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Executive summary
Since the food riots of 2007‐2008, global food security has been the subject of renewed attention
and has become a hot topic in forward looking activities, thereby inducing a change of perspective: if
food security and sustainable agriculture have always been interlinked then, since the riots, the
importance of the composition of diets and economic access to food are more worthy of
consideration than ever. Conversely, it is striking that in the forward looking literature, there are no
studies that deal directly with the bio‐economy. The bio‐economy is addressed as a transversal
concept that can be appreciated under economic and technological variables.

Typology of scenarios
The major driving factors considered in the forward looking studies that deal with global food
security, sustainable agriculture and the bio‐economy are mainly related to the demographic,
economic, environmental and technological dimensions. Each study explores future pathways
through the elaboration and analysis of one or various sets of assumptions about the future
evolution of these driving factors. Each set of assumptions represents a scenario, or a singular option,
to address future challenges. Obviously, options are unlimited and the number of possible scenarios
is undefined. Nevertheless, we propose a typology of scenarios that will drive the following scenario
analysis. This typology differentiates between: (i) Business‐as‐usual scenarios and projections, (ii)
Economic growth for human well‐being, (iii) Law of the jungle in a fragmented world, (iv) Global
sustainable development, and (v) Regional initiatives for sustainable development.


The Business‐as‐usual scenarios assume a continuation of past trends in the future. They usually
investigate the question “what will happen if current trends do not change in the future?”



The “Economic growth for human well‐being” type of scenario is an exploration of a future in
which economic growth and human well‐being are society's top priorities. Thanks to
biotechnologies and technological innovations, aquaculture and cropland and grassland
productivity are significantly enhanced and permit the production of more food with limited land
conversion. Undernutrition is drastically reduced but economic and social inequalities remain
high all over the world. The environment is of secondary concern and the state of natural
resources is worsening.



Due to intense geopolitical and internal conflicts, the “Law of the jungle in a fragmented world”
type of scenario is characterised by governmental failures to establish a global governance of
common goods. The economy is doomed and investments in research and development are
poor. Consequently, the productivity of agriculture and fisheries rises very slightly, and natural
resources are often over‐exploited. Food access inequalities and poverty have never been so
striking.



In the “Global sustainable development” type of scenario there is a political will to associate
economic growth with the reduction of inequalities, hunger and over‐nutrition. Diets in
industrialised countries are shifting toward a lower consumption of meat, reducing the demand
for cropland (for feed) and grassland. According to the scenario, leading innovations in the
agricultural, fishery and biomass‐based industrial fields can be technological with significant
developments in ecological engineering, or they can concern knowledge advances and sharing
with the support of social sciences.



In the “Regional initiatives for sustainable development” type of scenario local institutions are
strengthened and the management of ecosystems is decentralised. Each region experiments with
its own development strategy according to its possibilities, essentially resorting to
biotechnologies or knowledge‐based science. People are more and more concerned by the social
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and environmental implications of their lifestyle. However, in the face of the persistence of some
global problems (climate change, undernourishment, etc.), new international networks have to
be developed to address them in a second step.

Food and Health topics in forward looking literature
Diets are a central issue when speaking about global food security. In the forward looking literature,
the globalisation of western diet patterns seems to be considered the most probable trend,
according to the household income growth. Drastic shifts in food consumption habits are scarcely
explored and less meat‐based diets' impacts on the environment are only addressed in terms of
demand for feed and agricultural land. Their future impacts in terms of energy consumption, water
consumption or greenhouse gas (GHG) emissions are not quantified.
Moreover, the scenarios depicting a low level of per capita food availability worldwide stress the
need to address the inequity in food distribution. Indeed, the number of people starving would
worsen if current levels of inequalities were maintained.
Lastly, the evolution of the number of malnourished people is well documented in the forward
looking literature. The issue of obesity is only qualitatively mentioned, even though obesity is
recognised to be a current food‐related epidemic. Furthermore, as obesity is often associated with
other non‐communicable diseases (diabetes type II, cardiovascular diseases, cancer, etc.), it
represents a real threat to future healthcare systems that have to be anticipated through preventive
actions and a renewed medical approach.

