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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...
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