However, situations and issues are diverse. In
          countries with large agricultural populations and few opportunities
          for leaving the farming sector, the maintenance of more people
          working in agriculture is crucial. In countries with an ageing
          farming population, the issues at stake include ensuring the renewal
          of the farming population, but also attracting workers for seasonal
          employment when the farm labour force is insufficient. Four
          assumptions were formulated:


          	Family labour remains crucial. This is the case
            when there are few employment opportunities outside agriculture or
            low capital availability on the farm, but also for the production
            of high-value goods requiring manual work (hand-harvesting, for
            example), or even when there are biological or technical
            constraints (e.g., pollination by hand or additional
            weeding). In many situations, agricultural households have to
            perform off-farm jobs to complement their income and maintain
            their farm. Family off-farm jobs come from other farms or
            activities such as food processing, tourism, community services,
            industry and mining.

	Collaborative work. Farmers become organized
            collectively within cooperatives, mutual support or even other
            collaborative networks involving alternative sectors (tourism,
            natural space maintenance, food processing etc.). These
            alternatives often include the non-monetary exchange of
            skills.

	The labour force is substituted by mechanization
            and there is little family labour.

	The labour force is outsourced to service
            providers or machinery enterprises.



        

        
Land use rights

          

          This
          dimension relates to the capacity of farms to exercise their right
          to use land. Securing land rights is an evolving process which does
          not exclusively depend on property titles. Customary or informal
          rights are secured when local rules are clear and when land rights
          are the subject of a social consensus. Various forms of contract
          exist that set out the modes of direct or indirect enforcement and
          make land available from seasonal to long-term leases. Land use
          insecurity arises from short-term tenancies, weak State regulatory
          capacity, social conflicts, corruption and non-compliance with local
          norms. The expansion of agricultural frontiers (Brazil, Indonesia,
          Malaysia, Congo etc.), the development of food and energy cash crops
          (e.g., in
          Western Africa) and also urban expansion are increasing pressure on
          land use rights. Three assumptions have been formulated:


          	Insecure land rights. This pathway is on-going in
            regions with social and economic conflicts or wars. At the local
            level, land insecurity concerns corruption, power imbalances
            between genders and social groups, and land grabbing.

	Partial move towards land use rights, with an
            unstable balance between farmers’ control and pressure on
            farmland. This process occurs with urban expansion or the
            implementation of large agricultural projects.

	Land rights secure land access and use.



        

        
Income source diversification

          

          This process
          involves household strategies for diversifying income sources either
          through off-farm employment or on-farm through the increased
          added-value of outputs by integrating downstream activities or
          exploiting the multifunctional nature of agriculture.
          Diversification can be imposed by low prices or be a strategy to
          reduce production risks. Environmental subsidies or payments for
          ecosystem services can provide a significant part of farm incomes in
          regions with strong environmental issues. Four assumptions have been
          formulated:


          	Diversification of income by off-farm jobs.
            Household pluri-activity provides a safety net for farming
            income.

	Diversification of income by diversification of
            activities on farms. Rural policies can encourage such income
            diversification.

	Income comes exclusively from the farm,
            potentially including subsidies related to farming
            activities.

	Few options for additional income



        

        
Distance to consumers

          

          The
          geographical and/or social distance between farmers and consumers
          can vary considerably. It has increased over past decades with a
          larger number of actors involved in agri-food commodity chains and
          the spread of ultra-processed food and numerous agricultural
          derivatives (Clapp, 2014). The distance is minimal in the case of
          subsistence farming, where home-consumption is the exclusive outlet.
          It is very long in extensive supply chains with a lot of
          intermediaries from faraway countries, to the extent that consumers
          no longer know where their food comes from. Alongside this trend,
          local markets and short supply chains develop, often supported by
          public or private labels. Four assumptions were developed:


          	Long distance and many intermediaries between
            farms and consumers; products are sold as raw materials for
            processing on world commodity markets. Agricultural products
            become one of many ingredients in mass marketing food
            supplies.

	Short distance between farms and local markets.
            Awareness of ecological footprints and the renewed importance of
            regional dynamics have increasingly led consumers to pay special
            attention to the local and social dimensions of their consumption.
            Consequently, this encourages the reduction of the geographical
            distance between producers and consumers.

	Markets for certified products (fair trade and
            labels) create differentiated markets. Distance to the consumer in
            terms of affinity based on shared values is reduced (social
            distance), but the distance in terms of number of intermediaries
            and/or in geographical terms may remain high.

	No market. Self-subsistence farming is the
            livelihood strategy with the main outputs consumed on farm and
            few, if any, inputs purchased.



        

        
Rationale underlying land use

          

          This
          rationale describes what drives farm strategies with regard to the
          use of resources such as soil, water and biodiversity. The idea is
          to highlight the way human activities take into account changes in
          the earth’s physical and biological functions and the potential
          consequences on future livelihoods. Beyond environmental
          considerations, land use management also relates to social
          perspectives. Short-term strategies focusing only on productivity
          may play against sustainable development and its precautionary
          principles, which strive to prevent future damage and encourage
          resilient resource management and ecosystem services (Walker et al., 2004).
          Five assumptions were identified:


          	Extractivism. The objective is to maximize cash
            value. Land is seen as a means to obtain financial returns from
            product sales (and potentially subsidies). No or little attention
            is paid to the sustainability of land use. 

	Heritage strategy. Land is for transmission to
            heirs. It is a capital that must be preserved.

	Shared land use. Land is considered as a common
            good that can be used simultaneously for human services and
            natural processes. Land management is flexible and diverse but
            promotes the capacity of ecosystems to absorb shocks resulting
            from human activities. 

	Protected land use. Land is recognized as having
            both environmental and productive value. The two functions are
            kept geographically separate to protect natural resources.
            Agriculture and pasture are prohibited in wetlands, degraded
            savannahs and other sensitive areas. 



        
      

      

Future farms in 2050

        

        Hypotheses for
        the possible futures of farms are presented in Table 10.1 as well as
        in narratives. These hypotheses are the results of the coherent
        combination of the assumptions relating to each of the forces which
        shape the redesign of farms.


        Table 10.1. Characteristics of the six
        hypotheses for future farms in 2050, each of which corresponds to a
        combination of different assumptions of the processes reshaping
        farms.


        
            	Hypotheses
            for 2050

            	H1. Marginalized
            farms for
            livelihood survival

            	H2. Hit and run strategy for
            agro-investments

            	H3.
            Agricultural coops emphazing quality

            	H4. Farms
            producing goods and services for surrounding
            community

            	H5. Resilient
            farms
            embedded in urban processes

            	H6.
            Independent farms but commercial dependency
          

            	Farm
            governance

            	Family
            governance

            	Governance by financial
            investors

            	Collective decision-making by
            farmers

            	Governance is shared with local
            stakeholders 

            	Family
            governance 

            	Vertical
            integration 
          

            	Segmentation of production
            factors

            	Difficult
            access to land and capital. Low labour mobility

            	High degree of mobility of all
            production factors

            	Local rooting of production
            factors

            	High
            labour mobility

            	High
            capital mobility
          

            	Organization of
            labour

            	Family
            work is crucial and some members of family get off-farm
            jobs

            	Work is
            outsourced

            	Mechanization

            	Collaborative work

            	Family work is crucial and some
            members of family get off-farm jobs
          

            	Land use
            rights

            	Land rights are
            insecure

            	Land rights secure land access and
            use

            	Progress towards land
            rights
          

            	Income
            source diversification

            	Few
            options for additional income

            	Income comes exclusively from
            production and related subsidies

            	Diversification of farming
            activities

            	Diversification of farm income
            through off-farm activities and jobs

            	Diversification of farming
            activities
          

            	Distance
            to the consumer

            	No market
            (self-subsistence)

            	Long distance and intermediaries
            between farmers and consumers

            	Short and
            long distances between farmers and consumers for certified
            products and niche products

            	Short distance between farms and
            markets. Importance of social and geographical
            proximity

            	Long
            distance and intermediaries between farmers and
            consumers
          

            	Rationale
            underlying land use

            	Extractivism

            	Protection of land

            	Shared land use

            	Heritage
            strategy
          




        Note: Lines are the seven forces shaping
        farms and their set of assumptions. Columns are the six hypotheses for
        farm futures in 2050. Hypotheses (H1 to H6) are the combination of
        seven different assumptions. Assumptions are then sometimes repeated
        for convenience when reading the table by column.


        Hypothesis 1: Marginalized farms for livelihood
          survival

          

          Farmers are
          poorly integrated geographically and socially. They are isolated in
          hinterlands and mountain areas. They are excluded from markets and
          off-farm jobs, and are neglected by national policies. The number of
          marginalized farms expands, especially in countries with few natural
          resources and few opportunities for employment. Production factors
          are weakly segmented. Access to credit is poor. Labour is rarely
          substituted by capital. Land rights are usually insecure. Family
          members provide on-farm labour. Diversification is a strategy for
          household survival (Meert et al., 2005) but there are very few options
          outside agriculture except for improper or illegal jobs. Production
          is mainly for subsistence. It does not however cover household
          needs. Raising farm animals, at least poultry, is a common strategy
          to seek food security.


          This trend
          is already occurring among smallholders in some African, Asian and
          Latin American regions where rural living standards are
          deteriorating. In other regions experiencing economic crises, some
          urban dwellers, attracted by farms which function as a refuge to
          avoid poverty, move to rural areas. This occurred to some extent in
          Greece following the 2008 financial crisis.

        

        
Hypothesis 2: Hit and run strategy for
          agro-investments

          

          Financial
          attractiveness and the mobility of production factors enable hit and
          run strategies for agro-investments. A growing world population,
          changes in consumption patterns, globalization and climate change
          fuel this hypothesis. High demand for energy biomass and animal feed
          drives the development of large agro-projects involving a diversity
          of new actors. Brokers in agricultural development negotiate
          resources with financial investors, who buy or rent land in a way
          that is not always ethical, and hire labour or rely on machinery
          service providers to cultivate the land. Finance is therefore
          central in this hypothesis. Capital is held by financial companies
          or urban clubs of investors. Hit and run agro-investments involve
          fixed-term contracts. In soya and fresh vegetable production, they
          cover at a minimum the sowing to harvest period. But in perennial
          plantations such as oil palm, miscanthus for biofuel and cocoa, they
          can last several years. As commodity prices are volatile,
          agro-investors have the freedom to rapidly break their contracts and
          seek better financial returns from other countries or sectors.
          Partners involved in such agro-projects can easily change.
          Consequently, it is brokers and engineers, who supervise production,
          that operate as farm managers. Landowners rent their farmland and
          the annuity becomes an inter-generation family asset. The priority
          given to cash and short-term returns ignores common goods such as
          soil fertility and biodiversity. Farming practices aim to maximise
          production. Agricultural production tends to concentrate on
          profitable lands and farms. Nevertheless, stakeholders can recognize
          the potential of the circular economy (cycling and recycling) and
          social innovation in improving the economics of their agro-projects.
          Moreover, citizen and consumer movements may encourage environmental
          and social concerns.


          Argentina is
          currently experimenting with this hypothesis through the ‘pooles de
          siembra’ mentioned earlier. Such agro-projects can also be found in
          Eastern Europe and sub-Saharan Africa.

        

        
Hypothesis 3: Agricultural cooperatives
          emphasizing quality

          

          This
          hypothesis combines collective farming organization with an
          enhancement of product quality. Farms are driven by consumer demand
          for quality products recognized by geographical or quality labels.
          Consumers require diverse, tasty and healthy nutrition, as well as
          ethical and environmental certification. Food processing industries
          adopt quality specifications and establish contracts with farmer
          cooperatives. Consumers support producers via higher prices.
          Guaranteed purchases by subscription or contract expand and limit
          price fluctuations. Public policies support these new collaborative
          schemes as well as regional food diversity. Benefiting from
          certification, land use is more stable and usually more
          environmentally friendly. However, protected geographical
          indications can lead to an intensification in land use and risk
          disrupting ecosystems in some regions. This is the case for argan
          oil plantations in Morocco and quinoa expansion in the Andes, for
          example, at the expense of fallow. Cooperatives improve the
          bargaining power of farmers and reduce their costs by pooling
          capital and resources. They can also achieve economies of scale by
          reducing the unit cost of inputs and services. The products of the
          cooperatives are sold locally or on international markets.


          There are
          many current examples of processes facilitating the development of
          such cooperation: Europe’s Protected Geographical Indication, fair
          trade products, organic farming, and niche markets such as Peruvian
          blue potato and local pulses in France and Italy (Ricard, 2007). In
          many countries, cooperatives benefit from agricultural policies.

        

        
Hypothesis 4: Farms producing goods and services
          for the surrounding community

          

          An emphasis
          on commons and collective management is the trademark of this
          hypothesis. The farms producing goods and services emerge in the
          context of a new social model based on environmental stewardship.
          This hypothesis implies new types of agricultural policies. The
          rationale underlying land use is leading this change. Environmental
          managers and others local actors agree on and share the use of land
          and natural resources. Agroforestry and agroecological practices are
          favoured in this logic. Policies can also fix critical charges that
          ecosystems may ‘accept’ in terms of pollution and disturbance, such
          as limits in animal densities and the quantities of chemical
          fertilizers and pesticides applied etc. In this hypothesis, local
          agriculture is diversified in order to respond to a wide range of
          baskets of goods and services comprising a large variety of food
          products and renewable biomaterials, ecosystemic and cultural
          services. Property rights may continue to operate but use rights
          override the logic of appropriation. The business model moves from
          an economy of ownership and consumption to one of functionality and
          service management. The recycling of resources and re-use are
          therefore widely promoted. The idea is that of a circular economy
          where resource inputs and waste, emissions and energy losses are
          minimized by slowing, closing and narrowing material and energy
          loops. Governance is shared and requires strong political or
          community regulations on planning and cooperation through contracts
          or informal arrangements. The main challenge concerns the management
          of demand for agricultural services.


          Various
          current initiatives illustrate the diverse trajectories this
          hypothesis can take. We can, for example, mention the development of
          renewable and sustainable biomaterials, the Redd++ initiative for
          forest carbon sequestration, arrangements between livestock farmers,
          crop growers and foresters to recycle nutrients and maintain open
          landscapes and even community agreements between local authorities
          and landless herders whose cattle graze urban green spaces.

        

        
Hypothesis 5: Resilient farms embedded in urban
          processes

          

          Holding
          multiple jobs and diversifying sources of income at the household or
          farm level drive this hypothesis. Farms become more resilient by
          embedding themselves within urban networks. Farm labour is
          constantly fine-tuned depending on the rise and fall of urban job
          opportunities. If off-farm jobs are available, household employment
          is split between on-farm and urban jobs. The strong links with
          cities make it possible to diversify and add value to farm
          activities. In the absence of off-farm jobs, farming guarantees a
          minimum income and access to staple foods. Which members – young or
          adult, women or men – of the household leave varies according to the
          needs of the labour market. Elderly parents may stay on the farm and
          produce staple foods for relatives living in urban areas and for the
          neighbourhood. This high level of adaptability in family labour
          creates resilience. Such flexibility also implies an acceptance of
          low farm incomes. When there is a surplus of income, households have
          more capacity to invest in processing or other cottage
          manufacturing. Households can also support the emigration of younger
          family members. With such mobility, on-farm skills are not
          stabilized. On the positive side, migration generates benefits
          through the transfer of knowledge, skills and technology (de Brauw
          and Harigaya, 2007). Land use is rather stable and farm size tends
          to decrease.


          These types
          of resilient farms embedded in urban dynamics can be found at
          present where there is a high agricultural population or high rates
          of urbanization. For example, in Vietnam many farms mix urban and
          agricultural activities. This hypothesis requires a situation of
          strong rural-urban inter-connectedness and a favourable economic
          environment.

        

        
Hypothesis 6: Independent farms but commercial
          dependency

          

          Small
          farmers sign pre-agreed contracts with private or public firms for
          the purchase of farm products. The firms may also supply inputs, run
          processing operations and/or provide storage, marketing and
          distribution services (Cotula and Berger, 2014). Contract farming is
          particularly suited to products that need to be processed, shipped
          or that provide quality standards. Generally exclusive, the
          relationship with the firm puts farmers in a dependent position,
          although the farm remains an autonomous entity in terms of land,
          labour and even capital ownership and management. Firms are
          responsible for the commercial development of specified products and
          usually provide inputs and technical advice to farmers in order to
          meet the specifications in cost and quality. As a consequence,
          farmers adopt a technical package including fertilizer and pest
          control solutions. In return, the contract offers a commercial
          outlet and sometimes guaranteed minimum prices. This hypothesis
          favours the specialization of production as well as the
          homogenization of farming practices and market outlets. It also
          results in a concentration of leading agribusinesses. Contract
          farming allows State and private firms to maintain their marketing
          functions while foregoing their responsibilities on land management
          and social protection. Farmers bear the inherent climate and pest
          risks. Land rights can be only moderately secured.


          Many
          governments and development agencies have promoted such contract
          farming as an opportunity for small farms to participate in the
          agricultural commodity markets. Around 10-20% of the world’s
          small-scale farmers are already involved in such downstream
          partnerships (IFAD, 2016). The type of arrangement varies widely
          depending on the country, crop and company. For example, the
          Moroccan and Tunisian governments are supporting agro-industrial
          companies contracting with farms; they are called ‘integrators’ or
          ‘aggregators’ respectively. In many countries, contract farming is
          increasing in the sugarcane, oil palm, dairy, poultry and export
          horticulture sectors.

        
      

      

Conclusion

        

        The workshop
        highlighted the very large diversity of existing farm types. Their
        future is strongly dependent on changes in land use and farming
        practices, and the states of the environment, food supply chains,
        commodity markets, rural-urban interactions and household strategies.
        Our six hypotheses describe only some of the possible futures. To
        complicate things, they can coexist within a single region and be
        unevenly distributed across the world. They may also appear at
        different time scales. In addition, though they constitute a result
        they can also be considered as a new starting point, from which we can
        imagine further consequences on land use and food security.


        Concerning
        land use, hypotheses 3 and 4 can be considered to yield the most
        stable situations. In H4, negotiations among a wide diversity of
        stakeholders ensure lasting agreements on the way land should be used.
        In H3, the strong focus on quality associated with terroirs confers
        a high cultural and economic value to natural resources and landscapes
        that is likely to be sustainable. In spite of their different nature,
        H1 and H2 appear unstable because they could lead to over-exploitation
        of natural resources, soils in particular. The source of instability
        stems from poverty in the case of H1, and from strategies based on
        short-term profit gains in H2. Land use changes in H5 depend on urban
        dynamics. Land in H6 is likely to be stable in terms of tenure and
        maintenance of fertility because family farmers and smallholders under
        contracts strive to secure income and farmland – which has high
        heritage value – for future generations. On the other hand, land use
        depends on market demand and could therefore fluctuate in terms of
        types of production.


        Concerning
        global food security, the consequences stemming from our six
        hypotheses are only one contributing element and are difficult to
        assess. Clearly, the living standards of farmers are key to improving
        food security among rural populations. Regarding food availability for
        both rural and urban populations, farmers’ access to land, equipment
        and credit as well as the integration of farms into supply chains are
        essential. When looking at food security, however, we have to take
        into account all the interactions with the dimensions addressed in the
        other chapters. Nevertheless, even without referring to the other
        dimensions, we can still make a few observations. H1 jeopardizes food
        availability. H3 holds the potential to generate food diversity and
        quality. In H2 and H6, food production is dependent on commodity
        markets and downstream organization. H4 and H5 are rooted in urban or
        territorial dynamics and are therefore associated with shorter supply
        chains and local or regional food systems.
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      Introduction

        

        The cropping
        system (in its French meaning, i.e. “système de culture”) describes the
        succession of crops over time and the cultivation techniques applied
        to each crop at the field scale. The combination of cropping systems
        at the farm scale largely determines the production quantity, farmers’
        income and the environmental impact of agricultural activities.
        Cropping systems result from the implementation of more or less
        explicit decision rules, which can be adapted according to production
        conditions. The analysis of the evolution of cropping systems makes it
        possible to understand the dynamics of land use at the scale of the
        production unit. The four hypotheses for the evolution of cropping
        systems by 2050 presented in this chapter were developed from a
        workshop which brought together 20 agricultural production and
        cropping system specialists for two days (Box 11.1), followed by
        conceptualization work.[46]


        In the
        following, we first specify our adopted definition of ‘cropping
        systems’. Then, we focus on the cropping system performance: how to
        define it and how to measure it. Thirdly, we propose a set of
        variables allowing for describing cropping systems. Fourthly, we
        describe the methodology used for building hypotheses for the future
        cropping systems in 2050. Finally, we report the four hypotheses for
        the possible futures of cropping systems.


         
Box 11.1. Members of the
        expert group on cropping systems.
Experts present in workshops in Paris
        (11/8 2013 and 12/11 2013)

              	Name
              

              	Institution 
            

              	Philippe Baret

              	Université catholique de Louvain,
              SST/AGRO, Louvain la Neuve, Belgium
            

              	Didier
              Bazile

              	CIRAD,
              équipe GREEN, Montpellier, France
            

              	Tamara
              Ben-Ari

              	INRA,
              UMR Agronomie, Paris, France
            

              	Elena
              Benett

              	McGill
              University Montreal, Dpt of Natural Resource Sciences Quebec,
              Canada
            

              	Nienke
              Beitema

              	CGIAR,
              IFPRI, Washington, USA
            

              	Patrick
              Bertuzzi

              	INRA,
              US Agroclim, Avignon, France
            

              	Philippe Brabant

              	AgroParisTech, UMR de Génétique
              Végétale, Gif sur Yvette France
            

              	Kate
              Brauman

              	University of Minnesota, IonE
              Saint Paul, USA
            

              	Thierry
              Brunelle

              	CIRAD,
              UMR CIRED, Nogent-sur-Marne, France
            

              	Thierry
              Doré

              	AgroParisTech, Département
              SIAFEE, UMR d'agronomie, Paris, France
            

              	Philippe Ellul

              	CGIAR
              Consortium, Montpellier, France
            

              	Guy
              Faure

              	CIRAD,
              UMR Innovation, Montpellier, France
            

              	Günther
              Fischer

              	IIASA,
              Vienna
            

              	Jean-Yves Jamin

              	CIRAD,
              UMR G-Eau, Montpellier, France
            

              	Luis
              Lassaletta

              	CNRS/
              Pierre et Marie Curie University, Paris, France
            

              	Pierre-Yves Le Gal

              	CIRAD,
              UMR Innovation, Montpellier, France
            

              	Graham
              Mac Donald

              	University of Minnesota, IonE,
              Saint Paul, USA
            

              	Karen
              Macours

              	INRA,
              UMR PjSE, Paris, France
            

              	William
              Masters

              	Tufts
              University, Department of Food and Nutrition Policy, Boston,
              USA
            

              	Daniel
              Mueller

              	IAMO,
              Leibnitz Institute, Halle, Germany
            

              	Thomas
              Nesme

              	University of Bordeaux/INRA,
              France / McGill University Montreal, Canada
            

              	Chloé
              Salembier

              	INRA,
              UE Alénya Roussillon, Alénya, France
            

              	Florian
              Schierhorn

              	IAMO,
              Leibnitz Institute, Halle, Germany
            

              	Elise
              Thomazo

              	Total,
              Département de prospective, Paris, France
            

              	Emmanuel Torquebiau

              	CIRAD,
              Climate Change Correspondent Montpellier, France
            




        

      

      
Definition

        

        According to
        French agronomists, a cropping system is defined (Sebillotte, 1990) as
        “all the technical methods implemented on plots cultivated in the same
        way. Each system is defined by the nature of the crops, their order of
        succession and the crop management techniques applied to these
        different crops, which include varietal choice”. The crop management
        sequence is itself defined as a “logical and orderly combination of
        techniques that make it possible to control the environment and to
        derive a given output from it” (Sebillotte, 1974). The notion of
        cropping system used here differs from the usual Anglo-Saxon ‘cropping
        system’, which is considered to be all activities related to crops at
        the scale of the farm (Zandstra et al., 1981), while the concept of cropping
        system used here applies to the scale of a cultivated area. It also
        differs from the concept of ‘cropping pattern’ which is very close to
        that of crop management sequence.

      

      
Cropping system performance

        

        A cropping system is
        the result of the implementation on a given surface area of the
        technical, human and financial means available to the farmer to
        achieve a goal.


        Socio-economic performance

          

          The
          socio-economic performance of the system can therefore be measured
          by comparing the output obtained to the level of use of the various
          production factors (land, capital and labour) (Alston et al., 2010).
          Partial indexes, factor by factor, can be calculated: the yield is
          thereby the index of partial productivity of the land factor. Each
          of these indexes does not take into account changes in other
          production factors, the role of which may be decisive. In theory,
          total factor productivity (TFP) provides a measure of the overall
          efficiency of the production process. But it is not always easy to
          calculate (Petit, 2011), in particular because of the lack of data
          on the cost of inputs, especially when they are not traded, as may
          be the case for land or labour (Fuglie, 2008).


          Nevertheless, analysis of the productivity of
          individual factors is useful for analysing farmers’ rationales.
          These will tend to maximise the productivity of the production
          factor which is most lacking. So, producers with a very small
          acreage and little technical or financial capital will tend to
          maximise production per unit area at the cost of a high investment
          in labour, under the hypothesis that they do not have a better
          option to draw value from their workforce. This is especially true
          in situations where farmers produce for their own subsistence. Those
          with few workers (in situations where little labour is available)
          but with larger land and capital resources will tend to maximise net
          output per unit of work (van der Eng, 2004), without necessarily
          trying to maximise the yield per hectare, but rather the margin per
          hectare. Finally, investors from outside the agricultural sector
          (e.g., the
          Argentinean ‘pool de siembra’ model, Chapter 10) will tend to
          mobilise the combination of land, technical capital and labour to
          maximise the return on their financial capital in comparison to what
          they could achieve in other sectors (Cochet, 2011).

        

        
Agro-environmental performance

          

          A cropping
          system’s agro-environmental performance depends on the cropping
          techniques used, particularly the use of natural resources (such as
          water) and synthetic inputs, which can lead to impacts on the
          ecosystem. These impacts can be negative: pollution and soil
          degradation, the extraction and pollution of water resources, damage
          to wild biodiversity, air pollution and greenhouse gas emissions, to
          which we can add the consumption of fossil fuel resources.
          Conversely, agricultural practices can strengthen ecological
          processes for the benefit of the farmer or society in general. Here
          we are talking about ecosystem services (MEA, 2005a; Deytieux et al., 2012;
          Tibi and Théron, 2017): soil enrichment through organic matter has a
          beneficial effect on the chemical fertility of soils, on their
          resistance to erosion and mitigates climate change (by increasing
          soil carbon stocks), degradation of pesticide pollutants through
          soil microbiological activity, recycling of excess nitrates through
          nitrate catch crops, maintenance or enrichment of wild biodiversity
          etc. Over longer time periods, an important component of crop system
          performance is resilience to hazards, especially those related to
          climate change (IPCC, 2006; Morton, 2007).

        

        
Measuring cropping system performance

          

          From an
          agronomic point of view, the margin for increasing production in a
          cropping system can be measured by the difference between its
          current level (usually measured in yield per hectare) and the
          potential production according to local agro-climatic conditions
          (Doré et
          al., 2008; Lobell et al., 2009). When this output gap (‘yield
          gap’ in the scientific literature, Mueller et al., 2012) is large, even a
          modest improvement in crop management sequence makes it possible for
          part of the gap to be filled: theoretically, in fact, merely
          improving the availability or efficiency of the most limiting
          factor, nitrogen for example, is enough to achieve a significant
          increase in yields. Conversely, the closer the current production
          level is to the potential level, the more difficult it is to improve
          by adding production factors (Licker et al., 2010; Grassini and
          Cassman, 2012). This law, known as decreasing marginal returns,
          explains why the efficiency of nitrogen fertilizer use tends to be
          low when it is used in large quantities in intensive systems, which
          results in significant leaching into the environment. Often, the
          most intensive systems, which rely on high levels of synthetic
          inputs (fertilizers and pesticides), are also the least efficient
          regarding environmental performance (FAO, 2009a). From an agronomic
          point of view, the challenge is therefore to develop cropping
          systems that have both good economic performance and little impact
          on the environment, for example through substituting synthetic
          inputs with biological regulation (Jackson et al., 2005; Doré et al.,
          2011).


          The overall
          performance of cropping systems can be evaluated using
          multi-criteria analyses, long-term experimentation, modelling or by
          monitoring farmers’ practices, either directly or through
          indicators.

        
      

      

A set of variables for describing cropping
        systems

        

        To conduct a
        retrospective analysis or to draw up hypotheses for future changes in
        cropping systems, it is necessary to adopt a method for characterising
        systems. This method should take into account both the constitutive
        elements of cropping systems and their socio-economic and
        agro-environmental performance, in order to be able to evaluate the
        different dimensions of their sustainability.


        The
        description of cropping systems adopted here uses all the criteria
        conventionally used by agronomists, breaking them down into components
        and variables as used in the foresight scenario method (ALEPH, 2004).
        A first set of components and variables describes cropping systems and
        how they work (Table 11.1). A second series characterises their
        socio-economic and agro-environmental performance (Table 11.2).


        Table 11.1. Descriptive components and
        variables of cropping systems.


        
            	Components

            	General
            description of cropping system

            	Choice of
            crop

            	Varietal
            choice

            	Pest
            management and weed control

            	Fertilization

            	Water
            management

            	Tillage
          

            	Variables

            	Destination of agricultural
            production (food, feed, energy, organic sector etc.)
            
Ecosystem services
Other services
            delivered (rural development, local food security,
            etc.)

            	Species
            cultivated
Crop sequence

            	Earliness
Disease
            resistance
Landrace or commercial varieties
            (GMO or not)

            	Pesticides
Pest-resistant
            varieties
Biological control
Weeding (chemical or
            mechanical)

            	Synthetic
            fertilizers
Organic fertilizers produced
            on-farm or from beyond the farm 

            	Drought-tolerant species and
            varieties
Cultivation methods seeking to
            reduce water evaporation 
Irrigation

            	Manual
Animal
            traction
Mechanization
No-till or simplified
            cultivation techniques (SCT)
          




        Table 11.2. Socio-economic and
        agro-environmental performance indicators for cropping systems.


        
            	Components

            	Energy
            sources used: human labour versus other sources

            	Production
            level (quantity and quality)

            	Environmental impacts
          

            	Variables

            	Measuring
            use of workforce
Degree of mechanization of
            production: 
Cultivation techniques
            
Irrigation
Harvesting techniques 
Use of fossil or
            animal energy

            	Yield
Yield
            gap
Production quality 

            	Water
            quality (N, P, pesticides)
Pressure on water
            resources
Emissions of greenhouse gases
            (GHG)
Biodiversity
Soil
            erosion
Air pollution
          




        So, the
        diversity of cropping systems can be understood through four sets of
        variables which make it possible to describe how, in a given
        pedoclimatic and socio-economic context, farmers use the environment’s
        resources, production factors and human resources to produce crops,
        with varying impacts on resources, the environment and land use. We
        can therefore distinguish:


        The main characteristics of
        the system (Table 11.1), in other words the different species
        cultivated, their succession over time and their organisation in space
        (rotation), the destination of crops (for food, feed or energy,
        organic sector etc.), and the production of services other than
        agricultural raw materials (for example, ecosystem services). The
        degree of crop diversification, which largely defines the level of
        cultivated biodiversity, is a structuring criterion, which has strong
        implications for all other variables (Malézieux et al., 2009).


        The technical functioning
        of the system (Table 11.1), and more precisely its crop
        management sequence, including varietal choice, pest protection
        methods and weed control, fertilization, irrigation and tillage. This
        set of choices determines the production model and its relationship to
        the local environment, in particular whether it is based on biological
        and geochemical regulations (nitrogen fixation, recycling of mineral
        elements and biological control) or the use of exogenous inputs for
        the cultivated ecosystem (synthetic fertilizers and pesticides). It is
        at this scale that very important characteristics are defined, such as
        the level of intensification[47] and the option taken in terms
        of cultivation (till or no-till).


        The choice of energy
        sources used (Table 11.2), and in particular the relative
        proportion between human, animal and fossil energy. The combination of
        these three sources of energy is expressed in the form of two
        indicators. First, the degree of production’s dependence on a
        non-renewable resource (fossil energy) whose accessibility and price
        are key factors regarding the economic sustainability of production.
        Second, the level of agricultural employment, which is an essential
        criterion both in situations where labour is scarce and in those where
        it is abundant and agriculture is one of the key employment sectors
        for local people (Losch et al., 2011). One could even imagine in a
        multi-criteria analysis that the ability of a cropping system to allow
        sustainable substitution of non-renewable energy with human labour is
        a performance to be sought.


        Agronomic and environmental
        performance of the cropping system (Table 11.2). Yields are
        essential for estimating the availability of agricultural raw
        materials, but they are not very good for describing the level and
        type of intensification in production. Indeed, the volume obtained per
        hectare is not sufficient to characterise the production process: in a
        complementary fashion, the efficiency of the inputs, that is to say
        the level of production compared to the quantity used of each input,
        makes it possible to estimate whether these inputs are used
        efficiently or, conversely, to detect overconsumption and waste. The
        yield gap, in other words the difference between the production
        potential determined by pedoclimatic conditions and actual production,
        allows us to measure the system’s potential for improvement.
        Environmental impacts affect the sustainability of systems both
        because these impacts can directly compromise production (including
        degradation of agricultural soils) but also because society can
        challenge systems that have an impact beyond the perimeter of the
        agricultural system itself (including excessive extraction or
        pollution of water, air pollution and greenhouse gas emissions).

      

      
Methodology for building the hypotheses for the
        cropping systems in 2050

        

        The usual
        approach is to conduct a retrospective analysis of changes in
        different components of the system over past decades and then
        construct hypotheses for future evolutions for the system as a whole.
        However, in the case of cropping systems, it is very difficult, even
        impossible, to analyze past changes component-by-component and, based
        on these past trends, to imagine the future evolution of a cropping
        system. Hence, we thought more judicious to work from specific and
        localised cropping systems, for which we have analyzed the dynamics of
        past changes by trying to identify the determinants of their
        trajectory.


        Selecting specific and localised current cropping
          systems

          

          On the basis
          of several criteria, 12 cropping systems were selected
          (Table 11.3):


          	Agro-pedoclimatic conditions: situations in the
            temperate zone versus situations in the tropics.

	A diversity of production structures and logics:
            small, medium and large family farms, and profit-driven farms
            (agribusinesses).

	A focus on a group of rice-based farms, because of
            the importance of this crop for food systems.




          Table 11.3. Principal characteristics
          of 12 cropping systems used for the construction of evolutionary
          hypotheses.


          
              	Rice-based food systems constrained
              by water and other factors availability

              	Food
              systems constrained by integration into market 

              	Agroforestry systems in humid
              tropical zones 

              	Arable
              systems in temperate zones
            

              	Rice-based system, small farm
              (F), Vietnam, limited water

              	Sorghum-based system, small farm,
              Sahel, access to inputs and to market

              	Cacao
              agroforestry, small farm, Cameroon, opening of market,
              capital/labour

              	Maize
              monoculture, medium farm, France (Landes), impact on water and
              biodiversity 
            

              	Rice-based system, small farm,
              Thailand, water and workforce (WF) limited 

              	Cotton-food system, small farm,
              Burkina Faso, access to inputs, WF problem

              	Oil
              palm, small farm, Africa, land sparing/sharing, link with
              agro-industry

              	Wheat-based system, large farm,
              Russia, context of climate change
            

              	Rice-based system, small
              farm/agri-business, Vietnam, limited water

              	Quinoa
              system, small farm, Bolivia, intensification, environmental
              impact 

              	

              	Maize-soya system, large farm,
              USA (Iowa), environmental impact 
            

              	

              	

              	

              	Profit-driven soya system,
              Argentina, environmental impasses 
            




          Following a
          small group brainstorming exercise, several evolution scenarios were
          drawn up for each case. These were based on retrospective
          information on the changes over the past 50 years. Some 44 scenarios
          were developed and then cross-analyzed to group them according to
          three typologies:


          	A typology of agronomic evolution, close to the
            description of cropping systems, based essentially on the
            phenomena of specialization versus diversification, on issues of
            efficiency and level of input use.

	A typology based on modes of intensification, each
            type mobilizing different resources and logics. This typology was
            chosen for guiding the construction of hypotheses for the future
            evolution of cropping systems. Indeed, it is most relevant for
            discussing the question of land use.

	A typology of socio-technical transition modes,
            describing the degree of difficulty represented by the
            implementation of the proposed changes.



        

        
Lessons from retrospective analysis

          

          For the sake of
          simplification, two types of evolution were considered:


          	Trajectories of great stability in the past,
            linked to highly resilient systems mainly focused on
            self-consumption or systems in stagnation due to an inability to
            invest and integrate into markets.

	Trajectories of an intensification of production
            to varying degrees, which result in an increase in yields. This
            trajectory is dominant among the cases studied.




          From an
          agronomic point of view, production per hectare (species cultivated
          and yield per species) remains interesting for describing the
          evolution of cropping systems, especially when it increases: it is
          then possible to analyze which technical and human means have made
          this increase possible. The analysis of the cropping systems offered
          by the experts in the working group therefore made it possible to
          verify that, almost everywhere that it was possible and in very
          diverse socio-economic contexts, the retrospective increase in
          yields results mainly from a process of substitution of
          physicochemical and biological factors from the ecosystem with
          synthetic inputs (Miflin, 2000) and classical genetic progress
          (Takeda and Matsuoka, 2008). This evolution in production techniques
          has been accompanied by a simplification of cropping systems, itself
          linked to an increased separation of livestock and cereal production
          (Meynard et
          al., 2013). This move to simplified rotations and regional
          specialization was made possible by the use of synthetic inputs,
          which came to replace the recycling of livestock effluent as a
          source of fertilizer for crops. The retrospective analysis has also
          sought to take into account the environmental consequences of this
          movement of simplification and increased artificiality of cropping
          systems, characterised by soil degradation, a decrease in wild and
          cultivated genetic diversity, consumption of fossil resources and
          pollution of different compartments of the ecosystem (water, air and
          soils). Under the banner of the ‘green revolution’, this
          intensification of agriculture took place in various parts of the
          world from the 1950s and 1960s. It relied on the dissemination of
          high-yielding varieties from agronomic research centres and the use
          of synthetic fertilizers and possibly pesticides, and irrigation in
          certain regions. Motorization has practically concerned only
          European and North American agriculture. This technological package
          has been driven by agricultural policies based on input subsidies
          and output price support in the context of the cold war (Griffon,
          2006).

        
      

      

Future cropping systems in 2050

        

        We have chosen
        to classify the potential evolutions of the 12 cropping systems
        according to four evolution hypotheses defined on the basis of the
        sets of variables described above, and whose combination produces
        different modes of production intensification: conventional
        intensification, sustainable intensification and agroecology, to which
        we have added a production impasse or collapse hypothesis.


        However, we
        are aware that this classification is only one of many. Recently,
        based on types of production systems, characterized by the nature of
        their inputs and the types of socio-economic context in which they are
        based, Thérond et
        al. (2017) proposed a dynamic framework for analyzing diversity
        in the forms of agriculture, in which six sets were finally selected.
        The IntensAfrica project suggested a typology of ‘pathways’ from which
        we were partly inspired.[48]


        In fact, the
        nature (and relevance) of these classifications is important in these
        times of debate between proponents of one model versus another, even
        if we know that we should rather move towards a co-existence between
        several systems.


        Since this is
        a foresight study, the specificity of our four evolution hypotheses is
        to focus on the temporal dynamics of the systems. This means the type
        of intensification is not enough to characterise the dynamics of the
        evolution in cropping systems. The greater or lesser difficulty in
        implementing changes in systems aiming for greater sustainability is
        an essential complementary criterion. The description of these
        dynamics according to the ESR (Efficiency, Substitution, Redesign)
        socio-technical transition typology (Hill and Mac Rae, 1995) is
        suggested here. In organisational terms, this entails a growing degree
        of difficulty in transition: simple improvement of the efficiency of
        the system which remains in its current state (Efficiency),
        substitution of one element of the system (species cultivated or
        technical) with another (Substitution), or complete redesign of the
        system (Redesign). These socio-technical transition regimes are one of
        the criteria that led to the construction of the four evolution
        hypotheses.


        Hypothesis 1: Productive impasse in crop
          production

          

          The
          productive impasse hypothesis (Collapse) corresponds to a series of
          potential dead-ends in agronomic (climatic disruption or
          biotechnical impasses) and socio-economic terms (land insecurity,
          access to inputs, markets or credit, production profitability
          conditions, lack of labour etc.). These impasses may be the
          consequence of the weaknesses identified in ‘Conventional
          intensification’ (see hypothesis 2) or a sudden change in the
          environmental or economic context.

        

        
Hypothesis 2: Conventional intensification of
          agriculture

          

          This
          hypothesis (Conventional Intensification of Agriculture, CIA) is
          based on specialization in production (Rastoin and Ghersi, 2010).
          This can produce high yields, but is highly sensitive to climate
          variability (except where irrigation is used) and biological
          hazards, generally related to the system’s ecological uniformity.
          The system has a high degree of dependence on agro-industrial inputs
          and fossil energy, generating negative impacts on the environment.
          As a result, the socio-economic and agro-environmental
          sustainability of the cropping system is fragile. This is the
          reference scenario of the ‘green revolution’ of the post-war period,
          already identified in the retrospective approach, and constitutes an
          extension of this trend (Sinclair and Rufty, 2012). Depending on the
          degree of mechanization, the labour requirement in these systems is
          highly variable. This trajectory can bifurcate towards greater
          sustainability by improving input efficiency (without questioning
          its fundamental organisation) or by diversifying production (which
          means a complete reorganisation) or, if there is no adaptation, a
          productive impasse.

        

        
Hypothesis 3: Sustainable intensification of
          agriculture

          

          The
          Sustainable Intensification of Agriculture (SIA) hypothesis is an
          option which seeks to combine an intensification of production with
          a reduction of the cropping system’s environmental impact through
          maximizing the efficiency of the inputs used (Griffon, 2006, 2010).
          In addition to the very frequent use of mechanized direct seeding,
          with the possible planting of mixed species or undersowing crops,
          this hypothesis is based on the use of technologies designed by or
          in association with agribusiness: genetic technologies (including
          GMOs), biocontrol technologies (for the control of pests and
          diseases), precision agriculture and information technologies. Its
          yields are high. Its agro-environmental resilience is improved
          compared to conventional intensification, but it does not reach the
          levels of agroecology (see below). From a socio-economic point of
          view, the sustainable intensification hypothesis is based on the
          widespread use of technological inputs and therefore does not have
          the same degree of autonomy with regards to agricultural suppliers
          as the agroecology hypothesis.

        

        
Hypothesis 4: Agroecology

          

          The
          Agroecology hypothesis (AE) is essentially based on the
          diversification of crops (including agroforestry) (Malézieux et al., 2009)
          and/or the coupling of crops and livestock, which most often
          requires a complete redesign of the production system. Principally,
          under this hypothesis the cropping system uses biological
          regulations produced by the ecosystem itself, in a sustainable
          manner (Altieri, 2002; Malézieux, 2012). This hypothesis is
          characterized by the system’s great autonomy and resilience, from
          both an agro-environmental and socio-economic point of view (Boyce,
          2004; Kumar and Nair, 2004), with a very low dependence on
          industrial inputs (fertilizers, pesticides and seeds) and fossil
          fuels. However, it requires large amounts of labour or appropriate
          mechanization. Yield levels will depend on the characteristics of
          these systems, which are highly diverse. These cropping systems
          generally fit into production and food systems aimed at ensuring
          food security throughout the territory, where they are often the
          only possible way to improve production because of their autonomy
          from exogenous resources.


          The
          principal characteristics of the four evolution hypotheses of the
          selected cropping systems are summarized in Table 11.4.


          Table 11.4. Characteristics of the
          four hypotheses for cropping systems in 2050.


          
              	Hypotheses for
              2050

              	Collapse

              	Conventional intensification of
              agriculture

              	Sustainable intensification of
              agriculture

              	Agroecology
            

              	System
              characteristics: orientation, choice of crops and crop sequences
              

              	Highly
              simplified crop sequences, sensitive to economic and
              biotechnical hazards, including climate change.

              	Production of raw materials for
              generic markets, without specific quality criteria. Highly
              simplified crop sequences. No ecosystem services.

              	Production of raw materials for
              generic or specialized markets.
Quite diverse crop sequences but
              not systematic. Ecosystem services support
              production.

              	Production designed to satisfy
              local food needs. Great diversity of crops, agroforestry, link
              with livestock. Production of a wide range of ecosytem services,
              production of rich and diversified landscapes.
            

              	Varietal choice

              	Classic
              varieties or self-saved seed to reduce costs. 

              	Varieties with high yield
              potential (pure lines, hybrids and GMOs) from seed
              companies.

              	Varieties with high yield
              potential, disease resistance and maybe tolerance to herbicides
              (pure lines, hybrids and GMOs).

              	‘Population’ varieties or lines
              bred locally. Good adaptation to local climatic conditions and
              disease resistance. No use of GMOs.
            

              	Pest
              and weed control

              	Biotechnical impasses generated
              by pesticide use (pesticide resistance in weeds, diseases and
              pests).
Or crop losses caused by lack of
              access to pesticides.

              	Systematic pesticide use combined
              with the use of resistant varieties. 

              	Non-systematic use of pesticides.
              Occasional use of biological control. Varieties resistant to
              pests and diseases and, where appropriate, tolerant to
              herbicides (no tillage).

              	Pesticides are used only
              exceptionally or not at all. Biological control for pests and
              weeds through the choice of crop succession and maintenance of
              biodiversity areas (hedges and groves) for beneficials.
              Mechanical weeding. Resistant variety populations.
            

              	Fertilization

              	Excessive use of synthetic
              fertilizers (over-fertilization) and lack of organic
              fertilization.
Or no use of synthetic
              fertilizers and low organic soil fertilization.

              	Synthetic fertilizer, potentially
              excessive use.

              	Judicious use of synthetic
              fertilizers, precision agriculture. Possible use of legume
              crops.

              	Fertilization based essentially
              on the cultivation of legume crops and organic fertilizer from
              livestock.
Very low or no use of mineral
              nitrogen.
            

              	Management of water resources and
              irrigation 

              	Gravity-fed irrigation and
              sprinkler systems, no attempt to reduce water use.
              

              	Gravity-fed irrigation and
              sprinkler systems, no attempt to reduce water use.

              	Varieties tolerant to water
              stress. Precision irrigation to maximize water efficiency.
              

              	Reduction of water needs through
              the choice of species and varieties. Techniques for preserving
              rainwater. Parsimonious irrigation possible.
            

              	Tillage

              	Annual
              ploughing of fragile soils, reduction of organic
              matter.

              	Annual
              ploughing, mostly mechanized. 

              	Growing
              use of no-till direct sowing techniques.

              	Frequently tillage is manual or
              uses animal traction. Ploughing maintained for weed control.
              Possible use of no-till techniques.
            

              	Energy
              used: human work versus other sources 

              	Use of
              human labour or highly variable levels of
              mechanization.

              	Use of
              human labour or highly variable levels of
              mechanization.

              	Highly
              mechanized: direct sowing and precision agriculture techniques,
              robotisation.

              	High
              intensity of labour and low mechanization (very small
              farms).
Or use of mechanization (large
              farms).
            

              	Production level, change in yield
              gap 

              	Acceleration of fall in yields,
              growth in yield gap. 

              	Higher
              yields, weak input efficiency. Small but unstable yield gap.
              

              	Higher
              yields, strong input efficiency. Slight reduction of yield gap
              where it is already small (most common) and sharp reduction in
              yield gap where it was high (less common). 

              	Yields
              difficult to assess because of the complexity of rotations.
              Reduced yield gap, reduced more strongly in situations with low
              prior yield levels (the majority of cases).
            

              	Environmental
              impact

              	High
              environmental impact, to the point of compromising agricultural
              activities (in particular water, soil and
              biodiversity).

              	High
              impact on air, water (quantity and quality), GHGs and
              biodiversity.

              	Low
              impact on air and GHGs, and variable impact on biodiversity.
              Preservation of water resources, soil improved (no
              tillage).

              	Very
              little or no impact on water and air quality and GHGs.
              Preservation or improvement of water resources, soils and
              biodiversity.
            

              	Socio-technical regime and degree
              of resilience 

              	Socio-technical or economic
              impasse. Zero resilience.

              	Continuation of the logic from
              the green revolution (intensification). Low
              resilience.

              	Transition based mainly on a
              strategy of efficiency (E) or substitution (S). Average
              resilience.

              	Transition based mainly on a
              strategy of substitution (S) or redesign (R). High
              resilience.
            



        
      

      

Discussion and conclusion: Differentiated effects of
        different evolution hypotheses on land use and production
        volumes

        

        Expert
        discussions during the cropping systems workshop showed that there is
        a great deal of uncertainty about the comparative changes in yields
        induced by the different hypotheses made. However, the expert group
        managed to agree on certain expected effects specific to each
        evolution hypothesis under consideration, in particular taking into
        account that they are likely to be adopted in a differentiated way,
        some of them being more suited to certain contexts and types of
        agricultural structures. These effects are summarized below.


        In the short
        term, the conventional intensification hypothesis can lead to an
        increase in production through the use of synthetic inputs and
        irrigation, even in the absence of mechanization: it is an extension
        of the historical ‘green revolution’ model. However, because of its
        weak agro-environmental and socio-economic sustainability, this
        hypothesis does not appear to constitute a long-term solution. In its
        agronomic version, the hypothesis of a production impasse is often the
        failure of a conventional intensification trajectory which has
        exceeded a threshold of sustainability. For example, the low levels of
        additional organic matter in soils lead to a decline in their water
        storage capacity and therefore greater sensitivity to the effects of
        climate change. Decreasing soil carbon levels can lead to irreversible
        degradation and release CO2 into the atmosphere. In addition, the
        excessive use of nitrogen fertilizer is common in these conventional
        systems and contributes to increasing greenhouse gas emissions (N2O released during
        spreading, CO2
        from the fertilizer manufacturing process).