Agriculture and Fisheries in forward looking literature
Because of the growing world population and westernisation of diets, agricultural forecasts estimate
that food production will have to increase between 70% to 90% by 2050. Although it represents
slower rates of increase than in the past, it will be a real challenge as agricultural and fishery
potentials are diminishing and global warming is expected to exacerbate natural resource scarcities.
In these scenarios, it is assumed that marine fishery is not a sustainable option for providing aquatic
protein. We will then have to rely on in‐shore and off‐shore aquaculture. The main driver of their
development is the rate of innovation, principally to reduce operating costs and to produce artificial
food for fish farms.
The scenarios depict three different visions of what could be agriculturally sustainable: (i) an organic
agriculture relying on non‐chemical inputs, and on non‐genetically modified crops, (ii) a “large‐scale
ecological precision agriculture” which is a combination of precision agriculture and ecological
engineering techniques and which could emerge thanks to innovations in bio‐monitoring, imaging
sciences (mapping, tracking) and genetics, or (iii) an “ecologically intensified agriculture” that
encompasses the practices of agro‐ecology, and precision agriculture, and some genetic innovations.
The latter could emerge due to advances in the understanding of the functioning of socio‐ecosystems
and by widespread dissemination of this knowledge.
The scenarios generally show yield improvements as an efficient land‐saving strategy but land
conversion will be necessary if meat and biofuel demand are elevated. And finally, knowledge
advances are as important as technological innovations. Investment in both social and natural
sciences will therefore be required to address future challenges.
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Global food security
Future global food security will depend on three main components: global food demand, global food
production and the individual access to food. Thanks to great reserves of arable land and/or yield
improvements, Latin America, the OECD countries, and the Former Soviet Union will meet their
domestic food demand and will export surpluses. Asia, the Middle East – North Africa and Sub‐
Saharan Africa will lack the necessary water, land or time to meet their own food demand.
International trade will in that case be necessary to satisfy their food needs.
On the one side, so as to ensure economic access to imported food, new sources of wealth must be
created in Asia and the Middle East – North Africa. Conversely, agricultural potential has to be
realised in Sub‐Saharan Africa through the extension of existing knowledge, training for farmers, and
investments in agricultural research and development.
Finally, trade regulations will have to be implemented to secure the food supply in importing
countries and preserve a geopolitical stability, but also to integrate the environmental cost into food
product prices.

Agri‐food and biomass‐based industries in forward looking literature
The forward looking literature shows that consumers can be a strong driver towards a sustainable
agri‐food chain's orientation. On the one hand, they could impact large firms’ strategy by demanding
compliance with corporate social responsibility principles. Individually, they can reduce home food
wastage. On the other hand, relying only on consumers to drive food chains would exclude the
poorest from the definition of future priorities. Then, policy tools must also be implemented in the
orientation of the food system.
Besides, the potential for reducing demand for food by reducing waste is huge. It represents a
research field in line with the European strategy for the bio‐economy. It will imply both technological
and organisational innovations. The various foresight studies advocate the development of bio‐
refineries and propose new models to reduce wastage and to maximise the reuse and recycling of
biomass.

Organisation of future agricultural research systems
There is a consensus in foresight studies on radical transformations in the Research, Educational, and
Development systems to tackle sustainability issues in food and farming systems. They advocate a
participative system with more transdisciplinarity in research programs (integrating natural sciences,
and social ones) and with joint private and public programs. Moreover, international cooperation in
research and educational activities has to be encouraged to avoid a future scientific apartheid
between the richest and poorest countries. Food‐, agricultural‐ and fishery‐related questions should
be addressed through a holistic approach to socio‐ecological systems, integrating both scientific and
traditional knowledge. Lastly, it is important to explore a wide range of options in order not to be
trapped in a technological or ideological lock‐in.
Finally, this scenario analysis underlines the need to investigate some major research fields:
sustainable diets from a food security perspective and the lowering of costs for the healthcare
systems; the transition towards robust and resilient farming systems in the context of climate change
and the globalisation of agricultural markets; climate change adaptation and mitigation, as significant
uncertainties still remain regarding the Earth's physical and biological thresholds and what the
impacts of crossing them might be; the contribution of the reduction of inequalities to economic
growth.
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Food Security, Sustainable Agriculture and the Bio‐economy
(See Appendix 2 for the definitions of these terms)

Until the 2000s, the forward looking literature dealing with global food security had mainly focused
on possible ways to increase agricultural production, and on the possible contribution of science and
technologies to such an increase. Global food security and sustainable agriculture were then
interlinked. In the first decade and a half of this century more attention was paid to the adverse
environmental effects of farming systems. Since the food riots of 2007‐2008 the demand side of food
security and individual access to food have been taken into account in a more balanced way
alongside agricultural and fishery possibilities. (For more details, see Annex 1.)
It is striking that, in the forward looking literature, there are no studies dealing directly with the bio‐
economy. The bio‐economy is addressed as a transversal concept that can be appreciated under
economic and technological variables. The dynamism of the bio‐economic sector can be assessed
through with the evolution of the demand for food (including commodities, processed food, labelled
products, etc.) and other biomass‐based products, and the evolution of the number of agro‐food and
biomass‐based industries for example. It is also linked to the level of biofuel production, the amount
of investment in agricultural and food research and development, the importance of technological
transfers and the acceptance and adoption of biotechnologies.
1. The driving factors of the evolution of food and farming systems
The images of the future presented in forward looking studies (including projections and scenarios)
are the result of assumptions made on the evolution of the driving factors of the system considered.
We can therefore consider that global food security, agriculture and the bio‐economy will be
influenced by a very high diversity of variables. However, a few main driving factors are generally
considered in scenarios dealing with the prospect of feeding and fuelling a growing population while
preserving ecosystems. They relate to the demographic, economic, environmental and technological
dimensions.


As far as demography is concerned, the global population is projected to reach 7.6 billion
people in 2020 and surpass 9 billion people in 2050, with the developing countries'
population rising from 5.7 billion in 2011 to 8.0 billion in 2050 ( United Nations 2011).
However, the demand for food and other biomass products will not only increase because of
the demographic growth. Indeed, there is a strong trend to urbanisation and the urban
population is projected to represent 55% of the whole population in 2020 and 69% in 2050 (
(United Nations 2010a). This trend is linked to changing lifestyles and consumption habits.
Indeed, urban peoples tend to eat more meat and processed food from all over the world
(Esnouf, C., Russel, M., and Bricas 2011). Increasing meat consumption also means increased
consumption of feed. Moreover, increasing consumption of processed food worldwide is
linked to a rise in energy needs, including biomass‐based energies.



