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Agrimonde-Terra: Foresight land use and food security in 2050 SHORT REPORT OF THE FORESIGHT - JUNE 2016



The Agrimonde-Terra’s scenarios point out 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… ), uncertainty and risk factors (economic growth, employment, eating patterns, climate change mitigation…), 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.



Figure 1. The Agrimonde-Terra land use and food security system Uncertainties about the capacity of the planet to feed a growing population in a context of climate change and on-going debates within the scientific community regarding land-use change trajectories led Cirad and Inra to conduct a new foresight study on ‘’Land use and food security in 2050’’. A morphological analysis method, which highlights systemic relations, was used for scenario-building in order to explore different futures for land use and food security. This process was accomplished by mobilizing around 80 international experts during thematic workshops, and a Scenario Advisory Committee that provided guidance on scenarios building. The first step of the approach consisted of analyzing the long-term dynamics of the ‘’land use and food security’’ system (Fig. 1), with a focus on the 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. By identifying a range of variables influencing each driver of the system and its dynamic of change, hypotheses on how each driver might evolve in 2050 were elaborated. In the second step, five contrasted scenarios were built by combining one or several hypotheses per driver, respecting causal relationships, seeking consistency of the hypotheses and plausibility of the scenario. Each scenario describes a situation of land use and food security in 2050 and has been translated into a narrative. In the third step, the impacts of the scenarios in terms of land use, agricultural production and trade in the 14 regions under consideration and at the world level (Fig. 2) have been assessed through quantitative simulations conducted with the biomass balance model GlobAgriAgT (Box 1).
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LAND USE SCENARIOS



5 dimensions : agronomic potential, access to land, distribution of land between different uses, degree of intensity of land use, and services provided by land



CONSEQUENCES ON FOOD AND NUTRITION SECURITY 4 dimensions : availability, access, utilization, stability



Figure 1. Agrimonde-Terra’s “land-use and food security” system



DRIVERS OF LAND USE AND FOOD SECURITY AND POSSIBLE CHANGES BY 2050



In the “land use and food security” system (Fig. 1), Agrimonde-Terra considers that land-use changes result from complex interactions between diverse drivers and have an impact on food security at different scales ranging from household to global. A first category of drivers are direct drivers of the land-use system: urban-rural relationships, livestock systems, cropping systems, farm structures and forest systems. A second category of drivers encompasses the external drivers that influence both the land-use system and food security: global political, economic and social context, climate change and food diets. Direct and external drivers have been studied in detail with the objective of identifying past and emerging trends as well as potential disruptions. On this basis, alternative hypotheses about future changes by 2050 have been built for each driver2; they are the “building blocks” of each scenario (Fig. 3).



1 - Paillard S., Treyer S. and Dorin B. (coordinators), 2011. Agrimonde: Scenarios and Challenges for Feeding the World in 2050. Paris: Quae. 2 - All the quantitative hypotheses used in simulations are described in the technical report on “Hypotheses about the future of drivers of the “land-use and food security” system and their translation into quantitative hypotheses”.
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Sources: GlobAgri-AgT, adapted from GAEZ database, adapted Zabel et al. (2014) and additional data provided by Zabel.



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%. 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 still 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. North Africa, the Near and Middle East and China already exceed their cultivable area. India and the European Union are reaching the limit of their cultivable area and larger regions such as Canada/USA, the Former Soviet Union and East, Central and South Africa remain far below their potential cultivable area, part of which is therefore threatened by deforestation. The expected growth in the world population, which is set to reach 9.7 billion in 2050, and land availability clearly raise the question of the future of land-use patterns and of their interactions with food security. 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, at the world level and in the different regions? What tensions will there be between food and nutrition security and mitigation of climate change in 2050? In order to answer these questions, to contribute to the highlighting of policy levers that could modify ongoing land-use patterns for improved food and nutrition security and to provide decision makers with a tool for dialogue between stakeholders, Cirad and Inra decided, following their previous foresight study on “World food and agricultural systems in 2050”1, to conduct Agrimonde-Terra, a new foresight exercise on “Land use and food security in 2050”.



Sources: GlobAgri-AgT, adapted from GAEZ database, adapted Zabel et al. (2014) and additional data provided by Zabel.



Figure 2. World Map of Agrimonde-Terra regions with observed land use (arable land, pasture, forest and others) and maximum cultivable area in 2010 (millions ha) 2126
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Union (EU 27), Former Soviet Union (FSU) and China, to strong increases in West Africa and 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%). Assuming that world and regional population would be similar by 2050 in all the alternative futures, we designed five pathways for the global context:



Land-use systems are strongly influenced by political, economic and social events outside the agricultural and forestry sectors at the global, regional and domestic levels. Agrimonde-Terra’s hypotheses on the future changes of the global context are different from the IPCC Shared Socio-economic Pathways (SSPs) but two of our hypotheses are directly inspired by SSP: Conventional development (from SSP5) and Sustainable and cooperative world (from SSP1). In our analysis of future pathways, we focused on three aspects: political (conflicts, main actors and alliances, trade policies), economic (growth and income distribution, energy and climate policies, R&D) and social contexts (population, social climate, health, education, culture). As far as the population variable is concerned, Agrimonde-Terra used the median projection provided by the United Nations in the 2015 revision, where the world population reaches 9.7 billion people in 2050, with regional changes between 2010 and 2050 ranging from stability in the European