        The
        sustainable intensification hypothesis assumes access to the advanced
        technologies available on the market and is therefore applicable
        mainly to larger farms with significant investment capacity and a
        level of conventional intensification which is already high. In this
        case, its implementation will lead to little change in yields, so
        little increase in production, but an improvement in product quality
        and a reduction in environmental impacts thanks to the more targeted
        use (and therefore lower use) of synthetic products. Its environmental
        sustainability is therefore greatly improved compared to conventional
        intensification. More marginally, this hypothesis can concern farms
        which are initially of lower intensity and have lower economic size
        but for which strong public support policies are established to
        provide farms with access to advanced technologies, mechanization and
        synthetic inputs. In this case, the increase in yields is significant,
        but the effect on the overall increase in production is low because
        few areas are affected.


        The hypothesis
        of an evolution towards agroecology assumes the mobilisation of the
        biological regulations of ecosystems. Although it can affect all types
        of agricultural structure, it is particularly well suited to small
        farms, of lesser economic importance (land and access to productive
        capital). Indeed, based on the diversification of production and
        biological regulations from the ecosystem, agroecological farming
        systems are not very demanding in terms of capital, and have a strong
        agro-environmental and socio-economic sustainability. In terms of
        implementation costs, it is essential to quantify the direct savings
        generated by the introduction of biological regulation to replace
        synthetic fertilizers and pesticides, and to put them in relation to
        the mobilisation or remobilisation of agricultural employment. Indeed,
        for the most part this hypothesis is likely to apply to smaller
        farming situations, where the means to invest in the conventional or
        sustainable intensification models are not available and for all types
        of pedoclimatic conditions, including those where mechanization is
        difficult or impossible. For all those farms facing a production
        impasse, or close to it, this hypothesis leads to a sharp increase in
        production and diversity, even if it only partially closes the
        potential yield gap. This hypothesis can also be applied to medium or
        large conventionally intensive farms. There is little change in
        yields, but an improvement in product quality through the reduction in
        the use of synthetic inputs. In the context of mechanized agriculture
        in developed countries, the shift to agroecology is an alternative to
        sustainable intensification, involving more radical changes in
        cropping systems because it is based on a greater diversification in
        production. Such analyses can feed the future advocacy which is
        essential to the formulation of public policies, in both the Northern
        and Southern hemispheres. In all cases, the transformation of systems
        and support for this change requires strong public support policies to
        produce or share the necessary knowledge, and to train farmers.


        

 46Conducted by the authors of this chapter and two
        members of the Agrimonde-Terra project team: Catherine Donnars and
        Olivier Mora.

 47In this chapter, intensification is understood in
        the most general way as the implementation of practices leading to
        increased production in the cropping system, which may cover various
        strategies: increased yields through the greater use of chemical or
        organic inputs, or by improving their efficiency; irrigation;
        increased efficiency of interception of light energy through crop
        combinations, catch crops and agroforestry; use of varieties better
        adapted to the environment; disease and pest control using chemical or
        biological products etc.

 48 http://www.intensafrica.org/fr/diverses-voies-conduisent-a-une-intensification-durable-de-lagriculture/ [image: ]
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      Introduction

        

        The livestock
        sector is important for land use because the areas used for feed and
        grazing occupy large amounts of land, some of which could be used for
        the production of food crops. Animal products are also important for
        food security and overall provide more than one-third of available
        proteins. Livestock plays other roles too, in particular in developing
        countries, such as draught power and a form of savings. Livestock
        production tends to increase over time, following the rise of animal
        product consumption, partly resulting from increases in population and
        income. These changes, though, are not necessarily homogeneous or
        generalized. Over the past 30 years, poultry production and
        consumption have increased significantly, in particular in Brazil and
        pork production and consumption have increased in China, but animal
        product consumption stagnated or decreased in developed countries. The
        evolution in livestock systems has also been diverse. In developed
        countries and most of Latin America, for instance, smallholders are
        often excluded from livestock production, and livestock production’s
        reliance on feed and inputs from beyond the farm have increased. In
        India, however, dairy production is mainly based on smallholder
        integrated livestock-crop systems. The evolution in livestock demand
        and livestock production will be decisive for land-use change. Future
        livestock systems could be diverse, with differentiations in terms of
        the importance of policies, types of intensification and level of
        competition for land.


        This chapter
        first presents the evolution in livestock production and demand and
        some elements on the relevance of policies for the livestock sector.
        We then present the importance of livestock for food security,
        followed by the description of the role of livestock in land-use
        change. Hypotheses for the future, based on the link with land use and
        the types of intensification, are finally described.


        The five
        hypotheses for the evolution of livestock systems by 2050 presented in
        this chapter were developed from a workshop which brought together
        around 20 livestock production and livestock system specialists for
        one day, followed by conceptualization work and two meetings with 4-5
        experts, including additional experts not present in the workshop (Box
        12.1).


         
Box 12.1. Members of the
        expert group on livestock systems.
Experts present in workshop in Paris
        (13/02 2013), or consulted before the workshop

              	Name
              

              	Institution 
            

              	Daniel
              Sauvant

              	AgroParisTech, Paris,
              France
            

              	Philippe Lecomte

              	CIRAD,
              UMR SELMET, Montpellier, France
            

              	Alessandra Falcucci
              

              	FAO,
              Rome, Italy
            

              	Philippe Chotteau

              	IDELE,
              Paris, France
            

              	Petr
              Havlik

              	IIASA,
              Vienne, Autriche
            

              	Antonio
              Onorati

              	IPC,
              International Planning Committee for Food
              Sovereignty
            

              	Didier
              Richard

              	Conseil
              Vétérinaire
            

              	Wilfrid
              Legg

              	IMS,
              International Meat Secretariat, Paris, France
            

              	Guillaume Duteurtre

              	CIRAD,
              UMR SELMET, Montpellier, France
            

              	René
              Poccart

              	CIRAD,
              UMR SELMET, Embrapa Amazonia Oriental, Paragominas,
              Brazil
            

              	Tom
              Wassenaar

              	CIRAD,
              UR Recyclage et risque, Montpellier, France
            

              	Pascal
              Bonnet

              	CIRAD,
              Département ES, Montpellier, France
            

              	Benoit
              Daviron

              	CIRAD,
              UMR MOISA, Montpellier, France
            

              	Maryline Boval

              	INRA,
              URZ, Petit-Bourg, Guadeloupe, France
            

              	Satchi
              Kauschik 

              	INRA,
              NuMéA, Saint-Pée-sur-Nivelle, France 
            

              	Tamara
              Ben Ari 

              	INRA,
              UR Agronomie, Paris, France
            

              	Yves
              Nys

              	INRA,
              UMR BOA, Tours, France
            

              	Jean-Yves Dourmad

              	INRA,
              UMR PEGASE, Rennes, France
            

              	Philippe Chemineau

              	INRA,
              DEPE, Paris, France
            

              	Philippe Lescoat

              	AgroParisTech, UMR SAD-APT,
              Paris, France
            


Additional experts consulted after the
        workshop

              	Michel
              Rieu

              	IFIP,
              Paris, France
            

              	Pascale
              Magdelaine

              	ITAVI,
              Paris, France
            

              	Denis
              Bastianelli

              	CIRAD,
              UMR SELMET, Montpellier, France
            

              	Alexandre Ickowicz

              	CIRAD,
              UMR SELMET, Montpellier, France
            

              	Abdrahmane Wane

              	CIRAD,
              UMR SELMET, Montpellier, France
            




        

      

      
Evolution of livestock production and demand for
        animal products

        

        Over the
        years, at a global level, the production of all animal products in
        terms of available food energy equivalent has increased significantly
        (Figure 12.1.a). Production has increased for all animal products but
        to various extents (Figure 12.1.b). The most spectacular increase is
        the multiplication by 10 of poultry meat production over the course of
        50 years. Milk and total meat have increased faster in absolute terms
        than other animal products. Milk available energy production was
        higher than meat available energy production in the early sixties, but
        the production of meat available calories is now greater.
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        a. Total production
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        b. Production of the various animal products


        Figure 12.1. Evolution in the world
        production of animal products in energy (Tera calories).


        Source: Authors’ calculation from FAOStat
        data.


        Since 1961, at
        the global level, the share of total meat plus milk (in total animal
        product production) was relatively stable, remaining around 70%. The
        share of eggs almost doubled in this period (Figure 12.2). A major
        trend is the increase of the share of total meat production (in
        calories) to the detriment of milk. The decrease of the share of dairy
        products is visible for both milk and butter. Since the early 2000s,
        the share of both total meat and dairy have stabilized.


        The increase
        of the share of meat corresponds mainly to poultry meat and, to a
        lesser extent, pork meat. Milk and ruminant meat shares have decreased
        since 1970. The share of the remaining categories is more stable.
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        Figure 12.2. Evolution of the share of
        animal products in total animal product calorie production.


        Source: adapted from FAOStat.


        Several
        factors may lead to growth in the individual demand for animal
        products (Chapter 8 for more information on changes in diets).
        Firstly, the growth of per capita income and the relatively high
        elasticity of demand to income (Thornton, 2010). Secondly, the growing
        share of the urbanized population and the link to factors such as
        changes in food habits, wealth etc. (Rae and Nayga, 2010). More
        precisely, the increase in wealth leads to growth in the consumption
        of animal products, generally considered as healthy for child
        development and growth. The increase in animal product consumption is
        faster in countries with low GDP per capita, since developing
        countries display higher income growth and higher elasticity. Cultural factors have a
        huge influence on consumer habits: less meat in South Asia, India in
        particular; no pork in Muslim communities; more pork in South-East
        Asia; a shift toward lower fat meats and milk in OECD countries (Rae
        and Nayga, 2010). These factors can orient and modify changes in
        demand for livestock products. They explain the great dispersion of
        consumption profiles between countries of similar wealth: for
        instance, with an income of $10,000/cap, demand in meat varies from 20
        kg to 80 kg/yr, and with an income of $45,000/cap, from 65 kg/yr to
        120 kg/yr.


        The evolution
        in some countries shows that this increase has varying limits. Some
        countries have already traversed the peak – European Union, Japan,
        Australia and New Zealand – and probably the USA where consumption
        seems stable but has not fallen.
        Latin America markets, too, may be close to saturation. In India and
        Africa, however, animal product consumption is still lower than in the
        rest of the world. The uncertainties are significant, with a
        potentially huge multiplicative effect of changes in diet per capita
        given the current population levels: will the traditionally vegetarian
        population of South Asia, in particular India, adopt Western
        consumption patterns (Rae and Nayga, 2010)?


        A review of
        several world situations shows that policies have often neglected or
        been ineffective in guiding the livestock sector, particularly in
        addressing the negative consequences of changes in the sector.
        Specifically, environmental issues are often neglected and policies
        have failed to improve efficiency in the smallholder livestock sector
        (Gerber et
        al., 2010). The development of the sector, in particular in
        developing countries, has often been ahead of public interventions.
        But social, sanitary and environmental issues could lead to more
        public interventions in favour of small-scale producers. Because poor
        producers face market barriers such as sanitary regulations and weak
        economies of scale, policies could, for instance, target the
        development of sanitary regulations that give smallholders access to
        segments of domestic markets, facilitate collective action
        (cooperatives and contract farming) and recognise pastoralists’ rights
        (Rae and Nayga, 2010). Hishamunda et al. (2009) give examples of such actions in
        Asian aquaculture. Brazil is another example of strong and balanced
        public action, either with the goal of increasing exports and
        developing rural areas, or with rules limiting herd growth and
        deforestation, seeking an intensification of extensive production.
        Agricultural and trade policies not targeted at livestock may also
        have important consequences for the sector, in particular favouring
        feed trade and industrial concentration, as seen in the poultry sector
        where the economies of scale are particularly strong.

      

      
Role of animal products in food security

        

        Animal
        products play a direct role in nutrition, but also as input in crop
        production through draught animal power and the use of manure on
        cultivated soils. It also has an important function as a
        socio-economic activity, crucial for poor people, with consequences
        for food security. Livestock farming is particularly important as a
        socio-economic activity in marginal and dryland areas where other
        agricultural activities are almost impossible. As an example,
        transcontinental observations show the key role of cattle in every
        mountainous area, helping the agricultural sector to stay
        resilient.


        Importance of animal products in food
          consumption

          

          The share of
          animal products in available protein has increased from about 33% to
          38% since 1960. This average increase hides a diversity of
          situations, with some regions being stable or decreasing since 1980,
          in particular developed countries and sub-Saharan Africa, while in
          China and Brazil/Argentina the share of animal products in available
          proteins increased rapidly (Figure 12.3, see also Chapter 8).
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          Figure 12.3. Share of animal products
          in the total available proteins in food consumption in various
          regions of the world.


          Source: Authors’ calculation from FAOStat
          data.


          On average,
          animal products account for one-fifth of the energy and more than
          one-third of the proteins available for human food consumption.
          Though a substitution between plant-based and animal products is
          possible, livestock remains an important source of high quality
          proteins and micronutrients, which is crucial in developing
          countries: essential amino acids, microminerals and fatty acids in
          meat, calcium and vitamins in dairy products and eggs, highly
          bioavailable iron in red meat, omega 3 in fish etc. Besides these
          advantages, it is difficult to define nutritional recommendations in
          terms of the share of animal products because healthy diets with a
          moderate amount of meat or with very low levels of meat and animal
          products seem possible, though caution needs to be exercised with
          regards to growing children and elderly people, and under the
          condition that a diversity of plant protein sources is available
          (Mariotti, 2017).


          Animal
          products may still have a role in the fight against malnutrition but
          they are also linked with widespread overnutrition and its
          associated diseases. The effect of animal products cannot, however,
          be easily dissociated from the effects of other products consumed
          together when revenues increase, in particular sugar and fat.

        

        
Input in crop production

          

          Almost half
          of the food crops on family farms in developing countries depend on
          animal draught power. Use of animal draught power is important in
          Africa and decreasing in Asia and South America (McLeod, 2011).


          In many poor
          countries where mineral fertilizers are not common, manure from
          livestock is a major output of animal production for fertility
          transfers. Pasture and livestock may also play an important role in
          regulating pests and, when present in rotations, provide greater
          resilience against climate risks, working in the same way no matter
          which country is concerned. However, due to agricultural
          specialization, local knowledge should be mobilized or reinvented to
          allow the appropriate use of the positive interactions between
          livestock and crop production.

        

        
Role of livestock for the poor

          

          The role of
          livestock in food security is complex. Although it was often
          considered as a means of accumulation for rich farmers, livestock
          may also be a way to escape from poverty, in particular in
          sub-Saharan Africa and South-East Asia (Thornton et al., 2002).
          Some 987 million poor people depend on livestock for their living
          (De Haan et
          al., 2010) and this dependency could reach 70% for the very
          poor (McLeod, 2011). In general, this concerns small species, but it
          is not always the case, since 60% of cattle in India are raised by
          small producers (<1.7 ha).


          In
          particular, livestock may be used as a safety net in the case of
          unexpected bad conditions, when they can be sold (McLeod, 2011).
          Livestock often plays the role of a bank as a source of liquidity or
          savings. Moreover, livestock may be at the heart of the regulation
          systems of space and social relationships. In some societies,
          livestock is a protective element for the most fragile people in a
          society (Alary et al., 2011).


          However,
          when demand increases and industrial systems take over livestock
          production, smallholders and poor people in particular may be
          excluded from the livestock market. On the condition that some
          diversification of activities is possible, this evolution may not be
          problematic for food security, but it is not clear that this is
          always the case (FAO,
          2009c; McLeod, 2011).

        
      

      

Livestock land use

        

        Livestock
        plays an important role for land use. Indeed, direct consumption of
        plant protein is always more efficient than feeding livestock,
        although part of the land used to produce feed may not be suitable to
        produce human edible food (Bouwman et al., 2005; Wirsenius et al., 2010).
        Grazed grassland has expanded by a factor of six since 1800 (De Haan
        et al.,
        2010); 40 % of the land available in developing countries is not
        arable but used as natural or cultivated pasture.


        The use of
        land for feed crops reported in FAOStat has most likely decreased
        since the 1980s, the share of areas used for feed decreasing from
        44-48% to 36-40% (Manceron et al., 2014). The overall change in arable land
        used for feed is uncertain owing to the limited reliable data at the
        world scale on some feedstuffs, in particular forage such as alfalfa
        or maize silage. Pastureland increased by +9% over the past four
        decades, but not as much as livestock production. Several factors may
        contribute to this observed trend. First of all, the increase in crop
        and pasture productivity (cf. Chapter 5) has contributed to globally
        decrease the land area required per unit of feed. Secondly, changes in
        feed baskets and improved efficiency of feed rations have contributed
        to globally decreasing the feed quantity required (thus the associated
        land) per unit of aggregate livestock output. Thirdly, a significant
        part of the evolution corresponds to a notable shift of livestock
        systems from ruminants to monogastrics and towards more intensive
        production systems (De Haan et al., 2010; Le Cotty and Dorin, 2012; Herrero
        et al.,
        2013; Mottet et
        al., 2017). This leads to an increased use of concentrate feed in
        place of grass and roughage, accompanied by an increase in livestock
        efficiency (in calories, proteins or land), since the conversion
        efficiency of these systems is higher than that of ruminant and
        extensive systems (Bouwman et al., 2005; Wirsenius et al., 2010). Increased
        efficiency is also achieved by increasing animal size and carcass
        yields, or by decreasing age at slaughter and the use of animals for
        draught energy (Bouwman et al., 2005).


        As far as
        pastureland is concerned, this global picture hides major regional
        differences. There are, in fact, three main types of observed trends
        for the evolution in pasture areas. First, world regions where
        permanent pasture areas increased significantly between 1961 and 2010
        (i.e., China
        +65%, Brazil/Argentina +27%, Near and Middle East +40%, North Africa
        +5.5%, and Former Soviet Union +19%). In contrast, pasture areas
        decreased in other regions (i.e., India −26%, Oceania −16%, Canada/ USA −6%,
        Asia excluding India and China −14% and EU27 −13%). Finally, pasture
        areas remained rather constant in Latin America, excluding
        Brazil/Argentina, and sub-Saharan Africa. Even where the pasture area
        has increased, the rate of increase of ruminant production is not
        comparable with that of the area: China +2,923%, Brazil/Argentina
        +230%, Near and Middle East +104% and North Africa +292%. FSU stands
        out as an exception, as the increase in pasture area is associated
        with a decrease in ruminant production in this region (+19% versus
        –9%, according to FAOStat).


        Pasture-based
        ruminant systems are associated with deforestation in Latin America
        (it should be noted that this relationship is less clear in other
        tropical forests in central Africa or tropical Asia). In Brazil,
        70-80% of total deforestation is estimated to have resulted from the
        development of extensive livestock systems (Tourrand et al., 2004).
        Productivity increases on existing pasture could allow for an increase
        in livestock production without further expansion into natural
        habitats (Strassburg, 2012). It is important to keep in mind, though,
        that deforestation is also an indirect response to the extension of
        soya production on pastureland and may be temporary, before conversion
        to cropland (Bowman et al., 2012).

      

      
Future livestock systems in 2050

        

        The hypotheses
        for livestock systems in 2050 have been built along two axes: (a) the
        link between livestock and land use; (b) the type of intensification.
        Coherently combining various alternative options along these two axes
        lead to five hypotheses about livestock systems in 2050. The main
        characteristics of these hypotheses are presented in Table 12.1. Below
        are very brief narratives for each hypothesis.


        Table 12.1. Characteristics of the five
        hypotheses for livestock systems in 2050.


        
            	Hypotheses
            for 2050

            	Livestock
            minimizing competition with cropland

            	Agroecological
            livestock

            	Conventional intensive livestock with
            imported resources

            	Conventional intensive livestock with
            local resources

            	Backyard
            livestock
          

            	Land-use
            footprint

            	Intensive
            for monogastrics and extensive for ruminants

            	Intensive
            for monogastrics and extensive or intensive in mixed systems for
            ruminants

            	Intensive
            for monogastrics and ruminants

            	Intensive
            for monogastrics and ruminants

            	Backyard
            for monogastrics and extensive for ruminants
          

            	Feed

            	Locally
            produced feed on pasture and grassland for
            ruminants
Imported feed for
            monogastrics

            	Locally
            produced feed, legumes and forage on rainfed land, pasture and
            grassland for ruminants
Feed produced locally, preferably
            using co-products and waste for monogastrics

            	Locally
            produced feed, legumes and forage on rainfed and irrigated land
            for ruminants
Imported feed for monogastrics and
            ruminants 

            	Locally
            produced feed, legumes and forage on rainfed and irrigated land,
            pasture and grassland for ruminants
Feed produced locally for
            monogastrics

            	Use of
            co-products and waste 
          

            	Breeds
            and animal mixing 

            	Local and
            hardy breeds for ruminants
Mix of local and imported breeds
            for monogastrics

            	Local and
            hardy breeds
Mixed small and large ruminants in
            fields

            	Imported
            breeds

            	Mix of
            local and imported breeds

            	Mix of
            local and imported breeds
Mixed small and large ruminants in
            fields
          

            	Animal
            health

            	Chemical
            vaccines and medicines for monogastrics
Less access to
            medicines for ruminants

            	Preventive use of bio-based
            medicine (e.g., tannin plants). Bio-sourced medicine
            and practices to prevent pathologies

            	Chemical
            vaccines and medicines

            	Chemical
            vaccines and medicines

            	No easy
            access to medicines
          

            	Synergy
            with farming for effluent

            	Ruminant
            manure not used on cultivated fields. Monogastric manure
            sold

            	Synergic
            re-use of effluents (biogas, spreading, no treatment in pastoral
            zones)

            	Non-synergetic re-use of manure
            (biogas and sales)

            	Non-synergetic re-use of manure
            (biogas + sales)

            	Manure
            only used locally
          

            	Production objectives

            	Specialized by animal and by
            product (dairy or meat, eggs or poultry meat)

            	Mixed
            (meat, dairy, poultry meat, eggs)

            	Specialized by animal and by
            product (dairy or meat, eggs or meat)

            	Specialized by animal and by
            product (dairy or meat, eggs or meat)

            	Animal
            traction and/or fertilisation, use as capital
          

            	Livestock
            policies

            	Intensification policies for local
            demand

            	Support
            to rural world. Incentives for recycling

            	Contracting of rural development to
            private firms

            	Intensification policies for local
            demand

            	No
            policy
          




        Hypothesis 1: Livestock minimizing competition
          with cropland

          

          Livestock in
          uncompetitive areas involves the husbandry of small and large
          ruminants in extensive or pastoral systems. It is based on grazing
          herds on land with medium to low agronomic potential, a diet that is
          almost exclusively grazed and with low stocking densities. These
          livestock systems develop in uncompetitive areas. Variability in
          forage resources both over time and in terms of quantity and quality
          requires specially adapted livestock management (production
          schedule, birth rates and livestock density). Pastoral farming is
          distinguished by extensive herd mobility in order to optimize access
          to resources over time and space. Pastoral farming requires
          particular modes for securing access to land. An increase in
          pastoral system production can lead to degradation of marginal
          lands, but some organisational approaches and adapted practices may
          avoid soil degradation and even restore land. Production of ruminant
          meat may be limited in this scenario, because of the low resource
          use potential of land used for production. Poultry and pork
          production could increase to fill the demand gap.


          Various
          factors may cause the development of such systems: an expansion of
          livestock areas through land clearance, water access management or
          climate change, and environmental or health crises originating from
          intensive cattle farming. 

        

        
Hypothesis 2: Agroecological livestock on land in
          competition with agriculture or urbanization

          

          Agroecological livestock production seeks to
          produce food as well as other services while strengthening the links
          with local resources, limiting the use of industrial inputs and the
          production of negative externalities, and securing farmers’ incomes.
          It is based on strong autonomy in terms of feed and input use and
          the search for positive synergies between livestock systems,
          cropping systems and the environment.


          The
          principles for animal management are, for example, the management of
          robust breeds and the development of their adaptive capacity
          regarding feed, reducing the use of antibiotics and medicines,
          seeking feed and protein autonomy in a context of climatic
          variations, mixed livestock, combinations of livestock and crops,
          and the use of positive-energy buildings (Dumont et al., 2013).
          Agroecological livestock farming requires new forms of organization
          and exchanges between livestock producers, and between livestock
          producers and other farmers, and there is integration at different
          territorial levels to optimize the flows of materials and ecological
          regulations.


          These systems may
          develop because of the desire of farmers to change their production
          methods, through local or national public policies, through
          appropriate advice, because of consumer demand, or following a
          health or economic crisis. 

        

        
Hypothesis 3: Conventional intensive livestock
          with imported resources

          

          Conventional
          intensive livestock systems are based on the almost unlimited
          availability of key production factors (land and water, capital,
          variable inputs and labour). This approach involves a concentration
          of animals and a specialization of activities. These systems evolve
          through the genetic improvement of livestock, the development of
          antibiotics and medications, and the use of nutritious feed (forage,
          concentrates and by-products).


          In this
          hypothesis, factors and inputs (especially feed) used by
          conventional intensive livestock systems come from all over the
          world through international trade. In this case, livestock
          production may be highly dependent on foreign land (virtual
          land). 

        

        
Hypothesis 4: Conventional intensive livestock
          with local resources

          

          This hypothesis is
          also based on conventional intensification.


          In this
          hypothesis, for various reasons (Chapter 13), the factors and inputs
          used in livestock production (especially feed) are sourced within a
          specific geographic area (called ’local’) that can range from the
          neighbourhood of the farm to a supranational union. Therefore, in
          countries where land availability is restricted, such livestock
          systems compete for land with crop production. 

        

        
Hypothesis 5: Backyard livestock

          

          Backyard
          livestock is built around a logic of opportunism, in terms of space,
          feed and other inputs. It plays a vital role in households’ food
          security. Backyard livestock production shares some characteristics
          with agroecological farming: the search for synergies between
          production and the environment, low dependence on industrial inputs
          and feeds, and relatively high labour requirements. However,
          backyard livestock production involves a lower level of technical
          development and results in lower production efficiency per head.


          The share of
          backyard livestock systems in total livestock production may
          increase in different contexts: it varies along with the
          ruralization of the population; it depends on policies supporting
          backyard production to fight poverty; it may rise following
          important innovations improving the efficiency of backyard
          systems.

        
      

      

Conclusion

        

        The livestock
        sector is very important for land use. It also very diverse in terms
        of role, efficiency and type of system all over the world. The future
        of livestock depends importantly on the evolution of demands, although
        policies could also play a more important role than in the past. The
        hypotheses on the livestock sector evolution were based on the link
        with land use, because of its importance, and, in order to capture
        part of the heterogeneity in production systems, on the type of
        intensification.


        

 49The authors thank Chantal Le
          Mouël and Marie de Lattre-Gasquet for their comments on this
          chapter.
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Scenarios of Land Use and Food
          Security in 2050
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          Moreau, Thierry Brunelle, Marco Barzman and Pauline Marty

        
      

      Introduction: Building land use and food security
        scenarios

        

        This chapter
        presents the scenarios of land use and food security in 2050. A
        scenario planning approach based on morphological analysis was used
        for building five scenarios. This method was chosen to highlight
        systemic relations and complex interactions, and to explore
        alternative futures for land use and food security in 2050 (Chapter
        2). By identifying a range of variables influencing each driver of the
        ‘land use and food security’ system and their possible changes,
        hypotheses on how each driver might evolve in 2050 were drawn up (as
        described in Chapters 6 to 12). On this basis, scenarios were designed
        with the project team in close interaction with an international
        expert group, called the scenario advisory committee. Each scenario
        combines one or several hypotheses per driver, respecting causal
        relationships, seeking consistency of the hypotheses and plausibility
        of the scenario. Five contrasting scenarios of land use and food
        security by 2050 were developed. They are based on the summary table
        presented below (Figure 13.1), with each line devoted to a driver and
        its various hypotheses.
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        Figure 13.1. Drivers of land use and
        food security and alternative hypotheses for 2050.


        Graphic design: Elodie Carl.


        The scenarios are
        based on major trends, weak signals and potential breaks affecting the
        drivers of the system, and explain the situations of land use and food
        and nutrition security in 2050. Quantitative impacts of the scenarios
        in terms of land use, agricultural production and trade in 14 world
        regions and at the world level have been assessed through simulations
        carried out using the biomass balance model GlobAgri-AgT (Chapter
        3).


        The first
        three scenarios are based on current trends identified in most regions
        of the world. The first, ‘Land use driven by metropolization’, links
        the development of megacities at a global level with a nutrition
        transition led by global agri-food companies selling ultra-processed
        foods and animal products. These changes happen in a global context of
        development through market forces and rapid climate change, leading to
        the marginalizing of small farmers in areas disconnected from urban
        development. The second, ‘Land use for regional food systems’, relates
        the increase of medium-size cities and their networking with rural
        areas to the emergence of regional food systems based on traditional
        foods, family farming and a set of regional agreements. The third
        scenario, ‘Land use for multi-active and mobile households’, links
        strong individual mobility between rural and urban areas and a
        development of non-farm employment to the emergence of a global
        governance based on networks where family farms and interest groups
        are major actors in food systems.


        The last two
        scenarios involve potential breaks that could change the entire
        system. The fourth scenario, ‘Land use for food quality and healthy
        nutrition’, assumes that due to the increasing cost of malnutrition, a
        radical move towards healthy diets occurs, fuelled by global
        cooperation and public policies and in a context of climate change
        stabilization. These changes involve a re-configuration of
        agricultural systems backed by new alliances between stakeholders
        across the food supply chain. The fifth scenario, ‘Land as commons for
        rural communities in a fragmented world’, assumes that in a context of
        recurring and multiple crises, development based on small towns and
        rural communities occurs, focusing on managing common resources and
        the transition to agroecology in agriculture in order to ensure local
        food security.


        The five world
        scenarios of land use and food security in 2050 are fully described
        below through some keywords, a figure describing the combination of
        hypotheses, a narrative of direct and external drivers of the system
        and their interactions, the five dimensions of land use, and the
        dimensions of food and nutrition security (availability, access,
        utilization, stability and nutrition).


        Some
        quantitative information issued from the quantitative analysis is part
        of each scenario narrative, and describes some aspects of world
        regions’ situation in 2050. However, the quantitative translation of
        hypotheses and quantitative impacts of scenarios are fully reported in
        Chapter 14.

      

      
Land use driven by metropolization

        

        Figure 13.2
        indicates the combination of hypotheses per driver constituting the
        scenario ‘Land use driven by metropolization’. Furthermore, the
        following keywords summarize this scenario: metropolization,
        megacities, international trade, modern value chains, agri-food
        companies, spatial divide, animal-based and ultra-processed foods,
        diet-related non-communicable diseases, double burden, dual
        agriculture.


        Main drivers of the Metropolization
          scenario

          

          By 2050, the
          world’s population is concentrated in major urban centres, mainly
          located in developing countries. Two-thirds of the world’s
          population now lives in cities, with more than 15% of the urban
          population residing in megacities housing over 10 million
          inhabitants (UN, 2015). These megacities and their associated
          regions (McGee, 2009) have become highly attractive to rural and
          international migrants in search of employment. Metropolization
          processes around the world have buoyed a strong global economic
          growth that is based on international trade, agglomeration of
          activities, knowledge, finance and innovation. This world economy is
          built upon a network of global cities and follows a conventional
          development pattern based on fossil fuels. These urbanization
          processes have given rise to highly uneven spatial development and
          marked spatial divides, with many rural areas and hinterlands left
          out of development processes. While the emphasis has been on
          conventional development, environmental concerns have taken a back
          seat and climate change has caused significant effects, especially
          in agriculture.


          Although they are
          often cut off from the rural areas within their own national space,
          megacities are sometimes connected by international trade to very
          remote rural areas, taking advantage of low transportation costs.
          From a global perspective, agricultural activities are located in
          specialized areas, although some farms producing value-added foods
          for city-dwellers still remain within the large urban regions. The
          general decline in agricultural employment in rural areas is mainly
          linked to migration from these areas towards the large urban areas,
          and to the increase in labour productivity in agricultural areas.
          The food strategies of urban and rural households are based on the
          purchase of foodstuffs via national or international markets.


          Globalization of food value chains, the
          urbanization of lifestyles and improved incomes linked to urban
          development have driven a diet transition. Processing, retailing and
          wholesaling transnational corporations now control the greater part
          of food markets in urban and rural areas, even in developing
          countries. The agri-food, logistics and retail multinational
          companies have played a key role in the diet transition fuelled by
          foreign direct investment, marketing and advertising, and supported
          by investments in logistics and storage facilities, distribution
          networks and digital platforms. By adapting their strategy to the
          economic context of developing countries, these food companies have
          reshaped the food environment, distributing low-priced,
          ultra-processed foods in place of traditional food (Monteiro et al., 2013).
          The global food supply of plant-based products is concentrated
          around a small set of agricultural products: rice, corn, wheat and
          soyabean. There has been a shift from ruminant to monogastric
          animals in meat production. These agricultural products are the
          first link within a value chain in which they undergo complex
          processing (‘cracking’) and then re-assembling, or are incorporated
          into ready-made dishes, converted along the way into ultra-processed
          foods. The urbanization of lifestyles has led to the development of
          out-of-home catering (restaurants, snacking products and soft
          drinks) and a decline in meals taken at home where ready-to-eat
          meals dominate. The emergence of a middle class in megacities has
          driven rapid growth in consumption of animal-based foods. The
          modernization of supply chains combined with the raised
          technological level of agri-food activities has brought efficiency
          gains in the supply-side chain, as well as cutting losses and waste,
          thanks to an improved use of by-products and industrial waste.


          As a result
          of these changes in food environment, lifestyles and incomes, we
          have seen a fast-moving convergence in dietary patterns around the
          world and a sharp rise in daily calorie intake. Two dietary patterns
          have changed simultaneously: one driven by the consumption of
          low-price ultra-processed foods and soft drinks related to the
          expansion of globalized value chains, and one supported by the major
          consumption of animal products, meat in particular, based on
          increasing demand from urban consumers. Compared to 2010, diet
          patterns in 2050 are higher in edible plant oils, refined cereals,
          salt, sugars and sweeteners and animal products (including processed
          meat), and lower in coarse grains and pulses. Changes in diet
          patterns combined with low levels of physical activity among
          city-dwellers significantly affect public health. The prevalence of
          overweight and obesity, type II diabetes, cardio-vascular diseases
          and cancers have increased sharply in particular in developing
          countries. Undernutrition and micro-nutrient deficiencies
          nevertheless persist due to the low nutrient qualities of highly
          processed foods, as well as the growth of inequalities within urban
          areas and between urban and rural areas.


          Farming
          structures deal with a small number of major intermediation
          operators on agricultural markets. They are increasingly reliant on
          agri-food processing companies or go-betweens, through integration
          or contract farming. Concentration in the seed, chemical input and
          farm machinery sectors is very high. Agriculture is highly
          specialized within broad regions, drawing on high levels of inputs,
          and technical and genetic innovations. Intensive conventional
          agriculture is driven by private capital from investment funds,
          private companies and the wealthy urban population. Livestock
          systems are now dominated by intensive farming of monogastric
          animals, using animal feed and feed concentrates. The
          intensification of cropping systems has often brought high yields
          per hectare, thanks to the use of agri-industrial inputs, improved
          seed and increased mechanization. However, these specializations
          remain fragile on account of the considerable effects of climate
          change, and instability prevails on international markets (price
          volatility). Agricultural production addresses environmental impacts
          after-the-fact via end-of-pipe approaches. Severe soil degradation
          causing abandonment and relocation of agricultural land and high
          levels of greenhouse gas emissions are common. Alongside these
          integrated systems, small-scale farming nevertheless persists. In
          remote rural areas with poor access to transportation
          infrastructure, disconnected from large cities and isolated from
          markets, resource-poor farmers seek to carry on their farming
          practices in arduous economic and environmental conditions (degraded
          soil, unsecure access to land, poor access to water and to
          markets).


          The dynamic
          of the global food system has led to an international specialization
          in production (Chapter 14). Brazil/Argentina and North America
          doubled or tripled their exports. The Former Soviet Union (FSU) and
          European Union (EU 27) increased their exports. The Rest of Asia
          increased both exports and imports. Other regions are now highly
          dependent on imports, with imports tripling in West Africa and East,
          Central and South Africa (ECS Africa), North Africa and Near and
          Middle East, and even larger increases in India. Both importing and
          exporting regions (except China) experience an increasing pressure
          on arable land and the most significant increase on pastureland
          arises in ECS Africa. Here, dietary patterns, in particular the rise
          in consumption of animal products, have been of major significance
          for land use change as they induce strong expansion of pastureland
          and much deforestation. Despite the increase in global trade and
          because of a sharp pressure on agricultural land, the dramatic
          impact of climate change on agricultural production has made the
          food supply system more vulnerable, triggering occasional food
          crises that affect especially low-income households.
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          Figure 13.2. Selected hypotheses
          describing the ‘Metropolization’ scenario.


          Graphic design: Elodie CARL.

        

        
Land uses in the Metropolization scenario

          

          Agronomic potential of land

            

            As a
            consequence of significant climate change since 2010 (+2°C), the
            potential cultivable land area has increased by about 120 Mha for
            moderately suitable to very suitable lands by 2050[50]. This increase is unevenly distributed,
            however. It mainly concerns Northern regions, while arable land
            has shrunk in tropical areas. Most of the additional cultivable
            area is made up of non-competitive land that is marginally
            suitable. As a result of this, the average quality of the
            potentially cultivable land has significantly decreased. The
            combined effects of agricultural activities and climate change
            have accelerated degradation of farm land cultivated in 2015, both
            for arable land and pastures[51]. The intensification of conventional
            agriculture and, in some regions, the rising temperatures have
            increased the speed of carbon mineralization in soils. The
            conversion of wetlands into arable land and deforestation for the
            expansion of farmland has resulted in severe soil degradation,
            particularly in arid and semi-arid areas. By 2030, soil
            degradation of agricultural area had already affected 225 Mha,
            with Latin America and sub-Saharan Africa being particularly hit
            by land degradation.

          

          
Distribution of land between different
            uses

            

            Land use
            changes have occurred from 2010 with an increase in farmland area
            whose magnitude depends on the significance of animal products in
            the diet. The development of livestock farming has led to massive
            conversion of pasture into arable land for food and feed and to
            considerable deforestation in favour of pasture for ruminant
            breeding in ECS Africa. Arable land areas have increased by two
            different pathways. First, in exporting regions such as
            Brazil/Argentina and Canada/USA an increase in production of
            oilseeds (for vegetable oil) and sugar as well as feed ingredients
            (maize and cake) and meat, in order to provide international
            markets and globalized food chains, has led to an increase in
            cropland area. Second, in some developing regions such as India,
            Rest of Asia, West Africa and ECS Africa, the rise in food
            consumption due to both a strong diet transition and a demographic
            increase has led to a sharp increase in cropland area.


            Growth in energy
            biomass production has been weak with a total of 60EJ produced
            worldwide, of which half comes from farming residues and the other
            half from lignocellulose fuel crops.


            In
            parallel, land use change for urbanization has concerned 121 Mha
            in 2030, mainly taking place on agricultural land (Seto at al.,
            2012). By 2050, urban growth has been mostly in developing
            countries, representing 90% of the global additional urbanized
            land area (FAO, 2011b). Half of this urban expansion has been in
            Asia, mainly in China and India, with the rest occurring in Africa
            (Nile Delta, Gulf of Guinea, Great Lakes and Ethiopia).

          

          
Access to land

            

            In most
            regions, land tenure systems have evolved towards land markets
            which are more liquid and open to investment. A dual system has
            now taken shape with the coexistence of large farm structures on
            good-quality soils related to international markets and small farm
            structures on non-competitive land engaged in subsistence
            agriculture. International and urban investors (businesses,
            finance and the urban bourgeoisie) buy and sell land in areas of
            high agricultural potential, moving from one region to another
            depending on the land’s potential for agriculture. These actors
            have a mining-type relationship with agricultural land resources
            and may engage in speculative investments. Within the urbanized
            mega-regions, however, urbanization creates great instability in
            farming land use.

          

          
Degree of intensity of land use

            

            Under the
            effects of climate change, taking a world average and excluding
            the impacts on yields of changes in cropping systems that have
            occurred over the period, potential crop yields could have
            decreased since 2015, by –13% for wheat, –14% for maize, –16% for
            rice, –30% for soyabean and –21% for groundnuts (Müller and
            Robertson, 2014). Intensification and technical innovation
            processes have partly offset the fall that was once expected in
            yields, using inputs, enhanced seed, irrigation and precision
            technologies. Faced with the effects of climate change, a race has
            started to find new resources (new varieties, new molecules etc.)
            and develop cropping systems that are adapted to these changes. In
            some intensively cultivated regions, cropping systems have
            collapsed under the combined effects of climate change, causing
            some areas to be abandoned while others have been put into
            cultivation. For reasons of efficiency, it is mainly monogastric
            livestock systems (e.g., poultry) that have developed, using
            cereals and agricultural by-products (e.g., oil cake and spent
            grains) as animal feed, and improving the genetic of breeds.
            Ruminant farms are divided between highly intensive feedlots
            located near urban markets and extensive systems making use of
            non-arable grasslands, mostly located in sub-Saharan Africa. But
            more frequent extreme weather events (heat waves, flooding etc.)
            are causing strong variability in crop yields from one year to the
            next and climate change generates more frequent disease outbreaks
            in livestock.


            However,
            these intensification processes have not concerned isolated rural
            areas without connections to international markets. Here,
            agricultural intensification remains weak in the absence of
            investment capital and due to difficult access to inputs.

          

          
Services provided by the land

            

            All the
            regulating services are affected by the rise in agricultural
            production and the expansion of urban areas. The main consequences
            of changes in land use and land sealing include local climate
            change (heat islands, lower rainfall etc.), an increase in soil
            erosion and a reduction in soil water retention capacity, thus
            aggravating the effects of climate change. Increased arable land
            and grassland areas at the expense of natural areas and forests
            have caused considerable organic carbon losses and emissions, as
            does the conversion of pasture into arable land.


            Provisioning and
            cultural services are particularly affected by climate change.
            Agricultural over-exploitation also causes soil depletion, while
            generating pollution that affects drinking water resources. The
            specialization of agriculture has reduced the genetic diversity of
            agricultural resources. Natural and protected spaces are gradually
            shrinking, giving way to exploitation for agricultural or energy
            purposes. Ecosystem diversity and amenities are being reduced due
            to uniformization, over-exploitation and the impacts of climate
            change. Landscapes are simplified and specialized, with a
            pronounced spatial segregation of functions, thereby reducing
            ecosystem resilience. Finally, agricultural land use contributes
            little to rural development, due to the decline in agricultural
            employment since 2010.

          
        

        

Food and nutrition security in the Metropolization
          scenario

          

          Thanks to
          agricultural intensification and modern value chains, food
          availability has increased globally since 2010, in particular in
          developing countries.


          However, in
          2050, diet transition, which is marked by increased consumption of
          vegetable oil, refined grains, processed meat, added sugars and salt
          and reduced consumption of fresh produce and coarse grains, led to a
          rapid rise in the prevalence of overweight and obesity and
          non-communicable diet-related diseases. National health systems have
          struggled without success to cope with these diseases. All over the
          world, diets are now made up of 60% of processed and ultra-processed
          foods with high energy densities and low nutritional value (poor in
          micro-nutrients and fibre). Their diffusion has increased sharply
          the prevalence of obesity and diet-related (Crino et al., 2015)
          diseases such as type II diabetes, cardio-vascular diseases and some
          cancers, in particular in developing countries. In 2050, the sales
          per capita of ultra-processed foods in upper-middle-income countries
          (mainly in East Asia) reach similar high levels to those in
          high-income countries, while they have reached a plateau in
          high-income countries since 2010. In low-income countries (mainly
          South Asia and sub-Saharan Africa) where consumption of
          ultra-processed foods was low in 2010, sales of ultra-processed
          foods are now more than half of those in high-income countries
          (Baker and Friel, 2014). Since 2030, more than 60% of the world
          population is either obese or overweight, compared with 33% in 2005;
          and the obesity prevalence in sub-Saharan Africa is higher than
          17.5%, double the situation in 2005 (Kelly et al., 2005). Since 2020,
          non-communicable diseases, most of which are significantly
          associated with diet, already represented two-thirds of the global
          morbidity burden (Chopra et al., 2002).


          The
          improvement of access to food has been dependant on the ability of
          large cities to generate jobs and boost incomes. On this point, the
          megacities are not all on an equal footing, depending on a series of
          cultural, social and institutional factors (education levels,
          infrastructure quality, integration into the world market etc.).
          With the fast pace of urbanization, food inequalities are also
          widening within cities: wealthier urban populations have access to a
          more diversified diet and are therefore seeing an improvement in the
          nutritional quality of their diet, while the more disadvantaged
          urban populations, living in slums, consume cheap, energy-dense
          highly processed foods that have negative effects on health
          (Drewnowski, 2009). Furthermore, in 2050 declining dietary diversity
          for the poor has increased micronutrient deficiencies, despite
          better access to inexpensive calories than in 2010. In rural areas,
          the spatial divide with large cities has had significant effects on
          undernutrition: access to food markets is difficult for rural
          consumers and small farmers are exposed to climate risks.


          Against a
          backdrop of severe climate change, low-resilience agricultural
          systems with poor biodiversity, high technical content and a great
          reliance on international markets are generating high variability in
          output in the different regions. Due to the interdependency of the
          markets and the importance of world trade dominated by a small
          number of operators, there is high volatility in foodstuff prices,
          thereby making access to food unreliable for the most vulnerable
          populations.

        

        
How did we get here?

          

          Economic
          growth in emerging countries continued at a fast pace over the
          period 2015-2030. To achieve these results, an alliance was formed
          gradually between a number of multinational companies and investment
          funds on the one hand, and the UN, Bretton Woods institutions and
          WTO on the other. They lowered trade barriers in order to foster
          international trade, drew up global agreements on trade backed by
          the harmonization of product standards and favoured foreign
          investment in the agricultural, food, mining and industrial sectors
          of countries in the Southern hemisphere. They have fostered growth
          in consumption and global trade as a way of avoiding social
          tensions.


          The world’s
          economies remain highly reliant on fossil fuels, while a low level
          of concern for environmental issues prevails. Internationally, the
          belief that technical progress could mitigate the impacts of global
          changes (GMO, geo-engineering etc.) has prevailed, but without
          fulfilling its promise. Fossil fuel availability remains high,
          thanks to the exploitation of oil shale, fossil fuel reserves in the
          Arctic and Antarctic and deep-sea drilling. The energy mix has
          therefore remained focused on oil, gas and coal. Emissions of CO2 and other gases
          have continued to grow. Economic competition between States has
          prevented the establishment of an effective carbon market. In order
          to avoid disrupting economic growth, no efforts were made on carbon
          sequestration until the mid-2030s. In 2050, per capita GDP is
          $24,000 and the resource-intensity of GDP is high. Total energy
          consumption stands at 879 Exajoules (against 546 EJ in 2010).[52]


          In the face of the
          local and global environmental issues generated by human activity,
          confidence in the ability of science to overcome the problems was
          previously high. Research focused on industrial efficiency, on
          decoupling production and resources by enhanced efficiency, on
          recycling and reducing waste. Technological progress, meanwhile,
          made it possible to contain the increase in the cost of extracting
          fossil fuels. Convergence between various technologies did allow
          considerable progress, but at the price of a number of accidents
          with serious effects on health and the environment.


          In the years
          just preceding 2050, however, there were increasing numbers of
          environmental, health, economic and social catastrophes. Energy
          prices rose sharply as conventional oil and then gas resources
          became increasingly scarce. Tensions rose over water with
          urbanization, the extension of industrial use and the increased
          frequency of extreme climate phenomena. Meanwhile, reserves of
          phosphate and rare metals with low extraction costs became depleted.
          Public health deteriorated sharply due to pollution and, most
          significantly, unhealthy diets.

        
      

      

Land use for regional food systems

        

        Figure 13.3
        indicates the combination of hypotheses per driver constituting the
        scenario ‘Land use for regional food systems’. Furthermore, the
        following keywords summarize this scenario: regionalization,
        supranational regional blocs, traditional and hybrid diets, regional
        food systems, food sovereignty and subsidiarity, regional integration
        of production and consumption.


        Main drivers of the Regionalization
          scenario

          

          By 2050,
          States have joined to form supranational regional blocs. Political
          and economic governance in regional blocs took shape to address
          several difficult challenges including financial crises,
          unemployment, pollution and the impact of diet transition on public
          health. Since 2010, urbanization took place mainly in medium-size
          and small cities (Montgomery, 2008). Supported by national and
          regional policies, regional development has generated tight
          relationships between rural areas and cities. Networks of urban and
          rural areas emerged, developing synergies between agriculture, food
          processing and regional markets. Rural development reconnected
          itself to urban food supply chains by promoting traditional regional
          diets and by building regional synergies between agriculture and
          food chains. At a supranational level, regionalisation in food
          systems relies on producing agricultural products suited to a
          region’s agro-climatic conditions, on regional cuisines rooted in
          traditional food practices and on key value-chain stakeholders.
          Rather than a global convergence of dietary practices, diverse
          pathways for regional food systems emerged around the world. In
          addition to food and farming, within the regional blocs, States also
          tackled the energy transition. They sought greater energy autonomy
          by increasing the production of renewable energy or by using
          regionally available fossil fuel resources.


          Regional
          blocs have implemented a concept of ‘food sovereignty and
          subsidiarity’, wherein as much food as possible is produced within
          the region and recourse to imported products is only made when
          regional production is not sufficient, as is the case in North
          Africa and the Near and Middle East. Regional policies were designed
          to protect domestic food markets from the influence of low-cost and
          highly processed foods. National policies promoted the production of
          food matching traditional regional diets. They emphasized food
          diversity rather than staple foods. Bilateral regional agreements
          were implemented in cases where regional food resources are not
          sufficient.


          Food supply
          chains were reshaped by investing preferentially in traditional
          regional food and reconnecting the food industry to regional
          production through contract agreements. Logistics, agri-food and
          retail distribution companies came together in networks organised
          around rural production sites, with storage, slaughtering,
          processing and trade located in intermediate urban centres and
          diverse distribution systems at both urban and rural levels.
          Well-structured industries emerged, making use of transportation
          networks and storage facilities, and agricultural cooperatives made
          contract agreements with downstream partners. Small and medium-sized
          cities, where industrial and small-scale food processing is
          concentrated, now act as intermediaries between rural areas and
          urban centres. The growth of agri-food industries and small- scale
          food processing has had a positive knock-on effect for agriculture
          and for rural development in general, improving household food
          security through increased incomes. Food access for rural
          populations was improved with the development of regional food value
          chains.