As far as the economy is concerned, the income growth and the level of inequalities,
specifically in developing countries, will greatly influence the demand for food and biomass
products. In 2010, the number of starving people was estimated to be 925 million, with the
vast majority located in Asia and the Pacific (578 million) and in Sub‐Saharan Africa (239
million) (FAO 2010). At the same time, worldwide obesity has more than doubled since 1980,
reaching 1.5 billion adults in 2008 (WHO1). While the reduction of undernourishment implies

1

http://www.who.int/mediacentre/factsheets/fs311/en/
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a significant rise in the demand for food in developing countries, coping with over‐nutrition
could have the reverse effect in industrial countries. But the question is far more complex as
the two problems co‐exist in some countries, and sometimes even within the same families.
These countries are then confronted with a “double burden of malnutrition” resulting in new
challenges and strains in their health systems (FAO 2006).


As far as environment is concerned, according to the last environmental outlook, “as human
pressures on the Earth System accelerate, several critical global, regional and local thresholds
are close or have been exceeded” (UNEP 2011). Agriculture and fisheries are cause for
concern. “Irrigation accounts for approximately 70% of total freshwater withdrawals
worldwide (UNESCO 2001) and is seen as one of the principal factors in an increasing state of
water scarcity” (UNEP 2011). “Biodiversity in the tropics is dramatically declining, by 30%
since 1992, indicating the ecosystem’s severe degradation due to high deforestation rates of
primary forest and transformation into agricultural land and pasture (WWF 2010)” (UNEP
2012). Finally, “the depletion of fish stocks is one of the most pressing environmental issues”
(UNEP 2012). The recent expansion of cropland for biofuel is also putting pressure on the
environment due to the resultant forest clearing and overuse of water. Furthermore it is
competing with crops and grazing animals for land areas. Finally, global warming is expected
to have adverse effects on both the global environment and the productivity of agriculture.



As far as technology is concerned, progress in genetics, mechanisation, fertilisation irrigation
systems, storage and transportation has permitted a sharp increase in agricultural
production since the beginning of the green revolution. But agricultural practices associated
with the green revolution have not been neutral in terms of environmental impacts. The
challenge of providing sufficient biomass products to mankind in a sustainable way will
require new innovations and investments in research and development, but also a renewed
attention to the diffusion and adaptation of these innovations.

2. Typology of scenarios
We can consider that each scenario or projection corresponds to an option to address future
challenges. Obviously, options are unlimited and the number of possible scenarios is undefined.
Nevertheless, the existing scenarios dealing with food security and agriculture often explore similar
pathways from one study to another. Therefore, we will propose a typology of scenarios that will
drive the following scenario analysis. This typology differentiates between: (i) Business‐as‐usual
scenarios and projections, (ii) Economic growth for human well‐being, (iii) Law of the jungle in a
fragmented world, (iv) Global sustainable development, and (v) Regional initiatives for sustainable
development2.
(i)

Business‐as‐usual scenarios and Projections

In this type of future envisioning, it is considered that the current economical and agricultural
paradigm will also be the one of the timeline considered. That is to say that no major changes will
occur during this timeframe, excepting the number of people to feed. This type of scenario /
projection is usually explored to answer the question “what will happen if current trends do not
change?”.

2

A similar typology is proposed in the IAASTD report in which the scenarios of the second category (Economic
growth for human well‐being) are differentiated between Economic optimism/Conventional market scenarios
and Reformed market scenarios (IAASTD 2009).
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The World Reference scenario (IAASTD), the Reference scenario (IFPRI), the Current Trend scenario
(ISE‐PIK Potsdam), the Baseline scenario (EU 2007b) and the FAO (2006), IFPRI (Msangi 2011b,
Rosegrant 2001) and EUROSTAT (2011) projections can be included in this section. Note that “The
future of food and Farming” from the UK foresight (2011) is not presenting any scenario but analysing
the driving forces and current trends of food and farming systems.
(ii)

Economic growth for human well‐being

In this type of scenario, the top priority of societies is their own well‐being. They are convinced that it
will be enhanced under conditions of strong economic growth. To that purpose, they advocate trade
liberalisation and general agreements on the protection of property rights in order to boost
innovations and technology transfers. The environment is of secondary concern and the state of
natural resources is worsening. Nevertheless, in these scenarios, technological progress helps to
release human pressure on natural resources. Thanks to biotechnologies and technological
innovation, aquaculture and cropland and grassland productivity are significantly enhanced and
permit the production of more food with limited land conversion. But at the same time, marine
fishery stocks see a substantial reduction. These scenarios show a notable improvement in energy
efficiency and a considerable development of biofuels. Finally, food and biomass‐based product
demand (and waste) rise in emerging and industrial countries as a result of higher income levels. In
2050, the food transition3 is completed in most parts of the world. People are better nourished but
food associated diseases have developed and become a real problem for healthcare systems.
Furthermore, social inequalities unfortunately persist as well as chronic hunger.
The A1 scenario (IPCC), the Global Orchestration scenario (MA), the Markets First and Policy First
scenarios (GEO4), the Optimistic scenario (IFPRI), the Western High Meat scenario (ISE‐PIK Potsdam),
the Agrimonde GO scenario (INRA‐CIRAD), the Productive narrative (SCAR), the Fast Forward scenario
(Rabbinge and Linnemann 2009), the Liberalisation scenario (EU 2007b), the Food Crisis scenarios (EU
2007a), and the Science for Sale in a Global Market (ICSU) can be included in this type of scenarios.
(iii)