• Sustainable and cooperative world: strong commitments towards mitigation of climate change, regulation of the nutritional quality of food products, health, and a shift to a green economy; states cooperate amongst themselves and with businesses, civil society organizations and international institutions; moderate economic growth (average world Gross Domestic Product per capita of $20,000 in 2050) and liberalized trade; carbon as the cornerstone of energy markets, decrease of energy consumption; inequalities are reduced.
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Box 1. The GlobAgri platform and GlobAgri-AgT The GlobAgri platform has been 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.1 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, other) for each region and each agri-food product. In each equation, imports are a linear function of domestic total uses 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 uses of agri-food products, provided hypotheses 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 of co-product handling, specific rules of model closure). The resulting tool is named GlobAgri-AgT. It encompasses 32 aggregates of agri-food products (25 plants and 7 animal aggregates) and covers 14 broad regions (Fig. 2). The balance model works with a maximum cultivable area for each region. When in one region the cultivated land area cannot expand because the maximum cultivable area is reached, as there is no price mechanism in the model, it uses trade to achieve the balance between resources and utilization for all agri-food products: exports are first evenly reduced for all agri-food products, then if necessary imports are increased, according to a set of rules allowing for differentiated rises across agri-food products. GlobAgri-AgT is described in detail in the technical report “Hypotheses about the future of the drivers of the ‘land use and food security’ system and their translation into quantitative hypotheses”. GlobAgri-AgT has been used to simulate the impacts on world and regional land use of the five Agrimonde-Terra scenarios. The morphological tables (Fig. 3) indicate that for most scenarios several hypotheses of change pattern may co-exist for several drivers. This means that for these drivers, the world’s regions can follow different development paths, 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 alternatively different 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 1. Given that the main specificities of the “Households” scenario are rather qualitative features (networks, mobility, multi-activity, plasticity, agility) which cannot be dealt with by GlobAgri-AgT, we do not provide quantitative results for this scenario. Land-use changes as well as changes in domestic production and international trade of each agri-food product in each region between the initial situation and 2050 are the outputs of the model and they are used to assess the ability of each scenario to ensure world food availability: agricultural land area expansion and deforestation suggest increased tensions over land, which in turn put into question the food availability equation at the world and regional level. The other three dimensions of food security (access, utilization and stability) are dealt with through a qualitative analysis, based on information provided by the scenario narratives. 1 - T hese colleagues are warmly thanked as well as their institutions: Center for Sustainability and the Global Environment (SAGE), Commonwealth Scientific and Industrial Research Organisation (CSIRO), International Institute for Applied Systems Analysis (IIASA), Institute of Soil Science of the Chinese Academy of Sciences, Joint Research Centre (JRC), Princeton University, World Fish Institute, World Resources Institute (WRI) and Woodrow Wilson School of Public and International Affairs.



• Regionalization and energy transition: States joining in large regional blocs to face together financial crises, unemployment, pollution, high rates of non-communicable diet-related diseases; principle of “food sovereignty and subsidiarity” at the regional blocs level based on regional food supplies and supported by businesses and civil society organizations; moderate economic growth (average world GDP per capita of $20,000); high level of biomass energy; strong intra-regional trade.



companies, foundations and academic institutions; failure of sovereign States to take up the challenges of climate change and poverty; government endeavouring to coordinate hybrid and agile coalitions; decentralized energy production; economic situation of groups dependant on their capacity for networking; large inequalities. The global context pathways influence climate change, food diets (through household incomes), urbanization processes and cropping and livestock systems (through R&D).



• Economic and political fragmentation: series of crises (economic, energy, geopolitical and ecological) amplifying each other; severe geostrategic tensions, weak access to energy in some regions; low economic growth (average world GDP per capita of $18,000) with huge differences between countries; highly developed informal economy, trade limited to neighbouring countries.



Climate change and mitigation Land use is at the forefront of the climate issue as it is both concerned by its impacts and will be a major actor in its mitigation. It is responsible for just under a quarter (~10 – 12 GtCO2eq per year) of anthropogenic GHG emissions, mainly from deforestation and agricultural emissions from livestock, soil and nutrient management, and among economic sectors has one of the largest potentials for mitigation. There is 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 of 1980-20083. Extreme weather events played an important role in the food crisis of 2007-2008 and continue to multiply.



• Conventional development led by market forces: alliance between multinational corporations, investments funds and international institutions; steady economic growth (average world GDP per capita of $24,000) based on low-cost fossil fuel, low trade barriers, confidence in science above all to overcome natural resources’ limits, education and Information and Communication Technologies; large inequalities. • Non-State actors: highly globalized world; economic networks based on NGOs, associations, multinational



3 - Lobell D.B., Schlenker W. and Costa-Roberts J., 2011. Climate trends and global crop production since 1980. Science, 333(6042): 616-620.
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Figure 3. Drivers and alternative assumptions for 2050 Drivers
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We described climate change patterns to 2050 through three pathways, inspired by the Representation Concentration Pathways (RCP) of the fifth assessment report of the IPCC (Intergovernmental Panel on Climate Change):



regions Brazil/Argentina and Rest of America for example); frequency of extreme climatic events (heat waves, floods, etc.) increases, leading to a moderate rise in the inter-annual variability in crop yields.



• Stabilisation of global warming: in a context of strong commitment towards mitigation of climate change combined with relatively low climate sensitivity, global temperature changes are maintained well below +1°C to 2050 and changes in precipitation remain limited ( 
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