          By 2050,
          after several decades of promoting regional diets and supporting
          diverse food industries based on regional food cultures, each region
          benefits from a broad range of accessible foods. Certain regions
          have now specifically increased their production of tubers and roots
          (e.g.,
          West Africa), while others focused on coarse grains or pulses (e.g., ECS
          Africa and India), and have developed the attendant supply chains
          for these products.


          In a context
          of moderate climate change, renewed diversity in production has
          transformed cropping and livestock systems. Crop diversification led
          to increased production of legume crops, thereby making cropping
          systems more agroecological, and also strengthened ties between
          cropping and livestock systems. Depending on the region, cropping
          systems evolved towards sustainable intensification agriculture or
          agroecology. Animal feed is expressly sourced from regional crop
          production and trade in organic fertilizer between livestock and
          crop farms is organized at small and medium scales. Farmers select
          crop or animal species suited to their regional agri-climatic
          conditions. Accordingly, small ruminant production is well developed
          in semiarid areas where its consumption is traditional, using
          marginal or uncompetitive land for pasture.


          Since 2010,
          in most of the world regions, arable and pastureland areas have been
          stable. Exporting regions such as North America, Brazil/Argentina,
          Oceania and the Former Soviet Union and importing regions such as
          the Rest of Asia or East, Central and South Africa (ECS) have either
          slightly increased or decreased their arable land. But exporting
          regions like Brazil/Argentina, where agriculture was previously
          export-oriented, have been through major changes in their
          agricultural production. However, four regions have experienced an
          increase in agricultural land: EU 27 and India, where arable land
          increased; West Africa, where both arable land and pastureland grew
          strongly; and ECS Africa, where pastureland expanded significantly.
          Globally, the regionalization of diets and food systems resulted in
          reduced international trade which, nevertheless, remains a major
          concern for traditional net importing regions such as the Near and
          Middle East, North Africa, where regional production is not
          sufficient to feed the regional population, but also for West
          Africa.
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          Figure 13.3. Selected hypotheses
          describing the ‘Regionalization’ scenario.


          Graphic design: Elodie Carl.

        

        
Land use in the Regionalization scenario

          

          Agronomic potential of land

            

            As a
            consequence of moderate levels of climate change since 2010
            (+1°C), the potential cultivable land area has slightly increased
            by about 60 Mha for moderately suitable to very suitable lands for
            agriculture by 2050. Land increases were distributed very
            unevenly, with suitable arable land increasing in higher latitudes
            but decreasing in tropical areas. In some regions, where the
            impact of climate change on suitability of cropland was
            substantial, soil conservation and soil quality remediation became
            important policy issues. In other areas, where the impact was not
            as strongly felt, regional policy focused on limiting soil
            degradation.

          

          
Distribution of land between different
            uses

            

            Between 2015 and
            2050, food, feed and livestock production gradually fell back into
            sync with regional eating habits. Cultivated varieties are once
            again grown in proximity to areas of consumption within the
            region.


            The
            regional production of crops for export has declined sharply and
            has been replaced by the production of crops and animal products
            for consumption within the region. The production of vegetable
            oils, which had previously been a mainstay of global trade,
            declined worldwide, as did the amount of land used for their
            production. The production of animal feed crops also declined
            markedly from 2015. Livestock systems were restructured to make
            use of regionally available feed crops. Certain regions, such as
            the European Union, have replaced soyabean imports with the
            production of legume crops for animal feed. As a result, since
            2010, cropland areas have decreased in exporting regions such as
            Brazil/Argentina and the Former Soviet Union, but they have
            increased in West Africa, India and the EU 27.


            Because of
            the limited nutrition transition since 2010 and the global
            stability of animal product consumption per capita, pasturelands
            have remained stable in most regions of the world, even being
            reduced in Canada/USA, Rest of America, Oceania, Former Soviet
            Union and China. The increase of world pastureland since 2010 is
            mainly the result of the increase in the two sub-Saharan African
            regions. In ECS Africa and West Africa, pastureland expansion is
            partly linked to the major role of small ruminant meat in regional
            diets and to the low efficiency of the regional livestock
            systems.


            In regions
            where there was contention between food crops and biofuels,
            priority was given to food crops over the production of biofuels.
            The regions with land constraints pursued other renewable energy
            sources, such as solar and wind. The growth of biofuels was
            particularly visible in regions that had few fossil fuel resources
            and some land availability, based either on dedicated crops, on
            crop residues or on forest use. Countries with available cropland
            produce biomass specifically for energy production. Countries with
            extensive forest area make maximal use of forestry and crop
            residues and improve their forestry management practices. In some
            regions, forests are planted while in others there is
            deforestation to convert land to agricultural use. In all
            countries, the use of agroforestry practices is on the rise.

          

          
Access to land

            

            Land use
            planning policies have progressively introduced regulations to
            manage the use of land. Regional and domestic policies have served
            to protect agricultural land from encroaching urbanization and
            have encouraged the relocation of production systems. Land tenure
            was strengthened, which increased stability for small family farms
            and improved land tenure rights for women and young people.
            Intermediaries who favour certain types of agriculture, regional
            products and organise market access, such as collective land
            holdings, agricultural cooperatives, producer associations,
            agri-business or municipalities, determine access to land.

          

          
Degree of intensity of land use

            

            Under the
            effects of climate change, taking a world average and excluding
            the impacts on yields of changes in cropping systems that have
            occurred over the period, potential crop yields could have
            decreased since 2015, by –6% for wheat, –7% for maize, –8% for
            rice, –15% for soyabean and –10% for groundnuts. Falls in
            production were felt more sharply in tropical regions than in the
            Northern Hemisphere. The increasing frequency of extreme weather
            events such as droughts, floods and hurricanes also exacerbated
            year-to-year variability in production.


            A variety
            of practices has been used for agricultural intensification,
            ranging from conventional intensification to intensive
            agroecology. The region’s access to energy resources has been a
            deciding factor in shaping its agricultural production systems. In
            regions with accessible fossil fuel resources, agricultural
            systems have continued to evolve conventionally towards
            intensification. Regions with few fossil fuel resources have
            developed agricultural systems centred around energy autonomy
            (biomass energy and anaerobic digestion) and low dependence on
            industrial inputs (mineral fertilisers, pesticides and seed). The
            most autonomous and resilient systems, which draw on biological
            regulations, have required specially adapted mechanization
            technology or high levels of human labour. A second factor
            affecting intensification has been the amount of available arable
            land in a region. This has been particularly the case in
            intertropical areas where climate change affected arable land in
            increasingly adverse ways. Agricultural intensification is
            strongest in areas with limited land resources. Here, agroforestry
            systems have been popular as they are able to meet food and energy
            needs at the same time.


            It has been
            possible to limit yield losses through the use of species and
            varieties adapted to local soil and climate conditions and by
            reintroducing coarse grains, legumes, roots and tubers to
            diversify the range of crops produced.

          

          
Services provided by the land

            

            Social
            services associated with land use, rural development in
            particular, are significant. Growing ties between farmers and food
            value chains created agricultural jobs and generated agricultural
            incomes in rural areas. In certain regions, land use has
            contributed to increasing environmental services. In regions where
            agricultural and food issues are crucial, fragile land is
            particularly protected against degradation. Cropping systems that
            protect against soil salinization, erosion and flooding are
            developed and expanded.

          
        

        

Food and nutrition security in the Regionalization
          scenario

          

          In 2050,
          food availability varies considerably from region to region. It has
          improved daily caloric intake in the regions where it was the
          lowest, such as India and ECS Africa.


          In terms of
          food access, the development of regional food value chains improved
          physical access to food in both rural and urban areas. The
          regionalization of trade made it possible to protect farmers in
          developing countries against competition from areas with higher
          agricultural productivity. Since 2015, trade relationships between
          rural and urban areas have been strengthened, improving the incomes
          of farming households in rural areas and their access to food.
          Regional value chains are based on regional products and processing,
          and on the relationship between urban and rural areas. Traditional
          value chains more or less hybridized with supermarkets and regional
          agri-business, have kept pace with contemporary developments, yet
          have valued culinary culture, and agriculture has been organized
          around the production of products with high added value. Product
          quality certification systems have reinforced this dynamic, as have
          the urban policies of major cities reconnecting urban food
          consumption to regional production.


          In 2050, the
          regional patterns of diets are very diverse as regional supply
          chains have been reshaped by reconnecting to regional food crops.
          Since 2010, the consumption per capita of cereals, coarse grains, or
          tubers and roots as the basis of diets has stabilized or increased,
          the significance of each product depending on the region, while
          regional consumption of animal products has increased slightly. In
          all regions, consumption per capita of vegetable oil has decreased
          sharply as has that of sugar and sweeteners in most regions, while
          stabilizing at low levels in other regions.


          The quality
          of local diets, particularly in developing countries, did not fall.
          The limited development of ultra-processed products and the increase
          in consumption of traditional products have helped to maintain
          regional diets that are high in products of good nutritional
          quality. In developing countries, where in 2015 domestic food
          systems hadn’t yet been transformed by transnational food companies,
          safeguards have been put in place in order to limit the entry of
          unhealthy foods and public policy has supported regional supply
          chains, the marketing of traditional products and the promotion of
          regional culinary heritage (Gomez and Ricketts, 2013). In many
          cases, creating food systems aligned with traditional diets and
          based on diverse plant crops, has actually improved the nutritional
          quality of local diets (Smith, 2013). In India and ECS and West
          Africa, nutrition deficiencies have been offset by an increase in
          the consumption of animal products, rebalancing diets that were
          traditionally low in calories and deficient in micronutrients
          (Arimond and Ruel, 2004; Roesel and Grace, 2015).

        

        
How did we get here?

          

          In the face
          of recurrent crises (price volatility, pandemics, local pollution,
          obesity and an increase in diet‑related non-communicable diseases)
          caused by climate, social and economic change, States joined to form
          large, supranational regional blocs. Between 2020 and 2035, European
          countries were finally able to reach agreements and to implement
          structural reforms to restore economic growth, favour investment and
          employment, and institute comprehensive polices on climate change
          adaptation, energy, the environment, food and the fight against
          poverty. Between 2030 and 2050, the European Union, North Africa,
          and sub-Saharan Africa were able to develop economically,
          politically and socially, while each preserved their own unique
          cultural specificities. Regional integration in Asia is centred on
          Japan, ASEAN countries and Australia, with India close to this bloc,
          while China and Russia build closer ties with each other. In Latin
          America, the Latin American Integration Association (LAIA)
          contributes to regional integration through trade.


          Small and
          medium-sized businesses, numerous civil society organisations and
          governments all understood that institutions needed to be
          strengthened, regional cooperation encouraged and intra-regional
          trade expanded. This was necessary to successfully manage the energy
          transition, strengthen the labour market, promote social cohesion,
          improve food diversity, with a particular focus on regional dietary
          patterns, sustainably manage natural resources and support
          democracy. These measures would also prevent political fragmentation
          and avoid international governance by market forces.


          To reduce food
          dependency, regions introduced strategies to make the best use of
          regional agricultural resources to supply the population with their
          needs. These measures also address important health issues, namely
          obesity and non-communicable diet-related diseases. Accordingly,
          regions promote the production of certain food products associated
          with traditional regional diets. Food supply is now at the centre of
          a wide range of policy objectives and is the force driving many
          comprehensive policy measures that jointly address agriculture, food
          and energy. The resulting food supply chain resembles a tapestry of
          large regional companies and small businesses. Through their support
          for this network of food systems to meet urban food needs, regional
          organisations also address rural development and food and nutrition
          security concerns for rural households. National rural development
          policies are therefore in line with efforts to develop regional food
          value chains. Private land ownership is increasingly regulated
          across all regions as a way of safeguarding the land resources
          necessary for food production.


          Investment in
          research varies according to region. Countries with more limited
          financial resources concentrate on social innovation and on
          modernising organisations. This allows them to remain competitive in
          a digital world. Within each region, countries work together to
          improve education and investment in research in an effort to be more
          competitive in a world where the knowledge economy takes increasing
          precedence over resources.


          In each
          region, holistic and integrated food and energy policy measures are
          gradually introduced. They promote efficiency and reduce losses and
          waste, which in turn cut carbon emissions. In Africa, substantial
          levels of investment are made in the production of local, renewable
          energy sources (solar and biomass) and in the electrification of
          urban and rural areas in order to limit fossil fuel imports and to
          encourage economic development based on local resources for regional
          markets. In 2050, per capita GDP is $20,000. The use of biomass
          energy has increased. Energy from biomass sources has reached 150
          exajoules (EJ), but there is strong variation among regions, and
          particularly among countries, by virtue of their available mineral
          and land resources. Globally, 60 EJ comes from agricultural
          residues, 30 EJ from better managed forest resources and 60 EJ from
          energy crops (second‑generation biofuels and bioelectricity from
          very short rotation coppice). Regional carbon trading schemes have
          developed in the absence of international agreements on climate
          change, which encourages regional energy autonomy. Prices are higher
          in regions without fossil fuel resources to hasten the transition to
          renewable energy.

        
      

      

Land use for multi-active and mobile
        households

        

        Figure 13.4
        indicates the combination of hypotheses per driver constituting the
        scenario ‘Land use for multi-active and mobile households’.
        Furthermore, the following keywords summarize this scenario: non-State
        actors, socio-economic networks, mobility, household’s multi-activity,
        multi-local, non-farm jobs, transport, information technologies.


        Main drivers of the Households scenario

          

          In a highly
          globalized, mobile and hybrid world, non-State actors including
          civil society groups, international NGOs, local authorities,
          multinational companies, academic institutions, foundations and
          cities drove social, economic and geopolitical transformations. They
          organized themselves to form ad hoc networks that gradually superseded
          sovereign governments and now play a key role in trade. Today, these
          networks fuel public debates. Interest groups structure both
          consumption and production through new forms of disintermediation of
          food value chains. Their strategies are jointly defined with
          citizens, consumers, residents and other relevant groups, who
          express their concerns regarding health, biodiversity, the
          environment or climate change. These networks have come to serve as
          governing bodies shaping agriculture. In a dynamic but unstable
          economic context, reversible, temporary, short- or long-distance
          types of mobility constitute a valuable strategy for rural
          households to diversify their incomes. Reversible, temporary, short-
          or long-distance mobility also drive social networks and economic
          strategies. In 2050, farming households are generally multi-active,
          engaging in farming and non-farming activities located both in rural
          and urban areas.


          In 2050,
          rural migrations to cities are temporary. Mobility evolves according
          to employment and income opportunities in urban and rural areas.
          Circular migration between rural and urban areas, alongside seasonal
          or transnational mobility, has become a usual way to ensure access
          to employment. Circular migrants find employment either in cities or
          other rural areas, in sectors such as the food trade and processing,
          industry and services, or through seasonal work in cash crop
          agriculture. Farming remains a core activity within rural
          households, but the share of non-farm activities in the incomes of
          rural households increases as mobility intensifies (Rigg et al.,
          2012).


          In 2050,
          supply chains are extremely diversified, ranging from highly
          centralized large-scale retail systems to systems based on direct
          relationships between producers and consumers, along with all
          possible intermediate variants. Many formal and informal networks
          have emerged. They are composed of non-State actors playing both
          economic and non-economic functions, including processing, product
          sales and finance through foundations, crowdfunding platforms and
          local investments. These networks operate at different scales and
          provide links between producers and consumers, and between rural and
          urban residents, on a regional or transnational scale. These value
          chains hold a prominent role in public debates on product properties
          taking place within an opinion-driven regime. Diverse demands draw
          public attention to farming practices and farmer groups. Non-profit
          ‘interest groups’ that include citizens, consumers, residents and
          any group with demands in terms of health, biodiversity, the
          environment or the fight against climate change, operate in close
          connection with these new value chains. A second feature of the
          changes that have taken place in supply chains is disintermediation
          between producers and processors or distributors. Intermediaries
          have gradually disappeared as digital and logistics platforms have
          emerged. Farm structures within these food networks are diverse.
          They range from small farms with family labour to large, highly
          capitalized farms. Large farms are linked to international
          processing and mass retailing. Farming households promote
          organizational and technical innovations in food value chains,
          networking with other actors in the food chain via digital platforms
          that shorten traditional supply chains. Access to these platforms
          and their modes of regulation are now central to food governance in
          urban and rural areas. As a result of changes in supply chains and
          lifestyles, food diets are increasingly mixed, maintaining features
          of traditional local diets while including some features of global
          diets. Mobility between urban and rural areas brings with it
          cultural mixing and changes in diet between the two: certain rural
          food practices enter urban areas, while other practices related to
          modern value chains spread into rural areas.


          Agricultural
          activities serve as a buffer in household strategies, depending on
          the context and access to urban or rural non-farming jobs (Haggblade
          et al.,
          2010). Agriculture is therefore a stable activity among a number of
          other, more transient, activities. Within farming structures, family
          labour adapts to on-farm and off-farm income opportunities,
          including seasonal labour. Younger workers leave for the city and
          then return, and older relatives work on the farm on a more
          permanent basis, while women operate either as farm managers or
          search for employment in the city. Farming activities contribute to
          balancing the books of households. Household organization largely
          allows for a number of different activities, combining farming and
          non-farming in the food trading and processing sectors, in industry,
          in the building sector or in services. Each household member
          develops their activity depending on their location, the
          opportunities that arise and their ability to find their place in
          existing networks or to construct new ones. The organization of the
          activities of household members varies and adapts to the social and
          economic environment. The respective weight of agriculture within
          household income varies according to the ratio between farming
          income and income from activities in other sectors. This continuing
          diversity of activities is part of a household resilience strategy,
          with the aim being primarily to maintain overall income. These
          multi-activity systems contribute to ensuring household food and
          nutrition security, by diversifying income and guaranteeing direct
          access to foodstuffs.


          More
          generally, the intensification of production systems in terms of
          increased output per hectare varies according to the availability of
          labour, the economic networks in which agriculture is embedded and
          the financial resources available. The organization of labour within
          the household has transformed cropping and livestock systems. Women
          and the elderly in particular take on a large part of the
          agricultural employment. Due to the mobility of active individuals,
          however, farming skills are not always reinforced. Labour-intensive
          systems are developing in places where labour supply is still
          plentiful and, when this is not the case, systems are intensified by
          increased use of technologies and the purchase of machinery and
          inputs. Within the household, monetary flows from non-farming
          activities to agriculture (e.g., remittances) have played an important
          role in intensification processes, as have investments or borrowing
          from the networks to which these farmers belong. Above all else,
          however, marketing and distribution networks determine the types of
          production and farming practices. The intensification of cropping
          and livestock systems varies from highly technical systems with low
          environmental impacts based on sustainable intensification
          agriculture through to agroecological systems making use of the
          labour and know-how of farmers. As a general rule, farming practices
          are negotiated with the interest groups concerned. For example, high
          value-added products such as fruit and vegetables or backyard
          livestock products are marketed in cities via ad hoc networks based
          on groups of urban consumers. Some food staples that are recognized
          for their quality (e.g., Thai rice) are marketed on a larger scale
          via hybrid networks combining local governments, private companies
          and consumer groups. Individual farmers now belong to specific
          networks of actors that determine the type of production and
          intensification, depending on the interests of those actors.


          In general,
          multi-activity systems have contributed to ensuring food and
          nutrition security for rural and urban households by diversifying
          their income and guaranteeing direct access to foodstuffs. Pressure
          on land in this scenario is similar but lower than in the
          ‘Regionalization’ scenario due to more active international markets
          that ease specific regional pressures on agricultural land.
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          Figure 13.4. Selected hypotheses
          describing the ‘Households’ scenario.


          Graphic design: Elodie Carl.

        

        
Land use in the Households scenario

          

          Agronomic potential of land

            

            Cultivated
            land areas are stable on account of the moderate level of urban
            growth (due to circular migration) and levelling out in demand for
            animal products. Private standards of land management emerging
            from public debate and socio-economic networks have limited
            over-exploitation of land by farming and soil degradation.

          

          
Distribution of land between different
            uses

            

            The area
            of land cultivated for high value-added and certified products has
            increased since 2010. Due to intensification of livestock farming,
            there has been a limited increase in pastureland.

          

          
Access to land

            

            In systems
            in which individuals are highly mobile, access to land has been
            secured, in particular for women in charge of farming structures.
            Household strategies aim for resilience in farming structures with
            the objective of maintaining productive capital for future
            generations of the family, notably thanks to the support of the
            multi-actor networks (consumers, foundations, local authorities
            and industry) that are involved in agriculture. Farming activity
            has therefore been adapted within households and has been
            maintained as a core activity.

          

          
Degree of intensity of land use

            

            There has
            been considerable intensification of production systems
            (production per hectare), driven by significant innovations in
            such systems. These innovations have consisted either in making
            greater use of cutting-edge technologies (information
            technologies) or in turning to innovative techniques such as
            agroecological ones in response to public demand. The networks of
            public and private actors who organize marketing and sale of the
            products now define the goals of agricultural activities, giving
            priority either to cutting CO2 emissions, to reducing environmental
            impacts (agroecology), to improving nutrition or to addressing
            social issues such as rural poverty or inequalities in access to
            food. Due to the high public profile of farmers and farming,
            agricultural practices and forms of intensification are constantly
            being challenged and redefined in interaction with interest
            groups. Therefore, most farmers have evolved towards sustainable
            intensification agriculture or agroecology. Large farms enjoying
            access to capital thanks to their ties with multinational firms
            have turned to sustainable intensification by using new
            technologies and practices (significant mechanization and use of
            external inputs).


            As far as
            small farms are concerned, monetary flows (from non-agricultural
            activities to agriculture) have favoured the intensification
            process. These flows are made up of remittances (non-farming
            income sent by household members), financing from foundations or
            NGOs or private investments of urban origin. In addition to this,
            the reversible mobility of household members has limited the
            breaking up of farms, by reducing growth in the farming
            population, in particular in those regions which were previously
            at risk of experiencing a sharp increase in their rural population
            (such as sub-Saharan Africa, North Africa, Central Asia and
            Oceania).

          

          
Services provided by the land

            

            Regarding social
            services, agriculture now contributes to the resilience of rural
            households and provides a fixed basic income as part of the
            overall revenue of farming households. In certain regions where
            interest groups are active, agriculture plays a role in the
            production of environmental services (water quality, biodiversity
            etc.).

          
        

        

Food and nutrition security in the Households
          scenario

          

          Food
          availability has remained stable since 2010, as small and
          medium-sized structures have maintained or intensified their
          production per hectare, alongside the growth of a highly capitalized
          agricultural sector.


          Access to food has
          been buoyed by growth in the overall (farming and non-farming)
          incomes of households with an agricultural activity and by increased
          individual mobility.


          Agricultural
          output contributes to the food and nutrition security of the
          extended household, either via local consumption (e.g., milpa in
          Latin America) or via formal and informal food trading networks
          between the village and people living in the city but who were born
          in the village.


          There can be risks
          of instability in food supply availability when conflicts arise
          between interest groups, causing a sudden shift in stakeholder
          networks and alliances.

        

        
How did we get here?

          

          In an
          ultra-globalized hybrid world, non-State players dominate in social,
          economic and geopolitical change processes. International NGOs,
          local non-profit organizations, multinational firms, academic
          institutions, foundations and local authorities such as members of
          city governments, have formed ad hoc networks that are driving
          forces in devising responses to local and global challenges. These
          network groups have gradually superseded the power of national
          governments. These trends have emerged after the failure, in the
          2020s and 2030s, of sovereign States to take up the challenges of
          climate change and poverty, while non-State actors were multiplying
          their initiatives. The weight of NGOs has therefore increased, in
          particular in public opinion, as a counterweight to the power of
          transnational corporations. World development has become an uneven
          patchwork in which membership of an individual or a collective to
          networks, or their ability to mobilize their forces to create new
          networks, determines success and the level of their wealth.


          Rather than
          uniting around a national government, the public has tended to join
          groups of actors that share common interests, thereby creating
          powerful currents of opinion. Consensus within public opinion
          regarding the main challenges, fed by the affirmation and growth of
          the middle classes, has provided the foundation on which the power
          of these non-State interest groups is based. Urbanization and the
          spread of information technologies have facilitated the development
          of these multiple, labile coalitions that are independent of
          national governments.


          The issues
          they have addressed range from reducing poverty to the environment,
          climate change and the fight against corruption. Agricultural
          activity has been adapted to the interactions and negotiations
          between the various groups concerned by the services provided by
          farming activities, such as biodiversity, drinking water quality,
          landscape, health, climate change and even local identity linked to
          food products. The role of charities and philanthropic foundations
          has been gradually overtaking that of international aid. Solutions
          have been found to specific global problems through the coalitions
          of networks of international actors.


          National
          governments did not disappear entirely. They have tended to perceive
          their role as being organizers and coordinators of ‘hybrid’
          coalitions of State and non-State actors that evolve according to
          the challenge concerned. Authoritarian governments struggle to
          maintain a foothold in this new context. In contrast, smaller, more
          ‘agile’, decentralized governments allowing and facilitating the
          development of dynamic coalitions have been playing a central role
          in this system of governance by network and interest group. Emerging
          countries have benefited from these changes, in the absence of
          existing and established networks, by relying massively on new
          technologies. Sovereign governments are finding it difficult to
          develop public policies in this new context in which the importance
          of the State is declining. Transnational interest groups that no
          longer rely on just a single State now have the ability to bypass
          national governments seeking to regulate their activities. They
          challenge traditional jurisdictions and regulations. The power of
          these networks and ad hoc coalitions has raised security issues and
          generated geopolitical uncertainty, although such changes also bring
          greater global wealth.


          Decentralized energy systems have been created,
          bringing together residents, renewable energy producers and various
          energy consumers (industry, services etc.) via smart networks. Faced
          with the erosion of national power, diseconomies of scale linked to
          new technologies, an increase in the cost of capital and of energy,
          and the decentralization of energy sources have given small and
          medium-scale farming with family labour a competitive edge.

        
      

      

Land use for food quality and healthy
        nutrition

        

        Figure 13.5
        indicates the combination of hypotheses per driver constituting the
        scenario ‘Land use for food quality and healthy nutrition’.
        Furthermore, the following keywords summarize this scenario: healthy
        diet, malnutrition, GHG, integrated public policy on nutrition, food
        diversification, meat and ultra-processed food consumption, cropping
        system diversification, crop–livestock integration, soil organic
        carbon sequestration.


        Main drivers of the Healthy scenario

          

          In the
          2020s, healthcare systems were saddled with the considerable costs
          associated with diet-related non-communicable diseases – type II
          diabetes, cardiovascular diseases, cancers – and obesity. More
          generally, as the consequences of malnutrition – under- and
          overnutrition, nutrient deficiencies – on public heath were
          increasingly felt, most States were compelled to implement a raft of
          policy measures aimed at shifting consumption patterns towards
          healthier diets, limiting the consumption of unhealthy foods. These
          food and nutrition policies were designed to improve diet quality by
          targeting all the actors of the supply chain from agriculture and
          storage to food processing and retail. These policies were aligned
          with international measures to fight climate change. They focus on
          energy, transport, construction, food systems and carbon storage. In
          this context, synergies across multiple scales – national, regional
          and international – on food, nutrition, agriculture and climate
          policies were sought to generate widespread positive impacts on both
          diets and climate at the global scale. Global soil improvement
          policies led to the rehabilitation of degraded land for agricultural
          use and to sequestration of organic carbon in soils. National States
          and urban authorities shaped more inclusive development processes
          linking rural to metropolitan areas, improving transportation and
          communication infrastructures, implementing land planning and
          favouring efficient food value chains.


          Strong food
          and agriculture policies and consumer mobilization against unhealthy
          foods (energy-dense, rich in vegetable oil, sugar and salt)
          triggered major changes in the food system. On the one hand, food
          policies were implemented to limit the development of highly
          processed foods and soft drinks by taxes and, on the other, to
          improve access to healthy foods (Hawkes et al., 2013). Fresh fruit and
          vegetables and certified agroecological products were subsidized
          during a transition period through a reallocation of State farm
          subsidies. A diversity of distribution channels, such as open-air
          markets that make fresh products more accessible, were supported in
          developing countries. Agri-food companies, aware of their role in
          mal- and overnutrition, committed to improving the nutritional
          quality of their food products and to reducing the impact of their
          industry on climate. Innovation in the agri-food companies shifted,
          as accountability policies (Swinburn et al., 2015) now require
          industrial processes to prove their positive nutritional and
          environmental impact. These changes affected innovation, with the
          goal of preserving dietary fibre and micronutrients and diversifying
          food products (Fardet and Rock, 2014). The development of minimal
          processing of pulses and coarse grains contributed to this goal.
          Today, agri-food companies, farmers and major retailers are fully
          involved in the production, processing and retailing of healthy
          products that meet nutrition standards and that are certified, and
          have a low impact on climate change. A wide range of food value
          chains are organized through close links between rural and urban
          areas, based on efficient transportation infrastructure and diverse
          supply chains. Organized in cooperatives, farmers are part of
          healthy food chains, producing quality foods based on standards and
          contracts with agri-food industries, or selling high-value fresh
          products to urbanites. They supply certified products to food
          processors, or directly to retailers and consumers, across a variety
          of both short and long distribution chains. Retrospectively,
          diversification of food products has helped to improve nutrition at
          farm, rural and urban levels and allowed better adaptation of crops
          to local resources. Better organized food systems have also reduced
          food losses and waste, in particular by improving food storage and
          preservation capacities in developing countries.


          Compared to
          2010, diets in 2050 are on average higher in fruit and vegetables,
          coarse grains and pulses, and lower in meat, major cereals,
          vegetable oils, sugars and sweeteners, and salt, all of which were
          major components of ultra-processed foods. As a response to the
          continued incidence of undernutrition in some developing countries,
          the consumption of animal products in diets was enhanced through
          better access and sanitary security. The development of a diverse
          range of distribution networks such as outdoor markets, small
          retailers and large supermarkets greatly improved access to fresh
          food in urban and rural areas.


          To meet the
          challenges posed by malnutrition and diet-related diseases, both
          crops and cropping systems diversified by incorporating
          agroecological techniques and re-associating livestock systems with
          crop production in order to improve mineral cycles. To diversify
          cropping systems, crop associations, mosaic crop planting to limit
          pest development and agroforestry have been developed. Trees,
          including fruit trees, provide shaded areas and habitat for
          pollinators in annual crop fields and pastures. Farming systems have
          improved both soil quality and the storage of organic carbon
          (Bindraban et
          al., 2012) through a range of measures, including reduced soil
          tillage, permanent soil cover with cover crops or mulch and more
          diversified, longer crop rotations. These changes improved soil
          structure, water availability for plants and the retention and
          effectiveness of soil nutrients. Intensified soil microbial
          activity, in turn, restores soil quality in degraded areas and
          increases soil fertility. Depending on the availability of capital
          and the situation in the agricultural labour force, cropping systems
          have evolved towards sustainable intensification or agroecology. The
          number of market gardens and fruit orchards is on the rise, and
          organic household waste is put to use in local, small‑scale
          livestock farms. Livestock systems focus their efforts on limiting
          nitrogen cycle losses by improving the management of animal manure,
          and to avoid overgrazing by improving the management of pastures
          through the introduction of a diversity of grass and legume species.
          These changes contributed to both limiting agricultural greenhouse
          gas (GHG) emissions and increasing carbon storage in soil, raising
          per‑hectare yields in instances where the yield potential was
          previously far from being reached.


          Worldwide shifts
          in land use reflect this crop diversification, limiting globally the
          spatial expansion of agriculture. Most regions have seen a decrease
          or a stabilisation in their arable land area. But three regions,
          where in the past consumption levels of animal products were
          inadequate, have experienced an expansion of agricultural land.
          There has been an increase in arable land in West Africa and India,
          and a major increase in the pastureland area of East, Central and
          South Africa (ECS Africa).


          Overall, as
          a result of the mixed cross-sectoral policies reshaping food markets
          and agriculture, global diet is much healthier than 40 years ago.
          The increase in unhealthy food consumption of the 2010s has been
          halted, and undernutrition has decreased due to food diversification
          and the better resilience of farms. The international trade of foods
          satisfying nutritional quality standards has remained significant
          and has strengthened in importing regions such as the Near and
          Middle East and North Africa, sub-Saharan Africa and the Rest of
          Asia, with products coming from exporting regions such as the Former
          Soviet Union, North America and China.
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          Figure 13.5. Selected hypotheses
          describing the ‘Healthy’ scenario.


          Graphic design: Elodie Carl.

        

        
Land use in the Healthy scenario

          

          Agronomic potential of land

            

            Owing to the
            range of measures adopted, global temperature change by 2050 was
            kept well below the +1°C threshold and changes in rainfall
            patterns were limited. Consequently, climate change did not have a
            substantial effect on the agricultural suitability of land at a
            global level.


            At the
            same time, measures implemented by many countries to restore soil
            fertility and to increase organic matter in soils served to
            curtail soil degradation. Since 2010, farmland yield potential has
            increased while the yield potential for degraded land has been
            restored. Consequently, cropland area has remained constant and
            the agricultural output potential of soils rose. The increase in
            organic carbon storage in soils has also led to higher yield
            potentials since 2010, with impacts varying by region.

          

          
Distribution of land between different
            uses

            

            In 2050,
            the share of land used for animal feed crops and pastures per
            capita shrunk, while the share of land devoted to crop production
            for direct consumption per capita increased. Crops on arable land
            are much more diversified than in 2010 and oriented towards direct
            human consumption, including more areas devoted to fruit and
            vegetable, pulse and coarse grain production.


            Since
            2010, a decrease or stability in arable land and pastureland has
            been seen in Brazil/Argentina, Rest of America, Canada/USA, EU 27,
            Oceania, Former Soviet Union (FSU) and China, with a total
            decrease of agricultural land in these regions of more than
            500 Mha. Only two regions, West Africa and India, have seen an
            increase in their cropland. The global increase in pastureland has
            mainly been located in ECS Africa and West Africa, which have
            experienced a total increase of more than 500 Mha since 2010. The
            reason for this situation is linked to the change towards healthy
            diets between 2010 and 2050, which has involved a rise in the
            share of animal products and pulses in diets, in order to reach
            food and nutrition security in these two regions, and also in
            India.


            Government
            land-use planning policies have limited the loss of farmland to
            urbanization. Since 2010, marginal land and heavily degraded land
            unsuited to agriculture has been reforested. Since 2010, some
            regions such as Canada/USA, FSU and China have expanded their
            forest area using the part available of their agricultural land.
            But ECS Africa has to struggle with deforestation in order to
            limit the extent of land use change towards pastureland and to
            reduce the impacts of deforestation on GHG emissions and
            biodiversity, for example by developing agroforestry. Forests now
            represent an important source of biomass for energy production,
            accounting for one-third to half of the global biomass energy if
            we include forest plantations and coppice systems.

          

          
Access to land

            

            The
            reorganization of food systems to favour nutritional quality led
            consumers to change their perception of agriculture, and it
            increased in esteem. Farmers are guaranteed access to land in
            rural and peri-urban areas as part of long-term investment
            strategies in favour of improving soil potential and carbon
            storage. While there are no measures to oppose large-scale
            production, there is support given to a large number and wide
            range of farms and farming organizations. Support is provided
            through a variety of land tenure systems that formalize customary
            land ownership and use via the creation of specialized
            institutions or the allocation of land titles. Whereas land-use
            and access issues were major sources of instability until 2020,
            regions that made the reconfiguration of food systems a priority
            were able to safeguard access to land. In 2050, land use planning
            policies promoted by local and urban authorities protect
            agricultural land from urbanization, particularly in peri-urban
            areas. Privileged access to land is granted to farmers in support
            of nutrition and food security, and carbon storage.

          

          
Degree of intensity of land use

            

            Whereas
            production systems in the past were focused on specialized areas,
            systems now are based on planting different crops in succession,
            creating spatial diversity. Cropping systems now include more
            varied, longer crop rotations that incorporate diverse grain
            crops, protein crops and vegetable crops.


            In 2050,
            the improvement in soil fertility has been based on various
            techniques including increasing organic carbon storage in the
            soil, reduced soil tillage, cover crops and more varied, longer
            crop rotation cycles. These soil-quality remediation measures may
            impose limits on the export of residues for energy generation or
            other uses depending on the type of soil, its initial soil carbon
            content, the local climate and soil management practices (Warren
            Raffa et
            al., 2015).


            Agroforestry systems have also become more
            prominent, allowing for a wider distribution of crops across
            landscapes by incorporating both perennial and annual crops and
            combining energy and food crops within a single system.


            In 2050,
            the re-association of crops and livestock has created agricultural
            systems that rely less on agro-industrial inputs and that are
            better at managing the nitrogen and phosphorus cycles. This
            reduces dependence on mineral resources and the need to buy
            mineral fertilizers. Instead, agroecological practices are used to
            increase per-hectare productivity (agroforestry and crop
            associations) and increase the diversity of products per
            hectare.

          

          
Services provided by the land

            

            Stabilizing anthropogenic GHG emissions
            required massive efforts to sequester carbon in plants and in the
            soil as well in order to reduce actual emission levels. In
            agriculture, this happened through the use of mixed systems that
            were able to improve the range of services provided by soils by
            addressing the issues of food production, carbon storage and
            control of GHG emissions: storing carbon in the soil through the
            use of appropriate agricultural practices, as well as planting
            forests on marginal land; cutting GHG emissions by curtailing the
            use of mineral nitrogen fertilizers (less nitrous oxide associated
            with mineral fertilizers; less fossil fuel used for fertilizer
            production; substituting mineral fertilizers for organic
            ones).

          
        

        

Food and nutrition security in the Healthy
          scenario

          

          In the
          context of 2020, given the increasing costs of treating the health
          impacts of overnutrition and malnutrition, public health measures
          have been implemented at both the global and national levels to
          reorient consumption towards healthier and more diversified diets,
          and to address the persistent issue of malnutrition. On a global
          scale, measures have been taken to limit the trade and consumption
          of unhealthy foods such as soft drinks and ultra-processed products
          which are energy-dense but of low nutritional value. These food
          products were identified as the vector for the excessive consumption
          of calories, vegetable oil, meat, sugar and salt, and the reduced
          intake of nutrients and dietary fibre that were more prevalent in
          moderately processed or fresh foods. Led by emerging countries such
          as Brazil and Mexico, most governments have come together to
          regulate the nutritional quality of products in the food market.
          Trade regulations on non-healthy products introduced a regulation on
          food additives and a quality nutrition standard in the Codex
          Alimentarius and in the World Health Organization, as well as some
          conditional investment based on nutritional quality in the World
          Trade Organization. These policies have included the taxation of
          unhealthy foods, such as highly processed products and soft drinks,
          and the prohibition of advertising and marketing for unhealthy
          products.


          In terms of
          food availability, since 2010, daily calorie intake decreases
          slightly in developed and emerging countries, in order to reduce
          overnutrition, and increases moderately in developing countries in
          order to address nutrient deficiencies and undernutrition.


          Access to
          healthy foods has been reinforced by changing the food environment,
          improving physical and economic access to fresh produce. Measures
          implemented at the national level include health education and the
          reconfiguration of food systems to target key players and products:
          subsidized prices for fresh fruit and vegetables, and legumes;
          reduction of losses and waste related to collection and storage;
          investment in open-air market infrastructure for improving food
          access for low-income households; innovation in the food industry to
          support the use of whole grains, pulses and coarse grains; support
          for food procurement programmes, with the inclusion of fresh produce
          and local sourcing.


          Dietary
          patterns have changed towards healthier diets with various
          trajectories according to the type of country. In developed and
          emerging countries, consumption of animal products hits a plateau,
          then decreases slightly, reducing mostly the consumption of ruminant
          meat, which had had a negative impact on both climate and health. In
          developed, emerging and developing countries, since 2010, diets have
          become more balanced and diversified through the consumption of more
          fruit and vegetables, legumes and coarse grains, and a moderate
          intake of animal products (milk, eggs and meat). As a consequence,
          diet-related non-communicable diseases have decreased significantly
          since 2020.


          Improving
          accessibility to a diversity of foods also addressed the challenges
          of undernutrition, particularly those associated with child
          stunting. For rural households, the diversification in cropping
          systems has increased food security at farm-household level.

        

        
How did we get here?

          

          Discussions
          during the 2015 United Nations Climate Change Conference (COP 21) on
          the financing of climate, energy, environmental and agricultural
          policies were an important step. The commitment to ambitious
          objectives with regards to change in worldwide temperatures sent a
          clear signal to business and industry, which then began to prepare
          for a shift to the green economy. In the 2020s, the increasing
          social cost of diet-related non-communicable diseases, obesity,
          nutrient deficiencies and undernutrition and pollution, and their
          impact on labour and productivity, led most governments to implement
          new, stringent food and environmental policy measures affecting
          agriculture, the agri-food industry and food retailers. Faced with
          these mounting needs, an ever-increasing set of stakeholders and
          policymakers publicly decried the decline of healthcare services and
          the rationale driving a medical system based solely on prescriptive
          cures rather than proactive approaches, and the privatization or
          liberalization of healthcare systems on State-funded life support.
          Healthcare system reform began in a number of large emerging
          countries, such as Brazil and Mexico, and then spread widely. The
          aim was to move the focus onto the prevention of diet-related
          diseases and obesity. In the 2020s, an international coalition and
          many governments introduced food policy measures to shift
          consumption patterns towards healthy eating habits and to limit
          unhealthy food consumption by generalizing taxes on ultra-processed
          products. The move began in the emerging countries most heavily
          affected by the increase in diet-related non-communicable diseases,
          then later spread to developed and developing countries.


          Over the
          subsequent decades, energy, climate, logistics and food policies
          converged. These now support the reduction of GHG emissions,
          prioritize the use of biomass for food production, place limits on
          transport, improve carbon sequestration, advocate for consumer
          restraint and are more people-centred. The fight against poverty is
          now multifaceted; it includes efforts to redistribute capital and
          reduce inequality, to reduce energy insecurity through energy
          transition and to find new production methods that make
          farm-households and food systems more resilient.


          Agri-food
          companies followed the example set by other industries that had to
          adapt following the introduction of limits on their GHG emissions.
          Also committed to improving the nutritional quality of their food
          products, agri-food companies spent a portion of their profits on
          increased research, the results of which came to fruition some 10
          years later. The diversification of food products better met
          consumer needs and allowed for the better adaptation of crops to
          local resources. Agri-food companies also reduced losses and waste,
          and improved consumer and environmental health.


          Cooperation
          among States, businesses, civil society organisations and
          international institutions – carried out in a period of reducing
          inequality and moderate economic growth (in 2050, per capita GDP is
          $20,000) – was vital to this transformation of our economic and
          social models. Land reform was carried out by a number of States to
          provide vulnerable populations with access to land and to limit
          internal or international migration. Social and environmental
          regulations were set to control production. Gradually, land and
          water became collective property, managed through intergovernmental
          and national framework agreements. A climate of collaboration
          precipitated the development of technological, social and
          organisational innovations. From the start of the 2030s, developing
          countries were able to benefit from this new order. Businesses and
          cooperatives grew by using their local, natural and human resources
          to meet the needs of local markets. With the help of technology
          transfer, technical assistance and financial resources, developing
          countries were able to establish efficient energy production systems
          that generate little pollution and operate on small scales.


          These
          changes naturally led to decreases in energy consumption and a shift
          in its sources, with less reliance on fossil fuels. In 2050,
          worldwide energy consumption is 696 EJ.[53] Of that figure, 102 EJ
          is produced from biomass: 30 EJ from residues and waste, 30 EJ from
          dedicated biofuel plantations (Miscanthus and Eucalypts), 30 EJ from
          managed forests (residues, clearings etc.) and 12 EJ from
          microalgae. Crop residues are comprehensively managed, but do not
          usually contribute to biofuel as it is first used for soil
          regeneration. Third‑generation biofuels (microalgae) came to
          prominence in 2035 as their per-hectare yield is higher than yields
          from land biomass. The use of fossil fuels, coal in particular, is
          sharply reduced through the promotion of low carbon technologies and
          efforts in greater moderation. Information and communication
          technologies including smart grids allow networks to maximise energy
          distribution. Carbon taxes or cap-and-trade systems are now
          widespread in liberal economies. Restrictive limits on CO2 emissions were
          put in place in countries whose economies are largely planned.
          Carbon has become the cornerstone of the energy market:
          implementation of policies to reduce GHG emissions associated with
          tropical deforestation and forest degradation; reforestation
          policies; nationally appropriate mitigation actions.

        
      

      

Land as commons for rural communities in a
        fragmented world

        

        Figure 13.6
        indicates the combination of hypotheses per driver constituting the
        scenario ‘Land as commons for rural communities in a fragmented
        world’. Furthermore, the following keywords summarize this scenario:
        world fragmentation, international crisis, international trade,
        communities, collective organization, commons, agroecology,
        collapse.


        Main drivers of the Communities scenario

          

          Since 2010,
          simultaneous financial, energy, ecological and geopolitical crises
          have shaped a world situation that is fragmented not only
          politically, but also economically. States have reduced public
          expenditure to basic functions. Unemployment increased thereby
          impeding metropolitan growth, triggering a process of
          de-concentration of the urban population. Populations in large
          cities are no longer growing, unlike in secondary, medium-sized and
          small cities (Satterthwaite et al., 2010). The slowdown in migration from
          rural areas to large cities is a consequence of growing
          unemployment, pollution, congestion and poor access to housing and
          basic services (Potts, 2013). In some regions such as sub-Saharan
          Africa and Oceania where birth rates remain high, reduced rural
          migration towards large cities engendered an increase in rural
          populations. Food supply to cities is provided partly by the
          informal sector, via community or family networks linking urban to
          rural communities, and partly by the formal sector that provides
          staple products such as wheat, rice, corn, roots and tubers.
          Peri-urban agriculture provides incomes and food for poorer urban
          households, especially women active in markets. Faced with the
          absence of economic development in urban areas, two strategies
          prevailed in agriculture. In some places, (i) local communities have
          supported a transition to agroecological farms, while, in other
          places, (ii) small-scale conventional farming and subsistence
          farming has developed leading to an unsustainable situation.


          (i) To cope
          with the multiple crises, farmers organized themselves within their
          community to develop agroecological farms. Cooperation and
          collective management served to co-construct and manage common land
          and ecosystems to provide the sustainable production of foodstuffs,
          energy and environmental services. Farmers have engaged at community
          level in collective actions designed to reinforce ecosystems and to
          build agroecological systems. These collectives have structured
          their territoire made up of small towns and rural
          areas to construct food systems based on the management of commons
          and on the recycling of material flows between these spaces. Each
          local community organizes its rules and standards for the use of
          resources (soils, water and biodiversity) through territoire
          forums which brings together local actors. Exchanges of labour,
          products and skills, as well as the recycling of organic waste, have
          been developed at a territoire scale. Collective organization
          provides a means of coordinating landscape-level management to
          preserve water resources, link livestock and crops, and strengthen
          ecological infrastructures such as hedgerows and woods. Farming
          structures are now based on powerful collective regulations
          depending on contracts and both formal and informal arrangements.
          Agroecological agriculture is regarded as both an agricultural
          system based on biological self-regulation and diversification of
          production, and a central element of the food system and of social
          organization. It ensures the food sovereignty of rural and urban
          communities. Synergies between livestock and cropping systems
          improve soil fertility management and ensure self-sufficiency in
          animal feed.


          (ii) Where
          farmers failed to organize themselves, urgent demands pushed them
          towards an intensification of agriculture based on conventional
          techniques, associated with an inability to take long-term effects
          into account. The process of conventional intensification in
          cropping systems encountered two types of pitfalls, depending on the
          region and access to inputs: over-exploitation of the soil and
          over-intensification of small-scale farming generating strong
          adverse impacts on the environment. Subsistence farming has
          developed due to a decline in farm size driven by a growing rural
          population and to the lack of urban economic development. Farmers
          turned to more intense conventional cropping methods on small areas.
          In regions where access to inputs has become difficult due to their
          high prices, intensification has led to the overexploitation of
          soils, generating soil degradation by rapid exportation of nitrogen
          and other nutrients and by reducing soil organic matter. In regions
          (e.g.,
          China and India) where access to inputs is facilitated by their low
          costs, over-intensification of small-scale farming generates
          significant environmental problems, including water pollution and
          erosion. These processes generated stagnation in cropping yields and
          in some situations led to a collapse. Cropping systems often come to
          a technical and environmental dead-end caused by declining
          fertility, soil erosion and drought. Unpredictable yields and costly
          inputs reduce the economic viability of small farms. As a result,
          certain areas with small farmers face recurrent food insecurity.


          By 2050,
          changes in land use are highly diversified from one region to
          another, according to the different challenges they face (energy,
          climate, soils and water) and the collective ability of farmers to
          bring about a transition to agroecology in their community. These
          changes increase pressure on agricultural land, especially in
          regions where the collapse pathway prevailed. Assuming that all
          regions embark on the agroecology transition pathway, there is an
          expansion of cropland area in Canada/USA, India and West Africa
          while pastureland remains globally stable or decreases, except in
          ECS Africa where it increases. The levels of trade dependency in the
          regions have been maintained.


          The
          consequences for food and nutrition security vary between regions.
          But undernutrition remains significant, especially in regions with
          low calorie availability such as India and ECS Africa. Through
          self-governing institutions and local food systems, local
          communities ensure a certain level of food and nutrition security
          and limit the expansion of agricultural land in an extremely
          negative global context by turning to agroecological practices.
          Conversely, due to the vulnerability of technical systems and the
          lack of a resource management strategy, regions with subsistence
          farming face repeated instances of food insecurity and contribute to
          deforestation.
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          Figure 13.6. Selected hypotheses
          describing the ‘Communities’ scenario.


          Graphic design: Elodie Carl.

        

        
Land use in the Communities scenario

          

          Agronomic potential of land

            

            Since
            2010, moderate climate change (+1°C by 2050) has had effects
            (median impact) on agriculture, in particular in tropical areas
            and the Northern hemisphere. The land areas potentially available
            for agricultural production have increased worldwide mainly on
            non-competitive land and in a highly unequal manner, by about
            60 Mha for moderately suitable to very suitable lands. Arable land
            areas have increased in higher latitudes, but have decreased in
            the tropics, reinforcing interdependency between world
            regions.


            The
            various cropping systems have had widely varying impacts on the
            agronomic potential of the soils, causing accelerated soil
            degradation in certain regions driven by conventional
            intensification or overexploitation of the soil, and improvements
            in soil quality in others due to agroecological techniques.

          

          
Distribution of land between different
            uses

            

            Between
            2010 and 2050, production has been diversified in order to meet
            the demand for food supply for rural and urban populations.
            Agricultural activities have been relocated to supply food to
            nearby communities. As trade in plant products for animal feed has
            sharply decreased, livestock systems have been redefined in line
            with the locally available plant resources. Additionally, mixed
            cropping and livestock systems have been developed.