Law of the jungle in a fragmented world

In this type of scenario, governments fail to establish a global governance of common goods. The
economy is doomed and driven by the most powerful public and private actors. Each one tries to
protect its own resources and interests. Liberalisation of international trade is stopped as well as
international negotiations on environmental issues. Investments in research and development are
poor and technological improvements few and far between. Consequently, the productivity of
agriculture and fisheries rises very slightly, and natural resources are often over‐exploited.
Inequalities are very important and poverty has never been so striking. Food demand has grown very
slowly and hunger has risen since the beginning of the century.
The A2 scenario (IPCC), the Order from Strength scenario (MA), the Security First scenario (GEO4), the
Pessimistic scenario (IFPRI), the Play scenario (Rabbinge and Linnemann 2009), the Regionalisation
scenario (EU 2007b), the Energy Crisis (EU 2007a) and the Risk of Aggressive Nationalism (ICSU) can
be included in this type of scenarios.
(iv)

Global sustainable development

In this type of scenario a more balanced development is pursued in the three dimensions of
sustainable development. There is a political will to associate economic growth with the reduction of
inequalities, hunger and over‐nutrition. Governments are inclined to forge a system of global
governance for environmental issues and actions are taken in order to prevent ecological disasters.
3

The food transition corresponds to a change from traditional food habits to an increasing consumption of
meat and processed products (See box 1).
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Moreover, in these scenarios, diets in industrialized countries are shifting toward a lower
consumption of meat, reducing the demand for cropland (for feed) and grassland. Environmental and
social concerns are tangible at both individual level (lifestyle change toward a more moderate
consumption and reduced waste) and corporate level (firms are engaging themselves in CSR, and a
“zero waste” economy is emerging). These scenarios are characterised by massive investments in
research and development and important innovations in agriculture, fisheries and biomass‐based
industries. They all encompass biotechnology innovation and adoption but the nature of dominant
innovations varies from one scenario to another. The principal innovations are technological in
TechnoGarden (MA) and Sustainability First (GEO4) with a major development of eco‐agriculture,
ecological engineering and eco‐technology whereas Agrimonde 1 (INRA‐CIRAD) and the “Sufficiency
narrative” (SCAR) are characterised by knowledge advances and sharing with support of social
sciences. Nevertheless, the trade‐off between global food security and the preservation of
ecosystems subsists and these scenarios are more or less efficient in addressing hunger and
ecological issues.
The B1 scenario (IPCC), the TechnoGarden scenario (MA), the Sustainability First scenario (GEO4), the
Less Meat, Fair Less Meat scenarios, ‘wholly organic’ and ‘intermediate’ scenarios (ISE‐PIK Potsdam),
the Agrimonde 1 scenario (INRA‐CIRAD), the Sufficiency narrative (SCAR), the Pause scenario
(Rabbinge and Linnemann 2009), the Cooperation with Nature scenario (EU 2007a) and the Triumph
of Globalism (ICSU) can be included in this type of scenarios.
(v)

Regional initiatives for sustainable development

In a first step, societies try to find local solutions to their social and environmental problems. Local
institutions are strengthened and the management of ecosystems is decentralised. Each region
experiments with its own development strategy according to its possibilities, essentially resorting to
biotechnologies or knowledge‐based science. People are more and more concerned by the social
and environmental implications of their lifestyle. For instance, excessive caloric intakes are avoided
in rich countries. But in the face of the persistence of some global problems (climate change,
undernourishment, etc.), new international networks are developed to address them in a second
step.
The B2 scenario (IPCC), the Adapting Mosaic scenario (MA), the Rewind scenario (Rabbinge and
Linnemann 2009), the Climate Shock scenario (EU 2007a) and the Science Supplying National Needs
(ICSU) can be included in this type of scenarios.
3. Scenario Analysis on Food and Diet‐related diseases
Diets are a central issue when speaking about global food security. Indeed their energy content
determines levels of both under‐ and over‐nutrition, and their diversity (or micronutrient content)
determines the level of malnutrition. In the forward looking literature, the evolution of diets depends
on demographic changes, urbanisation, and level of income, and international trade and changing
consumer preferences.

(i) Business‐as‐usual scenarios and projections on food demand and diet‐related diseases
According to the IFPRI and FAO’s projections (Msangi and Rosegrant 2011b; Rosegrant, Paisner,
Meijer and Witcover 2001 and FAO 2006 revised in Alexandratos 2011), with the growing world
population, total and per capita food consumption will increase in all regions of the world but at a
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different pace4 (see Box 1). From
2770 kcal/person/day in 2003‐
Box 1: The food transition
2005, the world per capita food
“Taking into account population growth, aggregate demand for
consumption is expected to reach
food (expressed in calories) is projected to grow at 3.3 percent p.a.
almost 2900 kcal in 2015,
in the 15 years to 2015” (FAO 2006). In fact, the food transition
approach 3000 kcal in 2030 and
already observed in industrial countries is expected to occur in
3050 kcal in 2050 (Alexandratos
developing ones. It is characterized by an enhanced consumption
of calorie‐dense food, in particular meat and consequently animal
2011). Significant disparities will
feed (notably maize grains) (Msangi and Rosegrant 2011b). This
remain as the average per capita
transition is strongly related to urbanisation trends and a high
food consumption will exceed
supply of meat and processed food.
3500 kcal in industrial countries
from 2015 but will remain under
3000 kcal until 2050 in developing countries5.
Levels of per capita food consumption in developing countries will improve greatly (from 2600 kcal in
2003‐2005 to 2970 kcal in 2050) and will be associated with a steady reduction of undernourishment
(Alexandratos 2011). According to the FAO projections, the incidence of undernourishment will drop
from 16.3% in 2003‐2005 to 8.1% in 2015 and 4.8% in 2050. In the two biggest regions concerned by
this problem, figures are far more impressive, with undernourishment passing from 21% to 5.2% in
South Asia and from 30.5% to 7% in Sub‐Saharan Africa. Unfortunately, the reality will not be quite as
rosy because in total we are still speaking about 118 million starving people in 2050 in both regions
(Alexandratos 2011).
Anyway, these trends towards a more diversified demand do not guarantee more balanced diets.
Malnutrition (caused by deficiency in some micronutrients) and over‐nutrition (caused by an excess
of caloric intake) will still weigh on the global health status. We can note that projections on global
food security propose estimates of child malnutrition which is an output of the IMPACT model (used
in the IFPRI studies). Nevertheless, they do not calculate the numbers of future obese or overweight
people, even if obesity is today considered a new epidemic.
At this point, it is important to mention that child malnutrition6 can reduce cognitive development
and immunity, and that over‐nutrition causes an excess of weight or obesity and its related diseases
(type 2 diabetes, hypertension, osteoarthritis, and cancer). According to the IMPACT simulations,
Sub‐Saharan Africa is the only region where child malnourishment will rise until 2020‐2025 (
Rosegrant, Paisner, Meijer and Witcover 2001; Msangi and Rosegrant 2011b) and although it is
expected to slow down between 2025 and 2050, malnourished children will be more numerous in
2050 in absolute number than they were in 2000.

4

Regarding regional demand for cereal, East and South Asia are the only regions that will show a decline per
capita demand, Sub‐Saharan Africa will present the strongest demand growth for food uses whereas the North
American and European regions will weigh on the cereal demand for feed uses (Alexandratos 2011). With rising
incomes, people in developing countries will diversify their diet from cereal to include more meat (> +55%
between 1997 and 2020 according to Rosegrant, Paisner, Meijer and Witcover 2001). Growth will really occur
where levels of meat consumption are already very low or where a great growth of income is expected (East
Asia). Finally, “even though demand for meat will double in South Asia, Southeast Asia, and Sub‐Saharan Africa,
per capita consumption of meat will remain far below levels in the developed world” (Rosegrant, Paisner,
Meijer and Witcover 2001).
5
3000 kcal/person/day can be considered as a threshold that corresponds to countries with low incidence of
undernourishment (<6%) (Bruinsma 2003).
6
The determinants of malnutrition are derived primarily from four key indicators: per capita calorie availability;
access to clean drinking water; rates of secondary schooling among females; and the ratio of female‐to‐male
(Msangi and Rosegrant 2011).
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(ii) Insights of “Economic growth for human development” scenarios on food demand and diet‐
related diseases
In these scenarios, health and environmental concerns are very low among consumers who do not
really try to have a sustainable diet. Their priority is to maximize their own well‐being according to
their financial possibilities. As economic growth is a hallmark of these scenarios, food transition is
achieved more rapidly and to a greater extent than in the projections presented above. Three factors
favour higher per capita food availability and lower levels of undernutrition: a low population growth
(with ~7.9 to 8.5 billion people in 2050), a strong economic growth with increasing per capita incomes
and investments in social policies (the IMPACT model considers investments that improve access to
education, female life expectancy and health). Consequently, food availability ranges from 3600 to
more than 4000 kcal/person/day in 2050 ((Carpenter, Pingali, Bennett and Zurek 2005) and (UNEP
2007)) and local food shortages are managed thanks to social safety nets and international
cooperation. The number of children suffering from malnutrition has steadily decreased. In the
IFPRI’s optimistic scenario, each of the three factors mentioned above accounts for about one‐third
of the improvement in childhood malnutrition (Rosegrant, Paisner, Meijer and Witcover 2001).
The other side of the coin of such scenarios is the expansion of the obesity epidemic and its related
diseases in areas that cumulate strong economic growth and a steep increase in demand for meat.
Moreover, the great achievement of the food transition is related to unbalanced diets due to hidden
fats, sugar and salt in processed products, and a narrowing micronutrient intake resulting from
poorer dietary diversity. Furthermore, because of the low preoccupation for environmental topics,
there is a little understanding of the ecological risks in these scenarios and they are at higher risks of
zoonosis incidences.
(iii) Insights of “Law of the jungle in a fragmented world” scenarios on food demand and diet‐
related diseases
In these scenarios, changes in diets are minor. The western dietary pattern has not spread in
developing countries or in emerging ones. A fast rate of population growth (~9.3 to 9.7 billion people
in 2050), a doomed economy, trade barriers and internal conflicts limit the demand for food, even in
industrial countries. In these scenarios, the global per capita food availability has remained around
3000 kcal/day in 2050. But as inequalities have widened, food availability is far below this threshold
in Sub‐Saharan Africa and Latin America. International cooperation and domestically broad‐based
safety nets are almost non‐existent. Consequently, these scenarios are the worst in terms of
reduction of under‐ and malnutrition. Childhood malnourishment has increased in Sub‐Saharan
Africa in the “Security First” scenario, and worldwide in the “Order from Strength” scenario. Private
and public expenditures are primarily oriented toward security concerns at the expense of the food
industry sector. Innovations in food processing and marketing are not as important as in the other
scenarios. In any case, products with high added value are not affordable for the vast majority.
(iv) Insights of “Global sustainable development” scenarios on food demand and diet related
diseases
In these scenarios with a medium population growth (~8.7 billion people in 2050), the environmental
and health effects of diets are taken into account. Thanks to technological progress in agriculture and
international trade, all these scenarios show levels of per capita food availability on average in the
world in 2050 above the level expected in the business‐as‐usual projections (except Fair Less Meat).
But they have enhanced their global food security in two different ways (see box 2): by a steep
growth of per capita food availability in the “TechnoGarden” scenario (~3300 kcal/person/day) and in
the “Sustainability first” scenario (~4400 kcal/person/day), and by reducing food availability
disparities among regions in the “Agrimonde 1” and “Fair Less Meat” scenarios (2800‐3000
kcal/person/day in all regions).
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Box 2: Steps towards sustainable diets
We can consider that the “Global Sustainable Development” type of scenario shows two different steps
towards sustainable diets, the extreme one unfolding in the Agrimonde 1 and “Fair Less Meat” scenarios.