            In areas
            where the management of commons was adopted, spatial planning is
            conducted at the landscape level. Preference is given to closely
            interwoven land uses to produce a diversity of products and
            services. Such planning is driven by the action of territoire
            forums and has shaped mosaic landscapes, while boosting the
            ecological infrastructure in the territory.


            Since
            2010, with the generalization of agroecology, the cropland area
            has increased at world level while the pastureland area has
            decreased. Major cropland increases have arisen in India, West
            Africa, Canada/USA and EU 27, while major pastureland decreases
            have occurred in Rest of America, Canada/USA, FSU, China and Rest
            of Asia. ECS is the only region where pastureland has increased.
            International trade has remained stable between importing and
            exporting regions since 2010, except for the Near and Middle East
            and North Africa, which have experienced a doubling of their
            import dependence.


            Use of
            forest biomass for energy in the form of heat, electricity and
            biofuels, and materials, as well as the use of crop residues, has
            increased significantly in certain regions. By 2050, 150 EJ are
            produced from biomass, although only in countries that are without
            fossil fuel resources and are unable to develop solar or wind
            energy: 60 EJ from residues, 70 EJ from more effective
            exploitation of forests and 20 EJ from dedicated energy crops such
            as Miscanthus and Eucalyptus.


            Generally,
            with the implementation of agroecology, agricultural expansion and
            deforestation have been limited. Some regions have reforested,
            like China, Former Soviet Union and Rest of America. But forest
            areas have experienced a slight decrease in most regions. Seen
            retrospectively from 2010, this could have been a very different
            picture if the transition to agroecology had not occurred; without
            an agroecological transition, the reduction of average
            agricultural yields could have induced a dramatic deforestation in
            all regions.

          

          
Access to land

            

            Land access
            conditions vary greatly from one region to another, depending on
            whether they are governed by formal rules or by informal rules
            backed by community institutions. Land management is therefore
            either collective or private, and is rarely public.


            In
            general, the idea of goods that are non-appropriable has been
            established, enabling access to land and natural resources to be
            renegotiated. While ownership continues to exist, collective rules
            restrict its scope. Ownership is thereby regulated with a view to
            covering the widest possible range of services. Recycling and
            reuse are encouraged. Access to land is governed in certain
            regions by an economy of functionality.


            In regions where
            land availability is low and farming populations are increasing,
            farmers are in competition with each other for access to land. In
            a context in which it is difficult to find jobs outside
            agriculture, the question of access to land generates conflicts
            between different groups seeking control of land. These conflicts
            are amplified by soil degradation processes linked to
            intensification and overexploitation of the soil. In these areas,
            there is great instability surrounding land usage rights.

          

          
Degree of intensity of land use

            

            Climate
            change worldwide has reduced potential wheat yields by –6%, maize
            by –7%, rice by –8%, soyabean by –15% and groundnuts by –10%
            (world average, excluding yield impacts of changes in cropping
            systems occurring over the period). These potential yield losses
            are greater in tropical regions than in the Northern hemisphere.
            The greater frequency of extreme weather events has increased
            annual variability in yields.


            Between 2010 and
            2050, land use intensity has varied greatly between regions,
            depending on their ability to implement effective collective
            action. Difficult access to mineral fertilizers and high input
            prices drove a territorial transition towards systems that were
            less reliant on the world market and based on ecosystem
            regulation.


            The
            introduction of agroecology systems in local territories through
            collective organization has reduced the impact of extreme weather
            events in some regions in terms of damage to crops and yield
            variability. These systems make use of the biological regulation
            processes inherent to the ecosystem, seeking to close the nitrogen
            and phosphorus cycles, increasing the amount of agricultural
            labour and using appropriate mechanization. These changes have
            required the development of ecosystem-specific collective
            knowledge and local know-how, using, capitalizing on and
            furthering existing knowledge. In this way, cropping systems have
            limited their reliance on energy and other industrial inputs such
            as fertilizer, pesticides and seed. They have become autonomous
            and boosted their economic and ecological resilience. Perennial
            fruit trees and legumes have reached yields nearly equivalent to
            those of conventional agriculture, while cereals, vegetables and,
            to a lesser extent, oil crops have suffered significant yield
            reductions. However, they have tended to improve over the medium
            to long term thanks to improved soil fertility and farmers’
            knowledge. Agroforestry, which simultaneously provides energy,
            building materials and foodstuffs has grown significantly and is
            often linked to livestock husbandry. Livestock systems now are
            associated with cropping systems, not only to enhance soil
            fertility via improved cycling of products and local waste, but
            also to ensure self-sufficiency in animal feed. Agroecological
            livestock farming is based on producing robust breeds and boosting
            their capacity to adapt, while reducing antibiotic and drug
            consumption. It has ensured food and protein self-sufficiency and
            has been more resilient in a context of extreme climatic
            events.


            However,
            on account of the absence of collective organizations, some of the
            world’s regions are subject to over-intensification in farming
            practices, resulting in the overexploitation of resources. This
            type of intensification generates soil degradation and, over the
            long term, a decrease in yields. Some of these systems have also
            collapsed due to drought or erosion.

          

          
Services provided by the land

            

            Collective
            land management has made it possible to increase the services land
            provides. The focus has been placed on the multifunctional nature
            of the territory, with land contributing to the supply of residues
            and wood and agricultural biomass for energy, animal feed and
            materials, and foodstuffs. This multi-functionality is based on a
            reinforcement of the biodiversity in the territory. The regulating
            and cultural services of the ecosystem, which are of benefit to
            the whole of the community, have been enhanced (e.g.,
            regulating water and protection against flooding). In certain
            regions, farmers receive payments for the non-production services
            they provide. These changes are linked to the rise of a functional
            economy where payments are made for the provision of services
            (rather than for the acquisition of goods).


            When there
            is no collective management, intensive or over-exploitative
            agriculture has reduced the services provided by the ecosystem:
            soil degradation, reduced biodiversity, pollution and water
            shortages. Forests have also suffered from the intensive use of
            wood for energy.


            Agriculture and
            agricultural employment have been central factors in rural
            development.

          
        

        

Food and nutrition security in the Communities
          scenario

          

          Between 2010
          and 2050, the food resources available worldwide have fallen, in
          particular in those regions with land shortages.


          Access to food is
          also very unevenly distributed. In urban areas, the weak rise in
          income and the decline in low-priced imported products have made
          access to food products more difficult. In some rural areas,
          population growth and decline in agricultural output per active
          person have made access to land more difficult. However, the food
          distribution networks that have emerged within informal family or
          support networks do facilitate access to food for some social
          groups. In areas where community organization does exist, the
          general increases in agricultural employment and in farming-related
          services have boosted farmer incomes and access to food. Backyard
          livestock systems have played an essential role in the food security
          of households, especially among low-income households.


          The effects
          of this scenario on food diet quality are mixed. On the one hand,
          low incomes in urban areas have cut consumption of animal products
          and therefore have decreased the diversity of diets. On the other,
          the diversification of production in agroecology systems has driven
          an increase in the diversity of foods available for rural
          communities. However, in those areas with conventional agriculture,
          nutritional quality is in decline, as production has tended to
          prioritize staple products.


          Access to
          food is generally unstable. Food production is sensitive to weather
          events affecting agriculture, and all the more so as in this context
          external markets can only offset any such problems to a small
          extent.

        

        
How did we get here?

          

          In 2050,
          multiple economic, energy, geopolitical and ecological crises
          occurring at the same time and sometimes amplifying each other have
          led to the fragmentation of the political and economic situation
          around the world. The situation has become chaotic in the wake of
          monetary and financial crises, the difficulties of States in coping
          with their debt, unemployment and social instability, and the
          inability of international and regional institutions to roll out
          coherent policies to help governments out of their political and
          economic difficulties. This crisis situation has triggered severe
          geostrategic tensions, hitting international fossil energy markets
          particularly hard (volatile prices) and reducing access to energy in
          some regions. The economic crisis has slowed urbanization processes,
          especially in the largest metropolises where growth can no longer
          fully absorb migration from rural areas. The rural population has
          therefore grown, in particular in sub-Saharan Africa and Asia.


          In and around the
          2020s, Europe was hit by crisis in the form of sovereign debt and
          the departure of a number of countries from the eurozone. In North
          America, meanwhile, the shale gas industry failed to generate the
          expected economic growth, while crises in other regions around the
          world had serious repercussions for companies and government
          budgets. Crises in developed countries, meanwhile, triggered more
          crises in emerging nations, and the absence of external economic
          drivers slowed down Indian and Chinese growth durably, especially as
          widening inequalities in both countries prevented the emergence of
          stronger domestic markets. These difficulties were also compounded
          by the impacts of extreme climate events, such as flooding of
          densely populated urban areas, wildfires, drought and pollution,
          leading to food shortage and increased poverty in both rural and
          urban areas. Economic difficulties were also aggravated by political
          instability, leading to internal conflicts in some countries.


          From the
          2020s onwards, these crises caused companies to turn their focus on
          privatizing their resources or even seizing resources in other
          countries, particularly when States did not have the will and the
          legal means to prevent them from doing so. Many other companies have
          gone bankrupt, triggering unemployment and economic and social
          hardships. Trade is limited to those countries that are immediate
          neighbours, or to countries with which bilateral agreements have
          been signed. In many countries, the poor situation of public
          finances has resulted in budget cuts in education, healthcare and
          research, without that shortfall being filled by private funds. In
          2050, per capita GDP stands at $18,000, but with larger differences
          between countries than in any of the other scenarios and a highly
          developed informal economy.


          Social and
          economic upheaval and environmental degradation have reached such
          levels that in the 2030s to 2040s, local communities of farmers and
          users of spaces gradually started to organize themselves to share
          and manage resource use. These communities had come to consider
          social organization, collaboration and sharing as an effective
          strategy. Teaching has developed in an informal yet efficient way,
          through the exchange and sharing of experience, and healthcare is
          set to follow a similar trend. Groups of researchers and other
          interested stakeholders are organizing themselves to set up joint
          research and innovation projects supported by crowdfunding platforms
          and run by volunteer activists.


          Due to the
          successive crises and the difficulties of access to energy, some
          regions where fossil fuel resources are scarce have been forced into
          energy transition, on the one hand making use of those fossil fuel
          resources that are available in their regions and, on the other,
          using renewable energies. 150 EJ are produced by biomass: 60 EJ from
          residues, 20 EJ from plants dedicated to bioenergy production
          (Miscanthus and Eucalyptus) and 70 EJ from managed forests
          (residues, thinning operations etc.). In those regions where energy
          has become costly, sparing use of energy has become an obligation
          for industry, transport and housing, although the scale of this
          forced reduction in energy consumption is not sufficient to halt the
          increase in CO2
          emissions.

        
      

      

Conclusion

        

        Agrimonde-Terra’s exploratory scenarios show a
        wide range of possible futures for the world’s agriculture and food
        systems. They result in a complex picture of futures, which offer
        stakeholders and policy makers a large set of possible pathways to
        reach food and nutrition security and sustainable land use.
        Considering the narratives presented in this chapter, three scenarios
        could be part of a sustainable trajectory for food and nutrition
        security and for land use: ‘Healthy’, ‘Regionalization’ and
        ‘Households’. The ‘Healthy’ narrative is based on strong international
        governance for climate and health, consistent policies across sectors
        and a shift toward healthier diets. The ‘Regionalization’ narrative
        re-opens discussions about a macro-regional governance of food systems
        aligning production, processing, retailing and rural-urban linkages
        with a shift towards traditional diets. The ‘Households’ narrative
        underlines the role of mobility and off-farm employment in the rural
        household economy and of NGO and disintermediation processes in the
        transformation of value chains. While these three narratives lead to a
        sustainable trajectory for food and nutrition security and for land
        use, two other narratives present highly negative impacts on nutrition
        and agriculture land expansion. The ‘Metropolization’ narrative is a
        trend-based scenario with accelerated urbanization and a massive
        globalization of the food system, which will result in highly negative
        impacts on human health. And the ‘Communities’ narrative shows little
        room for manoeuvre for agricultural systems in a specific context of
        multiple global crises. Furthermore, according to these narratives, a
        ‘perfect storm’ is still possible: the strong impact of climate
        change, stagnation of crop yields, soil degradation, strong nutrition
        transition and a dramatic increase in non-communicable diseases, all
        these factors contributing to a vicious circle of massive land-use
        change and deforestation, increased inequity, isolation of remote
        rural areas etc. These narratives suggest that there are several
        possible pathways for reaching food and nutrition security and
        sustainable land use at the world level, but that these pathways are
        narrow, with potential risks of agricultural land expansion and
        negative impacts on health.


        

 50Estimation based on Zabel
            et al.
            (2014).

 51It was estimated that between 5 and 12 million
            hectares of arable land were lost each year due to degradation in
            the last century (Scherr, 1999). 24% of the global land area had
            already suffered declines in quality and productivity between 1975
            and 2000 as a result of unsustainable land use (UNEP,
            2014).

 52These energy hypotheses come
          from the Jazz scenario of WEC (2013).

 53These energy hypotheses come from the Symphony
          scenario of the WEC (2013).
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      Introduction

        

        The land-use
        change impacts of the Agrimonde-Terra scenarios have been assessed
        with the GlobAgri-AgT model. In addition to the development of the
        GlobAgri-AgT tool (Chapter 3), this quantitative analysis has involved
        two steps. In the first step, and while the scenarios were built by
        combining hypotheses about the future of the external and direct
        drivers of the Agrimonde-Terra system, these qualitative hypotheses
        about of each driver in 2050 were translated into quantitative
        hypotheses readily processable by the GlobAgri-AgT model. This first
        stage was part of the ‘scenario building work’ done with the Scenario
        Advisory Committee. In the second step, the Agrimonde-Terra scenarios
        were simulated with GlobAgri-AgT and their main results were
        analyzed.


        The objective
        of this chapter is to report on this quantitative work. We first
        describe, for each driver of the system, the general rules that were
        adopted for translating its alternative development patterns into
        quantitative hypotheses, as well as the consequences of these general
        rules on the entry variables concerned in the GlobAgri-AgT model.
        Then, the simulation results of each scenario are reported and
        analyzed, starting with land-use change impacts, then some crucial
        production impacts are described and finally we describe the trade
        impacts.

      

      
Translating hypotheses about the future of each
        driver into quantitative hypotheses

        

        Agrimonde-Terra’s ‘land use and food security’
        system encompasses three external drivers: global (political, economic
        and social) context, climate change and mitigation and food diets; and
        five direct drivers: urban-rural relationships, farm structures,
        cropping systems, livestock systems and forest systems. Hypotheses
        about the future of each driver up to 2050 were built. These are
        described in Chapters 6 to 12.[54]


        In the
        following, for each driver successively, we first provide a reminder
        of the alternative pathways up to 2050 and specify the entry variables
        of the GlobAgri-AgT model (Table 3.3) which are directly or indirectly
        concerned. Then we describe the general rules adopted for translating
        these pathways into quantitative hypotheses. Finally, we report the
        quantitative hypotheses obtained for the related entry variables of
        the GlobAgri-AgT model.


        Global context

          

          The five
          pathways for the global context are: Sustainable and cooperative
          world, Regionalization and energy transition; Economic and political
          fragmentation; Conventional development led by market forces and
          Non-State actors (Chapter 6).


          Two entry
          variables of the GlobAgri-AgT model are directly concerned with the
          future pathways of the global context driver: i) food consumption,
          the level of which depends on changes in population and GDP per
          capita in the various regions; ii) world export market shares and
          import dependence coefficients of regions which depend on changes in
          the international trade context (such as trade agreements, for
          instance).


          The global context
          also affects other entry variables of the model but indirectly
          through other drivers of the system: i) climate change and
          mitigation: the adopted development path is taken into account when
          building the quantitative hypotheses on climate change and
          mitigation; ii) food diets: GDP per capita growth is taken into
          account when building the quantitative hypotheses on daily calorie
          availability per capita and on diet composition; iii) cropping
          systems: the growth rate as an indicator of R&D expenses is
          taken into account when building the quantitative hypotheses on the
          future of cropping systems.


          The general rules for building the quantitative
            hypotheses

            

            The
            general rules for building the quantitative hypotheses on
            population change, on the one hand, and on trade coefficients, on
            the other, are the following:


            Changes in
            total world and regional population are the same in all pathways.
            The median projection up to 2050 provided by the United Nations
            (2015 revision) is used.


            Import
            coefficients of regions are exogenously reduced in the
            ‘Regionalization and energy transition’ future pathway in order to
            figure out the inter-regional trade impact of the development of
            supranational regional blocks as well as the implementation of the
            ‘food sovereignty and subsidiarity’ principle. From 2010 to 2050,
            import coefficients for all products are equally reduced by –25%
            in all regions except the Near and Middle East and North Africa
            (both regions being constrained by their cultivable land).
            Additional reductions are implemented so as to decrease the net
            import dependence of net importing regions, provided their
            cultivable and total land constraints allow this.[55] Regional import
            coefficients are exogenously unchanged in all the other four
            global context pathways.


            World
            export market share coefficients are not changed exogenously in
            any of the global context pathways.

          

          
The quantitative hypotheses

            

            The world
            population reaches 9.7 billion people in 2050, with regional
            changes between 2010 and 2050 ranging from stability in the
            European Union (EU 27), Former Soviet Union (FSU) and China, to
            strong increases in West Africa, East, Central and South Africa
            (ECS Africa) (+192% and +155%, respectively), North Africa and the
            Near and Middle East (NME) (+72% and +70%, respectively), and to a
            lesser extent India (+45%).


            Figure 14.1 below reports the net import
            dependence level of the 14 regions in the initial situation
            (2007/09, hereafter denoted 2010). While Brazil/Argentina,
            USA/Canada, Oceania and the Former Soviet Union (FSU) are
            significant net exporters, the Rest of America, the Near and
            Middle East and North Africa are significant net importers. On the
            other hand, India and the Rest of Asia are nearly self-sufficient
            while the EU 27, China, West Africa and ECS Africa are low net
            importing regions. In the ‘Regionalization and energy transition’
            future pathway, all import coefficients in all regions are
            exogenously reduced by –25%, decreasing the net import dependence
            level of net importing regions and reducing the net export
            position of net exporting regions. Import coefficients are further
            decreased in the Rest of America, the EU 27, China and ECS Africa,
            so that in 2050 these regions are nearly self-sufficient.
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            Figure 14.1. Net import dependence
            of the 14 regions in the initial 2010 situation (% share of net
            imports in total domestic use, in kilocalories).


            Source: Calculated from GlobAgri-AgT
            data.

          
        

        

Climate change and mitigation

          

          Climate
          change patterns to 2050 are described through three pathways,
          inspired by the Representation Concentration Pathways (RCP) of the
          fifth assessment report of the IPCC (Intergovernmental Panel on
          Climate Change): i) Stabilisation of global warming (close to
          RCP2.6); ii) Moderate warming and ii) Runaway climate change (close
          to RCP8.5) (Chapter 7).


          Four entry
          variables of the GlobAgri-AgT model are directly concerned with the
          future pathways of climate change and mitigation: i) maximum
          cultivable area; ii) per-hectare yields; iii) livestock
          feed-to-output ratios; iv) non-food use of biomass depending on
          mitigation options.


          One may
          notice that climate change can also affect maximum pastureland area.
          Due to data uncertainties and the absence of consensus in the
          literature, we did not establish regional maximum permanent pasture
          area for the 2010 initial situation (Chapter 4), nor hypotheses for
          climate change impacts on this area up to 2050. In our simulations,
          the pasture area adjusts endogenously without any constraint. The
          competition for land between arable and permanent crops, pasture and
          forest use is analyzed ex post and as an outcome of our quantitative
          simulations.


          In the same
          vein, mitigation hypotheses may impact the forest sector and area.
          As far as the area is concerned, potential
          deforestation-afforestation may be calculated ex post, given a set of
          assumptions, as an outcome of the model. Checks are conducted ex post to
          ensure that potential deforestation-afforestation is coherent with
          mitigation hypotheses. Carbon storage and organic matter in the soil
          are also part of the mitigation options. They may impact land
          degradation and evolutions in crop yield up to 2050. However, such
          potential impacts are considered in the qualitative analysis but not
          explicitly taken into account in the quantitative analysis.


          Finally,
          although it is acknowledged that climate change will induce
          migration of populations (e.g., Brunelle, 2014), we do not take into
          account this dimension in our quantitative analysis.


          The general rules for building the quantitative
            hypotheses

            

            The general
            rules for building the quantitative hypotheses on the entry
            variables of the model are as follows:


            We assume
            that in the 2010 initial situation the maximum cultivable area
            (i.e.,
            the maximum area which can be devoted to arable and permanent
            crops) in each region equals the area under suitability indices 1
            to 4 according to the Global Agro-Ecological Zones (GAEZ)
            approach. In the GAEZ approach, land is classified according to
            its quality or suitability for agricultural production. There are
            eight classes ranging from ‘very suitable’ to ‘not suitable’. GAEZ
            suitability indices 1 to 4 correspond to land categorized ‘very
            suitable’ to ‘moderately suitable’ (Chapter 4).


            We assume
            that up to 2050 this maximum cultivable area is affected by
            climate change. To quantify the climate change effects we use
            Zabel et
            al. (2014) results[56] and adopt the following assumptions: i) no
            change in the ‘Stabilization of global warming’ pathway (sometimes
            named Stabilization); ii) change according to Zabel et al.’s
            results in the ‘Runaway climate change’ pathway (sometimes named
            Runaway); iii) half the change according to Zabel et al.’s
            results in the ‘Moderate warming’ pathway (sometimes named
            Moderate).


            We assume
            that climate change is likely to affect the evolution of crop
            yields induced by changes in cropping systems up to 2050. For
            quantifying the climate change effects on crop yield evolution we
            use Müller and Robertson (2014) results and adopt the following
            hypotheses: i) no change in the ‘Stabilization of global warming’
            pathway; ii) change according to Müller and Robertson’s results
            (RCP8.5) in the ‘Runaway climate change’ pathway; iii) half the
            change according to Müller et Robertson’s results in the ‘Moderate
            warming’ pathway.


            Due to
            data uncertainties and the absence of consensus in the literature
            we did not establish quantitative hypotheses on the impact of
            climate change and mitigation pathways on grass and forage yield
            changes, nor on changes in livestock productivity.


            Quantitative mitigation hypotheses
            (Table 14.1) have been established based on IPCC work (IPCC,
            2014c). In the ‘Stabilization of global warming’ pathway and in
            the ‘Runaway climate change’ pathway, we assume that up to 2050,
            food, feed and energy crops are competing on the maximum
            cultivable area in each region: regional maximum areas available
            for food and feed crops equal regional maximum cultivable areas
            minus areas devoted to energy crops. In the ‘Moderate warming’
            pathway, we assume that energy crops do not directly compete for
            cultivable land with food and feed crops since they are grown on
            abandoned land or on forest land.


            Table 14.1. World production of
            energy from biomass (EJ) in 2050.


            
                	

                	Energy crops
                (2G)

                	Forest

                	Residues

                	Other (algae)
              

                	Runaway climate
                change

                	30

                	0

                	30

                	0
              

                	Stabilization of global
                warming

                	30

                	30

                	30

                	12
              

                	Moderate warming

                	Forest variant

                	20

                	70

                	60

                	0
              

                	Energy crops
                variant

                	60

                	30

                	60

                	0
              



          

          
The quantitative hypotheses

            

            Maximum cultivable area in
              2010

              

              As shown
              by Figure 14.2, in 2010, there are three regions where the
              observed arable and permanent crop area (cropland area) already
              exceeds the maximum cultivable area (GAEZ 1 to 4): China, the
              Near and Middle East and North Africa. For these three regions
              we consider that their 2010 observed arable and permanent crop
              area constitutes their maximum cultivable area. India and the EU
              27 have a cropland area nearly reaching the maximum cultivable
              area in 2010. On the contrary, in the American continent, in the
              Former Soviet Union (FSU) and in East, Central and South (ECS)
              Africa, the observed areas devoted to arable and permanent crops
              are well below maximum cultivable areas. In these regions, the
              maximum cultivable areas are even greater than the sum of
              current cropland and pastureland (permanent pasture and meadow
              area). It is important to note that all of these regions are
              also those with the world’s largest forest areas. Hence, because
              of their large cultivable areas, agricultural land expansion is
              possible in these regions, but this expansion could imply
              further deforestation (depending on the evolution of the
              pastureland area and provided that the land currently reported
              under ‘other use’ is not suitable for agriculture or is less
              suitable than the land currently used by forests).
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              Figure 14.2. Land use and maximum
              cultivable area (GAEZ 1 to 4) en 2010 in the various regions
              (million hectares).


              Source: Calculated from FAOStat and
              GAEZ data.

            

            
Maximum cultivable area in
              2050 under the three climate change and mitigation
              patterns

              

              According to Zabel et al.’s results, in a
              ‘Runaway climate change’ context, the world’s maximum cultivable
              area would experience a +120 million ha increase. But this
              increase would be unevenly distributed (Figure 14.3), with
              regions in Northern latitudes benefiting from increased
              cultivable land areas (+61 million ha in Canada/USA, +64 million
              ha in FSU and +14 million ha in China) and tropical regions
              seeing a reduction in their maximum cultivable land area
              (–21 million ha in South and Central America and –10 million ha
              in Oceania). The most notable change in maximum cultivable area
              would occur in North Africa, the region losing nearly half of
              its cultivable area due to climate change (–13 million ha and
              –48% compared with the 2010 cropland area).


              According to our hypotheses, in 2050 the
              maximum cultivable areas in all regions are unchanged relative
              to their 2010 level under the ‘Stabilisation of global warming’
              pattern, and they experience half the change of the ‘Runaway
              climate change’ context under the ‘Moderate warming’
              pattern.
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              Figure 14.3. 2010 and 2050 maximum
              cultivable land area in the various climate change and
              mitigation pathways (1,000 ha).


              Source: Calculated from Zabel et al.
              (2014) results.

            

            
Climate change impacts on crop
              yields

              

              Taken as
              a world average, climate change has a negative impact on the
              change in crop yields up to 2050 (Figure 14.4). On average,
              under the ’Runaway climate change’ pathway, crop yields in 2050
              are –10 to –20% lower than they would have been without the
              impact of climate change (as in the ‘Stabilization of global
              warming’ pathway). At the world level, oilseeds are the most
              negatively affected crops, particularly soyabean. In contrast,
              the aggregated sugar plants are the only crop which is
              positively affected by climate change at the global scale, its
              2050 yields being +13% greater in the ‘Runaway’ pathway than
              without the impact of climate change. Obviously, these world
              averages mask wide differences between regions: for instance,
              the loss in soyabean yield due to runaway climate change ranges
              from –45% (Rest of America) to –5% (FSU), and the loss in wheat
              yield from –25% (EU 27) to nearly 0% (China).
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              Figure 14.4. Ratio of per-hectare
              yield in 2050 under the ‘Moderate’ or the ‘Runaway’ climate
              change pathways over per-hectare yield in 2050 without climate
              change impact.


              Source: Calculated from Müller and
              Robertson (2014) results.

            

            
Energy crop area in 2050 under
              the three climate change and mitigation patterns

              

              Our
              mitigation hypotheses result in 106 million hectares devoted to
              energy crops in both the ‘Stabilization’ and the ‘Runaway’
              climate change pathways and in 71 or 212 million hectares in the
              ‘Moderate warming’ pathway, depending on the variant
              retained.[57]

            
          
        

        


Food diets

          

          Agrimonde-Terra built four hypotheses for the
          future of food diets up to 2050: i) Transition to diets based on
          ultra-processed products and transnational value chains (sometimes
          named ‘Ultra-processed products’ or Ultrap); ii) Transition to diets
          based on animal products and urban style of life (sometimes named
          ‘Animal products’ or Animp); iii) Regional diversity of diets and
          food systems (sometimes named ‘Regional’) and iv) Food diversity for
          healthy dietary practices (sometimes named ‘Healthy’) (Chapter
          8).


          The food
          consumption variable is the only entry variable of the GlobAgri-AgT
          model which is directly concerned with the hypotheses for the future
          of food diets up to 2050. In addition to population change, the
          consumption level of each product also depends on the changes in the
          main characteristics of the food diets, notably the daily calorie
          availability per capita and the composition of the diet.


          The general rules for building the quantitative
            hypotheses

            

            The general
            rules that we established for building our quantitative hypotheses
            relate to both the change in the daily calorie availability per
            capita and the share of the various groups of food in the diet.
            They are the following:


            Kilocalories available per capita and per
            day: in the ‘Transition’ pathway, daily calorie availability is
            supposed to remain constant relative to the 2010 level in regions
            with high initial levels (developed regions and some emerging
            regions). It is assumed to converge towards the developed regions’
            levels in regions with initial medium and low levels (developing
            regions and some emerging regions). In the ‘Regional’ pathway, the
            daily calorie availability is assumed to be constant over
            2010-2050 for all regions, except India and ECS Africa, in which
            particularly low initial levels are increased. In the ‘Healthy’
            pathway, the daily calorie availability is supposed to converge
            towards medium levels, coherent with daily calorie needs in all
            regions (Table 14.2).


            Dietary
            patterns: shares of product groups (meat, dairy and eggs, aquatic
            animal products, pulses, maize-rice-wheat, other cereals, fruit
            and vegetables, roots and tubers, sugar and sweeteners, vegetable
            oils and other products) in the diet are evolving according to
            different trends in the various food diet hypotheses for the
            future (Table 14.2). In the ‘Transition’ pathway based on
            ultra-processed products, diets are mainly composed of
            ultra-processed foods, made of major cereals, meat, vegetable oil
            and fats, sugar and sweeteners and salt through processing and
            re-assemblage. In the ‘Transition’ pathway based on animal
            products, diets have an increased share of animal products, namely
            meat, dairy, eggs and aquatic products. In the ‘Regional’ pathway,
            diets maintain some regional patterns linked to regional food
            culture and to regional agriculture resources. In the ‘Healthy’
            pathway, dietary patterns contribute to the prevention of
            non-communicable food-related diseases such as obesity, type II
            diabetes, cardiovascular diseases and cancer, in coherence with
            guideline recommendations for healthy nutrition (WHO/FAO,
            2003).


            Table 14.2. General rules for the
            changes in food diets over 2010-2050 under the different
            pathways.


            
                	

                	Ultrap

                	Animp

                	Regional 

                	Healthy
              

                	Diet
                energy
(Daily calories per capita)

                	– Regions over
                3,300 kcal/cap/day in 2010: unchanged up to
                2050
– Regions between 3,000 and
                3,300 kcal/cap/day in 2010: increase to 3,300 in
                2050
– Regions under
                3,000 kcal/cap/day in 2010: increase to 3,000 kcal/cap/day in
                2050

                	–
                Unchanged relative to 2010 in all regions, except India and
                ECS Africa: increase up to 2500 kcal/cap/day in
                2050
– When used with the
                ‘Communities’ scenario: – 10% reduction in all regions except
                India and ECS Africa

                	–
                Regions over 3,000 kcal/cap/day in 2010: decrease to
                3,000
– Regions under 2,750 kcal/cap/day in 2010: increase
                to 2,750
– Regions between 2,750 and 3,000 kcal/cap/day in
                2010: unchanged
              

                	Diet
                pattern

                	–
                Change according to 1998/2008 trends in Brazil. In all regions
                except Canada/USA: no change relative to 2010
– 2 diet
                share minimum thresholds: 13.5% for vegetable oils; 10% for
                animal products

                	– In
                developed regions, unchanged relative to 2010
– In
                emerging regions, change according to 1998/2008 average trends
                in developed regions 
– In developing regions, change
                according to 1998/2008 average trends in emerging regions
                

                	– In
                each region, change according to the pattern observed in the
                region in 1970/72
– Diet share of animal
                products: 10% minimum threshold 

                	–
                Diet share of animal products and pulses: 20%
– Diet share
                of cereals: 50%, coarse grains accounting for ¼ to
                1/3
– Diet share of fruit and
                vegetables: 15%
– Diet share maximum thresholds: 10% for
                vegetable oils, 2.5% for sugar and sweetener
              

                	

                	Within the meat group: strong
                substitution from ruminant meat to poultry meat

                	Within the meat group:
                substitution from ruminant meat to poultry meat

                	

                	Within the meat group:
                substitution from ruminant meat to poultry meat
              



          

          
The quantitative hypotheses

            

            According
            to our hypotheses, the average world diet makes available more
            daily calories per capita in 2050 than in 2010 in all food diet
            pathways except the ‘Regional’ one (Figure 14.5). In the latter,
            the daily calories available per capita decreases slightly between
            2010 and 2050 despite our assumption of unchanged levels in all
            regions. The reason is that over the 2010-2050 period the
            population is increasing more in regions with initial low levels
            than in regions with initial high levels, pushing down the world
            average. The ‘Transition’ pathway is the one involving the highest
            level of daily calorie availability per capita.


            As a
            result of the ‘Transition to diets based on ultra-processed
            products’ pathway, the world diet has become significantly richer
            in vegetable oils as well as in sugar and sweeteners in 2050
            compared to 2010. Under the ‘Transition to diets based on animal
            products’, the most significant change in the world dietary
            pattern between 2010 and 2050 is the increased share of meat and
            dairy and eggs (+50%). The ‘Regional’ pathway makes the world
            average diet richer in pulses and, above all, in roots and tubers.
            With the ‘Healthy’ pathway, the world diet involves far more fruit
            and vegetables, coarse grains and pulses and significantly less
            meat and sugar and sweeteners.
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            Figure 14.5. Average world food diet
            in 2010 and 2050 under the various food diet pathways.


            Source: Calculated from GlobAgri-AgT
            data.


            As shown
            in the Appendix 2 (Figure A2.1), our hypotheses induce very
            different changes in food diets from 2010 to 2050 across the
            regions. For developed regions, such as Canada/USA and EU 27, only
            the ‘Healthy’ pathway leads to a significant change in food diets
            from 2010 to 2050. While all pathways imply moderate changes in
            food diets for emerging countries such as China and FSU. In
            contrast, our hypotheses induce significant changes in food diets,
            whatever the pathway, in developing countries such as North Africa
            and West Africa, the changes being dramatic in India and ECS
            Africa. In all these regions, the ‘Transition with animal
            products’ pathway involves a marked rise in the share of animal
            products, particularly of meat. The ‘Regional’ pathway is the one
            inducing the lowest changes.


            Examining
            in more detail the food diet changes induced by the various
            pathways in India and ECS Africa, two points stand out:


            In both regions,
            all pathways involve an increase in the daily calorie availability
            per capita. As a sharp increase in population is also expected in
            both regions (especially in ECS Africa), this means that food
            consumption of products will increase significantly under all
            pathways in India and ECS Africa.


            In both
            regions, all pathways result in a rise in the share of animal
            products in diets (essentially meat in ‘Transition with animal
            products’, meat and dairy and eggs in all other pathways). Once
            again, combined with the expected population increase, this rising
            share of animal products in diets will lead to a huge increase in
            the food consumption of meat, dairy and eggs under all food diet
            pathways in India and ECS Africa.

          
        

        

Rural-Urban relationships

          

          The
          hypotheses for the future of rural-urban relationships up to 2050
          have not been translated into quantitative hypotheses. In addition
          to the food consumption variable through food diet change, there are
          two entry variables of the GlobAgri-AgT model which are potentially
          influenced by changes in rural-urban relationships: the maximum
          cultivable area and the maximum pastureland area. Indeed, both areas
          may expand or decrease according to changes in rural-urban
          relationships. Unfortunately, we did not find enough empirical
          evidence about the impact of rural-urban relationships on land
          available to agriculture and we were not able to establish sound
          quantitative hypotheses for this driver of our ‘land use and food
          security’ system.

        

        
Farm structures

          

          The
          GlobAgri-AgT model has no entry variables allowing us to deal with
          farm structures. Hence the hypotheses about the future of farm
          structures up to 2050 have not been translated into quantitative
          hypotheses.

        

        
Cropping systems

          

          Four
          distinct pathways for the evolution of cropping systems are
          considered, including an impasse, each addressing current challenges
          in different ways: i) Conventional intensification; ii) Sustainable
          intensification; iii) Agroecology and iv) Collapse of cropping
          systems (Chapter 11).


          Two entry
          variables of the GlobAgri-AgT model are directly concerned with the
          hypotheses for the future of cropping systems:


          Per-hectare
          yields.


          Cropping
          intensity ratios (as measured by the harvested area over the
          cultivated area in each region, Chapters 3 and 5).


          The general rules for building the quantitative
            hypotheses

            

            We adopted three
            general rules in order to translate the cropping system pathways
            into quantitative hypotheses for regional per-hectare yield
            changes:


            We
            calculated current yield gaps for Agrimonde-Terra’s crops and
            regions using potential and observed per-hectare yields provided
            by the GAEZ database portal.[58] We then assumed a level of
            yield gap reduction between 2010 and 2050, differentiated
            according to cropping pathways, and which we applied uniformly to
            groups of crops (cereals, protein seeds and other crops) and grass
            and forage (Table 14.3).


            We
            hypothesized that there is induced technical change together with
            induced change in the distribution of crops across land fertility
            classes, which results in a greater rate of yield increase for
            those crops which are the most in demand at the world level. If we
            take a group of crops, cereals for example, the yield gap
            reduction described above applies to the average cereal yield. We
            then assume that within the cereal group, those cereal crops which
            are the most in demand will benefit from above-average yield gap
            reductions, while cereal crops which are less in demand will
            experience below-average yield gap reductions. The indicator used
            for ‘most demanded/less demanded’ crops is the change in the
            respective crop shares in the average world diet under the various
            food diet pathways (Table 14.3).


            Grass and
            forage crops benefit from the same yield gap reduction as other
            crop groups.


            As far as
            cropping intensity ratios are concerned, we adopted the following
            general rules:


            Based on
            existing literature and expert knowledge, it was not possible to
            differentiate the impacts of the various system cropping pathways
            on cropping intensity ratios. Hence we consider that all pathways
            have the same impacts on these ratios.


            We used
            Ray and Foley (2013) results in order to get an initial assessment
            of potential changes in regional cropping intensity ratios up to
            2050. However, as Ray and Foley’s work only considers the
            potential change in temperature, we revised this first assessment,
            taking into account the potential change in water availability for
            agriculture in the various regions, as well as expert
            knowledge.


            Finally,
            we assumed that in a context of low economic growth, fewer budget
            resources are devoted to R&D so that the rate of technical
            change is lower. This is why when the ‘Agroecology’ pathway is
            used in the ‘Communities’ scenario (which involves sluggish
            economic growth), the applied yield gap reductions and changes in
            cropping intensity ratios are less favourable.


            Table 14.3. General rules for
            translating the various cropping system pathways into quantitative
            hypotheses.


            
                	

                	Average
                yield gap reduction

                	Higher
                (H)/Lower (L) yield gap reduction for specific
                crops
              

                	‘Conventional
                intensification’

                	–50%

                	
              

                	Combined with
                Transition-Ultrap

                	

                	Grains: H maize/L coarse
                grains
Oilseeds and pulses: L pulses
Other products: H
                sugar crops
              

                	Combined with
                Transition-Animp

                	

                	Same
                as above +
Grass and forage: H
              

                	‘Sustainable
                intensification’

                	–40%

                	
              

                	Combined with
                Healthy

                	

                	Grains: H coarse grains/L
                others
Oilseeds and pulses: H pulses/L others
Other
                products: H fruit and vegetables/L Others
Grass and
                forage: 0
              

                	Combined with
                Regional 

                	

                	Grains: H coarse grains,
                maize/L others
Oilseeds and pulses: H pulses, other
                oilcrops, soyabean/L others
Other products: H roots and
                tubers/ L Others
Grass and forage: 0
              

                	‘Agroecology’

                	

                	
              

                	Combined
                with high economic growth

                	–30%

                	
              

                	Combined
                with low economic growth

                	–15%

                	
              

                	Combined with
                Healthy

                	

                	Grains: H coarse grains/L
                others
Oilseeds and pulses: H pulses/L
                others
Other products: H fruit and
                vegetables/ L Others
Grass and forage:
                0
              

                	Combined with
                Regional

                	

                	Grains: H coarse grains,
                maize/L others
Oilseeds and pulses: H pulses,
                other oilcrops, soyabean/L others
Other products: H
                roots and tubers/L Others
Grass and forage:
                none
              

                	‘Collapse’

                	0%

                	
              




            As shown
            in Table 14.3, in our quantitative analysis, we assumed that on
            average crop yield growth is greater in the ‘Conventional
            intensification’ pathway than in both the ‘Sustainable
            intensification’ and the ‘Agroecology’ pathways. Indeed, we
            considered that intensifying cropping systems while reducing
            negative externalities, as involved in the ‘Sustainable
            intensification’ pathway, put more constraints on yield growth, so
            that on average the per-hectare yield performance reached under
            ‘Sustainable intensification’ is lower than the per-hectare yield
            performance reached under ‘Conventional intensification’. In the
            same vein, we assumed that redesigning cropping systems towards
            higher autonomy regarding input use (i.e., ‘Agroecology’) is even
            more of a constraint in terms of yield growth performance.[59]


            These
            hypotheses, which are key factors with regards to the land-use
            change effects of the scenarios, are controversial and were
            extensively discussed with Agrimonde-Terra’s Scenario Advisory
            Committee. First of all, as conventional intensive systems are
            potentially more damaging for natural resources (including soil
            fertility), their potentially higher yield performance is not
            secure in a long-term perspective.[60] In contrast, the long-term likely
            beneficial effects of systems based on agroecology, for instance
            on soil fertility (Kremen and Miles, 2012), could help balance the
            probable short to medium-term stronger constraints on yield
            performance of these systems. Secondly, high-yielding
            agroecological systems with multi-cropping have been described,
            especially in developing countries (Pretty et al., 2006; Altieri et al.,
            2011). However, these studies do not actually compare situations
            which differ only in the cropping system used. Such comparisons
            have been undertaken, but only between organic and conventional
            agriculture (de Ponti et al., 2012; Seufert et al., 2012), with
            differences in yield performances ranging from –40% to +10%, and
            an average gap in the –30% to –20% range, depending on the
            criteria used for comparison.


            Although
            we acknowledge that agroecology differs from organic systems, we
            differentiated our quantitative hypotheses on average yield gap
            reduction between ‘Conventional intensive’ and ‘Agroecology’
            pathways based on this existing literature.

          

          
The quantitative hypotheses

            

            Per-hectare yields

              

              The
              per-hectare yield of different crops in 2010 and in 2050 under
              the various cropping system pathways (combined with the
              different food diet pathways and the different economic growth
              contexts) are reported in Figure 14.6 (and in Figure A2.2 in the
              Appendix 2). We should remember that in Figure 14.6, yield
              changes between 2010 and 2050 result only from the changes in
              cropping systems: the climate change impact is not taken into
              account. Obviously, when simulating the complete scenarios, the
              2050 yields are those including both the impacts of changes in
              cropping systems and the impacts of climate change. Five main
              points may be underlined:


              Following our general rules, per-hectare
              yields increase between 2010 and 2050 with all cropping systems
              except the ‘Collapse’ one (where yields are unchanged), for all
              crops in all regions, except those exhibiting initial zero yield
              gaps (such as rice in Rest of Asia, for instance). For the
              latter, per-hectare yields are constant in 2050 compared to
              2010. In all other situations, whatever the cropping system
              pathway, the higher the initial yield gap, the higher the yield
              increase over the period 2010-2050.


              Following our general rules, per-hectare
              yield increases between 2010 and 2050 are lower under both the
              ‘Agroecology with low economic growth’ and the ‘Collapse’
              pathways than under the other pathways. For the main current
              cereals (maize, rice and wheat) and oilseeds (soyabean) and for
              sugar crops, in all regions, yield increases over the 2010-2050
              period are highest with the ‘Conventional intensification’
              pathway, and are greater with the ‘Sustainable intensification’
              pathway than with the ‘Agroecology’ pathway.


              The
              situation is different for other crops such as other cereals,
              pulses, fruit and vegetables and roots and tubers, whose
              consumption increases with the ‘Healthy’ and ‘Regional’ diets.
              For these crops, in all regions, due to our induced technical
              change hypothesis, yield increases between 2010 and 2050 are
              higher with both the ‘Sustainable intensification’ and the
              ‘Agroecology’ pathways than with the ‘Conventional
              intensification pathway’.


              Whatever
              the crop and the region, yield increases over the 2010-2050
              period are greater under the ‘Sustainable intensification’
              pathway than under the ‘Agroecology’ pathway.


              On
              average, whatever the cropping system pathway, developing
              regions experience greater crop yield increases than other
              regions.
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              Figure 14.6. Per-ha yield in 2010
              and 2050 under the various cropping system pathways.


              Source: Calculated from GlobAgri-AgT
              and GAEZ data.

            

            
Cropping intensity
              ratios

              

              Changes
              in the cropping intensity ratios by region are shown in
              Figure 14.7. Our general rules imply that cropping intensity
              ratios in 2050 are equivalent under ‘Conventional
              intensification’, ‘Sustainable intensification’ and ‘Agroecology
              with high economic growth’. They are lower under ‘Collapse’ and
              when the economic context is unfavourable (‘Agroecology with low
              economic growth’). Figure 14.7 suggests that from 2010 to 2050,
              following our hypotheses, cropping intensity is likely to
              increase in only a few regions: ECS Africa, Rest of Asia, South
              and Central America and, to a lesser extent, Oceania and
              FSU.
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              Figure 14.7. Cropping intensity
              ratios in 2010 and 2050 under the different cropping system
              pathways in the various regions.


              Source: Calculated from GlobAgri-AgT
              data, Ray and Foley (2013) results and expert knowledge.

            
          
        

        


Livestock systems

          

          Based on
          trends in animal feed, efficiency of animal systems, crop-livestock
          synergies and herd mobility, four hypotheses for the future of
          livestock systems were produced: i) Conventional intensive livestock
          with imported resources or with local resources (sometimes named
          ‘Intensive’ and ‘Intensive-Local’ respectively); ii) Agroecological
          livestock on land in synergy with agriculture or urbanization
          (sometimes named ‘Agroecology’); iii) Livestock minimizing
          competition with cropland (sometimes named ‘Livestock on marginal
          land’ or ‘Rationalization’) and iv) Backyard livestock (sometimes
          named ‘Backyard’) (Chapter 12).


          In
          GlobAgri-AgT, regional livestock systems are quantitatively
          described and modelled based on data from Herrero et al.
          (2013).[61] In each
          region, five livestock sectors are considered (dairy, beef, small
          ruminants, pork and poultry); they produce six animal products (milk
          and dairy, beef meat, small ruminant meat, pork meat, poultry meat
          and eggs). Each ruminant livestock sector comprises four production
          systems (Herrero et al.’s so-called ‘mixed’, ‘pastoral’, ‘urban’
          and ‘other systems’). Each monogastric sector involves two
          production systems (Herrero et al.’s so-called ‘urban’ and ‘other
          systems’).


          We faced
          some difficulties in quantifying the hypotheses for the future of
          livestock systems and were forced to adopt some restrictive
          assumptions. Our difficulties resulted from at least two main
          reasons. First, only two entry variables of the GlobAgri-AgT model
          were available to quantify the hypotheses for the future while the
          latter involved livestock pathways which are differentiated on a set
          of various dimensions. Secondly, as far as ruminant sectors are
          concerned, there was not a clear ranking of the different production
          systems, from the least to the most intensive, emerging from the
          initial data we used. Hence it was not easy to choose which
          production system(s) would expand more than the others in each
          hypothesis for the future (see below).


          The two entry
          variables of the GlobAgri-AgT model concerned are:


          	regional feed-to-output ratios (measuring the
            quantity of dry matter feed by unit of output produced) of each
            system in each sector;

	regional shares of the different production systems
            in the total output production of the considered sectors.
            




          In other words, we
          assume that, in each region, the overall productivity of a livestock
          sector (as measured by its global feed-to-output ratio) may change
          between 2010 and 2050 through both the change in the feed-to-output
          ratios of the various systems in the sector (measuring the mixed
          effects of changes in the productivity per animal, in animal
          diseases and mortality and in the efficiency of feed rations) and
          the change in the relative shares in production of these various
          systems.


          The general rules for building the quantitative
            hypotheses

            

            The
            general rules adopted for quantifying the livestock system change
            pathways are the following and apply at the regional level:


            Each
            future pathway is associated with one or two specific production
            systems per sector: the chosen systems are those where changes are
            occurring, other systems remain constant over the 2010-2050
            period. For each livestock system pathway, the production systems
            concerned by changes are chosen as those providing the best fit
            with the dynamics involved in the pathway (Table 14.4).


            For
            production systems experiencing changes between 2010 and 2050,
            feed-to-output ratios are assumed to change according to
            projections to 2030 provided by Bouwman et al. (2005), extended to
            2050. This rule applies to all regions except West Africa and ECS
            Africa. In these both regions, we assume that feed-to-output
            ratios change two times faster than expected in Bouwman et al.’s
            projections for the beef sector.[62]


            For all
            production systems, shares in the total production of the sectors
            concerned are increased or decreased, depending on the pathway of
            change (Table 14.4).


            In the
            ‘Conventional intensive livestock with local resources’ pathway,
            the composition of feed rations of mixed systems in ruminant
            sectors and of urban systems in monogastric sectors are changed so
            that imported feedstuffs are replaced by locally produced
            feedstuffs. A locality indicator is first defined as to select the
            local feedstuffs, then within the energy-rich feed group and
            within the protein-rich feed group, local feedstuffs replace
            imported feedstuffs provided the energy content and the dry matter
            content of the ration remain unchanged. The balance of final
            rations in terms of protein is checked ex post.


            Table 14.4. General rules for
            translating the various livestock system pathways into
            quantitative hypotheses.