1



In a first step, as consumers take into account the environmental and health effects of diets, their
food habits evolve toward a lower preference for a meat‐heavy diet, and a higher demand for
products from “eco‐friendly” agriculture than in the business‐as‐usual projections1. Nevertheless,
great disparities remain among regions and undernourishment is not eliminated2. Moreover,
heavy investments in food technologies result in a growing availability of calorie‐dense food and
nutraceuticals3. The epidemic of obesity and diabetes persists in both rich and poorer countries.
Nevertheless, being a completely new technology, apart from the benefits nutraceuticals provide
to human health, they can also have unexpected adverse effects in the long run.



A more advanced step towards sustainable diets unfolds in Agrimonde 1 and Fair Less Meat. In
these scenarios, thanks to nutritional policies, international cooperation, trade regulation tools
and consumer awareness, both undernourishment and excessive caloric intakes are drastically
reduced. Diversity of diets permits the prevention or reduction of malnutrition. In 2050, the
average per capita food consumption is at 3000 kcal/day with only 500 kcal of animal1 origin (16%
of the total calorie consumption) in all regions of the world in the Agrimonde 1 scenario, and at
2800 kcal/person/day with 20% (560 kcal) of meat in the Fair Less Meat. This type of diet presents
several advantages: (i) it follows the WHO dietary recommendations and is considered to have
beneficial effects on human health, (ii) limited meat consumption permits the reduction of animal
feed needs compared to other scenarios and consequently the cropland area expansion and yield
gains required to keep pace with human needs4.

In the rich countries of TechnoGarden, the increase in the consumption of animal products is two to three times
lower than in the other MA’s scenarios.
2
Sustainability First shows the greatest reduction of childhood malnourishment compared to the other UNEP
scenarios, but in the MA, the level of malnourished children remains higher in TechnoGarden than in Global
Orchestration.
3
Widespread nutraceuticals provide both micronutrients and individual tailored medications (Carpenter, Pingali,
Bennett and Zurek 2005).
4
As for example, in Agrimonde 1, per capita consumption remains stable at the global level between 2000 and 2050
(~3000 kcal/pers./day), but because of population growth, the total use of plant calories has increased by 35%
(including feed, waste, seed use…). Conversely in Agrimonde GO, the increase of 20% of per capita food consumption