            
                	

                	Conventional intensive
                livestock

                	Agroecological
                livestock

                	Livestock on marginal
                land

                	Backyard livestock
              

                	Change in feed-to-output
                ratios[63]
              

                	Ruminant
              

                	Mixed

                	Decrease* 

                	Decrease*

                	Decrease*

                	No
                change
              

                	Pastoral

                	Decrease* 

                	Decrease*

                	No
                change

                	No
                change
              

                	Urban

                	No
                change

                	No
                change

                	No
                change

                	No
                change
              

                	Other

                	No
                change

                	No
                change

                	No
                change

                	No
                change
              

                	Monogastric
              

                	Urban

                	Decrease*

                	No
                change

                	Decrease*

                	No
                change
              

                	Other

                	No
                change

                	No
                change

                	No
                change

                	No
                change
              

                	Change in production
                shares
              

                	Ruminant
              

                	Mixed

                	Increase

                	Increase

                	Decrease

                	No
                change
              

                	Pastoral

                	Decrease

                	No
                change

                	Increase

                	No
                change
              

                	Urban
                

                	Decrease

                	Decrease

                	Decrease

                	No
                change
              

                	Other

                	Decrease

                	Decrease

                	Decrease

                	No
                change
              

                	Monogastric
              

                	Urban

                	Increase

                	Decrease

                	Increase

                	No
                change
              

                	Other

                	Decrease

                	Increase

                	Decrease

                	No
                change
              




            * According to Bouwman et al.
            (2005).

          

          
The quantitative hypotheses

            

            A detailed
            analysis of initial data is provided in the Appendix 2.


            Following
            our general rules, the reductions on feed-to-output ratios applied
            (Table 14.5):


            	do not differ between ‘Conventional intensive
              livestock’ with imported or local resources and ‘Agroecological
              livestock’ for ruminant sectors. Indeed, in contrast to our
              quantitative hypotheses regarding crop system pathways, we were
              not able to find evidence of any performance gaps (in terms of
              feed-to-output ratios) between conventional and agroecological
              systems. Hence the only difference in global performance changes
              in ruminant sectors lies in the diverging evolution of
              production shares between conventional and agroecological
              livestock pathways: in the first pathway, the production shares
              of mixed systems increase to the detriment of all systems,
              including pastoral, while in the second pathway, the production
              shares of the mixed systems increase to the detriment of urban
              and other systems only, the shares of pastoral systems remaining
              constant (Table 14.4);

	do not differ between ‘Conventional intensive’
              with imported and local resources and ‘Livestock on marginal
              land’ for monogastric sectors, while no change is applied in
              ‘Agroecological livestock’. Based on expert knowledge, we
              considered that shifting to agroecological systems would not
              provide any gain in efficiency in monogastric sectors as far as
              feed-to-output ratios are concerned;

	are significantly greater in developing regions
              than in developed regions. For the latter, Bouwman et al.’s
              projections to 2030 suggest that almost no further improvement
              in efficiency (as measured by feed-to-output ratios) could be
              achieved in the dairy, pork and poultry sectors.




            Finally,
            following our general rules and due to initial data, our
            quantitative hypotheses generally lead to:


            	improvement of the global efficiency of ruminant
              sectors under the ‘Conventional intensive’ pathway (with
              imported and local resources) and the ‘Agroecological’ pathways,
              and the stagnation or a decrease in this global efficiency under
              the ‘Livestock on marginal land’ and ‘Backyard’
              pathways;

	ambiguous results regarding the global
              efficiency of monogastric sectors, mainly due to the initial
              better performance of the ‘other systems’ in terms of
              feed-to-output ratios, which contribute to a deterioration in
              the global efficiency of the sectors when the production shares
              of these ‘other systems’ are adjusted down.




            Table 14.5. Reduction applied
            between 2010 and 2050 on feed-to-output ratios in the mixed and
            pastoral systems for ruminant sectors and in the urban and other
            systems for monogastric sectors, under the various livestock
            system pathways, in some regions.


            
                	

                	Beef

                	Dairy

                	Pork

                	Poultry
              

                	Mixed

                	Pastoral

                	Mixed

                	Pastoral

                	Urban

                	Other

                	Urban

                	Other
              

                	Canada/USA
              

                	Intensive
Intensive-local
Agroecology
Rationalization
Backyard

                	–17%
–17%
–17%
–17%
0

                	0
0
0
0
0

                	0
0
0
0
0

                	–1%
–1%
–1%
0
0

                	0
0
0
0
0

                	0
0
0
0
0

                	0
0
0
0
0

                	0
0
0
0
0
              

                	China
              

                	Intensive
Intensive-local
Agroecology
Rationalization
Backyard

                	0
0
0
0
0

                	–61%
–61%
–61%
0
0

                	–14%
–14%
–14%
0
0

                	–14%
–14%
–14%
0
0

                	–13%
–13%
0
–13%
0

                	0
0
0
0
0

                	–13%
–13%
0
–13%
0

                	0
0
0
0
0
              

                	India
              

                	Intensive
Intensive-local
Agroecology
Rationalization
Backyard

                	–68%
–68%
–68%
–68%
0

                	–39%
–39%
–39%
0
0

                	0
0
0
0
0

                	0
0
0
0
0

                	–5%
–5%
0
–5%
0

                	0
0
0
0
0

                	–19%
–19%
0
–19%
0

                	0
0
0
0
0
              

                	West Africa
              

                	Intensive
Intensive-local
Agroecology
Rationalization
Backyard

                	–72%
–72%
–72%
–72%
–52%

                	–80%
–80%
–80%
–58%
–58%

                	–57%
–57%
–57%
–57%
–35%

                	–14%
–14%
–14%
–7%
–7%

                	–2%
–2%
0
–2%
0

                	0
0
0
0
0

                	–8%
–8%
0
–8%
0

                	0
0
0
0
0
              

                	ECS Africa
              

                	Intensive
Intensive-local
Agroecology
Rationalization
Backyard

                	–66%
–66%
–66%
–66%
–42%

                	–66%
–66%
–42%
0
0

                	–58%
–58%
–58%
–58%
–36%

                	0
0
0
0
0

                	–2%
–2%
0
–2%
0

                	0
0
0
0
0

                	–9%
–9%
0
–9%
0

                	0
0
0
0
0
              




            Source: Calculated from GlobAgri-AgT
            data and Bouwman et al. (2005) results.

          
        
      

      


Simulating the land-use change impacts of the
        Agrimonde-Terra scenarios

        

        GlobAgri-AgT
        has been used to simulate the impacts on world and regional land use,
        agricultural production and agricultural trade of the Agrimonde-Terra
        scenarios. For most scenarios, several hypotheses of change patterns
        may co-exist for several drivers (Chapter 13). This means that for
        these drivers, the world’s regions can follow different paths of
        development, some prevailing in some regions, others being prominent
        in other regions. For the quantitative analysis, however, one
        hypothesis is chosen for each driver and applies to all regions. When
        relevant, the same scenario is simulated using alternative hypotheses
        of change for one or two drivers. In such cases, the simulation
        results of the scenario variants may be interpreted as boundaries for
        that scenario as a whole. The variants of the different scenarios are
        described in Table 14.6 below.


        Given that the
        main specificities of the ‘Households’ scenario are rather qualitative
        features (networks, mobility, multi-activity, plasticity and agility)
        which cannot be dealt with by GlobAgri-AgT, we do not provide
        quantitative results for this scenario.


        In the
        following, we report the simulation results for each scenario and its
        variants, starting with land-use change impacts, then describing some
        crucial production impacts and, finally, trade impacts.


        Table 14.6. Simulated variants of the
        scenarios.


        
            	Scenario

            	Variant (assumptions
            used)

            	Running
            name
          

            	Metropolization

            	With ultra-processed
            products: Transition to diets based on ultra-processed
            products

            	Metropolization_Ultrap
          

            	With animal
            products: Transition to diets based on animal
            products

            	Metropolization_Animp
          

            	Regionalization

            	With agricultural
            technology A: Sustainable intensification for cropping
            systems
+ Conventional intensification with
            local resources for livestock systems

            	Regionalization_A
          

            	With agricultural
            technology B: Agroecology for cropping systems +
            Agroecological livestock

            	Regionalization_B
          

            	Healthy

            	With agricultural
            technology C: Sustainable intensification for cropping
            systems +Agroecological livestock

            	Healthy_C
          

            	With agricultural
            technology D: Agroecology for cropping systems +
            Agroecological livestock

            	Healthy_D
          

            	Communities

            	With agroecology:
            Agroecology for cropping systems + Agroecological
            livestock

            	Communities_AE
          

            	With collapse:
            Collapse of crop production + Backyard
            livestock

            	Communities_Collapse
          




        ‘Metropolization’

          

          The
          combination of driver pathways considered in the ‘Metropolization’
          scenario is detailed in Chapter 13. Two variants of this scenario
          were simulated: Ultrap and Animp (Table 14.6).


          Land-use change impacts

            

            The total
            agricultural land area increases at the world level with the Animp
            variant (+1.3 billion ha from 2010 to 2050 or +27%) but slightly
            decreases with the Ultrap variant (–54 million ha or –1%). Thereby
            we can see the land-saving nature of the Ultrap variant compared
            to the high land-using nature of the Animp variant. This result
            clearly shows the sensitive link between evolutions in food diets
            and land-use change trajectories.


            The
            cropland area increases at the world level in both variants. Once
            again, the Ultrap variant requires less cropland (+243 million ha
            from 2010 to 2015 or +16%) than the Animp variant (+620 million ha
            or +40%). In both variants, India, the Near and Middle East (NME),
            North Africa and West Africa are constrained by their maximum
            cultivable area. In these four regions, the pressures on cropland
            area are much stronger in the Animp variant than in the Ultrap
            variant.


            The Animp
            variant is very pastureland-using since it induces a huge increase
            in the world pastureland: +698 million ha from 2010 to 2050
            (+21%). In contrast, the Ultrap variant is pastureland-saving:
            –297 million ha (–9%). Indeed, first the Ultrap variant involves a
            significantly lower increase in food consumption of animal
            products than the Animp variant and, second, we assume a stronger
            substitution of poultry meat for ruminant meat in the Ultrap
            variant. Both movements work together to limit the pastureland
            required at the world level for the Ultrap variant relative to the
            Animp variant.


            These
            results emphasize the high land-using nature of diets rich in
            animal products (especially meat), which is now common knowledge
            (Chapter 4). One may notice that the extent of the expansion in
            agricultural land induced by our Animp variant is particularly
            strong relative to most existing studies. One main reason lies in
            our hypothesis on the evolution of the share of animal products in
            the corresponding food diets, which implies a particularly strong
            increase in world meat consumption from 2010 to 2050. As shown by
            Figure 14.8, our Animp variant induces huge additional meat
            quantities consumed at the world level between 2010 and 2050; they
            are far higher than the ones involved in Alexandratos and Bruisma
            (2012) for instance (+83% in the FAO scenario vs. +136% in
            our Animp variant of the ‘Metropolization’ scenario). Let’s note
            at this stage that in our Animp variant, the meat consumption
            levels reached in 2050 are always more than double the FAO
            scenario projections in all our developing regions, the increase
            being particularly marked and dramatically higher than the FAO
            scenario projections in India, West Africa and ECS Africa.
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            Figure 14.8. World meat consumption
            in 2010 and in 2050 according to Alexandratos and Bruisma (2012)
            (FAO scenario) and the Agrimonde-Terra ‘Metropolization’
            scenario.


            Source: GlobAgri-AgT and Alexandratos
            and Bruisma (2012).


            In both
            variants, cropland area increases in Brazil/Argentina and
            Canada/USA, both world-leading regions in the production of
            oilseeds (vegetable oils) and sugar plants as well as feed
            ingredients (maize and cakes) and meat, and in developing regions
            such as India, Rest of Asia, West Africa and ECS Africa, all
            regions where changes in food diets combined with an increase in
            population induce a particularly strong rise in food consumption
            (Figure 14.9).
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            Figure 14.9. Regional cropland areas
            (million ha).


            Source: GlobAgri-AgT model.


            The
            pastureland area decreases in nearly all regions with the Ultrap
            variant, except in some developing regions such as Rest of Asia,
            ECS Africa and, to a lesser extent, West Africa, where even the
            diet based on ultra-processed food involves increased consumption
            of meat (Figure 14.10). Pastureland increases significantly with
            the Animp variant in regions where either this variant induces a
            huge increase in meat consumption or a significant rise in exports
            (such as Brazil/Argentina and Oceania, where a non-negligible
            share of ruminant meat is produced by pastoral systems, which is
            less the case in Canada/USA and the EU 27, for example).
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            Figure 14.10. Regional pastureland
            areas (million ha).


            Source: GlobAgri-AgT model.


            According
            to our results, the Ultrap variant would allow the additional
            world food need up to 2050 to be met without an expansion in the
            agricultural land area. Hence this variant would probably allow
            forest cover to be maintained at the world level (+11 million
            ha).[64] In
            contrast, the Animp variant involves such a huge increase in the
            world agricultural area that the resulting drop in the world
            forest cover (–1.3 billion ha) would make this scenario clearly
            unsustainable. With this variant, according to our hypotheses, the
            forest area would decrease in nearly all regions, including
            Brazil/Argentina, Canada/USA, EU 27, Oceania and Rest of Asia. But
            the strongest shrinkage in forest area would be experienced in
            West Africa and ECS Africa. Hence, in both these African regions,
            the only lever which could be used to limit deforestation in the
            ‘Metropolization’ scenario with diets rich in animal products
            would be to increase the performance of livestock production
            systems, especially ruminant ones.

          

          
Trade impacts

            

            ‘Metropolization’ is a scenario where world
            agricultural production concentrates on a few standardized
            agricultural products produced in a few of the most competitive
            regions. Hence in such a scenario, world trade must expand, the
            few production regions increasing their exports to other regions
            which become increasingly dependent on world markets for their
            food needs. According to our results, world trade (measured in
            calories) increases by +71% in the Ultrap variant and +151% in the
            Animp variant.


            Figure 14.11 shows that both variants of the
            ‘Metropolization’ scenario induce significant increases in world
            trade, with the main world exporting regions (Brazil/Argentina,
            Canada/USA and Oceania) consolidating their net export position
            and the main importing regions becoming increasingly dependent on
            world markets (Near and Middle East, North Africa, West Africa and
            ECS Africa). The net import dependence level of the Near and
            Middle East and, above all, North Africa is particularly high in
            this scenario.


            One may
            notice, too, the huge increase in India’s net import dependence in
            the Animp variant. Indeed, in this variant, India experiences a
            significant increase in food consumption, with a large share of
            meat, and reaches its maximum cultivable area. Hence India starts
            increasing its imports of both animal products and animal feed.
            Adjustments are similar in the Ultrap variant but the pressure on
            cropland is lower and the need for imports is less.
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            Figure 14.11. Net import dependence:
            (imports-exports)/domestic use (all variables in calories).


            Source: GlobAgri-AgT model.

          
        

        

‘Regionalization’

          

          The
          combination of driver pathways considered in the ‘Regionalization’
          scenario is detailed in Chapter 13. Two variants of this scenario
          were simulated: Technology A and Technology B (Table 14.6).


          Following our
          quantitative hypotheses, the performances of cropping systems in
          terms of per-hectare yields, and of livestock systems in terms of
          global feed-to-output ratios, are higher in the technology A variant
          than in the technology B variant. In other words, for equal food
          needs, the technology A variant will require less agricultural land
          than the technology B variant.


          Land-use change impacts

            

            Total
            agricultural land area increases at the world level with both
            variants:


            The global
            increase is lower than in the previous ‘Metropolization’ scenario
            mainly because the ‘Regional’ food diet involves less kcal per
            capita and per day. The expansion in the world agricultural land
            area is nevertheless significant following the regionalization of
            food diets and food systems, the ‘sovereignty and subsidiarity’
            principle involved in this scenario leading regions with lower
            comparative advantages to raise their domestic production in order
            to meet their domestic food needs, pushing up the total
            agricultural land required at the world level.


            The
            agricultural land required is much greater with the technology B
            variant than with the technology A variant: +691 million ha vs.
            +249 million ha (i.e., +14% vs. +5% from 2010 to 2050).
            This result illustrates the extent of the power of improved
            performance in agricultural production for saving land.


            The
            cropland area increases at the world level in both variants. Once
            again, the technology A variant requires less cropland
            (+70 million ha or +5% between 2010 and 2050) than the technology
            B variant (+174 million ha or +11%). In both variants, the Near
            and Middle East and North Africa are constrained by their maximum
            cultivable area. Only in the technology B variant does the EU 27
            also become constrained by its maximum cultivable area. In other
            words, in the case of regionalization of food diets and food
            systems, the EU 27 would have to reduce its agricultural exports
            in order to be able to feed its own domestic population.


            Once again
            the major share of agricultural land expansion results from the
            increase in pastureland. Both variants are pastureland-using but
            the technology B variant (involving agroecology in both cropping
            and livestock systems) requires far more pastureland than the
            technology A variant: +517 million ha (+15%) vs. +179 million ha (+5%).


            In both
            variants, major cropland increases arise in West Africa, India and
            the EU 27 (Figure 14.12). In contrast, cropland decreases in
            Brazil/Argentina largely following the decreased world consumption
            of vegetable oils for food and in oilseed cakes for feed,
            resulting in a significant decrease in the region’s production and
            exports of soyabean seeds, oil and cakes.
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            Figure 14.12. Regional cropland
            areas (million ha).


            Source: GlobAgri-AgT model.


            Most of
            the world’s pastureland increase arises in ECS Africa and West
            Africa. Pastureland is also increasing in North Africa and the
            Near and Middle East (NME) (Figure 14.13). For all these regions,
            the pastureland expansion is, at least partly, explained by the
            major role of small ruminant meat in traditional diets and
            therefore in the ‘Regional’ diets for these regions. Compared to
            monogastric production systems, small ruminant production systems
            are most often less efficient in transforming feed inputs into
            meat. Furthermore, their feed rations involve more grass. Both
            factors work to increase the required pastureland area in African
            regions and in NME. Pastureland area also increases in the EU 27.
            Once again, the change in shares of different meats within the
            meat group, which favours ruminant meat compared to pork and,
            especially, poultry meat in ‘Regional’ food diets in the EU 27 is
            one notable factor explaining pastureland expansion in this
            region.
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            Figure 14.13. Regional pastureland
            areas (million ha).


            Source: GlobAgri-AgT model.


            According
            to our results and given our assumptions, the ‘Regionalization’
            scenario could induce a serious reduction in the world forest
            area: –347 million ha in variant A and –768 million ha in variant
            B. Once again, this scenario appears unsustainable for ECS Africa
            and West Africa, both regions experiencing serious cuts in their
            forest area. This scenario would also raise difficulties for North
            Africa and India. Significant deforestation could arise in the EU
            27 meaning that a regionalization of food diets and food systems
            in Europe would imply a drastic reduction in EU exports in order
            to limit the expansion of the agricultural land area.


            Finally,
            our results show that the ‘Regionalization’ scenario cannot be
            envisaged without a drastic improvement in the performance of
            cropping and, above all, livestock systems in ECS Africa and West
            Africa. The discrepancy between the extent of agricultural land
            expansion in ECS Africa under both agricultural technology
            variants A and B is particularly illuminating in this regard:
            +313 million ha with variant A vs. +573 million ha with
            variant B.

          

          
Trade impacts

            

            ‘Regionalization’ is a scenario involving a
            decrease in inter-regional trade. Logically world agricultural
            trade therefore reduces in this scenario: –15% in both variants
            despite the increase in world population and the induced rise in
            world food consumption. However, international trade is far from
            disappearing and remains a key factor in the world food security
            equation.


            Among the
            major world net exporting regions, Brazil/Argentina and Canada/USA
            experience a deterioration in their net export position, their
            trade partners reducing their import needs of both animal products
            and feed ingredients (Figure 14.14). Oceania and the FSU maintain
            their net export position in this scenario. For Oceania, one
            important reason is the effect of small ruminant meat linked to
            ‘Regional’ diets in some regions, while for the FSU a major factor
            is the increased exports of wheat.


            The EU 27,
            China and the Rest of Asia all become nearly self-sufficient in
            the ‘Regionalization’ scenario. In contrast to the previous
            ‘Metropolization’ scenario, ‘Regionalization’ allows West Africa
            and ECS Africa to stabilize or reduce their dependance on food
            imports, but at the cost of a significant expansion in
            agricultural land and the likely risk of further deforestation. As
            far as the NME and North Africa are concerned, the regionalization
            of food diets and food systems involved in the ‘Regionalization’
            scenario would lead to an increase of their dependency on food
            imports. However, the rise is lower than in the ‘Metropolization’
            scenario (whether it be the Ultrap or the Animp variant).
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            Figure 14.14. Net import dependence:
            (imports-exports)/domestic use (all variables in calories).


            Source: GlobAgri-AgT model.

          
        

        

‘Healthy’

          

          The
          combination of driver pathways considered in the ‘Healthy’ scenario
          is detailed in Chapter 13. Two variants of this scenario were
          simulated: Technology C and Technology D (Table 14.6).


          We should
          note that technology D is similar to the previous technology B,
          while technology C differs from the previous technology A in the
          livestock system development pathway (‘Agroecological livestock’ vs.
          ‘Conventional intensive livestock with local resources’). Following
          our quantitative hypotheses, the performances of cropping systems,
          in terms of per-hectare yields, and of livestock systems, in terms
          of global feed-to-output ratios, are higher in the technology C
          variant than in the technology D variant. However, the gap between
          technologies C and D is lower than the gap between the previous
          technologies A and B since contrary to A and B, C and D use the same
          livestock system development pathway. Therefore, between C and D
          only the hypotheses for the future of cropping systems differ.


          Land-use change impacts

            

            Total
            agricultural land area increases at the world level with both
            variants:


            The global
            increase is nevertheless sharply lower than in the previous
            ‘Regionalization’ scenario, mainly because the ‘Healthy’ scenario
            does not limit inter-regional trade. Compared to
            ‘Regionalization’, ‘Healthy’ also induces less kcal per capita and
            per day and less animal products in diets in developed and
            emerging regions, even if this is partly compensated by more kcal
            per capita and per day and slightly more animal products in diets
            in some developing regions (Figure 14.5 and Figure A2.1 in
            Appendix 2).


            The
            agricultural land required is much greater with the technology D
            variant than with the technology C variant: +269 million ha vs.
            +29 million ha (i.e., +5.5% vs. +0.6% from 2010 to 2050).
            The gap between the agricultural land required in each variant
            results only from the difference in the cropping systems pathway
            involved. The gap remains large partly because the ‘Healthy’ diets
            involved in this scenario relies less on animal products (at least
            in developed and emerging regions) and more on diversified crops.
            Hence the performance of cropping systems in terms of per-hectare
            yields is essential with regards to the world agricultural land
            required by the ‘Healthy’ scenario.


            Finally,
            the above results suggest that faced with a significantly
            increasing world population, the ‘Healthy’ scenario could be able
            to limit the expansion in world agricultural land.


            The
            cropland area decreases at the world level with the C variant
            (–56 million ha or –4% from 2010 to 2050) but increases with the D
            variant (+50 million ha or +3%). In both variants, the NME and
            North Africa are constrained by their maximum cultivable land
            area. In both regions, tensions over cultivable land areas are
            stronger with technology D than with technology C.


            Once
            again, and even if ‘Healthy’ diets reduce the share of animal
            products in the average world diet between 2010 and 2050, a
            notable part of the agricultural land increase results from an
            increase in pastureland (+85 million ha or +2.5% with variant C
            and +219 million ha or +6.6% with variant D). Again, pastureland
            expansion arises in developing regions where the change towards
            healthier diets involves a rise in the share of animal products in
            diets from 2010 to 2050. This increase in the share of animal
            products compared to the initial situation is observed in West
            Africa, ECS Africa and India.


            In both
            variants, major cropland increases are located in West Africa and
            India (Figure 14.15). In contrast, cropland decreases or is stable
            in all other regions. The case of Brazil/Argentina, which
            experiences a decrease in its cropland area, is interesting since
            a large share of the region’s agriculture has been shaped to fit
            the needs of the food and nutritional transition arising all over
            the world: increased food consumption with a rising share of
            animal products (particularly poultry meat) of vegetable oils and
            sugar and sweeteners. Following the ‘Healthy’ scenario, world
            consumption of these products decreases significantly and
            Brazil/Argentina, as one of the world’s leading producers of
            animal feed, vegetable oils and sugar cane, must adapt its
            agriculture to the changing world food demand. Essentially, this
            involves reducing its production of soyabean and replacing it with
            other crops which are in more demand at the world level in
            ‘Healthy’ diets: mainly fruit and vegetables, pulses and other
            cereals. For instance, in the ‘Healthy’ scenario, soyabean
            production in Brazil/Argentina decreases by –22% between 2010 and
            2050, the quantity produced in 2050 being 60% less in the
            ‘Healthy’ scenario than in the ‘Metropolization_Animp’ scenario.
            In contrast, Brazil/Argentina experiences a +245% increase in its
            fruit and vegetable production, the quantity produced in 2050
            being 179% higher in the ‘Healthy’ scenario than in the
            ‘Metropolization_Ultrap’ scenario.
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            Figure 14.15. Regional cropland
            areas (million ha).


            Source: GlobAgri-AgT model.


            Most of
            the world’s pastureland increase arises in ECS Africa and West
            Africa (Figure 14.16). This is not surprising since for both
            regions, as already mentioned, the ‘Healthy’ diet involves an
            increasing share of animal products compared to 2010. This is not
            the case in most of the other regions.
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            Figure 14.16. Regional pastureland
            areas (million ha).


            Source: GlobAgri-AgT model.


            As the
            ‘Healthy’ scenario results in agricultural land expansion at the
            world level, even this scenario could induce some further
            deforestation. However, the extent of the expansion in
            agricultural land is significantly lower in this scenario than in
            both the previous ones, so the likely extent of deforestation is
            smaller (–63 million ha with the C variant and –279 million ha
            with the D variant, given our assumptions). Most of this
            deforestation would take place in ECS Africa. In contrast,
            Canada/USA, FSU and China could expand their forest area with the
            ‘Healthy’ scenario.


            Finally,
            our results show that the ‘Healthy’ scenario uses the least
            agricultural land compared to Agrimonde-Terra’s other scenarios.
            It is the only scenario which makes it possible to feed in a
            healthy way the growing world population while limiting
            agricultural land expansion and deforestation at the world level.
            However, even this scenario seems unsustainable for developing
            regions and countries such as ECS Africa, West Africa and India,
            because of the dramatic population increase in these regions and
            the fact that the change towards healthier diets involves
            increased consumption of animal products in these regions. It is
            clear from our results that a region such as ECS Africa could
            increase its imports instead of expanding its agricultural land
            area to the likely detriment of its forest area. To a certain
            extent, this would not result in further deforestation at the
            world level since some net exporting regions could expand their
            agricultural area without deforestation (notably Canada/USA).
            However, further improvements in the performance of agricultural
            production and, especially, livestock systems in developing
            regions such as ECS Africa would certainly be a more efficient
            option in terms of saving agricultural land.


            Furthermore, the ‘Healthy’ scenario involves
            a ‘Stabilization of global warming’ pathway requiring that all
            options for climate change mitigation are used. Deforestation
            clearly works against mitigation and there is a tension in the
            ‘Healthy’ scenario between the food security and climate
            mitigation objectives.

          

          
Trade impacts

            

            International trade increases in the
            ‘Healthy’ scenario: around +30% compared to 2010 in both variants.
            One notable impact of the ‘Healthy’ scenario is that it is in this
            scenario that North Africa is least dependent on food imports in
            2050 (Figure 14.17). Among the major world net exporting regions,
            Brazil/Argentina just maintains its net export position in this
            scenario, but its soyabean cake exports are reduced by half and
            its soyabean oil exports experience a –30% decrease, as do its
            sugar products exports. On the other hand, Brazil/Argentina
            increases its exports of the products most in demand on the world
            markets: fruit and vegetables and other cereals. In contrast, the
            FSU consolidates its net export position in the ‘Healthy’
            scenario. The main reason is that this region has some comparative
            advantages for wheat and other cereals. As change towards
            healthier diets involves increasing the share of cereals in diets,
            especially in developed and emerging regions, and increasing the
            share of other cereals within the cereal group, the ‘Healthy’
            scenario makes the FSU region better positioned on world markets
            than other scenarios.
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            Figure 14.17. Net import dependence:
            (imports-exports)/domestic use (all variables in calories).


            Source: GlobAgri-AgT model.

          
        

        

‘Communities’

          

          The
          combination of driver pathways considered in the ‘Communities’
          scenario is detailed in Chapter 13. Two variants of this scenario
          were simulated: Agroecology (AE) and Collapse.


          We should
          note that the Agroecology variant is similar to the previous
          technology D. Following our quantitative hypotheses, the
          performances of cropping systems, in terms of per-hectare yields,
          and of livestock systems, in terms of global feed-to-output ratios,
          are higher in the AE variant than in the collapse variant. In the
          latter, per-hectare yields do not increase relative to 2010, but are
          affected by climate change (‘Moderate warming’ pathway) while
          feed-to-output ratios do not decrease relative to 2010. In other
          words, ‘Communities with collapse’ is the worst of our scenarios
          regarding the performance of agricultural production systems in 2050
          all over the world.


          Land-use change impacts

            

            The total
            agricultural area increases in both variants: +142 million ha (or
            +3% between 2010 and 2050) in the AE variant and 2 billion ha (or
            +41%) in the collapse variant. So, the total agricultural area
            expands dramatically in the collapse variant and, once again, this
            result perfectly illustrates the extent of the power of increased
            performance of agricultural production to save agricultural
            land.


            The
            ‘Communities’ scenario involves the ‘Regional’ diets but with a
            –10% decrease in daily calorie availability per capita in all
            regions except ECS Africa and India. Hence our results suggest
            that faced with a significantly increasing world population, the
            collapse variant would lead to dramatic consequences both in terms
            of food security and the expansion of agricultural land. The
            agricultural land expansion is much more limited in the AE
            variant, where the reduction in daily calorie availability and the
            shift to agroecology work together against the land-using impact
            of an increase in world population.


            Overall,
            our results suggest that the growth in world population makes it
            necessary to improve the performance of agricultural production
            systems (as measured by per-hectare yields and feed-to-output
            ratios) at least in some regions, so as to ensure that the world’s
            food needs can be met without dramatically expanding the
            agricultural land area at the world level.


            Cropland
            area increases at the world level in both variants: +277 million
            ha (or +18% between 2010 and 2050) in the AE variant and
            +555 million ha (or +36%) in the collapse variant. Of course, the
            collapse variant requires a larger cropland area at the world
            level since the same food needs must be met with no increase in
            per-hectare yields compared to 2010, while the AE variant involves
            rising per-hectare yields. In both variants, the NME, North Africa
            and India are constrained by their maximum cultivable land area.
            In the collapse variant, West Africa joins the group of
            constrained regions. In addition, tensions over cultivable land
            areas are much stronger in the collapse variant than in the AE
            variant.


            The
            ‘Communities’ scenario induces a reduction in the world
            pastureland area (–135 million ha or –4%) in the AE variant, while
            the same scenario leads to a dramatic increase in the world
            pastureland area (+1.5 billion ha or +44%) in the collapse
            variant. One reason, but this remains a partial explanation, is
            the –10% decrease in daily calorie availability in most regions,
            which contributes to alleviating the rising consumption of animal
            products and thus the need for pastureland. But this explanatory
            factor applies to both variants. In the AE variant, this factor
            together with the improved performance of ruminant systems
            involved in the ‘Agroecological livestock pathway’ limits
            pastureland expansion at the world level. In the collapse variant,
            this factor is largely offset by the unchanged feed-to-output
            ratios in all livestock sectors and systems.


            In both
            variants, major cropland increases occur in West Africa, India,
            ECS Africa and Canada/USA (Figure 14.18). Cropland also increases
            in both variants, but to a lesser extent, in the Rest of Asia and
            Oceania. Obviously, at the regional level, the extent of cropland
            expansion is much higher in the collapse variant than in the AE
            variant, except for those regions where the maximum cultivable
            area constraint is binding: NME, North Africa and India, and, for
            the collapse variant only, West Africa.
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            Figure 14.18. Regional cropland
            areas (million ha).


            Source: GlobAgri-AgT model.


            Pastureland is reduced in nearly all regions
            in the AE variant (the exceptions are ECS Africa, NME, North
            Africa and the EU 27). In contrast, pastureland expands in nearly
            all regions in the collapse variant. In this variant, pastureland
            expansion is particularly significant in ECS Africa, the FSU and
            Oceania (Figure 14.19).
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            Figure 14.19. Regional pastureland
            areas (million ha).


            Source: GlobAgri-AgT model.


            Within the
            ‘Communities’ scenario, AE is a variant which would make it
            possible to cope with world food needs while limiting agricultural
            land expansion and deforestation at the world level, in a very
            unfavourable global context. With this variant, according to our
            assumptions, the world forest area could experience a –153 million
            ha reduction. In contrast, the collapse variant would induce
            dramatic deforestation in all regions.

          

          
Trade impacts

            

            Despite
            the fragmented world involved in the global context of the
            ‘Communities’ scenarios, our results suggest that international
            trade would increase in this scenario to meet regional food needs:
            +20% to +30% compared to 2010 according to both variants
            (Figure 14.20).
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            Figure 14.20. Net import dependence:
            (imports-exports)/domestic use (all variables in calories).


            Source: GlobAgri-AgT model.

          
        
      

      


Conclusion: the main limits of both the model and
        the quantitative analysis

        

        As the main
        insights that can be drawn from the quantitative anlaysis are the core
        of Chapter 16, we conclude here by reporting and discussing the main
        drawbacks of the model we use and the main limits of the quantitative
        analysis as a whole.


        The GlobAgri-AgT
        model is a biomass balance model. As such it suffers from several
        limits:


        There is not a
        vector of prices, which in usual economic models act as signals to
        both consumers and producers on the extent of resource scarcity or
        abundance and give them incentives to change their plans accordingly.
        In such economic models, world agricultural land expansion would have
        probably been more limited than in our analysis since price increases,
        resulting from stronger tensions over the land resource, would have
        led, on the one hand, to consumers adjusting their consumption,
        changing their diets towards cheaper products and probably reducing
        their consumption of animal products, especially meat, and, on the
        other, to producers adjusting their production decisions, substituting
        more expensive inputs (e.g., land) with cheaper inputs (e.g.,
        fertilizers) and in so doing increasing yields so as to limit the
        expansion in land area. Such mechanisms which alleviate adjustments in
        quantities (such as the additional land area required, for instance)
        because of the price adjustments, are not in force in GlobAgri-AgT and
        the extent of the impacts of scenarios in terms of agricultural land
        expansion are most likely exacerbated.


        The structure
        of trade is very rigid: for each region, imports are a fixed
        proportion of domestic use and exports are a constant share of the
        world market. Unless one region reaches its maximum cultivable area,
        nothing changes. This rigidity of trade flows also induces higher
        agricultural land expansion impacts than the ones we would have
        obtained from an economic model, where trade flows adjust to the
        relative price changes. Let’s take the very simple case of ECS Africa,
        which in all our scenarios experiences a very significant expansion in
        its agricultural land area. In a model where trade flows react to
        price changes, ECS Africa would gain by increasing the imported share
        of its food needs and limiting the rise in domestic production because
        of the low productivity of its agriculture relative to other world
        regions. At the world level, this would result in a lower requirement
        for agricultural land since the additional food needs of ECS Africa
        would be produced in world regions exhibiting the highest agricultural
        productivity. Such a mechanism arises in the GlobAgri-AgT model only
        in regions which are constrained in terms of cultivable land. In
        regions where cultivable land is abundant, such as ECS Africa for
        instance, this mechanism never arises and also exacerbates the extent
        of our agricultural land expansion impacts.


        There are
        other rigidities in our model, such as no substitution between
        products on the food demand side, but also within feed rations at the
        livestock production system level, and on the supply side. Even if the
        consequences of these rigidities on the extent of our agricultural
        land expansion impacts are less obvious, one could guess that they
        exacerbate adjustments in quantities since they impede part of the
        required adjustments to be made through prices.


        Our quantitative
        results depend directly on how we translated quantitatively the
        hypotheses for the future up to 2050 of the various drivers of our
        system. Among all our assumptions, at least three are questionable and
        would need further work:


        Due to the
        lack of data on the maximum land area available to agriculture
        (involving both cropland and pastureland) in each region, we decided
        to put an upper limit on the cropland area only, letting the
        pastureland adjust freely. As a result, some Agrimonde-Terra scenarios
        lead to very large pastureland expansion at the world level and
        especially in some regions. In some cases, the pastureland expansion
        simulated is clearly unreasonable. Putting an upper limit on total
        agricultural land or putting upper limits on both cropland and
        pastureland would have avoided such situations. The question here is
        what kind of data we should use to estimate the upper limit for
        pastureland by region (Chapter 4).


        As far as
        hypotheses on the future of cropping systems are concerned, we assumed
        in our quantitative analysis that on average crop yield growth up to
        2050 is greater in the ‘Conventional intensification’ pathway than in
        both the ‘Sustainable intensification’ and ‘Agroecology’ pathways.
        These hypotheses are controversial and were extensively discussed with
        Agrimonde-Terra’s Scenario Advisory Committee. Our quantitative
        results indicate that our hypotheses are crucial regarding the
        land-use change impacts of the Agrimonde-Terra scenarios. The
        implications of our quantitative hypotheses regarding the future of
        cropping systems are obvious when comparing the results of both
        variants of the ‘Healthy’ scenario, which differ only through their
        respective cropping system hypotheses (technology C involving the
        ‘Sustainable intensification’ pathway vs. technology D involving the
        ‘Agroecology’ pathway): +29 million ha vs. +269 million ha expansion in
        agricultural land at the world level. Clearly further work is needed
        to add to our knowledge on the relative technical, economic, social
        and environmental performance of the different cropping systems.


        Regarding the
        hypotheses on the future of livestock systems, we already mentioned
        that we faced some difficulties in translating our livestock system
        development pathways into quantitative hypotheses and we were forced
        to adopt somewhat restrictive assumptions. Specifically, as far as the
        feed-to-output coefficients are concerned, we used the projections up
        to 2030 suggested by Bouwman et al. (2005) to calibrate the change in these
        coefficients up to 2050 under our various pathways. We believe that
        Bouwman et
        al.’s projections are rather conservative compared to the changes
        in technical performance of livestock system scenarios considered in
        other studies. Given the key importance of the projected changes in
        livestock system performance regarding land-use change and, more
        specifically, pastureland expansion, we clearly need further work on
        how to calibrate the change in feed-to-output ratios up to 2050 in our
        different livestock system development pathways. More generally,
        further work is needed on the quantitative translation of our
        livestock system development pathways.


        

 54As already mentioned, no hypotheses about the future
        of forest systems were built. Instead, on the quantitative analysis
        side only, deforestation-afforestation was evaluated ex-post as an
        outcome of quantitative simulations.

 55The net import dependence of
            a region is the share of total net imports (imports-exports) in
            total domestic use, in kilocalories. For net importing regions
            with remaining cultivable land, additional reductions in import
            coefficients were applied: in each region concerned, all import
            coefficients were equally reduced, with the reduction level
            calibrated so as the net import dependence of the region is as
            close as possible to zero. These additional reductions concerned:
            East, Central and South (ECS) Africa, the Rest of America, China
            and the European Union (EU 27).

 56More specifically we use updated results kindly
            provided by Florian Zabel, related to IPCC RCP2.6 and
            RCP8.5.

 57We use a world yield average for energy crops
              of 228 GJ/ha in the initial situation, increasing to 304 GJ/ha
              in 2050 due to technical change (Smeets et al., 2007). The
              distribution of the world’s energy crop areas across regions
              differs according to climate change pathways: i) in
              ‘Stabilization of global warming’, the distribution is based on
              regional production of biomass for energy of the SSP1/RCP2.6
              marker scenario proposed by the IPCC; ii) in ‘Runaway climate
              change’, this is the regional production of biomass for energy
              of SSP5/RCP8.5 marker scenario of the IPCC which is used; iii)
              in ‘Moderate warming’, regions with no fossil energy are
              producing energy crops first. Then, if necessary, regions with
              fossil energy are starting to produce energy crops, regions
              having the lowest reserves of fossil energy starting first. In
              all regions, energy crops are first grown on abandoned land.
              Remaining required areas are then taken from forests, in regions
              with the largest forest land areas and the lowest fossil energy
              reserves.

 58We used the data for the year 2000, the
            potential yields obtained with so-called ‘high input’ cropping
            systems (potential yields are also available for ‘intermediate
            input’ and ‘low input’ cropping systems) and, for both actual and
            potential yields, a weighted average of rainfed and irrigated
            yields (the weights being the relative shares of rainfed and
            irrigated land areas).

 59At least when yield
            performances are considered crop by crop as is the case here, and
            not for the whole set of crops included in the crop
            rotation.

 60We should remember that in our scenarios the
            ‘Conventional intensification’ pathway for cropping systems is
            used jointly with the ‘Runaway global warming’ climate pathway. As
            this climate pathway involves higher negative impacts on
            per-hectare yield growth, we take into account, at least partly,
            the damaging impacts of the degradation of resources on the
            long-term yield performances of conventional intensive cropping
            systems.

 61More specifically we use more detailed data kindly
          provided by Mario Herrero and Petr Havlik.

 62As we show later on, initial feed-to-output
            ratios of the mixed system in the beef sector in West Africa and
            ECS Africa are very high compared to those exhibited by the other
            regions. There are consistent explanations for such a situation
            related to the specific role of livestock in both these regions:
            livestock provides nutrient-rich food but also draught power,
            organic manure and domestic fuel; livestock also serves as a
            source of income, as a means for capital accumulation and
            insurance against income shocks etc. Despite huge uncertainties,
            we assumed however, notably on the basis of the literature and
            experiences, that there is room for manoeuvre for improving
            livestock feed-to-output ratios in West and ECS Africa, and that
            Bouwman et
            al.’s projections (2005) are rather pessimistic in this
            regard.

 63For feed-to-output ratios:
                decrease means that 1 tonne of animal product requires less
                quantity of dry-matter feed, implying higher productivity of
                the production system.

 64In each scenario, we estimate induced change in
            the forest land area assuming that all land coming into
            agriculture comes from forest land and all land going out from
            agriculture returns to forest use. This is a simple hypothesis,
            which may be restrictive at least for certain regions, since it
            assumes implicitly that grasslands are fully tracked by the model
            and that other lands, such as mountains, bare soil and urbanized
            lands, are not suitable for agriculture.
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      Introduction

        

        The
        Agrimonde-Terra team and Scenario Advisory Committee found it
        insightful to contextualize the five Agrimonde-Terra scenarios. Given
        the challenges in sub-Saharan Africa (SSA), it was decided to focus on
        this very large and diverse region. There are several ‘Africas’ even
        if there is a tendency to look at sub-Saharan Africa as one entity
        because of its limited role in the global economy (Hugon, 2016). Over
        past decades as in recent years, the growth momentum in sub-Saharan
        Africa has been very fragile. However, every year the gross domestic
        product (GDP) of several African countries grows by more than 7% while
        others record a very bad performance (IMF, 2017). Growth spells are
        frequent, both among resource-intensive and non-resource-intensive
        countries, but they tend to be shorter than in other regions of the
        world and to be characterized by large swings in growth which have a
        detrimental impact on investment and living conditions (IMF, 2017).
        The contribution of agriculture to GDP also varies highly among
        countries, from nearly 60% to less than 5% (IMF, 2016), but on average
        agriculture still occupies more than 58% of the economically active
        population (FAO, 2011a). Population growth has been very rapid between
        1960 (221 million inhabitants) and 2015 (969 million inhabitants)
        (United Nations, World Population Prospects, 2017[66]), but there are vast differences in population
        numbers and densities between countries (Losch et al., 2013). A number of
        countries contain large rural populations clustered in very small
        areas, while eight countries have low population densities over very
        large areas of arable land (Jayne et al., 2014, p.1).[67] The prevalence of hunger in SSA has
        declined by –31% between 1990 and 2015, but one person in four is
        still undernourished and significant proportions of children are
        underweight, stunted or manifest various forms of undernutrition (FAO,
        2015b). Western Africa has made significant progress towards the
        reduction of undernourished people, despite significant population
        growth and recurrent droughts in Sahel countries. Other sub-regions
        (especially Eastern and Central Africa with, respectively, 28% and 31%
        of the population suffering from food insecurity) experienced an
        increase in the absolute number of undernourished people, largely due
        to civil unrest, political instability, insufficient income and
        unfavourable climatic conditions (FAO, 2015b).


        Past and
        on-going trends relative to the five dimensions of land use in SSA are
        presented in Chapter 5. In this chapter, we examine the trends in
        sub-Saharan Africa towards the different hypotheses for the future of
        external and direct drivers (Chapters 6 to 12), which have been used
        to build the five Agrimonde-Terra scenarios (Chapter 13). Then we look
        at the main on-going trends towards each scenario and we present how
        land use and food security would be in 2050 in SSA given the
        combination of assumptions. Sub-Saharan Africa is unique because
        on-going trends can be found towards all the scenarios identified by
        Agrimonde-Terra. In no other region of the world have the
        Agrimonde-Terra team and the Scenario Advisory Committee identified
        such a diversity of pathways. This diversity may represent an
        opportunity for the future of land use and food security in
        sub-Saharan Africa if local stakeholders and policymakers identify the
        trajectory(ies) that will lead to food security, especially local
        access to food (Bourgeois and Losch, 2017). They represent a threat,
        however, if no strategic choices are made as some pathways are
        contradictory. We conclude the chapter by suggesting some levers for
        action.


        As a foresight
        process requires the participation of stakeholders with various
        competencies (Godet, 1994; Havas et al., 2010; Bingley, 2016) but is costly in
        terms of time and money, this preliminary analysis can provide a basis
        for further discussions for the construction of land use and food
        security scenarios in sub-regions and countries of SSA, as has been
        done in Tunisia (de Lattre-Gasquet et al., 2017a).

      

      
Trends in external drivers of change

        

        We analyse
        here on-going trends and weak signals in SSA relative to the external
        drivers of change, i.e. the political, economic and social context,
        climate change and food diets, and use as a framework the hypotheses
        for the future presented in Chapters 6, 7 and 8. For ease of
        understanding, the names of these hypotheses are written in
        italics.


        Trends relative to the political, economic and
          social context in SSA

          

          In brief:
          there are concomitant on-going trends towards three hypotheses: ‘Political and
          economic fragmentation’, ‘Regionalization and energy transition’ and ‘Conventional
          development led by market forces’, the latter two reinforcing
          fragmentation. Emerging trends are identified towards the hypotheses
          ‘Non-state
          actors’ and ‘Sustainable and cooperative world’, though the
          trends towards the latter assumption are weaker.


          Population
          growth is a major marker of land use and food security at the SSA
          and household levels in 2050. Agrimonde-Terra has adopted the same
          demographic hypothesis for its five scenarios, based on UN World
          Population Prospects (2015 revision): from 2010 to 2050, population
          will increase by 192% in West Africa and by 155% in ECS Africa. By
          2050, SSA’s population is expected to reach almost 2.2 billion
          people (compared to 969 million in 2015), representing 23% of the
          global population (UN Population Prospects, 2015 revision). Youth
          aged 15 to 24 will account for 30% of the world’s youth. The SSA
          youth will be both a great opportunity and a challenge for land use.
          On the one hand, the inactive population (youths under 18 years old)
          will decrease and the level of dependence on the productive and
          economically active population will be reduced. On the other hand,
          the rapid growth in the size of the workforce (around +789 million
          until 2050 according to ILO, 2017) will increase the pressure on
          labour markets which are already close to saturation, and influence
          structural changes and agricultural choices. However, this evolution
          should not hide the fact that SSA is also an ageing continent thanks
          to improvements in healthcare and sanitation. Also, SSA will be the
          only region of the world where the rural population and rural
          density will be growing well beyond 2050 (ILO, 2017). Therefore, in
          the five Agrimonde-Terra scenarios the total and rural population
          growth will increase tensions between uses and users of land and
          water (agriculture, livestock farming, urbanization and mining)
          (Losch et
          al., 2016).


          There are
          strong on-going trends towards the hypothesis ‘Political and economic
          fragmentation’. First, the region suffers from political
          instability which has caused the deaths and displacement of millions
          of people and has a negative impact on land use and food security.
          Some conflicts involve States, while others are more localized
          (Williams, 2011); people fight over natural resources, over
          religion, over political power, or ethnic groups do not get along.
          Second, many governments and institutions are weak and do not
          exercise their regulatory functions; their administrations are
          inefficient; some countries spend a high proportion of their budget
          on the army. Corruption is widespread (Kodila-Tedika and
          Bolito-Losembe, 2014), leading to clientelistic networks, illegal
          and informal trade and land grabbing. The informal economy is an
          important component of the economies of most countries contributing
          between 25 and 65% of GDP and between 30 and 90% of total
          non-agricultural employment (IMF, 2017). Oil exporting countries
          tend to have a larger share of informal economy than low-income and
          the middle-income countries (IMF, 2017). Third, the economic
          transition is incipient (Losch, 2016). SSA’s economy grew at an
          annual average rate of about 5% in the pre-global financial crisis
          period (1995-2008) and at 3.9% between 2011 and 2016 (World Bank,
          2016), but some countries manage far better than others and, within
          a country, some groups improve their economic situation while others
          become poorer. The share of agricultural products in the total
          exports of African goods and services has considerably decreased
          over the past 15 years to the advantage of extractive products, and
          many African countries are therefore highly dependent on
          international market prices and vulnerable to unfair trade practices
          (FAO, 2017c). Agriculture still occupies 58.4% of the economically
          active population (FAO, 2011a), reaching 75% or more in certain
          Sahel and East African countries (ILO, 2017). It is a prominent
          occupation not only for the rural population, but also for people in
          urban and peri-urban areas. However, for small farmers, especially
          women, insecurity in access to land remains despite the fact that,
          in recent years, land tenure systems have evolved in a number of
          countries. The role of women in agricultural activities is growing;
          they represented 45% of the labour force in 1980 and 50% in 2010
          (FAO, 2011a). There are, however, regional as well as national
          differences; the averages for women’s agricultural activities range
          from just over 40% in Southern Africa to just over 50% in Eastern
          Africa (FAO, 2011a). However, the performance of agriculture over
          the decades has been characterized by ups and downs (Losch et al., 2013).
          Shortage of electricity infrastructure undermines efforts to achieve
          social and economic development; half of the population lives
          without access to electricity and this figure is rising (IEA, 2014).
          Many households rely on solid biomass (fuelwood and charcoal) for
          cooking, with significant negative environmental and health impacts.
          Also, most national agricultural research systems are small,
          fragmented, lack human and financial resources, and still tend to
          focus on a large range of issues (Beintema and Stads, 2017). On
          average, in 2011, the per capita spending on agricultural research
          in poor countries was $1.51, compared to $17.73 in rich countries
          (Pardey et
          al., 2016) and population growth accentuates this gap. In SSA,
          while the number of agricultural researchers increased during the
          period 2000–2014, a very large share of senior and qualified
          researchers were approaching retirement (Beintema and Stads, 2017).
          Fourth, health problems are important obstacles to development.
          According to the International Finance Corporation, SSA has 11% of
          the world’s population but carries 24% of the global disease burden.
          Infrastructure is insufficient to provide even basic healthcare to
          the population. Human diseases (e.g., malaria, trypanosomiasis, diarrhoea and
          HIV/AIDS) significantly impact the productivity of the labour force
          and animal diseases (especially trypanosomosis) impede the
          development of livestock farming.


          There are
          also strong on-going trends towards ‘regionalization and energy
          transition’. More than 200 regional organizations and
          commercial agreements are responsible for the development of
          regionalization processes in SSA. This is the de jure regionalization process
          as opposed to de facto regionalization (Hugon, 2016) which is
          the result of commercial, financial, cultural and technological
          networks. The first form of regionalization has been reinforced with
          the creation of NEPAD (New Partnership for African Development) and
          is particularly active in Eastern and Southern Africa. The second
          form of regionalization is linked to intra-SSA mobility. Trust-based
          cross-border mobility involves grassroots non-state actors (Nshimbi,
          2015); it leads to the mobility of people, animals, and goods and
          contributes to regional integration. Sub-Saharan Africans move first
          within Africa (nearly 75% of movements) and to neighbouring
          countries (Mercandalli and Losch, 2017). West Africa, East Africa and, to a
          lesser extent, Southern Africa are the most dynamic regions in terms
          of sending and receiving countries, with Ivory Coast, South Africa,
          Nigeria, Kenya and Ethiopia being the top five receiving countries
          (Mercandalli and Nshimbi, 2016). African and non-African ethnic
          groups play a major role in intra-regional trade. The share of
          official intra-African trade in total trade has fallen from around
          20% in the mid-1990s to 12% in 2015, which is low compared to other
          continents (UNCTAD statistics). This decline is due to the fact that
          African trade with the rest of the world has grown much faster than
          intra-African trade and that informal trade is not taken into
          account in official statistics. Adding informal trade to official
          trade figures would increase the share of intra-African trade in
          total trade to the levels observed in Latin America and the
          Caribbean (UNCTAD, 2013). The Southern African Development Community
          (SADC), for example, estimates that informal trade accounts for
          between 30 and 40% of intra-SADC trade (Koroma et al., 2017). SSA’s renewable
          energy resources (solar, hydro, wind and geothermal), although
          spread unevenly across the continent and at a different stage of
          development, are sufficient to meet current and foreseeable future
          needs (IEA, 2014).


          There are
          also a number of trends towards the assumption ‘conventional
          development led by market forces’ and globalization. First,
          economic growth and insertion in the global economy are developing.
          According to the World Bank (2016), “established growth performers”
          (Ethiopia, Mali, Mozambique, Rwanda and Tanzania) and “improved
          performers” (Benin, Cameroon, Ivory Coast, Democratic Republic of
          Congo, Kenya, Senegal and Togo) contribute to 21% of Africa’s
          output. A few have diversified economies with significant industrial
          development (e.g., South Africa), in other countries the
          mining industry financed by foreign investments plays a major role
          (e.g.,
          Botswana, Nigeria, Angola, Congo, Equatorial Guinea and Gabon)
          (UNECA, 2011), while others rely mostly on exports of non-processed
          and processed agricultural products. Integration in global value
          chains is nevertheless limited due to lack of infrastructure,
          including large harbours. Lebanese, Indian and Chinese networks play
          an important role in this evolution (Hugon, 2016). Second, external
          funds are flowing to SSA. These are foreign aid and foreign
          investments; the latter have quadrupled since 2000 (OECD/FAO, 2016),
          mostly targeting the exploitation of natural resources with a rapid
          rate of return, and aimed at establishing markets. Malaysia, China
          and India were among the top five investors in Africa in 2013,
          together with France and the United States (UNCTAD, 2013). Third, a
          service-based economy (e.g., banking, telecommunications and
          retailing) is developing in cities. Agricultural research and
          innovation receive significant funding from a large number of
          bilateral and multilateral donors, development banks and private
          foundations (Beintema and Stads, 2017). Several countries, including
          Ivory Coast, Ghana and Tanzania, have established funding systems
          that mobilize private-sector resources. Agricultural input firms
          have established research and development facilities in some
          countries (e.g., Monsanto in Burkina Faso, Kenya, Malawi,
          South Africa and Zimbabwe). Fourth, international institutions have
          promoted land registration and titling and the transformation of
          existing land rights “into individualized, tradable assets that can
          circulate within a market economy” (Boone, 2017). A number of
          governments are also revising their land tenure legislation and
          reforming institutions for the administration of individual rights
          (Toulmin, 2009). This and other measures can create a favourable
          climate for foreign investments, including in agriculture.


          There are
          strong trends towards the assumption ‘Dominance of non-state actors’.
          First, there are many initiatives by non-state actors. Traditional
          institutions and leaders and family heads still play a significant
          role in land management in a number of localities and countries, and
          many African farmers still hold their land through forms of
          customary tenure. The weak state syndrome has permitted religious
          and non-governmental organizations (NGOs), philanthropic
          foundations, as well as non-African traders and corporations to
          exert a strong influence. Recently, young and creative Africans
          (called the “cheetah generation” by George Ayittey) and the African
          diaspora have started to influence politics and economy. Their
          actions supplement the weak national and local institutions, even if
          their impact can be constrained by the inefficiencies of these
          institutions. Second, there is an evolution towards the
          digitalization of relationships. Under the lead of Senegal and
          Kenya, SSA is going digital. For mobile telephones, the penetration
          level in 2015 was approaching 50%, and the growth rate in
          subscriptions is the highest globally (GSMA, 2016). Small
          entrepreneurs and large corporations are developing web activities
          and starting to impact activities such as financial services,
          education, retail and agriculture, health and government. Mobile
          money is also used by businesses, such as commodity shops and
          agricultural businesses. Connectivity is a major driver of rural
          livelihood transformations and local development and creates labour
          opportunities. Third, a number of non-state actors, i.e. heads of
          families, customary chiefs and local institutions play an important
          role in land allocation and management. Also a mix of individual
          farmers, farmer organizations, research, extension services, NGOs,
          private entrepreneurs and externally-funded projects are often
          involved in agricultural innovations (Triomphe et al., 2017).


          Finally,
          there are weak signals towards the assumption ‘a sustainable and cooperative
          world’. SSA’s voice in global governance is starting to be
          better heard. SSA is far more stable and better governed now than at
          any other time since independence (WEF, 2015). Over the past five
          years, a number of peaceful elections at the national level have
          taken place and civil society organizations have been instrumental
          in agitating for political pluralism, decentralization of resources
          and respect for human rights and the rule of law. As far as land is
          concerned, there are still customary practices favouring common
          property management, for example local agreements (conventions
          locales) for resource management in the West African Sahel,
          hillside enclosures in Ethiopia and community land registration in
          Mozambique (Toulmin, 2009). There have been significant increases in
          the coverage of mobile telephone services which create opportunities
          for social and economic inclusion (UNECA, 2017). Young Africans are
          increasingly returning home to pursue a career after an education
          abroad (ACET, 2014), thus contributing to the transformation of
          economic and social models. There has been a marked increase in
          foreign direct investment, which is a sign of confidence, and some
          countries are setting up rules for investments in agriculture and
          other sectors. Employment in the service sector (retail, transport,
          distribution etc.) and the development of information and
          communication technologies are facilitating linkages between people
          (WEF, 2015). An increasing number of African governments are
          providing agricultural services, at least in the area of staple food
          production. As far as research and innovation are concerned, farmer
          participatory approaches and farming system research are critical
          components of agricultural research and have evolved over time
          (Norman and Atta-Krah, 2016), and there are trends towards
          multi-stakeholder processes in agricultural research (Hiwasaki et al.,
          2016).

        

        
Trends relative to climate change[68]

          

          In brief:
          SSA is suffering heavily from ‘rapid climate change’. It is not a major
          contributor to climate change and it has the potential to contribute
          to the ‘stabilization of global warming’.


          There are
          many trends in SSA towards the assumption ‘runaway climate change’.
          Observed temperatures within the African continent have shown a
          warming trend since the 1960s (IPCC, 2007). Agriculture is
          considered particularly vulnerable due to the extensive reliance on
          rainfed crop production (about 96% of all agricultural land
          according to Aquastat), high intra- and inter-seasonal climate
          variability, recurrent drought and floods that affect both crops and
          livestock and increase spoilage, and limited economic and
          institutional capacity to adapt to climate change.[69],[70] Deforestation and emissions taking place on the
          farm and in the first steps of the supply chain contribute to
          agricultural greenhouse gas emissions; this is exacerbated by
          inadequate infrastructure and market access in many areas, leading
          to high levels of waste on the farm and during post-harvest
          handling.[71] Assessments of the impact of climate change on SSA
          are associated with wide confidence intervals due to the poor
          quantity and quality of historical agricultural data and a lack of
          reliable data on soil properties and management practices (Schlenker
          and Lobell, 2010; Lobell et al., 2011; Roudier et al., 2011). A median value
          for yield loss of around –11% (–15% for the most intense warming
          scenarios) with, however, a large dispersion of projections, ranging
          from a loss of –50% to a yield increase of +90% is projected
          (Roudier et
          al., 2011; Schlenker and Lobell, 2010). Results indicate median
          changes in aggregate production by –22%, –17%, –17%, –18% and –8%
          for maize, sorghum, millet, groundnut and cassava, respectively.
          Given the pivotal role of temperature changes, yield reductions are
          likely to occur in regions which are more sensitive to temperature
          changes, such as the Sudan region (southern Senegal, Mali, Burkina
          Faso, Northern Togo and Benin), than in regions which are more
          sensitive to rainfall changes, such as the Sahel region (Niger,
          Mali, Northern Senegal and Burkina Faso) (Sultan et al., 2013).
          Projections of local sea-level rises along sub-Saharan coastlines
          tend to be around 10% higher than the global average. The sea level
          is projected to rise between 0.4 metres and 1.15 metres in a 4°C
          world, with a median rise of 0.65 metres by the end of the century
          (Serdeczny et
          al., 2016). Furthermore, energy demand is growing with rapid
          population growth.


          There are
          weak signals towards the assumption of ‘stabilization of global
          warming’. SSA has untapped renewable energy resources: solar
          across the entire continent, hydro in many countries, and wind
          mainly in coastal areas and geothermal in the East African Rift
          Valley (IEA, 2014). Also, big trees in the Congo Basin, extensive
          rangelands in West and Southern Africa and agroforestry offer the
          potential for carbon capture. Cocoa and coffee production, which
          have contributed to deforestation in the past is increasingly
          managed under agroforestry systems, and thus contribute to the
          reduction of greenhouse gas (GHG) emissions by sequestering carbon
          in trees and soils and by reduced reliance on synthetic fertilizers
          (Vaast et
          al., 2016). All SSA countries have ratified the United Nations
          Framework Convention on Climate Change (UNFCCC), two-thirds have
          submitted their National Adaptation Programme of Action and 22
          countries have submitted Nationally Appropriate Mitigation Actions
          to the UNFCCC (Nkonya et al., 2016).

        

        
Trends relative to food diets

          

          In brief:
          the ‘regional
          diversity of diets and food systems’ remains strong, but a ‘transition to
          ultra-processed foods and modern value chains’
          is taking place. There are only weak signals towards ‘healthy diets based
          on food diversity’, and no trends towards ‘transition to diets
          based on animal products’. Figure 15.1 presents the average
          diets in SSA and ECS Africa in 2010’s initial situation and by 2050
          under the various hypotheses for the future of food diets.
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          Figure 15.1. Average food diets in the
          initial 2010 situation and by 2050 under the various hypotheses for
          the future of food diets (kcal/capita/day).


          Source: GlobAgri-AgT.


          ‘Regional diversity
          of diets and food systems’ is still high. Diets consist mainly
          of cereal or root staple crops and very little in the way of animal
          source proteins (Fanzo, 2012). The self-sufficiency ratio for the
          five main cereals (maize, millet, rice, sorghum and wheat) was 0.82
          for SSA as a whole in the 2010s (van Ittersum et al., 2016). In West and
          Central African cities, local starchy products (maize, cassava,
          sorghum and, to a lesser extent, yam and plantain) are still heavily
          consumed. Animal and sauce products (vegetables, legumes, oils,
          sugar and condiments), fruit and beverages are mainly locally
          sourced (Bricas et al., 2016). In the humid regions of East and
          Central Africa, green bananas and plantain are used as the base of
          the main dish which is eaten with a relish made from roots and
          tubers, with the addition of groundnut sauce or red palm oil
          (Oniang’o et
          al., 2003). Bush meat is common in the diets of rural and urban
          population in the Congo Basin and is estimated at around 3.2 million
          tonnes (and over 4.5 million tonnes are extracted) (Nasi et al., 2011).
          The traditional diet in Southern Africa is centred on maize or rice,
          served with a stew; chicken and beef are widely eaten. All over SSA,
          there are territorial value chains with collectors, wholesalers,
          artisan food processing and small retailers on the roads, in streets
          and local markets despite the entry of regional and international
          players into both the modern grocery and food service sectors. The
          activities that take place around markets are often undertaken by
          women. Family links or kinship, i.e. relational proximity, between farmers and
          traders, and between traders in the chain of
          collectors-wholesalers-retailers, is observed in all types of food
          chains, short or long (Moustier, 2017). The number of retailers and
          their scope has expanded to meet the evolving demand. Urban
          congestion, weak public transport systems and erratic electricity
          service, which hinders the spread of refrigerators among consumers,
          help traditional retailers to maintain a substantial share of the
          consumer market compared to larger modern retailers.


          A ‘transition towards
          ultra-processed food and modern value chains’ is taking place.
          Diets are being transformed due to rising incomes and consumers look
          for foods that are convenient to buy, prepare and consume. In
          cities, imported wheat and rice are dominant in the starchy products
          consumed. Large supermarkets are developing rapidly all over SSA
          (Staatz and Hollinger, 2016). There is not a marked ‘transition to
          animal-based food’. Chauvin et al. (2012) note that
          “calories supplied by meat consumption in SSA have been increasing
          by an average rate of more than one per cent per decade”. This
          increase is mostly associated with the higher income levels that
          allowed consumers to afford income elastic commodities such as meat.
          However, in countries such as Cote d’Ivoire, Democratic Republic of
          Congo (DRC), Ethiopia and Kenya, meat consumption has decreased
          sharply. This decrease is mostly associated to drought condition
          which decreased livestock weights and increase their mortality in
          countries such as Ethiopia and Northern Kenya and civil war in Cote
          d’Ivoire and DRC which affected local meat supply.” Milk products
          are the most commonly consumed animal product. The consumption of
          poultry, eggs and pork has increased while the consumption of beef
          is decreasing and the consumption of small ruminants is constant.
          Fish make up the lowest source of animal calories and are consumed
          in a few coastal countries, especially Ghana.


          The regional
          diversity of diets and value chains is just about the only weak
          signal towards the assumption of ‘healthy diets based on food
          diversity’. Indeed, the consumption of animal products (with
          the exception of Southern Africa) and of fruit and vegetables is
          still below recommended levels. This situation has negative impact
          on birth weight, growth and cognitive development. These foods are
          either not accessible because of their high cost, not locally
          available, unequally distributed within households or are not
          considered household priorities when incomes are not sufficient to
          meet the needs of a high quality diet (Fanzo, 2012).

        
      

      

Trends in direct drivers of changes

        

        We examine
        here the on-going trends and weak signals in SSA towards the
        hypotheses relative to the direct drivers of land use change, i.e. urban-rural
        relationships (Chapter 9), farm structures (Chapter 10), cropping
        systems (Chapter 11) and livestock systems (Chapter 12).


        Trends relative to urban-rural
          relationships

          

          In brief:
          urban-rural relationships in SSA are diverse and influenced by
          population density, history and geographical situation, and there
          are trends towards the four hypotheses of change proposed by
          Agrimonde-Terra.


          There are a
          few cities of over three million inhabitants in SSA but these
          ‘megacities’ are included in vast urban clusters (‘large metropolitan
          regions’) (Figure 15.2). In West Africa, from the coast of the
          Gulf of Guinea to the Sahel, urban population density is high, with
          the major cities being Lagos, Onitsha, Abidjan, Accra, Kano, Dakar,
          Bamako and Ibadan. In the Ethiopian Highlands, around Addis Ababa, a
          dense urban network has developed. In the Great Lakes region,
          there is a conurbation in Western Kenya, close to linking Nairobi to
          Kampala. In the Northern part of South Africa and in the extreme
          South of Mozambique, an urban network starts around Johannesburg and
          stretches towards the interior of the country regions (Chatel et al., 2016).
          Also, “corridors of urbanization are emerging between Lake Chad and
          the Ethiopian Highlands”, between the borders of Cameroon and
          Nigeria and the Great Lakes, “as well as along the railway line and
          roads leading to the mining regions from Pointe-Noire in DRC,
          crossing Zambia and Zimbabwe and reaching Mozambique. … More
          isolated large cities such as Cape Town, Luanda and Khartoum result
          in polarization in their surrounding regions” (Chatel et al.,
          2016).


          Despite the
          poor quality of the roads, the road system plays a key role in ‘rural-urban
          archipelagos’ and facilitates ‘multi-activity within
          households’. Temporary movement – whether daily, weekly or
          seasonally – characterizes the mobility pattern of households in
          search of employment, services, commercial goods and education as
          well as for social reasons (Steel and van Lindert, 2017). They take
          place, for example, between rural areas and middle-sized cities in
          West Africa. People take advantage of progress in electrification,
          low-cost public or individual transport, mobile phones and money
          transfer applications to move from one place to another and find
          non-farm jobs. Households receiving international remittances are
          able to buy land and build a house, to establish a business or to
          buy agricultural equipment, which helps them to become multi-active
          (Plaza and Ratha, 2011).


          The ‘integration of
          rural areas into urban networks’ is limited by the slow
          development of intermediate urbanization (Andersson Djurfeldt,
          2015). Nevertheless, there is ‘a new emerging rural world’ (Losch et al., 2013;
          Pesche and Diop, 2016) and value chains link rural and urban areas.
          As cities consume predominantly African products, urban food markets
          lead the development of local food chains which have both an
          informal and a formal component (Schaffnit-Chattrjee, 2014; Bricas
          et al.,
          2016; Staatz and Hollinger, 2016).


          Finally,
          there are weak signals towards ‘urban fragmentation and counter urbanization’.
          This trend is due to difficult living conditions in the large
          cities, especially the high cost of living, lack of infrastructure
          and employment opportunities, and violence. For example, in South
          Africa, middle class families are starting to migrate from urban to
          rural areas (AfDB, OECD and UNDP, 2016).
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          Figure 15.2. Map of Africa - urban
          centres with a 100 km radius


          Source: Chatel et al. (2016), Figure M8, p
          20

        

        
Trends relative to farm structures

          

          In brief:
          there is a great diversity of farm structures (Bélières et al., 2015)
          and therefore there are on-going trends towards the six
          Agrimonde-Terra hypotheses relative to farm structures in 2050.
          Farms of two hectares or less contribute to around 30% of most food
          commodities and 25% of nutrients; farms of 20 hectares or less
          produce more than 75% of most food commodities and 80% of nutrients
          (Herrero et
          al., 2017).


          ‘Marginalized farms
          for a livelihood survival’ are both an on-going and an emerging
          type of farm. Such farms have existed for many years because many
          farmers lacked access to capital; they also had limited access to
          markets, education, extension services, farmers’ associations,
          banking and financial services. It is an emerging trend because of
          the growing number of farmers and the unstable land tenure systems.
          For several or more decades, farm sizes should continue to shrink as
          well as a movement to marginal land. Between 1961 and 2003, the
          average land area available per active farmer has shrunk from 1.6 to
          1 hectare (Bélières et al., 2015). About 60% of farms in
          sub-Saharan Africa cover less than 1 hectare and another 20% have
          between one and two hectares (Bélières et al., 2015). A number of these
          farms are fighting for their survival and are confronted with a
          number of impasses (climatic, biotechnical, lack of labour, insecure
          land access, difficult access to resources or credit, soil
          degradation, competition for water etc.). Many women have insecure
          access to land and are therefore marginalized farmers.


          Small SSA
          farms with about 2 hectares of farmland and rudimentary equipment,
          generally manual, have been able to make a significant contribution
          to supplying cities both in basic food products (cereals and tubers)
          and in food diversification products, such as vegetables, milk,
          fruit and oilseeds (Bélières et al., 2015). Agrimonde-Terra identifies them
          as ‘resilient
          farms embedded in urban processes’. The households of these
          farms are able to cope with disruption as some members of the family
          work on the farm while others have off-farm activities. The
          remittances of members of the family living abroad or in big cities
          play an important role in daily life and investments.


          ‘Independent farms
          but commercially dependent’ can take different forms. In the
          cotton basin of West Africa, for example, farms are linked to local
          value chains (cotton, maize, cattle, small ruminants etc.).
          Suppliers of inputs, equipment, financial and advisory services, and
          processors, wholesalers and retailers are all active in the value
          chains (Ouedraogo and Vall, 2016). Also, a growing number of
          medium-scale farms (5 to 50 ha) are being developed by pluri-active
          and often urban-based Africans who seek a stable long-term return on
          their investment (Sitko and Jayne, 2014; Anseeuw et al., 2016).
          They secure their access to land through long-term leaseholds or
          title deeds, and often hire a relative as manager to look after
          their operations. Their activities lead to land concentration (Jayne
          et al.,
          2014). This phenomenon appears to be associated with the rise in
          global food prices, the development of markets for agricultural
          inputs and mechanization, policies favouring commercialized
          agriculture and democratic processes (Jayne et al., 2016).


          ‘Hit and run
          strategies for agro-investments’ are emerging. These can take
          different forms (Cotula et al., 2009) and are developing with the
          support of a number of African governments (Smalley, 2013). The most
          common form is the result of investments by foreign companies which
          integrate Africa in their global projects to control production
          factors or to diversify their activities. They can rent large-scale
          areas, produce energy, control logistics, and sell fertilizers and
          pesticides as well as improved seeds and breeds. As far as
          large-scale acquisitions are concerned, the Land Matrix 2016 reports
          that SSA “accounts for 422 concluded agricultural deals (42% of all
          deals) and 10 million hectares (37%). It also has the highest number
          of intended deals (147 deals; 13.2 million hectares). Land
          acquisitions are concentrated along major rivers and in East Africa”
          (Nolte et al.,
          2016, p.vi). The five most targeted countries according to the
          size of concluded deals are Ethiopia, Ghana, South Sudan, DRC and
          Sierra Leone (Nolte et al., 2016).


          There are
          emerging trends towards ‘agricultural cooperatives emphasizing quality’,
          even if cooperatives have left a poor legacy in many African
          countries, national legislation is often inadequate for establishing
          and developing cooperatives, and states too often intervene in their
          management (Develtere et al., 2008). Nevertheless, there are examples
          of successful initiatives in incorporating small-scale farmers into
          value chains in East Africa (e.g., horticultural products marketed by Balimi
          farmers in Tanzania and potato growers in Uganda) (Louw et al., 2008)
          and in West Africa (Gning and Larue, 2014). Another trend towards
          cooperatives is the development of user-managed rural and village
          banks (Jessop et al., 2012).


          Finally,
          there are ‘farms producing goods and services to surrounding
          community’ as SSA farms have a history of stewardship of
          resources and know-how to manage the complexity of common systems.
          Pastoralists and smallholder farmers practicing agroforestry (Mbow
          et al.,
          2014) are examples of farms contributing to the enhancement of soil
          fertility, carbon sequestration and provision of fuel. Some provide
          these goods and services through the mediation of their local
          community, but rarely through the mediation of local
          governments.

        

        
Trends relative to cropping systems

          

          In brief:
          all four hypotheses for the future of cropping systems are found,
          even if these descriptions do not fully apply to SSA. There is
          significant room for improved performance due to generally weak
          performance in the past (Benoit-Cattin and Dorin, 2012; Fuglie and
          Rada, 2013).


          ‘Conventional
          intensification’ has been promoted by agricultural policies and
          extension services over the course of several decades. For the
          period 1961-2012, total factor productivity (TFP) increased at an
          annual average growth rate of only 0.5% and labour productivity
          improved more slowly than land productivity (Benoit-Cattin and
          Dorin, 2012; Benin, 2016). The highest annual average productivity
          growth rates have been in Southern Africa for land and in West
          Africa for labour. Central and East Africa has had the lowest level
          of land and labour productivity. Intensification and specialization
          in production is mostly practiced in the highland perennial farming
          systems, and especially the maize mixed farming system of East and
          Southern Africa (Garrity et al., 2012; Leclerc et al., 2014; Sheahan and
          Barrett, 2017). It is also practiced in irrigated farming systems,
          for example in the delta of the Senegal River and in some areas in
          Sudan and South Africa (Siebert and Frenken, 2014), and in
          peri-urban areas (Temple et al., 2008) (Figure 3). It has been practiced
          in the cotton production zone of West Africa but changes in cropping
          systems are on-going (Toillier and de Lapeyre de Bellaire, 2017). It
          relies on the improvement of imported varieties and breeds,
          pesticides and mineral fertilizers. The incidence of irrigation and
          mechanization seems to have remained small (Sheahan and Barrett,
          2017). The use of inorganic fertilizer and agrochemicals is
          relatively low as an aggregate but more widespread than is commonly
          recognized, and with considerable variation within countries and
          between countries (Morris et al., 2007; Sheehan and Barret, 2017). The
          use of fossil fuel-based inputs was promoted and subsidized in SSA
          from the 1950s to the 1990s for many crops, but structural
          adjustment programmes have stopped this practice. Since the
          mid-2000s, a number of countries have returned to fertilizer
          subsidies and stable fertilizer prices to promote the production of
          basic foods despite controversies (for example, Zambia in Neubert
          et al.,
          2011). As far as pesticides are concerned, South Africa represents
          more than half of SSA’s consumption (Sheahan and Barrett, 2017);
          national regulations are either absent or not respected and tend to
          lead farmers to the purchase of older pesticides or poor quality and
          less expensive ones (UNEP, 2013). Also fallow practices for
          regenerating soils are disappearing (Binswanger-Mkhize and
          Savastano, 2017). Dugué et al. (2014) observe that in West Africa
          farmers tend to prefer the conventional intensification/Green
          Revolution model over agroecology. Several reasons explain this
          preference: mineral fertilization remains effective and profitable
          in these regions where the risk of drought during the cycle is lower
          than in the Sahelian zone; if farmers are able to buy them, mineral
          fertilizers are available in large quantities, which is not the case
          with organic manure whose availability is often reduced; farmers are
          abandoning fallows and cultivating continuously, which requires the
          growing use of fertilizers and herbicides; active ingredients in
          herbicides have fallen into the public domain and their costs have
          decreased; and consequences on the environment and health of
          fertilizer and pesticide use are largely unknown (Dugué et al.,
          2014).


          ‘Sustainable
          intensification’ is increasingly promoted by donors and
          international research institutions (The Montpellier Panel, 2013;
          Öborn et
          al., 2017). It means a shift from on-going practices to
          practices which optimize outputs and maintain the farm in a healthy
          ecological and financial state, and contributes to increased
          production, income, nutrition and ecosystem services. Gautier et al. (2016)
          report that in West Africa, “the most frequently reported
          agricultural responses are changes in cropping systems and patterns,
          crop diversification or changes in crops and varieties, exchange and
          selection of seeds, changes in sowing dates or in the agricultural
          calendar, changes in the location of fields, the adoption of water
          saving and soil conservation techniques and finally agricultural
          intensification”. In Burkina Faso, Dabat et al. (2012) note that farmers
          have intensified cowpea production because of market opportunities
          and this production has positive impacts on nitrogen fixation and
          soil fertility, cereal production and the association of crops and
          livestock. The European Union-funded PROIntensafrica project
          identified different pathways leading to sustainable intensification
          through in
          situ case studies; they demonstrate the richness and variety of
          options that are open to farmers.[72] Himmelstein et al. (2017) report that on average, in
          Africa, intercropping increases crop yields by 23%, but effects vary
          significantly depending on management practices and agro-ecological
          factors.


          ‘Agroecology’,
          i.e. the diversification of crops (including agroforestry)
          and/or association of crops and livestock, and techniques to restore
          soil fertility is still practiced in some areas of SSA, and is
          promoted by some research and development projects as it contributes
          to agricultural resilience. When livestock and crops are associated,
          livestock provide many services to farmers, such as meat and milk,
          but also the recycling of nutrients and manure, energy and
          maintenance of the vegetation balance. Cropping systems are highly
          dependent on labour, with animals providing draught power and low
          levels of mechanization; dependence on agri-industrial inputs is
          low. Agroecological practices were largely practiced in semi-arid
          areas of West Africa, abandoned during a humid period (1950-1970)
          and have been rediscovered and improved since the 1990s because of
          drought (Roose et al., 2017).


          Finally, a
          number of events are contributing to the ‘collapse’ hypothesis with yield
          stagnation at low-yield levels or very low rates of yield gains.
          This is due to the lack of access to agricultural inputs,
          infrastructure, capital, markets and extension services, as has been
          reported for maize cropping (Grassini et al., 2013; Iizumi et al., 2014)
          in Chad, Rwanda, Angola, Zimbabwe and Lesotho (Ray et al.
          2012).
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          Figure 15.3. Map of farming systems in
          Africa.


          Source: Sebastian K. (2014), Map 1, p 15.
          Reproduced with permission from the International Food Policy
          Research Institute (www.ifpri.org [image: ]). The original map is
          available online at http://ebrary.ifpri.org/cdm/singleitem/collection/p15738coll2/id/128169/rec/1 [image: ]

        

        
Trends relative to livestock systems

          

          In brief:
          most on-going trends relate to three of the five Agrimonde-Terra
          hypotheses: ‘livestock on marginal land’, ‘agroecological
          livestock on land in synergy with agriculture and urbanization’
          and ‘backyard
          livestock’. There are some weak signals towards ‘conventional
          intensive livestock with local resources’ and even fewer trends
          towards ‘conventional intensive livestock with imported
          resources’.


          In the
          drylands of Africa, which occupy about 60% of the land, livestock
          are the main, and often only, land use option, and the livestock
          sector is the cornerstone of the national economy in many West and
          East sub-Saharan African countries which contain significant amounts
          of drylands. Direct outputs of livestock, such as meat and milk,
          contribute between 5% and 10% of total GDP and and accounts for
          15–40 percent of the added value in agriculture. Indirect benefits
          are organic fertilizer and traction services. The livestock sector
          is also an important source of foreign exchange; millions of sheep
          are shipped every year from the Horn of Africa to countries in the
          Persian Gulf, and about one million head of cattle are trekked or
          trucked from the Sahel region to West African coastal countries. An
          estimated 25 to 41 million people have livestock which are their
          sole source of livelihood, and livestock provides a significant
          share of income for about 110-120 people, roughly 70% of the
          population of the rural drylands of West and East Africa (de Haan,
          2016). Livestock ownership is highly unequal: 1% of livestock
          keepers own between 9 and 26% of all animals, and 90% of livestock
          keepers are below the minimum level needed to earn an income above
          the poverty line. On average, between 1980 and 2010, the herd/flock
          size per household and per pastoralist has gone up: the annual
          growth of livestock has been between 3.1 and 4.4%, whereas the human
          population has increased by 1 to 2.5% per year (de Haan, 2016). The
          increase in small ruminants has been particularly fast.
          Traditionally, pastoralists raise livestock on marginal land as
          their most important source of income and agro-pastoralists combine
          livestock with crop farming. However, over the past two decades,
          arable farmers have increasingly invested in livestock whereas
          pastoralists have been forced to take up cropping because their herd
          sizes fall below the minimum size need to sustain their households
          (de Haan et
          al., 2016). Competition over access to dry season grazing and
          water between farmers and herders is therefore growing.


          ‘Livestock on marginal land’
          is practiced in resource-scarce and climatically marginal
          regions which are sparsely populated and often have highly variable
          conditions. The agronomic potential of these areas is very low and
          they could not be cultivated. It is based on the grazing of natural
          vegetation, whose nutritional and spatio-temporal distribution
          depends on the variability and intensity of annual precipitation. It
          is practised by around 25 to 50 million herders (according to
          sources) over approximately 43% of the African territory (the Sahel
          zone, the Horn of Africa and parts of Southern Africa) and
          contributes significantly to income. Pastoralists and their herds of
          camels, cattle, sheep and goats use communal land resources and move
          from one area to another according to feed and water availability.
          Pastoralists have contributed to the stabilization of the societies
          living in the zones; they have spread important know-how within
          society and along transhumance routes and contributed to linkages
          between countries. Animal mobility contributes to the exploitation
          of natural areas unsuited to other activities, stimulation of
          pasture growth, provides manure and preserves biodiversity; animal
          products end up in urban areas for domestic markets and exports. The
          sparse distribution of livestock makes epidemic disease outbreaks
          quite infrequent and the main threats for animals are parasites,
          nutritional deficiencies, and the lack of feed and water. Livestock
          production on marginal land faces many risks. Conflict and
          insecurity are prevalent. Climatic events, especially drought, can
          be dramatic. Livestock diseases can emerge suddenly (e.g., Rift
          Valley Fever) with related sanitary bans (de Haan et al., 2016).
          Governments can have an ambivalent attitude towards mobility, and
          pastoralists face shortcomings in administrative and regulatory
          procedures which lead to illegal movements of livestock and
          violence, for example between Chad and the Central African Republic.
          Some countries are setting up pastoral and land codes to address the
          sharing of resources between pastoralists and farmers. Mobility to
          farmed areas is leading to conflicts with farmers and modifying both
          livestock and cropping systems. Finally, pastoralists face daily
          trade-offs between selling their milk, meat and eggs to increase
          income and consuming the same foods to improve nutrition.


          Mixed
          crop-livestock sys­tems, i.e. ‘agro-ecological livestock on land in synergy with
          agriculture or urbanization’ are found throughout Western
          Africa, Eastern Africa and parts of Southern Africa. Rural people
          rely on livestock which is totally or seasonally mobile in different
          proportions, and on combinations of crops (mainly millet, cowpea,
          sorghum, cotton and groundnut). “Populations have adapted their
          farming systems and way of life to the spatial and temporal
          (seasonal and inter-annual) rainfall variability and its resulting
          uncertainties on production of crops, trees, and grazing
          resources”
          (Garrity et
          al., 2012, p. 24). Drought is a regular phenomenon. The primary
          concern in the mixed crop-livestock systems is to ensure the
          survival of animals, limit losses, maintain productive capacity and
          minimize the risk of failure to produce a means of subsistence.
          Tsetse flies and disease limit the presence of livestock in many
          areas of Africa.


          Most
          families, in rural and even urban areas, have poultry and small
          ruminants in their backyard fed on waste and marginal land (‘backyard
          livestock’).


          There is the
          development of ‘conventional intensive livestock production with
          local resources’, especially for pigs and poultry. Producers
          are a mix of family businesses and commercial operations, ranging
          from the small- to large-scale with varying degrees of modern
          technology. The main challenges for this development are the lack of
          large quantities of maize, soya, day-old chicks and broiler
          producers, the high price of feed materials, lack of training and
          credit and the slow development of the consumer market. There are
          still many risks associated with intensive production of ruminants
          and monogastric animals such as zoonoses and their impact on human
          health, the concentration of animal waste, breed specialization and
          lack of feed.

        
      

      

The Agrimonde-Terra scenarios in sub-Saharan
        Africa

        

        In this
        section, we present the main on-going trends towards the five
        Agrimonde-Terra scenarios (Chapter 13) in SSA and examine what the
        land use and food security situation could be in SSA in 2050 with each
        scenario.


        On-going trends in SSA towards the five
          scenarios

          

          There are
          on-going trends concerning both the external and direct drivers of
          land use change towards all five Agrimonde-Terra scenarios
          (Table 15.1). The ‘Land as commons for rural communities in a
          fragmented world’ scenario has been dominant in the past and
          on-going trends towards this pathway could endure if the political
          and economic context remains fragmented. External drivers are
          providing strong impetus towards the ‘Land use driven by
          metropolization’ scenario and the ‘Land use for multi-active and mobile
          households’ scenario. Direct causes of change, especially the
          integration of rural areas into urban networks through value chains
          are driving towards the scenario “Land use for regional food
          systems’. And there are weak signals towards the ‘Land use for food
          quality and healthy nutrition’ scenario. This situation could
          be an opportunity to improve land use and food security, or a threat
          if no choice is made. If key African stakeholders accept the
          complexity of the land use and food security system, and understand
          the linkages between drivers, there are opportunities for
          improvement. Transformational change will require systemic and
          systematic thinking and practice, as well as embarking “in a process
          of innovative design” instead of “changing procedures in the same
          pathway” (Hubert and Ison, 2017). It will require searching for both
          economic and humanitarian goals without opposing them. Rural and
          urban linkages, especially the growing integration of rural areas
          into urban networks through value chains, the dynamism of
          agriculture and smallholders’ innovativeness, the combination of
          local and external knowledge, mobility and multi-activity, the
          growing role of civil society organizations, the growing implication
          in SSA of the African diaspora and renewable sources of energy are
          all some of the positive trends towards the establishment of a
          positive future for land use and food security in SSA.


          Table 15.1. Main on-going trends in
          SSA towards the five Agrimonde-Terra scenarios.


          
              	

              	Communities

              	Metropolization

              	Households

              	Regionalization

              	Healthy
            

              	External drivers of
              change

              	-
              Strong political and economic fragmentation: instability and
              poor governance in many countries; corruption; violent conflicts
              over resources (e.g., Lake Chad). Large informal economy.
              Human health problems (AIDS, malaria etc.).

              	Some
              countries integrated in global agricultural value chains (e.g.,
              South Africa, Côte d’Ivoire, Ethiopia, Kenya). Foreign
              investments multiplied by four since 2000. Development agencies
              promote liberalization and privatization. State sovereignty at
              stake.

              	Growing
              number of dynamic, mobile and multi-active Africans. Development
              of decentralization and digitalization. Weak state syndrome.
              Informal economy. Alliances between varieties of stakeholders.
              

              	Many
              overlapping regional organizations. Development of civil society
              organizations. Intra SSA mobility for humans, animals and goods.
              Informal trade. Abundant but unevenly spread energy resources.
              

              	Civil
              society promotes pluralism, respect for human rights and
              decentralization. Peaceful elections in a few countries. Urban
              Africans starting to invest in SSA. Better-heard SSA voices in
              global governance.
            

              	Warming
              temperatures and extreme climatic events.

              	Warming
              temperatures and extreme climatic events.

              	Warming
              temperatures and extreme climatic events but potential for
              carbon sequestration.

              	Potential for carbon
              sequestration.

              	Warming
              temperatures and extreme climatic events but potential for
              carbon sequestration and renewable energy.
            

              	Diets
              based on cereals (West and Southern Africa), roots, tubers,
              plantains (Central). Local production of meat, fruit,
              vegetables. Local processing and markets. Corridors for trade
              (e.g., Ouagadougou-Accra).

              	Growing
              imports of wheat and rice. Transition to ultra-processed food.
              Development of supermarkets. Growing overnutrition.
              

              	Diets
              based on cereals (West and Southern Africa), roots, tubers and
              plantains (Central). Local production of meat, fruit and
              vegetables. Local processing and markets. Corridors for food
              trade (e.g., Ouagadougou-Accra).

              	Diets
              based on cereals (West and Southern Africa), roots, tubers and
              plantains (Central). Local production of meat, fruit and
              vegetables. Local processing and markets. Corridors for food
              trade (e.g., Ouagadougou-Accra).

              	
            

              	Direct drivers of
              change

              	Slowdown in urban concentration;
              medium-sized cities and continuous increase of rural
              population.

              	West
              and Southern Africa; megacities in vast urban clusters.
              

              	West
              Africa: multi-active and mobile households in rural-urban
              archipelagos.

              	West
              Africa: rural areas integrated into urban networks through value
              chains.

              	Megacities in vast urban clusters
              in West and Southern Africa. Some rural areas integrated into
              urban networks through value chains. 
            

              	Mostly
              insecure land and property rights; marginalized
              farmers.

              	Investments in agriculture by
              urbanites; land-grabbing. Decreasing size of farms.
              Marginalization of rural population (e.g., in Congo
              Basin).

              	Independent farms with commercial
              dependency (e.g.,Cotton Basin in West Africa, Senegal
              River Delta).

              	Independent farms with commercial
              dependency (e.g., Cotton Basin in West Africa, Senegal
              River Delta).

              	
            

              	Pastoralism in Sahel, Horn of
              Africa and parts of Southern Africa; backyard livestock.
              Multiple functions of livestock. Agroforestry, crop-livestock
              associations. Picking and hunting provide revenues and
              employment (e.g., Central Africa). Some communities
              overexploit or intensify without resource management strategies.
              Other communities provide large share of nutrients, innovate and
              take care of resources.

              	Deforestation, land degradation.
              
Conventional intensification
              (maize in Eastern and Southern Africa, cotton in West Africa)
              promoted by extension services. 
Some areas connected to global
              value chains (exports of natural resources and agricultural
              products). 
Collapse of cropping systems in
              marginalized areas, not connected to markets.

              	Pastoralism and agro-pastoralism,
              multiple functions of livestock. Agroforestry, crop-livestock
              associations. 

              	Farmers’ knowledge of natural
              resource management. Pastoralism in Sahel, Horn of Africa, parts
              of Southern Africa. Sustainable intensification and agroecology
              promoted through participatory approaches.

              	Development of cooperatives
              (e.g., horticulture of Balimi farmers in
              Tanzania, potato growers in Uganda).
Pastoralism in
              Sahel, Horn of Africa, parts of Southern Africa. Sustainable
              intensification promoted among smallholders. 
Assisted natural
              regeneration to restore degraded forests.
            



        

        
Short narratives of the five scenarios in
          SSA

          

          The Communities scenario in SSA

            

            Global
            economic and energy crises affect SSA less than the rest of the
            world because of the generally low consumption level, but,
            nevertheless, crises in developed countries are shocks for African
            countries and increase their fragility. They lead to poor economic
            growth, major decreases in foreign aid, lack of investments in
            infrastructure, education, and research in SSA, and difficult
            access to knowledge and resources. Relational logic dominates
            African society. Political authorities are unable to create a
            favourable framework for economic growth. Land tenure systems are
            not revised and access to land remains insecure for smallholders.
            Some local communities of farmers, which have gone through social
            and economic upheavals and environmental degradation for decades,
            have managed their activities ‘under the radar’, adopting
            agroforestry practices, diversifying their production, associating
            crops and livestock, adopting practices to manage soil fertility,
            developing backyard livestock and trading among themselves. Their
            income and access to food increase and they manage to help their
            relatives who have stayed in urban areas. There are other
            communities which had specialized their production, for example in
            maize or perennial crops. They suffer from difficult access to
            inputs, a decrease in production, high costs of imports and
            declining income, and therefore face difficult access to food,
            undernutrition and nutritional deficiencies. In mineral-rich
            countries, minerals are exported but the benefits are kept by a
            few groups; some manage to get access to food while others are
            unable to do so and migrate first within SSA and if necessary
            outside SSA. In cities, some people manage to get jobs, but not
            others. In the areas where communities have secure access to land,
            manage efficiently scarce resources, avoid high levels of
            population growth and adopt agroecological approaches, the
            agronomic potential stabilizes; there is a diversification of
            production and the impact of extreme weather events on crops and
            yield variability is reduced. In the areas where communities are
            unable to organize themselves, where there is too much corruption,
            ethnical fights, terrorism and instability, the agronomic
            potential reduces, and cropping and livestock systems collapse;
            the effects of climate change cannot be mitigated. The calorie
            availability per capita stays as in 2010 in West Africa (2,663
            kcal/cap/day) and increases slightly in ECS Africa (rising from
            2,225 kcal/cap/day to 2,500 kcal/cap/day).

          

          
The Metropolization scenario in SSA

            

            The
            alliances between a number of African governments and
            institutions, United Nations institutions and multinational
            companies and investment funds contribute to lowering trade
            barriers in order to foster international investments in SSA, to
            facilitate secure access to land for foreign investors, to
            facilitate the export of mineral resources and the import of goods
            and ultra-processed foods, and a green revolution. The objective
            is economic development and the insertion of SSA into global value
            chains. Agri-industrial and commodity trading companies develop
            large farms, using improved varieties and breeds, inputs and
            large-scale mechanization, promising to feed the growing African
            population living in large cities. In the capital cities, coastal
            cities of West Africa and a small number of urban agglomerations,
            substantial investments in infrastructure (notably industry,
            energy, education and health) and services (in terms of skills
            improvements for effective business support and efficient banking
            systems) are made. The secondary cities and the rural areas do not
            benefit from these investments; they are forgotten. Over several
            decades, millions of African smallholders are displaced because of
            climate change or land grabbing. Some move to the slums of the
            large urban areas, others to marginal rural areas; youth tend to
            move to the urban clusters. During the first decade, there are
            informal and formal job opportunities for unskilled workers, but
            they decrease over time because of the evolution of technological
            development. In large urban areas, people mostly consume imported
            ultra-processed food, with high fat and sugar content; and
            malnutrition, overweight and non-communicable diseases become very
            frequent. Before 2050, it appears that, on most large farms,
            yields have not increased as promised; climate change at the
            global level has very negative impacts on the agronomic potential
            of soils, yields and the nutrients of plants; the use of chemical
            inputs has also had negative impacts on health and the
            environment. Also, increasing water demand in cities and for
            irrigation creates severe tensions; in large cities, there are
            areas where well-educated and rich people live, surrounded by
            slums. This leads to conflicts in urban areas, hunger riots,
            deaths caused by starvation and malnutrition, and massive
            migrations within Africa and to the rest of the world. In rural
            areas, conflicts over resources are extremely frequent.

          

          
The Regionalization scenario in SSA

            

            The
            evolution of the global economic environment leads Africa to
            realize that it has no choice but to decisively consolidate and
            build its regional trading market, its monetary integration and
            political concertation. African governments realize that
            integration means thinking regionally as well as locally. They
            decide ‘to mark their territory’ and define together an attractive
            vision for Africans: Africa will take advantage of its natural
            resources and its fast-growing population. It will seek as little
            dependency from the rest of the world as possible. Actions are
            taken to secure access to land for Africans, to monitor and
            control deforestation, and to facilitate access to infrastructure
            and markets for smallholders. Boosting intra-African trade,
            substituting imported products with local ones becomes a priority;
            tariff and non-tariff barriers are modified. Policies are adopted
            to promote the consumption of local and traditional food and to
            develop small agri-industries for food processing. In West Africa,
            the daily calorie intake is similar to the initial situation but
            intake of meat (mostly small ruminants), dairy products and eggs
            as well as fruit and vegetables and local cereals increase;
            consumption of rice, maize and wheat decreases. The consumption of
            fruit and vegetables and pulses is, however, still below the
            levels of a healthy diet and the consumption of roots and tubers
            above. In ECS Africa, the daily calorie intake increases with
            substantial growth in the consumption of meat, dairy and eggs, as
            well as roots, tubers, pulses, fruit and vegetables. Rural areas
            are integrated into urban networks through value chains. Efforts
            are made to employ youth in agricultural production, in food
            processing and agri-industries and in food services. A number of
            farms produce goods and services for the surrounding community and
            therefore ecosystem services are provided. Research priorities
            shift to topics such as the improvement of local species,
            optimizing use of inputs, adopting agroforestry practices,
            crop-livestock associations and the control of tsetse flies.
            Investments are made in hydropower to develop local energy.

          

          
The Households scenario in SSA

            

            The
            ‘cheetah generation’, i.e. mobile, intellectually agile and
            multi-active African graduates and professionals, see the
            opportunities that exist in SSA. They see solutions and not
            problems. They do not weep about poor governance and corruption.
            They see that it is possible to develop traditional and informal
            activities such as food vendors, cloth weavers and tailors,
            repairmen, cattle herdsmen, farmers, blacksmiths and goldsmiths,
            as well as more modern activities. They see that information and
            communication technologies (ICT) can be used to improve education,
            health, agriculture and administration, rapidly and for a large
            number of people, taking into account the difficult access to
            electricity for a large proportion of the population. They develop
            their activities but also get involved in non-profit
            organizations, civil society organizations and connect with the
            African diaspora and a wide variety of non-state actors. They
            spend time analyzing and gathering information to determine breaks
            in the food supply chain process that create food shortages
            despite availability. Then they pragmatically and strategically
            focus on the bottlenecks in conjunction with relevant groups,
            making sure they work with honest and transparent partners. For
            example, they recognize early on that insecure access to land is a
            major constraint for farmers, especially women, and their
            influence leads to new land tenure systems and secure access to
            land. They also facilitate the sharing and maintenance of silos,
            of grain milling machines, of oil presses, of food depots etc.;
            they organize training of farmers by farmers. They are
            entrepreneurs and their activities lead to the development of a
            spirit of entrepreneurship in Africa. A great number of households
            benefit from this system and improve their farming and non-farming
            incomes; mobility facilitates access to food.

          

          
The Healthy scenario

            

            At the
            international level, the limits of resources are well understood
            and production practices, including agricultural production, have
            changed. So have diets in order to decrease health costs. SSA
            governments, conscious of the availability of natural resources
            and the demands of the fast-growing population, enact policies to
            promote healthy diets and to contribute to the fight against
            climate change. They also adopt major reforms to fight corruption,
            ensure efficient and honest administrations, develop education and
            health services, and improve water and electricity distribution.
            Land reforms are adopted in order to secure access to land and
            encourage farmers to produce quality products. There is full
            transition to sustainable intensification and agroecology, with
            diversified production and agroforestry practices. Agricultural
            practices favouring carbon storage in the soils, especially in
            pastures, are adopted; land degradation neutrality objectives are
            reached. Cooperatives and farms are embedded in urban processes.
            Revenues increase thanks to the diversification of production and
            activities, quality products and payments for ecosystem services.
            Diversification of production also improves food utilization and
            stability for all consumers. The transition to healthy diets
            contributes to ending undernutrition and nutritional deficiencies.
            It is facilitated by the education of women, public health
            policies, trade regulations, support for the production of healthy
            African products and the development of value chains. Diets are
            more diverse and balanced; all over SSA, the intake of fruit and
            vegetables, local cereals, pulses, poultry meat, dairy and eggs
            increase compared to 2010. The development of the local production
            of these healthy products increases and creates employment for the
            local population. In ECS Africa, the daily calorie availability
            per capita increases as well as the consumption of other
            cereals.