To conclude, the vulnerability of the Agrimonde 1, Less Meat and Fair Less Meat scenarios lies in the
plausibility of such efficient nutritional policies to reach the shift in diets considered both in
developing and industrial countries. Moreover such low levels of food availability require a drastic
reduction of inequalities. Indeed, the authors of the Fair Less Meat scenario mention that an average
of 2800 kcal/person/day “might lead to an undernourishment of up to 10% of the population, if
current levels of inequality in food supply between humans within regions would also exist in 2050”
(Erb, Haberl, Krausmann, et al. 2009).
(v) Insights of “Regional initiatives for sustainable development” Scenarios on food demand and
diet‐related diseases
In these scenarios, between 2000 and 2020, the economic and food situation is roughly similar to the
one of the “Law of the jungle in a fragmented world” scenarios. But around 2020, the economic
situation is improving. After a sharp rise, undernourishment rates drop. In 2050, the global per capita
food availability is slightly over 3000 kcal/person/day, and childhood malnourishment has declined in
all regions. In these scenarios, with high environmental concern, consumers are interested in “eco‐
friendly” food and local products. Their demand for meat remains at a low level both because of
economic strains and environmental awareness. In Adapting Mosaic, after 2020, the demand for
healthy food is so striking that major reforms in the food system ensue. The right to healthy food is
even included in the constitution of many countries. In this scenario, local and regional governance is
enhanced and community values strengthened. As a result, MA experts consider that “communities
in poorer countries become more culturally distinct and more resistant to the forces that operates
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through the mass‐media (…). As a result, conditions such as obesity, diabetes and cancer may not
become as common in those countries as now seem likely. Still, the prevalence of these conditions
increases in other communities that voluntary adopt health‐damaging behaviour” (Carpenter, Pingali,
Bennett and Zurek 2005).
(vi) General comments from the scenario analysis on food demand and diet‐related diseases
Sustainable diets are poorly addressed in forward looking studies. Food transition (i.e. globalisation
of western diet patterns) seems to be considered the most probable trend. Each scenario depicts a
more or less advanced degree of this transition, the main drivers being the economic situation (the
stronger the economy the more accomplished the food transition) and to a lesser extent
environmental awareness (when they are free of economic constraints, the more conscious people
are the less meat they eat).
Concerning the energetic content of diets, on the one hand, being an output of the IMPACT model,
childhood malnourishment is well‐documented in the IFPRI and MA studies. On the other hand, even
though obesity is recognized to be a current food‐related epidemic, its evolution is not quantified in
these same scenarios and its incidence is just considered as a risk associated with the scenario about
concern.
Concerning the meat content of diets, demand for meat is an indicator either of economical
constraint on family budgets or of the degree of the consumer’s environmental concern.
Nevertheless, the consequences for the environment of a lower demand for meat are never
addressed, except in the Agrimonde 1, Less Meat and Fair Less Meat scenarios. In the latter two, it is
assumed that “the lower the percentage of animal product consumption, the more environmentally
sustainable a diet is, because of the inefficiency of meat production and the environmental pressures
associated with livestock” (Erb,
Haberl, Krausmann, et al. 2009).
Box 3: Prevention from obesity
Still Msangi and Rosegrant
Preventative actions are of paramount importance since UK
(2011a)
have
simulated
researchers consider that even if health programs are successful in
alternative diet scenarios with
reducing the obesity incidence, the time lag before observing a
half the meat content in
decrease in related diseases will be of 20 to 30 years (Butland, Jebb,
industrialised and emerging
Kopelman, et al. 2008). Preventative actions should include the
countries in 2030 compared to a
promotion of balanced diets, strategies to reduce the obesogenic
baseline
scenario.
They
environment and efforts to counter health inequalities since the
obesity incidence is high in the low‐income family. According to the
conclude that a reduced
same authors, they “will require multidisciplinary approaches
demand for meat will induce
stimulating effective behaviour change and establishing new social
lower prices in livestock
norms”. Beside, measures targeted to children will be more efficient
products and cereals but not
in curbing past trends. Finally, Kelly et al (2008), insist that “primary
enough to be an efficient lever
prevention of overweight and obesity [is] a more feasible and cost‐
for
reducing
childhood
effective alternative for curbing the obesity epidemic, particularly in
malnourishment. They do not
areas where healthcare resources are limited”.
investigate the environmental
effects of such changing diets.
Concerning the costs of diet‐related health problems, great emphasis has to be placed on the
reduction of under‐ and over‐nutrition, as well as unhealthy diet behaviour.
‐ Undernourishment (often related with micronutrient deficiency) has unfortunately never stopped
being one of the world's main challenges. One billion people were affected in 2008. Apart from
putting lives in danger, it induced significant consequences in terms of health and labour
productivity. Also, costs of undernourishment and micronutrient deficiencies are huge and
undermine the whole economy. According to the FAO, they can reduce the gross domestic product
by 2‐4%. Overcoming chronic hunger is linked to poverty reduction and levers of actions are to be
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found in the fields of international cooperation, domestic safety nets, trade barriers etc. But this is
not the core subject of this study.
‐ Over‐nutrition is now considered a new epidemic, occurring mainly in rich countries but growing in
those emerging countries who are achieving the “westernisation of diets”7. Although the prevalence
of overweight and obesity was higher in rich countries in 2005, it is expected to increase faster in
developing countries by 2030. Furthermore, as obesity is often associated with other non‐
communicable diseases (diabetes type II, cardiovascular diseases, cancer, etc.), it represents a real
threat to healthcare systems and requires the implementation of preventive actions (see box 3).
Box 4: Main messages of the scenarios concerning food topics


When only driven by their financial possibilities and marketing forces, individuals tend to adopt
unbalanced diets (in particular energy dense diets). This trend can enhance the current epidemic of
obesity and related diseases and worsen the economic costs for health care systems (Economic growth
for human development).



Less meat‐based diets permit hefty economies of feed, and release pressure on agro‐ecosystems (Global
sustainable development scenarios).



It is crucial to address the inequity in food distribution since a low level of per capita food availability
worldwide would be associated with undernourishment if current levels of inequalities are maintained
(Global sustainable development scenarios).



Global food security greatly depends on international cooperation and domestically social safety nets
(Law of the jungle in a fragmented world).