          
        
      

      


Lessons on land use and food security in 2050 in SSA
        from the five scenarios

        

        Lessons on
        land use and food security in 2050 in SSA from the scenarios can be
        drawn from the qualitative information issued from the hypotheses and
        experts’ advice. Also, the impacts of each scenario in West Africa,
        and Eastern Central and Southern Africa (ECS) on the agricultural land
        areas, production and trade have been simulated with GlobAgri-AgT
        (Chapter 14). The impacts of the five scenarios on the dimensions of
        land use and food security and on trade dependency are summarized in
        Table 15.2.


        Quantitative
        results in SSA must be interpreted with great care. First, the quality
        of the data available in SSA is poor and that heavily influences the
        results of the modelling work.[73] Despite
        improvements in censuses and household surveys, national statistical
        systems in SSA are weak. Glassman and Ezeh (2014) report that
        “measurement of fundamentals such as births and deaths, growth and
        poverty, taxes and trade, land and the environment, and sickness,
        schooling, and safety is shaky at best” due to the limited
        independence and unstable budgets of national statistics offices,
        misaligned incentives encouraging the production of inaccurate data,
        donor priorities which dominate national priorities, and the limited
        access and usability of data; Ickowicz et al. (2014) plead for an
        information system on pastoralism in the Sahel.


        Second, in the
        GlobAgri-AgT model, the rules adopted to translate hypotheses about
        future diets in the Agrimonde-Terra scenarios into quantitative
        assumptions (Chapter 14) lead to an increase of daily calorie
        availability per capita (especially in ECS Africa which has a low
        initial level of 2,225 kilocalories/person/day), and more importantly,
        a rise in the share of animal products in food diets (Figure 15.1).
        These hypotheses about future food diets, combined with hypotheses
        about population growth, lead to major increases in animal products
        consumption, whatever the scenario. Finally, the diversity of SSA
        countries in terms of population density, natural resources and
        income, also calls for a very careful interpretation of quantitative
        results relating to land use. According to the UN’s world population
        prospects (2015 revision), the average population density in SSA was
        38.6 people per km2 in 2010 and 44.3 in 2015; Western and Eastern
        Africa have an average population density of about 59 people per km2, and the
        population density in Central and Southern Africa is around 23 people
        per km2. The
        diversity is even greatest at national level. In 2015, Rwanda had the
        highest population density (415 people per km2) and Mauritania the lowest (3.5
        people per km2), and in between there were, of course, many
        varying situations, e.g., 83 in Kenya, 64.2 in Ivory Coast, 48.3 in
        Cameroon, 12.4 in Mali and 7.1 in the Central African Republic.
        Differences in population density result in major differences in
        cultivable area per person and in total per capita water availability
        which influence land use and household food security. The variety of
        situations calls for carrying out foresight exercises at national
        geographical scales.


        As far as food
        security is concerned, there is quantitative information relating to
        average kilocalories per person and per day and the composition of
        diets. Information about food access (physical and financial), food
        utilization and stability, which is important for households, is found
        in the scenario narratives.


        This being
        said, according to our hypotheses, ensuring SSA’s food availability in
        2050 will involve expanding SSA’s agricultural land area to the
        detriment of forest in all scenarios. In some scenarios, this
        agricultural land expansion is likely to be unsustainable, especially
        in Western Africa.


        In 2010, West
        Africa’s observed agricultural area (arable land and permanent crops
        plus pastures and meadows) covers 243 million hectares. Forests cover
        75 million hectares. Cultivated (i.e., arable land and permanent crops) area
        reaches 98 million hectares which is lower than the maximum cultivable
        area (i.e.,
        GAEZ 1 to 4, Chapter 4) of 228 million hectares. In this region, in
        2050, according to our hypotheses, arable and permanent crops areas
        increase considerably: from 98 million hectares in the initial
        situation to 169 million hectares with the Healthy scenario under technology
        C variant, and to 231 million hectares with the Metropolization and the Communities
        scenarios (Table 15.2 – West Africa). Arable land and permanent crops
        stay just below the maximum cultivable area of 228 million hectares
        with the Healthy scenario and with the Regionalization
        scenario. With the Metropolization scenario and the Communities
        scenario, arable land and permanent crops reaches the maximum
        cultivable area. The growth of cultivated area can be explained by
        rapid population growth (+192% by 2050) and changes in diets combined
        with weak performance of agricultural production systems today and a
        relatively low potential improvement. Pastures and meadows cover
        145 million hectares in the initial situation, and in 2050, according
        to our hypotheses, pastures reach 151 million hectares with the Metropolization
        scenario Ultrap variant and around 270 million hectares with the Regionalization
        scenario because import dependence is reduced in this scenario so that
        greater quantities of agricultural products (including ruminant
        products) must be produced domestically.


        Table 15.2. The situation of land use
        and food security in SSA in 2050 according to the five Agrimonde-Terra
        scenarios.


        
            	

            	Communities
(AE-Collapse)

            	Metropolization
(Ultrap-Animp)

            	Regionalization
(A-B)

            	Households

            	Healthy
(C-D)
          

            	Access to land

            	Secure
            for some communities, insecure for others

            	Insecure
            access to land. High land prices.

            	Secure
            access to land.

            	Depends
            on regions: secure in some, insecure in others. 

            	Secure
            access to land. 
          

            	Distribution of land

            	Diversification

            	Specialization

            	Diversification

            	Products
            with higher added value

            	Diversification
          

            	West Africa (million
            ha)

            	Range of
            agricultural areas (initial: 243)

            	382
            (+57%)-461 (+90%)

            	383
            (+58%)-416 (+71%)

            	503
            (+101%)-524 (+116%)

            	Same as
            Regionalization

            	392
            (+61%)-423 (+74%)
          

            	Arable
            & permanent crops (initial: 98)

            	231-231

            	231-231

            	191-213

            	

            	169-193
          

            	Pastures
            and meadows (initial: 145)

            	151-230

            	151-185

            	267-276

            	

            	223-230
          

            	ECS Africa (million
            ha)

            	Range of
            agricultural areas (initial: 784)

            	926
            (+18%)-1,430 (+82%)

            	897
            (+14%)-1,331 (+69%)

            	1,097
            (+27%)-1,357 (+73%)

            	

            	1,205
            (+53%)-1,256 (+60%)
          

            	Arable
            & permanent crops (initial: 127) 

            	162-322

            	129-181

            	124-132

            	

            	111-128
          

            	Pastures
            and meadows (initial: 656)

            	764-1,108

            	768-1,150

            	979-1,225

            	

            	1,094-1,128
          

            	Services provided by the
            land
(employment and ecosystem
            services)

            	Good in
            some communities, and few in others.

            	Very few.
            No attention to services provided by land.

            	Good:
            employment in agriculture and food systems. Attention to land
            management.

            	In some
            areas, collective land management improves services and
            employment. In other areas, few services.

            	Employment and ecosystem
            services.
          

            	Food availability av.
            Kcal/p/day

            	West
            Africa

            	2,663

            	3,000

            	2,663

            	2,663

            	2,750
          

            	ECS
            Africa

            	2,500

            	3,000

            	2,500

            	2,500

            	2,750
          

            	Food access (physical and
            economic)

            	Uneven
            access. Depends on the communities.

            	Inequitable. Access facilitated by
            economic development. Easy in metropoles, but difficult in
            marginalized areas.

            	Uneven
            access. Depends on resources of the territory.

            	Access
            easy for multi-active and mobile households. Difficult for
            others.

            	Access
            facilitated by economic cooperation and food policies.
            Diversification of production.
          

            	Food utilization

            	Healthy
            diets for communities practicing agroecology; poor diets in urban
            areas.

            	Ultra-processed food. Poor
            nutritious quality.

            	Consumption of local food, healthy
            diets.

            	Mostly
            healthy diets, but some households have poor diets.

            	Healthy
            diets for most people.
          

            	Food stability

            	Low
            incomes in urban areas reduces stability.

            	Climate
            change leads to instability but international market can
            stabilize

            	Facilitated by intra-regional
            trade.

            	Risks
            when there are conflicts and shifts in alliances.

            	Stability
            if consumption of seasonal production is possible.
          

            	Trade dependency*

            	West
            Africa

            	9%-23%

            	21%

            	5%

            	5%

            	11%
          

            	ECS
            Africa

            	12%

            	16%-10%

            	1%

            	1%

            	12%
          




        * (imports-exports)/domestic use; all
        variables measured in calories.


        In 2010 ECS
        Africa’s observed agricultural area covers 784 million hectares.
        Forest areas cover 597 million hectares. The cultivated area reaches
        128 million hectares which is significantly lower than the maximum
        cultivable area of 928 million hectares (GAEZ 1 to 4). Thus, in most
        ECS countries (with the exception of countries such as Rwanda,
        Burundi, Uganda and Malawi, which are densely populated and already
        cultivate more than their maximum cultivable area), there is potential
        for growth in agricultural areas on land which is suitable for
        crops.


        Hypotheses
        about population growth from 2010 to 2050 are +155%. According to our
        hypotheses, in 2050, the expansion of the agricultural area will be
        small (about +16%) with the Communities scenario and the agroecology variant
        and the Metropolization scenario with the Ultrap variant
        (Table 15.2 – ECS Africa). With all the other scenarios, the expansion
        of the agricultural area will be between +53% (Healthy scenario with variant C)
        and +82% (Communities scenario with collapse variant). In
        ECS Africa, the agricultural net import dependency was 12% in 2010. In
        2050, it reaches 16% with the Metropolization scenario and the ultra-processed
        foods variant, and stays between around 12% with all other scenarios
        (Table 15.2 – Trade dependency).


        With the Healthy
        scenario, in West Africa, in 2050, according to our hypotheses,
        agricultural areas expand by +67%, which is above the expansion of the
        agricultural areas with Metropolization scenario with Ultrap variant
        (+58%) and the Communities scenario with agroecology variant
        (+57%). It is below the expansion of agricultural areas with the Regionalization
        scenario (Table 15.2). With the Healthy scenario, in ECS Africa, the expansion of
        the agricultural areas is much higher (around +56%) than with the Metropolization
        scenario with Ultrap variant (+14%) and the Communities scenario with
        agroecology variant (+18%). However, the Healthy scenario insures secure
        access to land, integration of rural areas into urban networks through
        value chains, and thereby leads to employment. Also, practices such as
        agroforestry contribute to improved soil quality and storage of
        organic carbon in the soils, thus higher yield potentials. Above all,
        Healthy is
        the scenario which contributes most to reducing malnutrition and
        undernutrition and to preventing the development of obesity for all
        the population because of diets based on food diversity.


        The Metropolization
        scenario with Ultrap variant does not lead to a major expansion of
        agricultural areas in ECS Africa and West Africa. However, in this
        scenario, extreme climatic events will contribute to land degradation
        and food crises. Land-grabbing will probably develop. Some groups will
        benefit from technological developments and a “green revolution”, but
        many farmers will not have access to land, water and inputs and will
        strive for survival. No attention will be paid to agricultural
        employment and ecosystem services. Metropolization scenario contributes most to
        inequality in access to food between urban and rural areas, and
        between the richest and the poorest. It also contributes to increased
        nutritional deficiencies, and the expansion of overweight and
        diet-related non-communicable diseases. Its impact on food trade
        dependency is significant, which means financial resources are
        necessary to import food. This scenario is also likely to result in
        increased price instability on world agricultural markets, which will
        be very detrimental in access to food for the poorest Africans.


        The Communities
        scenario in SSA will lead to the deterioration of agricultural
        production performance, which is already low compared to the rest of
        the world. The on-going conflicts over land and water between
        communities, between farmers and herders, will become very important
        and may contribute to even more political and economic fragmentation.
        The number of households affected by food insecurity will therefore
        increase.


        In SSA, the
        main limit of the Regionalization scenario is access to food,
        especially in West Africa. This scenario involves a limit in trade and
        therefore an increased capacity in local production. As West Africa is
        already close to its maximum cultivable area, the expansion of
        agricultural areas is at the expense of forests and cultivation on
        areas with a low agronomic potential.

      

      
Conclusion

        

        As far as land
        use and food security are concerned, six important and related
        challenges for SSA for the next 30 years are (a) to slow down the land
        degradation process and improve the agronomic potential of soils; (b)
        to secure access to land and water for local populations, especially
        for women, and to reduce competition over access to land and water
        between farmers and herders; (c) to improve crop yields and livestock
        efficiencies; (d) to absorb the booming labour force of young women
        and men in the context of an incipient economic transition and ensure
        their activities provide them with an income; (e) to improve local
        access to food for the population, whatever its origin, and (f) to
        feed the fast-growing population in the healthiest possible manner to
        reduce nutritional deficiencies, prevent stunting and avoid the
        development of obesity.


        The five
        scenarios provide different answers to these challenges, and each one
        raises specific questions. In the Communities scenario, some farmers will organize
        themselves, develop agroecological farms and manage land so as to
        provide foodstuffs, energy and environmental services. Other farmers
        will fail to organize themselves and become more marginalized. There
        will, therefore, be inequity at continental and national levels and a
        struggle for resources. Access to food for all will mean increasing
        agricultural import dependency with a high risk of food price shocks.
        If the Metropolization scenario develops in SSA as in
        the rest of the world, there is a major risk of spatial divide and
        dual agriculture, degradation of the agronomic potential of soils due
        to climate change, a high number of landless farmers who become
        jobless, increased competition in agricultural markets between locally
        and imported products, as well as increased malnutrition, overweight
        and non-communicable diseases. Given the trends in the population and
        the current state of industries and services, this pathway seems to
        have far more disadvantages than benefits for SSA. With the Regionalization
        scenario,
        Africans will become the primary beneficiaries of their
        production. However, given the demand, the reduction of imports,
        especially of animal product imports, is likely to lead to
        considerable deforestation. Regionalization in the sense of a
        limitation in imports and exports does not make sense for Africa. All
        the other assumptions of the Regionalization scenario are potentially
        beneficial for SSA. With the Households scenario, an important challenge will
        be the regulation of the influence of foreign agri-business and ICT
        companies on African smallholders as States will not exercise their
        regulatory powers. Finally, the Healthy scenario requires major and difficult
        political changes as well as changes in diets in SSA; it leads to an
        expansion of agricultural areas, but also to carbon sequestration in
        soils; it can contribute to employment in the agri-food sector;
        therefore, it will be globally beneficial for land use and food
        security but not without challenges especially in West Africa where,
        in 2050, arable land and permanent crops will be close to the maximum
        cultivable area.


        For SSA,
        examining the whole food system instead of looking only at agriculture
        could contribute to an improved relationship between rural and urban
        areas, and the creation of jobs in agriculture and agricultural
        product processing; local access to food and nutrition could thus be
        improved. This development of the food system could have both negative
        and positive effects on other sectors. The negative effects could be a
        redirection of investment from other sectors and an increase in labour
        and capital costs, while positive effects could happen through
        increased demand.


        Given the
        multiple pathways which are on-going and contradict each other and the
        importance of the challenges, given the fact that SSA is a puzzle
        (Hugon, 2016), each country in SSA should develop a vision of future
        land use and identify the best levers to change its on-going
        trajectory. This can only be done through discussions at a national
        level with a range of public and private stakeholders. The analysis
        provided above can serve as a basis for discussion, but each country
        (or group of countries) should build its own scenarios in relation to
        its specific context and past trends and breaks.
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      Introduction

        

        In this
        chapter we report the main insights that can be drawn from the
        qualitative and quantitative analysis of the five Agrimonde-Terra
        scenarios. We summarize these insights in five broad messages which
        constitute the following five sections of the chapter.

      

      
Ensuring world food availability in 2050 will
        involve expanding the world’s agricultural land area…

        

        Most
        Agrimonde-Terra scenarios lead to an expansion of the world’s
        agricultural land area (Table 16.1). Hence, according to our
        quantitative hypotheses (Chapter 14), the land-using effects of
        increased world food consumption (following increased world
        population, either reinforced or alleviated by changing food diets)
        tend to exceed the land-saving effects of increased performance in
        world agricultural production (following increased crop yields and
        improved livestock feed-to-output ratios).


        … But with major differences between
          scenarios

          

          However, the
          extent of the expansion in world agricultural land varies widely
          across scenarios. It is particularly high for scenarios involving
          either a stagnation in crop yields and deterioration of livestock
          production performance (+2 billion ha or +41% for ‘Communities with
          collapse’) or a huge increase in animal product consumption
          (+1.3 billion ha or +27% for ‘Metropolization with animal
          products’). It is far more limited, even close to zero, for
          scenarios involving either reduced calorie availability in food
          regimes (+142 million ha or +3% for ‘Communities with agroecology’)
          or a limited increase in consumption of animal products coupled with
          the substitution of ruminant meat with monogastric meat in meat
          consumption (+29 million ha or +0.6% for ‘Healthy with agricultural
          technology C’ and –54 million ha or –1% for ‘Metropolization with
          ultra-processed products’).


          Table 16.1. Land-use change at the
          world level over 2010-2050 in the different scenarios (million ha
          and % with respect to base period levels).


          
              	

              	Total
              agricultural land area

              	Arable
              and permanent crops (cropland) area

              	Permanent
              meadows and pastures (pastureland) area
            

              	Metropolization
            

              	Metropolization_Ultrap

              	–54
              (–1%)

              	+243
              (+16%)

              	–297
              (–9%)
            

              	Metropolization_Animp

              	+1,318
              (+27%)

              	+620
              (+40%)

              	+698
              (+21%)
            

              	Regionalization
            

              	Regionalization_A

              	+249
              (+5%)

              	+70
              (+4.5%)

              	+179
              (+5.5%)
            

              	Regionalization_B

              	+691
              (+14%)

              	+174
              (+11%)

              	+517
              (+15.5%)
            

              	Healthy
            

              	Healthy_C

              	+29
              (+0.6)

              	–56
              (–4%)

              	+85
              (+2.5%)
            

              	Healthy_D

              	+269
              (+5.5%)

              	+50
              (+3%)

              	+219
              (+6.5%)
            

              	Communities
            

              	Communities_AE

              	+142
              (+3%)

              	+277
              (+18%)

              	–135
              (–4%)
            

              	Communities_Collapse

              	+2,013
              (+41%)

              	+555
              (+36%)

              	+1,458
              (+43.5%)
            




          Note: Table 14.6 for the meaning of
          each variant.


          In nearly all scenarios world cropland area
            increases

            

            With our
            quantitative hypotheses, all Agrimonde-Terra scenarios, apart from
            ‘Healthy with agricultural technology C’ (Healthy_C, i.e.
            sustainable intensification for cropping systems and
            agroecological livestock systems), involve an enlarged cropland
            area at the world level (Table 16.1). The higher the share of
            animal products in food diets, the larger the expansion in the
            world’s cropland area (+620 million ha or +40% for
            ‘Metropolization with animal products’, Metropolization_Animp).
            The lower the increase in crop yields or the improvement in
            livestock feed-to-output ratios, the stronger the need for
            cropland area at the world level (+555 million ha or +36% for
            ‘Communities with collapse’). It is interesting to note that the
            ‘Metropolization with ultra-processed products’ scenario
            (Metropolization_Ultrap) induces a significant increase in the
            world’s cropland area (+243 million ha or +16%). In practice, in
            this scenario we have assumed a steady process of substitution of
            ruminant meat with poultry meat in food diets. Hence world poultry
            meat production and consumption increase significantly (+201% in
            2050 compared to 2010), requiring more feed and contributing to
            the rise in the world cropland area required. This adjustment
            mechanism is particularly marked in regions such as India and ECS
            Africa and, to a lesser extent, West Africa, where the share of
            meat in food diets is particularly low in the initial situation,
            so that transition in diets even when based on ultra-processed
            products induces a significant increase in meat consumption
            (Chapter 14). On the contrary, it is also interesting to note the
            ‘cropland saving’ nature of the ‘Healthy’ scenario (from
            –56 million ha in the variant C to +50 million ha in the variant
            D, i.e.
            agroecology for both cropping and livestock systems). In this
            scenario, the increase in world production and consumption of meat
            and animal products more generally is limited because of both the
            decrease in the daily calories available per capita in most
            regions and the substitution of pulses for animal products in
            regions where the share of animal products in food diets is
            initially high (developed and emerging regions, see EU 27, for
            example, in Chapter 14).

          

          
The change in the world’s agricultural area is
            mostly driven by the change in the world’s pastureland area

            

            With our
            hypotheses, in most Agrimonde-Terra scenarios the change in the
            world’s agricultural land area is mainly explained by the change
            in the world’s pastureland area (Table 16.1). Once again, the
            lower the increase in crop yields or the improvement in livestock
            feed-to-output ratios, the larger the world pastureland area in
            2050 (+1.46 billion ha or +43.5% for the ‘Communities with
            collapse’ scenario). The higher the share of animal products in
            food diets, the larger the world pastureland area required
            (+698 million ha or +21% for Metropolization_Animp). The
            ‘pastureland using’ nature of the ‘Regionalization’ scenario
            (+517 million ha or +15.5% for ‘Regionalization with agricultural
            technology B’, Regionalization_B, i.e., agroecology for both
            cropping and livestock systems) partly relates to the higher share
            of small ruminant meat in food diets involved in this scenario.
            Because in Africa and the Near and Middle East, traditional diets
            are based on small ruminant meat, the ‘Regionalization’ scenario
            implies a significant increase in small ruminant meat consumption
            in these regions. Overall, the small ruminant sector is less
            efficient than monogastric sectors in transforming feed into meat,
            so the additional pastureland area required at the world level is
            significant.

          
        

        

No further expansion of agricultural land at the
          world level with ‘Metropolization_Ultrap’ and ‘Healthy_C’

          

          With our
          hypotheses, only the scenarios ‘Metropolization with ultra-processed
          products’ (Metropolization_Ultrap) and ‘Healthy with agricultural
          technology C’ (Healthy_C) are able to produce sufficient food for
          the expected growing population up to 2050 without further expansion
          in agricultural land and potential deforestation at the world scale.
          Under all the other scenarios, ensuring food availability in 2050
          would require large additional agricultural land areas, which would
          likely be obtained through deforestation, at least partially. In
          some cases, world agricultural land expansion and then potential
          deforestation is so huge that the corresponding scenarios may be
          considered clearly unsustainable in 2050: both
          ‘Communities_Collapse’ and ‘Metropolization_Animp’ scenarios for
          example. Moreover, the ‘Regionalization’ scenario also induces a
          significant expansion in world agricultural land, whatever the
          variant. Although more limited, the agricultural land expansion and
          induced potential deforestation under the ‘Healthy with agricultural
          technology D’ (Healthy_D) scenario puts into question the
          consistency of this scenario, given that it involves strong
          mitigation objectives aimed at stabilizing climate change.


          The two
          scenarios which involve the largest expansion in agricultural land
          (‘Metropolization’ with the animal product variant and ‘Communities’
          with the collapse variant) are also those where the political
          context leads to insecure access to land. In the first case, farm
          structures evolve towards ‘hit-and-run agro-investments’ or
          ‘independent farms’ contracting with agri-food companies. Land
          expansion will be stimulated by these farm structures, either by
          renting or grabbing the land of small farmers, who will then be
          displaced and may push the agricultural frontier further, or by
          expanding themselves. In the second case, farm structures evolve
          towards ‘marginalized farms’ that practice subsistence farming in a
          degraded environment with high competition for access to land as a
          consequence of the increased rural population. It will be these
          farm-type structures which contribute to land expansion and it will
          not have the same impact on the rural population as in the first
          case. In the other three scenarios, the political context favours
          security in access to land and land expansion is more limited.

        
      

      

Limiting agricultural land expansion will require
        increased performance of agriculture in some regions

        

        Given the
        initial situation and with our quantitative hypotheses, there are
        three regions where the agricultural land area expands significantly
        under all scenarios: India, West Africa and ECS Africa. This is not
        the case for other regions where agricultural land may expand or
        decrease according to the scenarios (Figure 16.1).
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        Figure 16.1. Regional agricultural land
        area in the initial 2010 situation and in 2050 in the various
        scenarios (million ha).


        Source: GlobAgri-AgT model.


        Beyond the
        historical social, economic and political differences between India as
        a continent-wide country and Africa as a 45 country-continent, the
        initial situation (initial food diets and initial agricultural
        performance), the Agrimonde-Terra hypotheses for food diets in 2050
        (and their quantitative translation) and the UN projections adopted
        for population change largely explain this specific situation for
        India, West Africa and ECS Africa.


        In India, West Africa and ECS Africa, hypotheses
          on dietary changes lead to increased consumption of animal products
          in all scenarios

          

          India, West
          Africa and ECS Africa all show initial food diets where both the
          daily calorie availability per capita and the share of animal
          products (especially meat) are the lowest in the world: 2,390
          kcal/cap/day including 6% of animal products and less than 1% of
          meat for India; 2,663 kcal/cap/day including 3% of animal products
          and 2% of meat for West Africa; 2,225 kcal/cap/day including 9% of
          animal products and 4% of meat for ECS Africa. Hence, as all our
          hypotheses about the future of food diets result in an increase to
          2,500 or 3,000 daily kcal per capita in 2050 and an increase to 10%
          or 16% in the share of animal products for those regions which are
          below these levels in the initial situation, India, West Africa and
          ECS Africa all experience changes in diets which are little
          differentiated across the scenarios (except for the share of meat in
          ‘Metropolization_Animp’) and which induce a rather large increase in
          the share of animal products in diets (Chapter 14). However, in
          India, due to traditional vegetarian diets, meat consumption remains
          stable in all scenarios apart from ‘Metropolization_Animp’ which
          assumes a huge increase in meat consumption, notably poultry meat;
          in the ‘Healthy’ scenario, Indian consumption of animal products is
          replaced by consumption of pulses.

        

        
India, West Africa and ECS Africa are likely to
          experience a strong population increase from 2010 to 2050

          

          West Africa and
          ECS Africa are the two regions where the population is expected to
          increase the most in the world: +192% and +155% respectively from
          2010 to 2050. The expected population increase is lower in India
          (+45%) but remains very substantial in absolute numbers given the
          current size of the Indian population.


          The
          combination of dietary change and increasing population implies huge
          consumption increases, notably for animal products, in the three
          regions in all scenarios. In this regard it is interesting to
          emphasize the contrasting positions of India and China regarding
          diet and population change on the one hand, and the resulting
          expansion in agricultural land on the other. In contrast to India,
          the Chinese population is expected to stop growing and remain stable
          from 2010 to 2050. Furthermore, in China, our hypotheses for the
          future of food diets result in stable or a decrease in daily calorie
          availability per capita as well as a fall in the share of animal
          products in diets in all scenarios except ‘Metropolization_Animp’.
          Hence it is not so surprising that while both regions already use
          nearly all their cultivable area in the initial situation (Chapter
          14), in most scenarios China experiences a reduction in its
          agricultural land area while India expands its agricultural land
          area (Figure 16.1) and is increasingly constrained by its cultivable
          area.

        

        
In India, West Africa and ECS Africa the
          performance of agricultural production systems is rather weak in the
          initial situation

          

          This third piece
          of the puzzle is particularly significant in the two African regions
          (Chapter 14) where the acceleration in the growth of crop yields and
          in the improvement of livestock feed-to-output ratios, which is
          assumed in most of our scenarios, closes only partially the initial
          gap observed with the average performance of developed and emerging
          regions.


          Therefore,
          it is not surprising that all three regions are among the largest
          contributors to the expansion of the world’s agricultural land area
          in all Agrimonde-Terra scenarios, either through an expansion of the
          cropland area (India and West Africa) or through the expansion of
          pastureland area (ECS Africa). As a direct consequence, these three
          regions are likely to experience significant deforestation in most
          Agrimonde-Terra scenarios. Hence, it is clear from Figure 1 that
          under our quantitative hypotheses, all of our Agrimonde-Terra
          scenarios are unsustainable for West Africa, ECS Africa and, to a
          lesser extent, India, which would all experience a dramatic
          expansion in their agricultural land area, seriously threatening
          their forest area.

        

        
Limiting agricultural land expansion in India,
          West Africa and ECS Africa will require improvements to the
          performance of their agriculture

          

          In other
          words, given the hypothesis of population increase in West Africa,
          ECS Africa and, to a lesser extent, India, and given the hypotheses
          about food diet evolution in these regions, especially the
          increasing consumption of animal products, ensuring world food
          availability in 2050 without major deforestation around the world
          would certainly require limiting the expansion of the agricultural
          land area in these regions either by increasing imports or through
          improving the performance of their agricultural production systems,
          especially livestock production systems. Increasing Indian, West
          African and ECS Africa imports would make it possible to save some
          agricultural land area, avoiding some of the potential deforestation
          in these regions. Such an adjustment would not induce more potential
          deforestation at the world level provided that the available
          agricultural land in other regions is sufficient for producing these
          additional imports. But it would also mean that these three regions
          have the means to buy food abroad.


          Increasing
          the performance of Indian, West African and ECS African agricultural
          production systems, particularly livestock systems, would also be a
          land-saving lever, making it possible to reduce the threat to forest
          areas. Our hypotheses on the future of cropping and livestock
          systems result in a sharp improvement in performance of the
          agricultural production systems in the three regions, especially in
          the African ones, in most scenarios. There is, however, uncertainty
          regarding the potential for increased performance in all three
          regions.


          Let us
          underline at this stage that West Africa and ECS Africa are the two
          world regions exhibiting the lowest initial performance in terms of
          livestock feed-to-output ratios, especially in ruminants. For
          instance, in the initial situation, the feed-to-output ratios of the
          mixed systems in the dairy sector and in the beef sector in the two
          African regions are five (dairy sector in ECS Africa) to 15 (beef
          sector in West Africa) times higher than those of the EU 27 (one of
          the world’s best performers in dairy and beef meat production). This
          means that producing 1 tonne of milk or of bovine meat in ECS Africa
          or West Africa requires five to 15 times more dry matter feed than
          in the EU. Of course, there are great uncertainties regarding the
          initial livestock feed-to-output ratio data, notably in West Africa
          and ECS Africa. In this regard it is worth noting the roles of
          livestock in West and ECS Africa (and in India) where mixed
          crop-livestock systems and pastoralism are very common and livestock
          not only provide nutrient-rich food products but also draught power,
          organic manure and domestic fuel; livestock also serve as a source
          of income, as a means for capital accumulation and insurance against
          income shocks, generate employment and play a role in the security
          of territories. Despite huge uncertainties, one may assume however,
          notably on the basis of literature and experience, that room for
          manoeuvre exists for improving livestock feed-to-output ratios in
          all three regions.

        
      

      

Whatever the scenario, international trade will play
        a key role for ensuring world food availability in 2050

        

        World trade
        increases in all scenarios, apart from ‘Regionalization’
        (Figure 16.2). Unsurprisingly, ‘Metropolization’ is the scenario
        inducing the highest increase in world trade (from 2010 to 2050, world
        exports in kcal would increase by +151% under the ‘Animal products’
        variant and by +71% under the ’Ultra-processed products’ variant),
        while the ‘Healthy’ and ‘Communities’ scenarios result in far smaller
        rises (from +20% to +30% according to the scenario and variant). In
        contrast, the regionalization of food systems involved in the
        ‘Regionalization’ scenario logically leads to a reduction in world
        trade (–15% in both variants).
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        a. Gross exports
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        b. Gross imports


        Figure 16.2. Agricultural trade in the
        initial 2010 situation and in 2050 in the various scenarios
        (1,000 Giga calories).


        Source: GlobAgri-AgT model.


        Beyond these
        global figures, the Agrimonde-Terra scenarios lead to far different
        world trade configurations and positioning of regions in international
        trade (Figure 16.2). ‘Metropolization’ relies on international trade
        and specialization. Hence in this scenario, world agricultural
        production concentrates both on a few products and in a few of the
        most competitive regions. Regions with lower comparative advantages
        become more dependent on imports. In such a situation, ensuring world
        and regional food availability requires increased trade flows between
        exporting and importing regions. In ‘Metropolization’, agricultural
        production and exports are clearly concentrated in Brazil/Argentina
        and Canada/USA, two regions benefiting from large areas of available
        cultivable land. In contrast, North Africa, the Near and Middle East,
        India, West Africa and ECS Africa experience dramatic rises in their
        agricultural imports, increasing their dependence on world markets to
        ensure their food availability. This raises questions about access at
        the regional level and probably at the household level too.
        Interestingly, we note that concerning exports, the concentration
        process is more marked in the ‘Animal products’ variant than in the
        ‘Ultra-processed products’ one. In the ‘Animal products’ variant,
        Brazil/Argentina and Canada/USA share the leadership on world
        agricultural export markets because they are the both largest
        exporters of animal products and feed ingredients. In the
        ‘Ultra-processed’ variant, both regions share the leadership on world
        agricultural export markets with the Rest of Asia due to the
        significance of this region in palm oil exports and the central role
        of vegetal oils in the diet based on ultra-processed products.


        World trade
        also increases under the ‘Healthy’ scenario, but to a significantly
        lesser extent and without the concentration process specific to
        ‘Metropolization’. ‘Healthy’ is one scenario allowing net importing
        regions to alleviate the increasing trend in their food import
        dependence, and in addition with higher quality standards for products
        on international markets. Reducing the dependence on international
        trade is part of the spirit of ‘Regionalization’ but world trade would
        be far from finished and would continue to play a key role regarding
        food availability.


        According to
        our hypotheses, some regions are likely to become highly dependent on
        imports for their food whatever the scenario. This is clearly the case
        for North Africa as well as the Near and Middle East, with both
        regions initially strongly dependent on imports, a situation which
        worsens in all scenarios. This also seems to be the case for West
        Africa and to a lesser extent for India. These four regions experience
        strong population growth, pushing up food demand, but are either
        constrained or almost constrained by their cultivable land area, which
        limits the potential for an increase in domestic production in most
        scenarios. In this regard, the almost 80% net import dependence that
        North Africa reaches in the ‘Metropolization’ scenario (meaning that
        in 2050, 80% of North African food needs are covered by imports) is
        due, at least partly, to the loss of half its cultivable area induced
        by the strong climate change hypothesis involved in this scenario.


        In all
        scenarios, apart from ‘Regionalization’, India and West Africa would
        experience a significant increase in their import dependency, which is
        often double or even four times greater than in the initial situation.
        Both these regions have small reserves of cultivable land for meeting
        the increase in domestic consumption. Hence they start to increase
        their imports. The case of India under ‘Metropolization’, whereby food
        diets change towards an increased share of animal products, is
        particularly striking: facing the upper limit of cultivable land,
        India starts to import both feed ingredients and monogastric meat.


        Over-reliance
        on food imports can increase the risk of disruption to supply and
        access caused by global fluctuations in production and price
        volatility, as well as trade wars. Over-reliance on food imports also
        places a significant burden on State budgets.

      

      
Increasing food and nutritional diversity in 2050
        will require greater diversification in cropping and livestock
        systems

        

        Among
        Agrimonde-Terra scenarios, two involve increased food and nutritional
        diversity in 2050: the ‘Healthy’ scenario and, to a lesser extent
        depending on traditional regional diets, the ‘Regionalization’
        scenario.[74] According to our hypotheses,
        both these scenarios lead to an expansion in agricultural land, thus
        potential further deforestation, at the world level, but to a very
        different extent depending on the scenarios and the variants within
        each scenario.


        First of all,
        increasing food and nutritional diversity through the ‘Healthy’
        scenario would use significantly less land than increasing food and
        nutritional diversity through the ‘Regionalization’ scenario
        (Table 16.1 and Figure 16.1). In addition to the differences between
        the ‘Healthy’ and the ‘Regional’ food diets, implying differentiated
        changes in regional food consumption of various products, the decrease
        in inter-regional trade in the ‘Regionalization’ scenario also
        contributes to greater land use. By favouring the substitution of
        imported products with local ones, the ‘Regionalization’ scenario also
        leads to increased production in regions which are less productive,
        resulting in a greater requirement for agricultural land at the world
        level. All in all, the land-use changes induced by both scenarios
        exhibit significant discrepancies, the ‘Regionalization’ scenario
        achieving increased food and nutritional diversity at a far greater
        cost in terms of the global expansion of the agricultural land area
        than the ‘Healthy’ scenario: +249 million ha agricultural land
        (+70 million ha cropland and +179 million ha pastureland) under
        ‘Regionalization_A’ and +29 million ha agricultural land (–56 million
        ha cropland and +85 million ha pastureland) under ‘Healthy_C’ for
        instance.


        Secondly,
        among the possible development paths for cropping and livestock
        systems, the A and C variants would demand significantly less land
        than the B and D variants, whatever the scenario. This is not
        surprising and is closely related to the quantitative hypotheses
        adopted, which make changes in crop yields up to 2050 more favourable
        in the variants ‘Regionalization_A’ and ‘Healthy_C’ than in the
        variants ‘Regionalization_B’ and ‘Healthy_D’. The same thing is
        observed for average livestock feed-to-output ratios, but only in the
        ‘Regionalization’ scenario (Chapter 14, Table 14.5). Beyond the
        quantitative hypotheses, which may be questioned given the lack of
        empirical evidence on the input-to-output performance of crops and
        animals in agroecological systems compared to conventional systems,
        both scenarios suggest the unavoidable need for the appropriate
        diversification of cropping and livestock systems (mainly regarding
        the composition of animal rations) together with an increase in food
        and nutritional diversity if we wish to limit the expansion of
        agricultural land and, therefore, deforestation around the world.


        An
        illuminating illustration is the situation of Brazil/Argentina in both
        scenarios. In Brazil/Argentina, the increased food and nutritional
        diversity involved in both the ‘Healthy’ and the ‘Regionalization’
        scenarios (as well as the reduced inter-regional trade in the latter)
        contradicts the development path the region had previously adopted, at
        least for an important chunk of its agriculture: openness on
        international markets, simplification of production systems and
        specialization in products at the heart of the nutritional transition
        (vegetable oils, sugar and poultry meat). Hence these scenarios would
        lead to tremendous changes for Brazil/Argentina’s agriculture, which
        would experience a decrease in agricultural land area (from –5 to –12%
        according to the variant and scenario) following the –25% (‘Healthy’)
        or –50% (‘Regionalization’) decrease in domestic soyabean production,
        the –10% decrease (‘Healthy’) or quasi-stagnation (‘Regionalization’)
        in domestic production of sugar plants and products and the
        quasi-stagnation in the production of animal products in both
        scenarios. Of course, given the assumptions in the scenarios, the
        production of some diversified products would increase substantially
        (nearly a +350% increase in fruit and vegetable production in the
        ‘Healthy’ scenario and nearly a +150% increase in roots and tuber
        production in the ‘Regionalization’ one) and, according to our
        quantitative hypotheses, their yields per hectare as well. This faster
        increase in per-hectare yields of diversified products (resulting from
        induced technical change) avoids an expansion in agricultural land in
        Brazil/Argentina in both scenarios. Hence, these results suggest that
        for some regions, such as Brazil/Argentina, increasing food and
        nutritional diversity all over the world would imply huge changes in
        their production systems and a total redesign and adaptation of
        production systems aimed at diversity. This could take some time and
        in the meanwhile it is likely that following increased food and
        nutrition diversity, agricultural land would expand in these
        regions.

      

      
Only the ‘Healthy’ scenario is likely to be able to
        ensure world food and nutrition security in 2050

        

        Among the
        Agrimonde-Terra scenarios, at least two are clearly not able to ensure
        sustainable world food and nutrition security in 2050: the
        ‘Metropolization’ (both variants) and the ‘Communities’ scenarios,
        notably under the ‘Collapse’ variant. Furthermore, two have ambiguous
        results: the ‘Regionalization’ and the ‘Households’ scenarios. Only
        the ‘Healthy’ scenario seems likely to be able to meet the objective
        of world food and nutrition security in 2050.


        ‘Healthy’: Reduction in over and undernutrition
          with limited agricultural area expansion

          

          ‘Healthy’ is
          the scenario which contributes most to reducing not only
          overnutrition and its related diseases, but also undernutrition.
          This is also the one scenario allowing world food availability to be
          achieved at the cost of a rather limited expansion in the
          agricultural land area at the world level. There are some regions,
          however, where promoting healthier diets induces an increased
          consumption of animal products, such as India, West Africa and ECS
          Africa. In these regions, even the ‘Healthy’ scenario is likely to
          induce an expansion in the agricultural land area and potentially
          significant deforestation. As the ‘Healthy’ scenario also involves a
          strong commitment from governments, corporations and international
          institutions to mitigating climate change, requiring the production
          of renewable energy and the maintenance of world forest cover as far
          as possible, there are potential tensions between the objectives of
          food security and climate change stabilization, resulting in
          increased competition for land between agricultural and forestry
          uses. Agroforestry and farming practices that contribute to improved
          soil quality and the storage of organic carbon in soils (thus yield
          potentials) could be very interesting options in this case, since
          they simultaneously work towards the objectives of food security and
          climate change stabilization.

        

        
‘Metropolization’: Unsustainable from both the
          public health and resource preservation perspectives

          

          ‘Metropolization’ is the scenario which
          contributes most to the expansion of overweight, obesity and
          diet-related non-communicable diseases all over the world, with
          considerable impacts on public health and economic activities. In
          setting up a kind of race between changing food systems, increasing
          yields, deteriorating natural resources and propagating diet-related
          non-communicable diseases, ‘Metropolization’ induces a series of
          effects which work against food and nutrition security at various
          levels. Firstly, as far as food availability is concerned, previous
          analysis has clearly shown that the propagation all over the world
          of animal rich food diets is unsustainable both at the world level
          and for some regions. However, the expansion of agricultural land
          area and related potential deforestation could be significantly
          reduced if transition in diets was based on ultra-processed products
          all over the world. Secondly, ‘Metropolization’ relies on crop and
          livestock systems which are sensitive to climate change and
          contribute to natural resource degradation (notably soil and water).
          This throws into question the future performances of such systems
          and therefore world food availability in the longer term. Thirdly,
          this uncertainty, combined with the international specialization
          process involved in the ‘Metropolization’ scenario, is likely to
          result in increased price instability on world agricultural markets,
          which is likely to put into question the stability dimension of
          world and regional food security. Fourthly, as ‘Metropolization’
          involves increased spatial and economic inequalities, a large
          section of the rural and urban population is marginalized with poor
          access to food due to low incomes.

        

        
‘Communities’: Multiple crises and reduction of
          food availability at the world and regional level

          

          ‘Communities’ is a multi-crisis scenario in
          which the deterioration in agricultural production performance would
          create a reduction in food availability at the world and regional
          level. Because every region needs more land to meet its food needs,
          there is a struggle for resources, with very serious tensions over
          land and a degradation of natural resources, including soils.
          Long-term world food availability is put into question. World food
          availability and accessibility can be ensured only if communities
          are able to re-build collectively local food systems based on
          agroecological cropping and livestock systems. But even if this is
          the case, the smaller expansion in agricultural land area
          corresponds to a –10% decrease in daily calorie availability per
          capita in most regions. In developed countries, this reduction in
          food availability could contribute to reducing overnutrition and
          related diseases. In developing countries, however, it could cause
          increased undernutrition, affecting women and children. In addition,
          as the ‘Communities’ scenario involves sluggish economic growth all
          over the world, households are likely to see their incomes stagnate
          or even decrease and therefore they could face difficulties in
          accessing food, mainly in urban areas. On the other hand, re-built
          local food systems could facilitate food access for rural
          populations as well as contributing to increased food and
          nutritional diversity through the crop diversification involved in
          agroecological cropping systems.

        

        
‘Regionalization’: Ambiguous results

          

          The
          ‘Regionalization’ scenario induces a series of changes that work in
          favour of world and regional food and nutrition security, but at the
          same time leads to ambiguous results regarding world food
          availability. ‘Regionalization’ is a scenario opposing the global
          convergence of diets towards a few standardized products through the
          promotion of traditional diets and products. It therefore favours
          food and nutritional diversity and contributes to limiting the
          development of diet-related non-communicable diseases in world and
          regional populations, mostly by reducing the global diffusion of
          ultra-processed foods. This scenario also involves the development
          of agri-food industries in small and medium-sized cities acting as
          intermediaries between rural areas and urban centres. These
          industries positively affect rural development, rural employment and
          rural incomes for men and women. Hence ‘Regionalization’ may improve
          access to food for rural populations. However, ‘Regionalization’ is
          only able to ensure world and regional food availability at the cost
          of a significant expansion of the agricultural land area and a
          considerable threat to forest area at the world level. Land area
          expansion and potential deforestation by farmers may even be
          dramatic in regions poorly endowed with land and sometimes poor in
          other natural resources (water, for instance) such as North Africa,
          the Near and Middle East, India and West Africa, or better endowed
          with land but exhibiting poor agricultural productivity such as ECS
          Africa. In such regions, the ‘Regionalization’ scenario appears
          rather unsustainable.

        

        
‘Households’: An intermediate scenario with
          reduced undernutrition but increased overnutrition

          

          Finally,
          ‘Households’ appears as an intermediate scenario, contributing to a
          decrease in undernutrition but with the opposite effects on
          overnutrition. Changes are induced by a wide variety of actors
          (groups of citizens, associations, NGOs, enterprises etc.).
          Regarding food and nutrition security, ‘Households’ is an
          intermediate scenario which has common elements with three other
          scenarios. It shares with ‘Healthy’ a major public interest in
          nutrition, but State regulation is not involved. It shares with
          ‘Regionalization’ the idea that local food systems could respond to
          demands from consumer groups; the food diversification implied could
          have a positive impact on overnutrition. However, the main question
          raised by such a scenario is the extent to which changes in demand
          towards healthier foods from various consumer groups are able to
          induce the transformation of food systems without a regulatory
          framework. It therefore seems plausible that ultra-processed foods
          would retain non-negligible shares in both food diets and food
          systems in the ‘Households’ scenario, contributing to an increase in
          overnutrition. Finally, ‘Households’ is a scenario in which
          households use mobility to diversify their sources of incomes,
          accessing non-farm jobs in urban or rural areas. This income
          diversification is likely to improve food access and result in
          reduced undernutrition.

        
      

      

Conclusion

        

        Agrimonde-Terra’s scenarios identify a diversity
        of pathways of change for agricultural land use and food security in
        2050. They highlight the fact that we are entering a period of great
        uncertainty and instability, which finds its origin in the dynamics
        and the interconnectedness between trend factors (demography,
        urbanization, climate change etc.), uncertainty and risk factors
        (economic growth, employment, eating patterns, climate change
        mitigation etc.), private actions and public policies at local,
        national and international levels.


        Agrimonde-Terra’s scenarios also suggest that
        ensuring world and regional food and nutrition security in a context
        of climate change is a difficult, long and narrow path. Public
        policies are likely to have a key role in guiding current agricultural
        and food systems towards this path.


        

 74The ‘Communities’ scenario also increases food and
        nutritional diversity in 2050 since it shares the same food diet
        pathway as the ‘Regionalization’ scenario. But in this case, because
        of the context of crises and low economic growth, the increased
        diversity is compensated by a decrease in available energy per capita
        and per day (Chapter 14).



Chapter 17
Options for Public Policies

          

          

          Marie de Lattre-Gasquet

        
      

      Introduction

        

        The
        Agrimonde-Terra scenarios demonstrate that the road to global food and
        nutrition security is narrow. If there is food insecurity at a global
        level, it means that a number of households are food insecure in a
        number of countries, and this might be a catalyst for major security
        problems and costly health issues at the local, national and regional
        levels. Two scenarios are clearly not able to ensure sustainable world
        food and nutrition security in 2050. In the ‘Metropolization’ scenario
        (both variants), where cities are fed at the expense of rural areas,
        some groups in rural areas can face undernutrition while in
        metropolises some people are over and poorly fed and face health
        problems. In the ‘Communities’ scenario, the deterioration in
        agricultural production performance creates a reduction in food
        availability at the world and regional level. In these two scenarios
        large groups of the population could be hit by undernutrition and even
        hunger, and this situation could lead to fights over food supplies,
        land and water within countries and even between countries. The hunger
        riots that took place during the 2008 food crisis are manifestations
        of what could take place before 2050 at a global level if the
        ‘Metropolization’ and the ‘Communities’ pathways develop. The
        ‘Regionalization’ scenario appears to be unsustainable in Africa, the
        Near and Middle East and India because of the ‘food sovereignty’
        approach, which is unrealistic in regions where population growth is
        rapid. Undernutrition and hunger in these regions could lead to major
        international migrations and conflicts. With the ‘Household’ scenario,
        there are risks of instability in food supply availability when
        conflicts arise between interest groups, causing a sudden shift in
        stakeholder networks and alliances. Only the ‘Healthy’ scenario seems
        likely to meet the objective of world food and nutrition security in
        2050 while managing resources in a sustainable manner.


        A foresight
        exercise aims to inform policy-making and to provide vision at the
        service of action. After exploring probable futures of land use and
        food security, it is therefore appropriate to think about possible
        strategies and policies. The lessons of the process have therefore
        been translated into six general objectives regarding the issues and
        choices to be given priority over the medium term, irrespective of the
        scenario for the future; we also offer operational objectives for each
        general objective. No policy measures are proposed as these are
        nationally specific. Second, we propose a few objectives for policies
        for each scenario.

      

      
Whatever the scenario: six general objectives for
        policies

        

        There are no
        one-size-fits-all solutions. Each region and each country should find
        its own pathway related to its past situation and ongoing trends. It
        needs to identify its own policies and its leverage points and their
        feedback loops to change pathways. However, there are ‘no-regret’
        objectives, i.e. objectives that should be pursued whatever
        the scenario because of the importance of the challenge in order to
        avoid catastrophes.


        Objective 1: Building synergetic governance for
          land use and food security at different spatial scales

          

          It is
          crucial to build global governance on land use and food security to
          prevent food crises, land grabbing and degradation, and to mitigate
          the effects of climate change. Several of the 17 interlinked and
          integrated Sustainable Development Goals (SDGs) of Agenda 2030 are
          particularly related to land use and food security. These are:
          achieving zero hunger (SDG 2), halting the spread of diet-related
          non-communicable diseases (SDG 3) while empowering women (SDG 4),
          having affordable and clean energy (SDG 7), mitigating climate
          change (SDG 13), and sustainably managing forests and reversing land
          degradation (SDG 15). They can only be accomplished if the existence
          and experience of the 570 million farms as well as the diversity of
          the supply chain actors are taken into account, and if all
          stakeholders recognize the limits of world resources and accept the
          need for healthier diets and stabilization of climate change and the
          necessary socio-technical transformation of agriculture as well as
          investing some of their profits for this transformation. It also
          implies focusing on systems, on qualitative variables and not only
          on food availability and the need to increase productivity
          (Bourgeois and Losch, 2017). Collective action and cooperation could
          give the issue of food and nutrition security the status of a global
          public good, as has been done for the environment (climate change
          and biodiversity). Efforts to reconcile science and society could be
          undertaken. Ongoing global initiatives and places for discussions
          are numerous, e.g., Conferences of Parties, Codex
          Alimentarius, International Plant Protection Convention (IPPC),
          World Organization for Animal Health (OIE) and Committee on World
          Food Security. They must take into account a variety of positions
          but remain as independent as possible from lobbies, whether they are
          from the private sector or NGOs. Global initiatives have however two
          limits. First, although governments are involved in the discussions
          of these initiatives, they do not always implement their
          recommendations. Second, they could tend to promote uniform
          standards, but keeping diversity of action is very important because
          regional and national conditions and consumer and citizens’
          preferences often differ (OECD, 2016).


          Therefore,
          it is also crucial to reinforce national governance of land use and
          food security with a wide range of stakeholders who can play
          multiple roles in land use and food security (e.g., farmer and researcher,
          consumer and intermediary) (FAO/INRA, 2016). Furthermore, it is only
          by having policies built with participatory governance that
          unsustainable land use and food insecurity can be fought. The
          continuum of participation in policies can take several formats such
          as the contribution to predetermined policies, consultation,
          cooperation and consensus-building. It means including a large
          variety of stakeholders so that the interest of a few stakeholders
          does not dominate over the others. Groups which have been hitherto
          excluded from public policies, for example representatives of
          landless farmers or smallholdings or of consumers’ associations,
          should be included. They can learn how to professionally negotiate
          public policy projects for rural development and become
          ‘transactional leaders’ who are essential to the proper functioning
          of public policies, as has been done in countries such as Brazil
          (Massardier et
          al., 2012). Participatory governance also means having a
          reliable and valid knowledge base of the past and present situations
          of land use and food security. It should include different knowledge
          sources, e.g., expert and practical knowledge, in order
          to be socially robust.


          But the national
          level is not enough because it is at the territorial level that most
          decisions on land use are taken. A territory is a geographical area
          within which there is “a set of social, economic, cultural and
          political processes that include systems of local or
          locally-involved players” (Vanier, 2009). They provide a framework
          for individual or collective social, technical, organizational and
          institutional innovation. The promotion of ‘terroir’ or
          origin-linked products is a striking example. Access to land, work,
          production and exchanges fit into a local system of social relations
          and forms of power, the original combination of which may foster (or
          on the contrary hamper) cooperation, coordination and information
          dynamics.


          At each spatial
          scale, for the transformation to succeed, there must be a common
          understanding of the policies and plan, the roles of each
          stakeholder and the management of the process.


          The toolbox
          designed by Agrimonde-Terra can be a help in the preparation of
          policies and strategies at the national and territorial levels (Box
          17.1).


           
Box 17.1. Building
          national governance for land use and food security: The contribution
          of Agrimonde-Terra in Tunisia
In March 2015, the ability of Agrimonde-Terra’s
          outputs to be used as a ‘tool for dialogue’ for the construction of
          national land use scenarios was tested in Tunisia. A two-day
          workshop was organized at the initiative of the Institut National de
          la Recherche Agronomique de Tunisie (INRAT) and part of the
          Agrimonde-Terra team, with the Syndicat des Agriculteurs de Tunisie
          (Synagri). Twenty Tunisians from the Ministry of Agriculture, the
          Ministry of Environment, agricultural development groups, farmers’
          associations, Bizerte agri-industrial hub and representatives of
          three development agencies participated.
The Agrimonde-Terra land use and food
          security system and assumptions were the basis for building land use
          scenarios for Tunisia. The following method was used:
	A shared diagnostic of land use in 2015 in
              Tunisia. A retrospective analysis prepared by the
              Agrimonde-Terra team formed the basis for discussion.

	Preparation of assumptions for the future using
              as a basis for discussion the retrospective analysis and the
              assumptions prepared by Agrimonde-Terra.

	Construction of land use scenarios for Tunisia.
              These scenarios were specific to Tunisia but shared some
              similarities with the Agrimonde-Terra scenarios.

	Comparison of the Tunisian scenarios and
              identification of the most important challenges. 

	Identification of policy objectives and measures
              that should be taken whatever the pathway, and leverages to
              shift to the most sustainable pathway. 


In
          2017, the report ‘For a successful, sustainable and resilient
          agriculture. Strategic options for a new paradigm for agricultural
          and rural development’ prepared by the Forum Agriculture and
          Rurality (PHARE), a think-tank led by the Institut National de la
          Recherche Agronomique de Tunisie (INRAT), and the Tunisian report of
          the Agricultural Transformation Pathway Initiative (ATPi) presented
          the Tunisian scenarios designed with the help of Agrimonde-Terra.
          They also used one of the scenarios as a basis for the
          identification of challenges and future objectives, and
          recommendations for actions.
In 2018, within the framework of a ‘Twinning
          programme’ financed by the European Union to support the Ministry of
          Agriculture, Water Resources and Fisheries and to strengthen its
          capacities for developing and implementing inclusive, participatory
          and long-term agricultural and rural policies, three training
          sessions on foresight and three training sessions on agricultural
          policy-making took place for the managers of the Ministry and
          related institutions. During the training sessions, the participants
          carried out a very rapid exercise about the futures of land use and
          food security in a Tunisian governorate. Participants were struck by
          their own capacity to imagine several possible futures and how these
          helped in proposing new policy objectives and measures.
Sources: de Lattre-Gasquet et al.
          (2017a), INRAT-PHARE (2017), Elloumi et al. (2017). 


          


          For
          objective 1, operational objectives are:


          	Establishing and promoting links between policy
            makers, industries and services from the agri-food, energy,
            financial and trading sectors, farmer-based organizations,
            research organizations and support services.

	Improving commercial integration among farmers,
            merchandisers and processors within the agricultural value chain,
            including improvement in risk transfer, technology transfer,
            product development, logistics and market information
            transfer.

	Supporting the development of farmers’
            organizations and cooperatives, promoting farmer-based approaches
            aimed at enhancing the capacity of farmers’ organizations in all
            spheres of their existence, especially in management and
            finance.



        

        
Objective 2: Developing coherent and coordinated
          policies on land use and food security

          

          Having coherent
          land use and food and nutrition policies that consider the five
          complementary, interlinked and dynamic dimensions of land use and
          the four dimensions of food security, as well as the
          interconnections between the drivers of the land use and food
          security system, will contribute to the fact that food insecurity
          does not become a catalyst of global insecurity. Coherence between
          national policies and global governance, as well as between
          territorial actions and national policies, must be searched. At the
          national level, lack of coordination combined with limited economic
          resources tends to diminish the possible impact of interventions.
          Policy coherence implies integrating the multiple dimensions of land
          use and food and nutrition security at all stages of policy making
          to exploit positive synergies across policies to support food and
          nutrition security, to increase governments’ capacities to balance
          divergent policy objectives and to avoid or minimise the negative
          side-effects and impacts of land use policies on food security.


          Policy processes
          must be up to the task of managing complex land use and food
          security systems and serving the public interest instead of a
          particular interest. This means breaking out of the policy ‘silos’
          with each policy having its own objectives and time scales, and
          having a more holistic approach with policy interventions which
          tackle diverse aspects of a problem simultaneously. It also means
          avoiding a ‘dual policy approach’ with, for example, on the one hand
          policies promoting the conventional intensification of agriculture
          and on the other social policies to fight poverty. Integrated land
          use and food security policies are required to overcome the biases
          of sectoral policies and the decrease in importance of rural
          development policies. Progress towards breaking out of silos can be
          achieved through discussions between representatives of various
          ministries and agencies.


          To reach this
          objective of coordinated and coherent policies, four operational
          objectives are:


          	Reconciling domestic policy objectives with
            broader international objectives, notably the Sustainable
            Development Goals (SDG). The SDGs involve significant challenges
            in terms of both domestic actions and responsibilities at a global
            level. A number of countries and regional institutions such as the
            European Union have been active in negotiations and planning the
            SDGs as well as other United Nations processes about climate
            change, but are not necessarily developing action plans that are
            congruent with the decisions taken. Improving policy coherence is
            a long-term process that requires strong political leadership
            (Gregersen et al., 2016). 

	Agreeing on a limited set of priorities, pursuing
            a reduced number of objectives but with simultaneous investment in
            infrastructure, skills, research and innovation, and defining
            steps towards the goal. This requires weighing the trade-offs
            among multiple objectives, anticipating the need for agility,
            looking for synergies and abandoning certain actions. A plan for
            transforming land use will not succeed if it tries to cover
            everything. It should focus on the changes that are most likely to
            impact food and nutrition security, therefore selectively focusing
            on the points of the system where small changes are likely to
            cause larger shifts. This means identifying goals on a limited
            number of crop and livestock value chains and working with
            stakeholders of the whole value chain (link with objective 1). It
            also means considering explicitly the trade-offs and communicating
            them. 

	Extending agricultural policies to rural policies
            promoting all the functions and dimensions of family farming. This
            means recognizing that family farming has a production function
            but also fulfils functions for society and territories.
            Agricultural production leads also to income generation and
            capitalisation, management of natural resources, shaping of
            landscapes, development of food systems, social relations in
            communities, relationships between generations and genders etc.
            (Bélières et
            al., 2015). Production is also a territorialized action and
            the recognition of family farming also involves recognising its
            contribution to the creation and renewal of territorial resources
            (Bélières et
            al., 2015). Also, better coordination of agricultural, trade,
            environmental, biofuels and food safety policies that currently
            buffer farmers from risk is necessary and could facilitate the
            integration of crops and livestock (Garrett et al., 2017). 

	Having evidence-based policies. Data should be
            used to comparatively assess costs and likely outcomes of
            different policies, as well as to redirect programmes where
            outcomes are not meeting targets. 



        

        
Objective 3: Promoting changes on both the demand
          and supply sides for transition towards healthy diets and reduced
          waste and losses

          

          Attaining food and
          nutrition security for all, and especially for the most vulnerable
          households, involves a transition from current diets to healthier
          and more diversified diets, as well as a reduction in waste and
          losses at all stages of the food chain, from field to plate. The
          evolution of diets will vary according to the initial situations,
          but generally it means more coarse grains, legumes, fruit and
          vegetables, and less animal products in diets in most regions of the
          world, with the exception of Africa and India. It also means better
          quality products which are more nutritious and contain fewer
          residues from chemical agricultural inputs. On the demand side,
          public policies, including price and subsidy policies, food
          processing, storage and transportation norms, and education are
          essential to accelerate progress towards healthy diets and the
          reduction of consumption waste and losses. On the supply side,
          farming techniques and work organization should lead to improvements
          in the use of inputs and to crop diversification, while improving
          the quality of soils and water, enriching biodiversity and
          guaranteeing adequate and stable returns on investments. Changes
          should also target the reduction of production losses in the field
          and at the farm gate with minimal negative effects on the
          environment. Changes in processing (such as the choices made
          concerning technological processes, additives and ingredients, and
          packaging), marketing (distribution channels, improvements in
          labelling with regard to nutrition and the diminution of marketing
          pressure for food goods rich in energy, saturated fats, trans-fatty
          acids, free sugars and salt; gradual redrawing of products), waste
          treatment and secure contracts between farmers and buyers will also
          contribute to healthy diets and the reduction of waste and
          losses.


          Agriculture
          and food related industries and services, and their technologies and
          products, have made a considerable contribution to food security,
          but negative impacts on health and the environment of a number of
          food products have now been identified. Despite repeated appeals by
          nutritionists for public action to curb the rise of obesity and
          non-communicable diet-related diseases, few changes have taken
          place. Some individuals modify their diets, some industries change
          their strategies to take greater care of health and the environment
          as they see they can improve their short- and long-term gains, but
          there are still many obstacles to the implementation of policies
          favouring transition towards diversified and healthy diets and the
          reduction of waste and losses. Obstacles relate to the extent of
          individual and collective responsibilities, to the strategies used
          by transnational corporations to undermine policies aimed at the
          control and prevention of non-communicable diseases (Moodie et al., 2013),
          to the complexity of implementing multi-sectoral policies (Swinburn
          et al.,
          2015), and the difficulty of establishing a comprehensive framework
          to both protect and promote healthy diets (Vandevijvere, 2014).


          Change
          agents, e.g. other farmers or people from the public
          and private sectors with whom farmers interact regularly and trust,
          play a major role in this evolution. They might provide knowledge,
          financial services, inputs or marketing services.


          The operational
          objectives are:


          	Producing data to provide detailed information
            about past and current diets, about waste and losses etc. to
            consumers.

	Setting up norms and standards for industry about
            the use of sugars and fats, use of energy and water, and
            packaging. 

	Encouraging diversity in the organization of
            agriculture as well organizational innovations (e.g.,
            access to capital through microfinance, warehouse receipting and
            inventory credits, and cooperation and mutualizing of
            investments), behavioural changes (such as weather-proofing grain
            stores or thinking more carefully about discarding wholesome
            food), and technical changes (e.g., storage, packaging, product
            stabilization and communication infrastructure) (Ingram et al.,
            2016).



        

        
Objective 4: Improving the economic, environmental
          and social performance of cropping and livestock systems or
          redesigning them

          

          The economic,
          environmental and social performance of cropping and livestock
          systems determines the impact of agricultural activities on
          revenues, food security and the environment and resources. Besides
          the current dominant conventional intensification path, which has
          demonstrated its strengths and limits, Agrimonde-Terra has analysed
          two alternative pathways for cropping systems – ‘Sustainable
          intensification’ and ‘Agroecology’– and three alternative pathways
          for livestock systems –‘Agroecological livestock’, ‘Livestock on
          marginal land’ and ‘Backyard livestock’– with different
          combinations. These alternative systems are clearly subject to
          controversy; their agricultural and economic performance and their
          environmental and social consequences are very difficult to compare
          because they respond to different logics, with very different
          outputs and outcomes and a lack of retrospective data; they cannot
          be reduced to yield or input use levels. However, the five scenarios
          show that their implementation needs to be examined at the
          crossroads of four factors: knowledge and investment capacities of
          farmers and land access, changes in food supply chains and markets,
          rural development and urbanization dynamics, and ecosystem
          constraints. The importance of these four factors varies between
          regions, but pathways for the transformation of agricultural systems
          are generally driven by factors of different economic sectors, both
          in rural and urban areas. The transformation of cropping and
          livestock systems, as a diversified mosaic of pathways, will be
          embedded into the current dynamics of the transformation of food
          chains, rural development and urbanization, household strategies and
          environmental changes and should be based on regional, national and
          territorial challenges.


          Five operational
          objectives are:


          	Promoting sustainable intensification and
            agroecology as efficient means for farmers to solve problems
            linked to input use, soil degradation, climate change, instability
            of production etc. This could be attained through a variety of
            actions such as supporting participative research and innovation
            on sustainable intensification and agroecological approaches and
            revisiting funding models of agricultural research; deepening
            farmers’s knowledge and education; combining incentive public
            policies such as regulations, financial support, eco-certification
            and payment for environmental services (pest control, soil
            conservation, nutrient cycle and water regulation, biodiversity
            preservation etc.); supporting local seed production and
            management; developing metrics to address local context and system
            complexity in support of decision-making. 

	Acting on a territorial scale to encompass natural
            resources, landscape and knowledge management, organization of
            local markets, etc and address challenges with local stakeholders.
            

	Building strong links with consumers in order to
            build broader coalitions in favour of healthy and environmentally
            friendly food supplies. This will involve alliances between the
            sustainable intensification, agroecology, organic farming,
            biodynamic and permaculture movements.

	Preparing for the digitalization of agriculture by
            setting up policies that ensure the fair sharing of the value
            generated by farm data, and setting up contracts that protect
            privacy, data ownership and data use. 

	Abandoning policies that contribute to
            conventional intensification, such as policies that encourage the
            specialization of production, policies that create restrictions
            and fines regarding the presence of manure on cropland, subsidies
            for chemical inputs or biofuel mandates that inflate the price of
            individual crops for specific markets (Garrett et al.,
            2017).



        

        
Objective 5: Rethinking the organization of
          trade

          

          The importance of
          trade and the roles of new actors require a rethinking of its
          organization. Even if only around 13% of agricultural production is
          officially traded, multilateral trade seems absolutely essential for
          national food and nutrition security because population growth and
          the expansion of food production occur at different rates in
          different geographic regions. International trading of agricultural
          and food products has changed significantly over past decades,
          following the liberalization of agricultural markets supported by
          the World Trade Organization. It has increased and become far more
          competitive; new financial actors and intermediaries have emerged
          putting pressure on traditional actors; transport routes and
          harbours have become strategic for world security; norms and
          standards have also become strategic and heavily discussed at the
          World Trade Organization since tariff barriers have been put under
          strict discipline; world agricultural markets face significant
          distortions from interventions from a few governments; pests and
          diseases are increasingly spread through trade. In this regard,
          ‘Healthy’ and ‘Regionalization’, both scenarios involving more
          diversified and healthier diets, clearly show the key role that
          nutritional and environmental standards for the former and
          indications of origin for the latter could play in regulating
          multilateral trade towards high nutritional quality products or
          regional trade towards traditional products.

        

        
Objective 6: Securing access to land for all types
          of farming structures and caring about rural development

          

          All the above
          imply securing access to land for all types of farming structures
          and caring about rural development. Rural development will depend on
          the capacity to link up with urban and peri-urban areas and to
          attract younger generations to become active in farming or in
          agriculture-related activities. Policies and actions are necessary
          to secure access to land for all types of farming structures, to
          involve rural inhabitants in decision-making about land policy
          development at national and territorial levels, to protect the
          ‘global commons’, in other words the land that women, men,
          indigenous peoples and local communities traditionally use
          collectively, and to improve legal frameworks for contracts.


          Four operational
          objectives are:


          	Reinforcing land governance through a combination
            of interventions integrating tax policies, regulatory provisions
            (cap on leasing and sharecropping to limit land rents, limitation
            of land use etc.), and the creation and/or reinforcement of ad hoc
            mechanisms to facilitate inter-generational transfer outside the
            family context of holdings, limiting land concentration and
            securing access rights to land resources (Bélières et al.,
            2015)

	Adopting land tenure systems that secure access to
            land for all, but with a special attention to youth and women;
            developing a legal framework and setting up credit for easier
            access to land and capital investments. Changes in land tenure
            systems can be achieved through a variety of means such as the
            inclusion of customary and traditional use rights in national
            legislation, changes in inheritance law, property rights and land
            titling, facilitating training and access to credit. A large
            diversity of actors needs to be involved, and farmers’
            organizations, municipalities and local councils have a role to
            play.

	Improving the working conditions and income of
            agricultural workers. Today, many hired agricultural workers –
            many of whom are women – are still employed on a seasonal basis,
            paid at the end of the day or for piece work. Working conditions
            are often difficult and job contracts non-existent. Seasonal jobs
            attract migrants from poor regions but sometimes immigration
            restrictions prevent seasonal workers from returning to their home
            country in time for harvest. To overcome labour shortages, some
            agricultural structures adopt practices such as the use of
            chemical herbicides or mechanization – even in countries with high
            unemployment – leading to health problems and/or soil degradation.
            Policies should protect agricultural workers and set up a legal
            framework for job contracts and remuneration levels. The latter
            should be attractive and, if possible, comparable to other
            economic sectors. Developing health, education, transport and
            cultural services in rural areas would also contribute to this
            objective. 

	Setting up an integrated information system and
            monitoring mechanism on farm structures. The World Census of
            Agriculture collected by the United Nations Food and Agriculture
            Organization (FAO) provides data at national scale, but data it is
            difficult to compare which has contributed to policy neglect of
            agricultural structures (UNCTAD, 2015). The monitoring of changes
            in agricultural structures is very important. Further work should
            be carried out at the international level to better apprehend
            various drivers of change in farm structures, and be able to
            compare and monitor them.



        
      

      

Specific policies per scenario

        

        The six objectives
        which have been presented in the previous section should be sought
        whatever the scenario. In each scenario, specific policy objectives
        will be pursued and we present here three possible policy trends for
        the ‘Metropolization’, ‘Regionalization’, ‘Communities’ and
        ‘Households’ scenarios. We present important leverage points to shift
        towards the ‘Healthy’ pathway which contributes most to reducing
        undernutrition and overnutrition.


        Policies in the ‘Metropolization’ scenario

          

          In the
          ‘Metropolization’ scenario, there is an alliance between
          multinational corporations, investment funds and international
          institutions; markets tend to rule; governments’ roles are weak but
          they will nevertheless enact policies. As many farmers will be
          integrated within the agri-industrial sector, favour specialization,
          have access to capital and use highly developed machines and genetic
          resources, public action should, on the one hand, concentrate on the
          economic advantages of efficiently using machines, energy and inputs
          and diversifying production. On the other, public policies should
          focus on farmers’ responsibilities towards consumer health and
          environmental sustainability. Public policies should also encourage
          the funding of public research and training programmes by the
          private sector. Secondly, policies should aim to limit the impacts
          of diet on health because of the cost to the economy of diet-related
          non-communicable diseases. If the products sold by agri-food
          companies overly contribute to diet-related non-communicable
          diseases, at some point in time these companies will have to pay for
          these costs. Thirdly, public policies should contribute to reducing
          the levels of risk faced by poor urban people and marginalized
          farmers in order to avoid riots.

        

        
Policies in the ‘Regionalization’ scenario

          

          In the
          ‘Regionalization’ scenario, States join in large regional blocs and
          are therefore ready to share their power with other partners. First,
          public policies should focus on meeting the objective of ‘food
          sovereignty and subsidiarity’ at the regional bloc level by
          encouraging centralized land use management and supply policies with
          a diversification of production. The regions should be able to deal
          with scarcities, i.e. to limit the use of certain products that
          cannot be produced in the region both on the demand and the supply
          side. This will require strong governance, organization and support
          for intra-regional trade though transport, infrastructure, norms,
          traders’ organizations and protectionism. Secondly, agricultural
          policies should on the one hand encourage all kinds of market-driven
          opportunities for farmers. On the other, within the region, a
          mechanism should be set up to help the territories which have
          limited land or high population density. Thirdly, policy
          transparency, cooperation and coherence should be encouraged.

        

        
Policies in the ‘Communities’ scenario

          

          In this scenario,
          the political and economic context is fragmented and therefore
          governments have few means for policy-making. Governance takes place
          more at the local level, not necessarily through policies.
          Communities develop their own priorities and rules.

        

        
Policies in the ‘Households’ scenario

          

          The State
          has little involvement in this scenario. Nevertheless, the numerous
          groups which are active suggest initiatives that can be later used
          as the basis of policies. A first factor for the success of
          multi-active and mobile households will be the agricultural
          transformation plans led by ad hoc networks which will
          differentially target agri-food systems and geographic areas. This
          should be accompanied by laws relative to labour in order to
          facilitate multi-activity. A second factor of success will be to
          give farmers the opportunity to raise their household income through
          improving productivity (instead of increasing volumes), cultivating
          high-value crops, getting involved in downstream processing and
          developing non-farm activities. Policies should seek to ensure
          access to food for all and stability of production. Thirdly,
          products will be exchanged in many different ways and policies
          should facilitate the variety of modes of exchanges and trade.

        

        
Leverage points for the ‘Healthy’ scenario

          

          In the
          ‘Healthy’ scenario, States cooperate among themselves and with
          businesses, civil society organizations and international
          institutions, and all these actors have a strong commitment towards
          the mitigation of climate change, regulation of the nutritional
          quality of food products, health and the shift to a green economy.
          The role of governments is very important and coherent with
          international action. Policies promote sustainability and equity
          instead of relying purely on the market (Godfray et al., 2010).
          This scenario requires important changes in governance and vision
          (de Lattre-Gasquet et al., 2017b).


          To facilitate the
          evolution of a complex system, Donella Meadows (1999) proposes
          accepting the complexity and looking for leverage points in the
          system, instead of simplifying the system and neglecting the study
          of causal links.


          First, politicians
          should be flexible, unattached to paradigms and have the ability to
          offer a vision. The vision should promote at land uses for food
          quality, healthy nutrition, and stabilized climate change’, which
          requires collaboration between economic, social and environmental
          actors for a sustainable world, arbitration between food production
          and mitigation of climate change, crop and livestock systems, making
          the best use of productive and human resources at the local level,
          creation of jobs in the agri-food sectors, and food and nutrition
          security for all households throughout the year. Also, the issue of
          food and nutrition security should be given the status of a global
          public good, as has been done for some environmental issues (climate
          change and biodiversity). They should also understand that the shift
          from the current pathway to this new pathway will require time,
          commitment and investment. Very few actors in the economic sector
          have yet understood that the shift towards land use for food quality
          and healthy nutrition can be a source of revenue while being
          socially and environmentally responsible, and politicians must
          convince them and support them in this radical move.


          Policies should be
          pragmatic, take into account the limits on resources, the shift to a
          green economy, the role of soil organic matter and the need for
          quality food products, but also the complementarity between the
          public and private sectors. Public investments should be designed to
          catalyze private sector engagement towards the vision, to encourage
          an extremely efficient and limited use of natural resources,
          integrate sustainable agriculture into private and public education
          and extension programmes (FAO/INRA, 2016), and promote social and
          environmental responsibility.


          The rules of the
          system (incentives, punishments and constraints) should limit the
          consumption of non-healthy products by reducing the accessibility
          and availability of foods high in saturated fats, salts, sugars and
          refined carbohydrates (especially ultra-processed products) via
          regulations and taxes. Policies should encourage the consumption of
          healthy products by increasing accessibility to diverse foods rich
          in fibre and nutrients (legumes, fruit and vegetables, whole grains,
          livestock and fish, including farmed fish) and by subsidizing fresh
          produce.


          For the
          shift towards the ‘Healthy’ pathway, policies should also address
          information flows. Adding information is a powerful means of
          intervention, usually easier and cheaper than rebuilding physical
          infrastructure. For example, giving more information to consumers
          about how food is produced could lead to a change in diets which, in
          turn, could help change the way food is produced. Public
          agricultural research should target questions that the private
          sector will never tackle because answers will not generate profits,
          i.e. data
          collection and analysis, land use in remote areas and poor quality
          soils, analysis of the economic and social performance of cropping
          and livestock systems, and externalities, especially those related
          to carbon. Questions of intellectual property should also be
          carefully considered.


          Finally, special
          attention should be given to feedback loops in order to reinforce
          positive impacts and limit negative ones. Policies should carefully
          consider the time required for changes, in order to avoid
          underestimating or overestimating the time necessary. The final
          leverages to be considered by policy makers should be stocks, flows
          and numbers. These mechanisms are often targeted by policies, but
          interventions on them produce only minimal changes and do not change
          behaviours.

        
      

      

Conclusion

        

        Foresight can
        impact policy-making in various ways. It can inform policy by
        detecting emerging threats, identifying new opportunities, generating
        insights about possible futures and identifying policies that should
        be adopted without regrets; it can support policy definition by
        translating outcomes into specific objectives (Da Costa et al., 2008;
        Cook et al.,
        2014). This is what has been done in this chapter. Public policy
        objectives that are valid regardless of the scenario have been
        identified as well as public policy objectives specific to each
        pathway. When carried out at the national or territorial level,
        foresight can contribute to reconfiguring the policy system in a way
        that makes it more apt to address long-term challenges and facilitate
        policy implementation by enhancing the capacity for change through the
        participative process (Da Costa et al., 2008). This requires an entry point into
        the political system, a promoter and a sponsor. Time is also needed
        because policy cycles last four to five years whereas foresight has a
        long-term horizon (Cuhls, 2015).


        

Conclusion

          

          Among the
          Agrimonde-Terra scenarios, at least two are clearly not able to
          ensure sustainable world food and nutrition security in 2050: the
          ‘Metropolization’ and the ‘Communities’ scenarios, notably under the
          ‘Collapse’ variant. Furthermore, two have ambiguous results: the
          ‘Regionalization’ and the ‘Households’ scenarios. Only the ‘Healthy’
          scenario seems likely to be able to meet the objective of
          sustainable world food and nutrition security in 2050.


          ‘Healthy’ is
          the scenario which contributes most to reducing not only
          over-nutrition and related diseases, but also undernutrition,
          through diversified diets based on increased consumption of fruits
          and vegetables, coarse grains and pulses. ‘Healthy’ is also the one
          scenario allowing world food availability to be achieved at the cost
          of a rather limited expansion in the agricultural land area at the
          world level. There are some regions, however, where promoting
          healthier diets induces an increased consumption of animal products,
          such as India, West Africa and ECS Africa. In these regions, even
          the ‘Healthy’ scenario is likely to induce an expansion in the
          agricultural land area and potentially significant deforestation. As
          the ‘Healthy’ scenario also involves a strong commitment from
          governments, corporations and international institutions to
          mitigating climate change, requiring the production of renewable
          energy and the maintenance of world forest cover as far as possible,
          there are potential tensions between the objectives of food security
          and climate change stabilization, resulting in increased competition
          for land between agricultural and forestry uses. Agroforestry and
          farming practices that contribute to improved soil quality and the
          storage of organic carbon in soils (thus yield potentials) could be
          very interesting options in this case, since they simultaneously
          work towards the objectives of food security and climate change
          stabilization.


          The
          ‘Regionalization’ scenario also induces a series of changes that
          work in favour of world and regional food and nutrition security,
          but at the same time leads to ambiguous results regarding world food
          availability. ‘Regionalization’ is a scenario opposing the global
          convergence of diets towards a few standardized products through the
          promotion of traditional diets and products. It therefore favours
          food and nutritional diversity and contributes to limiting the
          development of diet-related non-communicable diseases in world and
          regional populations, mostly by reducing the global diffusion of
          ultra-processed foods. This scenario also involves the development
          of agri-food industries in small and medium-sized cities acting as
          intermediaries between rural areas and urban centres. These
          industries positively affect rural development, rural employment and
          rural incomes for men and women. Hence ‘Regionalization’ may improve
          access to food for rural populations. However, ‘Regionalization’ is
          only able to ensure world and regional food availability at the cost
          of a significant expansion of the agricultural land area and a
          considerable threat to forest area at the world level. Land area
          expansion and potential deforestation by farmers may even be
          dramatic in regions poorly endowed with land and sometimes poor in
          other natural resources (water, for instance) such as North Africa,
          the Near and Middle East, India and West Africa, or better endowed
          with land but exhibiting poor agricultural productivity such as ECS
          Africa. In such regions, the ‘Regionalization’ scenario appears
          rather unsustainable. Increasing the performance of Indian, West
          African and ECS African agricultural production systems,
          particularly livestock systems, would be a land-saving lever, making
          it possible to reduce the threat to forest areas.


          It is worth
          noting that current trends in agricultural and food systems in most
          part of the world converge towards the ‘Metropolization’ scenario.
          Such trends could result in the ‘perfect storm’ as involved in the
          ‘Communities’ scenario, especially in case of severe climate warming
          and induced detrimental impacts on agriculture. Therefore, changing
          the course of ongoing trends towards ‘Healthy’ or ‘Regionalization’
          will be one of the main challenges of the next decades and requires
          systemic transformation, strong and coherent public policies and
          consistent actions from a wide range of actors.


          International
          cooperation and global climate and nutritional policies are
          necessary condition for climate change stabilization and new dietary
          changes towards more diversified and healthier diets to emerge as in
          the ‘Healthy’ scenario. Such transition would also require a change
          towards sustainable agricultural production systems all over the
          world, allowing both producing enough quantities and diversity of
          high quality products, sequestering carbon, and providing ecosystem
          services and employment. Coordinated policies in many areas, such as
          innovation and research, support to agriculture, environmental
          regulation, land planning and land rights and rural and urban
          development, are needed to favour this change.


          Regional
          cooperation and market integration are necessary condition for the
          emergence of the ‘Regionalization’ scenario. This means cooperation
          between States and coordinated climate, nutritional and trade
          policies at broad regional scales. Such a transition would also
          require national rural development policies in line with efforts to
          develop regional food value chains, as well as national and/or local
          land planning and land policies aimed at safeguarding the land
          resources necessary for food production.


          Hence,
          Agrimonde-Terra shows that the roads towards food and nutritional
          security while simultaneously addressing other major challenges,
          notably climate change, are very narrow. Of course, there are some
          positive on-going changes such as the recent pattern in dietary
          changes in developed countries, towards less animal products, or
          international cooperation on climate through the United Nation
          framework convention on climate change (UNFCCC), the successive
          Conference of Parties (COP) and the Paris Agreement signed in 2016.
          However, ‘Metropolization’ trends are observed in many parts of the
          world (especially in emerging countries and in some developing
          countries). They are strong and work towards standardisation of food
          diets and globalisation of food value chains in these parts of the
          world, where population is numerous and expected to grow very
          fast.


          Therefore, it is
          clear that the work and the contribution to the debate on land use
          and food security must continue at national, regional and global
          levels. In this respect, one strength of the Agrimonde-Terra
          scenarios is to propose a wide range of possible futures for the
          world agricultural and food systems. In these possible futures,
          significantly contrasted and consistent food diets, which are in
          line with changes in rural-urban relationships and the shaping of
          food industry, constitute a strength of Agrimonde-Terra scenarios
          and an originality relative to other existing scenarios. This allows
          pointing out the key role of rural and urban development as regards
          land use and food security. Another strength of Agrimonde-Terra
          scenarios is that they take into account the evolution of farm
          structures, which is rarely done in such foresight processes. The
          successful coupling between the qualitative and the quantitative
          analysis is also a strength of the Agrimonde-Terra scenarios. This
          helps comparing scenarios, detecting their main driving hypotheses,
          and assessing the extent of uncertainties, risks and challenges.


          But, of course
          Agrimonde-Terra scenarios have limits and further work could be
          envisaged. Among missing dimensions, losses and wastes, as well as
          the recycling of co-products, are potentially important factors
          regarding the land use and food security issue, and would deserve to
          be considered further. Secondly, on the quantitative side, it would
          be interesting to evaluate the GHG emissions induced by the various
          scenarios in order to be able to check whether these emissions are
          consistent with the scenarios’ climate change pathways.


          On a more general
          ground, Agrimonde-Terra scenarios have shown that the future of
          livestock systems is a key factor as regard the land use and food
          security issue. Unfortunately, we lack information and data on the
          current livestock systems all over the world and their relative
          technical, economic, environmental and social performance. In
          addition, there is great uncertainty on the potential development of
          livestock systems and further work in clearly needed in this area.
          The situation is similar for current and future pastureland area and
          production potential. For pastureland, there is a specific need of a
          clear definition and classification in database. In the same vein,
          Agrimonde-Terra has shown that we need to add to our knowledge on
          relative technical, economic, environmental and social performance
          of the different cropping systems.


          Agrimonde-Terra
          scenarios show the entanglements of diets, food chains, ecosystem
          and land uses, and how much issues of food and nutrition security,
          agriculture, environment and trade are interlinked at various
          scales. It is necessary to take into account such linkages if the
          aim is to build sustainable pathways.


          For the future, we
          hope that Agrimonde-Terra scenarios will continue to be used as a
          tool for dialogue at national levels, and that the Agrimonde-Terra
          method and results will contribute to current work on global
          scenarios, such as the Shared Socio-economic Pathways and the
          related Agricultural Representative Pathways.
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Appendix 1

          

          Table A1.1. Composition of the 33
          agri-food aggregates of GlobAgri-AgT.


          
              	Aggregates

              	Composition
            

              	Aquatic
              animals

              	Freshwater Fish, Demersal Fish,
              Pelagic Fish, Marine Fish Other, Crustaceans, Cephalopods,
              Molluscs, Aquatic Mammals, Aquatic Animals Others
            

              	Bovine
              meat

              	Bovine
              Meat
            

              	Dairy

              	FAO
              aggregate: Milk excluding butter*
            

              	Eggs

              	Eggs
            

              	Pork
              meat

              	Pork
              Meat
            

              	Poultry
              meat

              	Poultry
              Meat
            

              	Small
              ruminant meat

              	Mutton
              and Goat Meat
            

              	Fibres
              etc.

              	Cotton,
              Jute, Jute-Like Fibres, Soft-Fibres Other, Sisal, Abaca, Hard
              Fibres Other 
            

              	Fruit
              and vegetables

              	Tomatoes, Onions, Vegetables
              Other, Oranges, Mandarins, Lemons, Limes, Grapefruit, Citrus
              Other, Bananas, Plantains, Apples, Pineapples, Dates, Grapes,
              Fruits Other
            

              	Other
              plant products

              	Tobacco, Rubber, Nuts, Coffee,
              Cocoa Beans, Tea, Pepper, Pimento, Cloves, Spices
              Other
            

              	Other
              products

              	Aquatic
              Plants, Fish Body Oil, Fish Liver Oil, Meat Other, Honey, Meat
              Meal
            

              	Pulses

              	Beans,
              Peas, Pulses Other
            

              	Roots
              and tuber

              	Potatoes, Cassava, Sweet
              Potatoes, Roots Other, Yams
            

              	Maize

              	Maize
            

              	Other
              cereals

              	Barley,
              Rye, Oats, Millet, Sorghum, Cereals Other
            

              	Rice

              	Rice
              (Paddy equivalent)
            

              	Wheat

              	Wheat
            

              	Sugar
              plants and products

              	Sugar
              Cane, Sugar Beet
            

              	Other
              oilcrops

              	Groundnuts (Shelled Eq), Coconuts
              - including Copra, Sesame seed, Olives, Oilcrops
              Other
            

              	Cake
              other oilcrops

              	Cake of
              other oilcrops (see above)
            

              	Oil
              other oilcrops

              	Oil of
              other oilcrops (see above)
            

              	Oilpalm
              fruit

              	Oilpalm
              Fruit
            

              	Palm
              product oil

              	Palm
              Oil, Palm Kernel Oil
            

              	Palm
              kernel cake

              	Palm
              Kernel Cake
            

              	Rape
              and mustard seeds

              	Rape
              and Mustard Seeds
            

              	Rape
              and mustard cake

              	Rape
              and Mustard Cake
            

              	Rape
              and mustard oil

              	Rape
              and Mustard Oil
            

              	Soyabeans

              	Soyabeans
            

              	Soyabean cake

              	Soyabean Cake
            

              	Soyabean oil

              	Soyabean Oil
            

              	Sunflower seeds

              	Sunflower Seeds
            

              	Sunflower seed cake

              	Sunflower Seed Cake
            

              	Sunflower seed oil

              	Sunflower Seed Oil
            




          * In FAOStat, the ‘Milk excluding butter’
          product actually includes milk used to produce butter in the
          commodity balances. However, butter is not included in the ‘Milk
          excluding butter’ product in the Food Balance Sheets.


          Table A1.2. Composition of the 14
          regions of GlobAgri-AgT.


          
              	Regions

              	Composition
            

              	Brazil/Argentina

              	Brazil,
              Argentina
            

              	Rest of
              America

              	Antigua
              and Barbuda, Bahamas, Barbados, Bermuda, Bolivia (Plurinational
              State of), Aruba, Belize, Cayman Islands, Chile, Colombia, Costa
              Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador,
              Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico,
              Montserrat, Netherlands Antilles, Nicaragua, Panama, Paraguay,
              Peru, Puerto Rico, Saint Kitts and Nevis, Saint Lucia, Saint
              Vincent and the Grenadines, Suriname, Trinidad and Tobago, Turks
              and Caicos Islands, Uruguay, Venezuela (Bolivarian Republic of),
              British Virgin Islands, United States Virgin Islands,
              Anguilla
            

              	Canada/USA

              	Canada,
              USA
            

              	EU-27

              	Andorra, Austria, Bulgaria,
              Cyprus, Denmark, Estonia, Finland, France, Germany, Greece,
              Hungary, Ireland, Italy, Latvia, Liechtenstein, Lithuania,
              Malta, Netherlands, Czech Republic, Poland, Portugal, Romania,
              Slovenia, Slovakia, Spain, Sweden, United Kingdom, Belgium,
              Luxembourg
            

              	Oceania

              	American Samoa, Australia,
              Solomon Islands, Christmas Island, Cocos (Keeling) Islands,
              Fiji, French Polynesia, Kiribati, Guam, Marshall Islands,
              Micronesia (Federated States of), Nauru, New Caledonia, Vanuatu,
              New Zealand, Niue, Norfolk Island, Northern Mariana Islands,
              Papua New Guinea, Pitcairn Islands, Palau, Tokelau, Tonga,
              Tuvalu, Wake Island, Wallis and Futuna Islands, Samoa, Cook
              Islands
            

              	Former
              Soviet Union

              	Armenia, Azerbaijan, Belarus,
              Georgia, Kazakhstan, Kyrgyzstan, Russian Federation, Tajikistan,
              Turkmenistan, Ukraine, Uzbekistan
            

              	China

              	China
            

              	India

              	India
            

              	Rest of
              Asia

              	Afghanistan, Bangladesh, Bhutan,
              British Indian Ocean Territory, Brunei Darussalam, Myanmar, Sri
              Lanka, , Indonesia, Japan, Cambodia, Democratic People's
              Republic of Korea, Republic of Korea, Lao People's Democratic
              Republic, Malaysia, Maldives, Mongolia, Nepal, Pakistan,
              Philippines, Timor-Leste, Singapore, Thailand, Viet
              Nam
            

              	Near
              and Middle East

              	Israel,
              Jordan, Lebanon, Syrian Arab Republic, Occupied Palestinian
              Territory, Bahrain, Iran (Islamic Republic of), Iraq, Kuwait,
              Oman, Qatar, Saudi Arabia, Turkey, United Arab Emirates,
              Yemen
            

              	North
              Africa

              	Algeria, Egypt, Libya, Morocco,
              Tunisia
            

              	ECS
              Africa

              	Angola,
              Botswana, Burundi, Cameroon, Central African Republic, Comoros,
              Congo, Equatorial Guinea, Djibouti, Gabon, Ghana, Kenya,
              Lesotho, Liberia, Madagascar, Malawi, Mauritius, Mozambique,
              Namibia, Nigeria, Eritrea, Zimbabwe, Rwanda, Saint Helena,
              Ascension and Tristan da Cunha, Sao Tome and Principe,
              Seychelles, Sierra Leone, Somalia, South Africa, Swaziland,
              United Republic of Tanzania, Uganda, Ethiopia, Democratic
              Republic of the Congo, Zambia, Mayotte, Sudan, South
              Sudan
            

              	West
              Africa

              	Cape
              Verde, Chad, Benin, Gambia, Guinea, Ivory Coast, Mali,
              Mauritania, Niger, Guinea-Bissau, Senegal, Togo, Burkina
              Faso
            

              	Rest of
              the world

              	Albania, French Southern and
              Antarctic Territories, Bosnia and Herzegovina, Croatia, Iceland,
              Republic of Moldova, The former Yugoslav Republic of Macedonia,
              Norway, Switzerland, Serbia, Montenegro
            



        

        
Appendix 2

          
        
      

      Additional information on scenario studies
        considered in Chapter 4

        

        Table A2.1. The seven selected scenario
        studies.


        
            	Title

            	Authors

            	Main
            focus

            	Model

            	Scenarios

            	Regions
            concerned

            	Temporal
            horizon
          

            	World
            Agriculture Towards 2030/2050, the 2012 revision
            (FAO)

            	Alexandratos and Bruinsma,
            2012

            	Food and
            Agriculture

            	FAO World
            Food Model

            	Baseline

            	Developed/developing regions
            (divided in 5 sub-regions),
total world

            	2005/07-2050
          

            	Food
            security farming and climate change to 2050: scenarios, results,
            policy options (IFPRI)

            	Nelson
            et
            al., 2010

            	Food
            security, agriculture and climate change

            	IMPACT
            2009

            	Baseline
            +2 what if scenarios (optimistic, pessimistic) for supporting the
            foresight work

            	Developing
countries

            	2000-2050
          

            	A Bounds
            Analysis of World Food Futures: Global Agriculture through to
            2050

            	Pardey
            et
            al., 2014

            	Cropland
            use under alternative hypotheses on population
            growth

            	iAP

            	Baseline
            + sensitivity analysis to demographic hypotheses

            	17
            regions,
total world

            	2010-2050
          

            	The
            future of food — Scenarios and the effect on natural resource use
            in agriculture in 2050

            	Odegard
            and van der Voet, 2014

            	Resource
            use and diets

            	Input-output model

            	4
            IPCC-SRES scenarios (‘Affluent world’, ‘Full world’, ‘Vegetarian
            world’, ‘Low-input world’)

            	Total
            world

            	2005-2050
          

            	Agrimonde
            (INRA-CIRAD)

            	Paillard
            et
            al., 2010

            	Food
            security and agriculture

            	Biophysical biomass balance
            model

            	Baseline
            GO +1 normative scenario Agrimonde1

            	6
            regions,
total world

            	2003-2050
          

            	Land-use
            change trajectories up to 2050: insights from a global
            agro-economic model comparison (AgMIP)

            	Schmitz
            et
            al., 2014

            	Cropland
            use under alternative SSPs and RCPs; reasons for discrepancies
            across results from various models

            	AIM,
            ENVISAGE, EPPA, FARM, GCAM, GLOBIOM, GTEM, IMPACT, MAGNET,
            MAgPIE

            	4
            socioeconomic and climate change scenarios from the IPCC-RCP and
            SSP (Socioeconomic Pathways)

            	7
            regions,
total world

            	2005-2050
          

            	Land-use
            futures in the shared socio-economic pathways

            	Popp
            et
            al., 2017

            	Agricultural land use in the five
            SSPs

            	AIM,
            GCAM, IMAGE, MESSAGE-GLOBIOM, REMIND/MAgPIE

            	5
            IPCC-SSP scenarios

            	5
            regions,
total world

            	2005-2100
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        Figure A2.1. Food diets in 2010 and in
        2050 under the different food diet pathways in various regions.


        Source: Calculated from GlobAgri-AgT
        data.

      

      
Additional information on cropping systems
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        C. Soyabean
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        D. Other cereals


        Figure A2.2. Per-ha yield in 2010 and in
        2050 under the various cropping system pathways.


        Source: Calculated from GlobAgri-AgT and
        GAEZ data.


        3. Additional information on livestock
          systems

          

          The detailed
          analysis of initial data shows that as far as ruminant sectors are
          concerned, there are some characteristics in mixed and pastoral
          systems which are constant across regions and sectors:


          whatever the
          sector and region, the mixed system uses more concentrates in feed
          rations. The pastoral system uses mostly grass in feed rations;


          	whatever the sector and region, the mixed system
            is more efficient in transforming feed into animal products (lower
            feed-to-output ratios) than the pastoral system (Fig. A2.3). There
            are some notable exceptions however: in West and ECS Africa where
            ruminant production systems are particularly poor performer in
            terms of feed-to-output ratios compared to all other regions,
            pastoral systems perform better than mixed systems in the dairy
            and the small ruminant meat sectors;

	whatever the sector and system, West Africa is the
            worst performer in transforming feed into animal product outputs,
            followed by ECS Africa and India (except for dairy) but with
            significant gaps. In this regard, Figure A2.3.A shows that the
            performance of West African and Indian beef sectors in terms of
            feed-to-output ratios are totally disconnected from those of other
            regions, especially for pastoral systems. There are some objective
            reasons for such poor performance in the beef sectors in both
            regions (where animals are raised and fed for other reasons and
            objectives than for meat production). But a question remains
            regarding the extent of the gap with other regions;

	initial data suggest that, for ruminant sectors,
            ‘Urban’ and ‘Other’ systems involve very different realities from
            one region to another: their feed-to-output ratios differ widely
            across regions and there is no general rule emerging regarding the
            ranking of both systems relative to the mixed and pastoral
            systems; in the same vein the composition of the feed rations in
            ‘Urban’ and ‘Other’ systems is so variable from one region to
            another than it does not provide a constant characteristic that
            would help to define such systems.




          As far as
          monogastric sectors are concerned, initial data shows constant
          characteristics across regions and sectors, which allow for a
          clearer definition of the ‘Urban’ and ‘Other’ systems:


          	comparing feed rations of both systems indicates
            that urban system rations are richer in grains and cakes (i.e., in
            concentrates). This suggests that ‘Urban’ systems are likely to
            correspond to industrial systems while ‘Other’ systems seem closer
            to backyard-type systems;

	‘Other’ systems are usually better performers in
            transforming feed into animal products outputs (Fig. A2.3). This
            result which may appear to be surprising could result from the
            non-reporting of significant quantities of ‘occasionals’ (food
            leftovers, see Chapter 3) fed to animal rather than indicating
            higher performances in ‘Other’ systems compared to ‘Urban’
            systems.




          Finally, whatever
          the sector, initial data show that:


          	within sectors, feed-to-output ratios vary widely
            across production systems and regions. The differences across
            regions are significantly more marked for the ruminant sectors
            than for the monogastric sectors. Monogastric production systems
            are indeed more homogenous across the world than ruminant systems
            which are very different from one region to another (Fig.
            A2.3);

	whatever the sector, livestock systems are far
            more efficient in transforming feed into animal product outputs in
            developed countries than in developing countries (Fig.
            A2.3);

	as far as ruminant sectors are concerned, mixed
            systems usually have the highest share in total production. The
            notable exceptions are Oceania, where the production shares of
            mixed systems are particularly low in the beef and dairy sectors,
            and the American continent, which exhibits low production shares
            for mixed systems for small ruminant meat (Fig. A2.4);

	concerning monogastric sectors, urban systems
            produce the quasi-totality of meat outputs in developed and
            emerging countries. In developing countries, other systems usually
            have the highest production share. We note the particularly low
            production share of urban systems in India (Fig. A2.4).
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          A. Beef meat
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          B. Small ruminant meat
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          C. Dairy


          
              [image: IA_MADD_AgriTerra_14A3_D.jpg]
            



          D. Pork


          
              [image: IA_MADD_AgriTerra_14A3_E.jpg]
            



          E. Poultry meat


          Figure A2.3. Livestock feed-to-output
          ratios for different production systems in various sectors in the
          initial 2010 situation (kg dry matter feed/kg output animal
          product).


          Source: Calculated from GlobAgri-AgT
          data.
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          A. Beef meat
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          B. Small ruminant meat
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          C. Dairy
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          D. Pork meat
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          E. Poultry meat


          Figure A2.4. Shares of various
          production systems in total animal product production of sectors, in
          the initial 2010 situation in different regions.


          Source: Calculated from GlobAgri-AgT
          data.
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