Auto‐sufficiency is not a sustainable option since trade is necessary to meet food demand, even in
fragmented world scenarios.



Levers of action for a transition towards sustainable diets can be activated by governments, the scientific
and technological sector, and multinational firms but also by citizens (See in Appendix 3, slide 7).

4. Scenario Analysis on Agriculture and Fisheries
In the past, agricultural and fishery levels of production have increased faster than the population
growth. Concerning fisheries, past trends have been spectacular with a rise of about 230% in global
fish production (wild harvest and aquaculture) between 1961 and 2001 (75% coming from
developing countries)8 (Kurien, 2004). Agricultural production gains have relied essentially on yield
growth (+115% between 1967 and 2007), and to a lesser extent on the expansion of harvested areas
(including rises in cropping intensity) (+8% in the same period) (UK Foresight 2011).
(i) Business‐as‐usual scenarios and Projections on food production
Because of the growing world population and westernisation of diets (see section 2), agriculture
forecasts project that food production will have to increase by 70% to 90% by 2050 (FAO and (De
Fraiture and Wichelns 2007)). Although it corresponds to slower rates than in the past (see table 1), it
7

In 2005, 33% of the world’s adult population (1.3 billion people) was undergoing overweight (937 million) or
obesity (396 million) (Kelly, T., W. Yang, et al. (2008). According to the same authors, considering only
population and urbanisation growth, these figures could rise to respectively 1.35 billion and 573 million of
overweight and obese individuals in 2030. Then, extrapolating past trends, we would be speaking of
respectively 2.16 and 1.12 billion obese and overweight individuals in 2030.
8
“Technological breakthroughs in aquaculture, triggered by private sector growth, increased demand for high‐
value fish in the world market and simultaneous changes in international laws, treaties and institutions,
contributed to the rapid growth in fish supply (Ahmed and Lorica 2002)” (In IAASTD 2009).
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will be a real challenge as agricultural and fishery potentials are diminishing and global warming is
expected to exacerbate natural resource scarcities (see box 7).
Table 1: Annual growth rates of cereal and meat production and consumption from 1990 to 2050

2.0

Annual growth rates (% per annum)
Consumption
Production
1999/2001
2015‐
2030‐
1990‐ 1999/2001 2015‐
– 2015
2030
2050
2000
– 2015
2030
1.4
1.1
0.6
0.9
1.3
1.1
1.8
1.3
0.8
1.8
1.6
1.2

2030‐
2050
0.6
0.7

‐0.4

0.6

0.5

0.2

0.0

0.9

0.8

0.4

3.3
6.5

2.0
2.8

1.5
2.0

1.0
1.3

3.2
6.2

1.9
2.8

1.5
2.0

1.0
1.3

0.4

0.8

0.5

0.3

0.4

0.7

0.6

0.3

Meat

Cereals (excl.
biofuels)

1990‐2000
World
Developing
countries
Developed
countries
World
Developing
countries
Developed
countries

1.0

Source: Alexandratos (2011), with CBS data for the column 1990‐1000 and IR data and projections for
the other columns.
Concerning fisheries, we have already reached the maximum potential of wild capture fisheries
(Bruinsma 2003; Carpenter, Pingali, Bennett and Zurek 2005). Actually, “total marine catches are
being sustained only by fishing ever further offshore and deeper in the oceans, and progressively
lower on the food chain” (IAASTD 2009). Therefore, for a future growth in fish production, we will
have to rely on aquaculture (currently 40% of the global fish supply). According to the UK Foresight
(2011), we can expect a 40% rise in aquaculture production “with limited changes to inputs”. But
since aquaculture systems are fed by wild capture fisheries, the IAASTD (2009) stress the need for
technological changes to avoid the over‐exploitation of wild stocks.
Similarly to past trends, yield growth continues to be the source of agricultural production increases9
in the business‐as‐usual scenarios and projections even though substantial additional land remains
suitable for food production (Fischer, Velthuizen, Shah et al. 2002). Indeed, these scenarios consider
that drivers like urbanisation, degradation of the soil quality (erosion, desertification, salinisation)
and the development of non‐food crops (mainly biofuels) will prevent a great land expansion.
Consequently, land conversion is presented as an option only in regions with a high potential for
arable land: Sub‐Saharan Africa and Latin America ( Rosegrant, Paisner, Meijer and Witcover 2001;
Bruinsma 2003).
Even though “the application of existing knowledge and technology could increase average yields
two to three fold in many parts of Africa, and two fold in the Russian Federation” (UK Foresight
2011), productivity increases are expected to be obtained through investments in agricultural
research and development, better agricultural practices and expansion of irrigated land. Giving
priority to productivity enhancement is always presented as a land‐saving strategy permitting the
dedication of non‐food croplands to cities, nature or biofuels. Business‐as‐usual scenarios recognise
that such production gains will put pressure on water, soil quality, grasslands and forests but they do
not assess the availability of these resources.

9

The FAO projections were estimating a 9% growth of cultivated land and a 54% yield growth till 2030. In
developing countries, 80% of increases in crop production are expected to come from land productivity
intensification (67%) and higher cropping intensities (12%) (Bruinsma 2003).
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Finally, although global warming adds to the uncertainty regarding the feasibility of substantial
productivity gains, business‐as‐usual scenarios conclude that agricultural production will be able to
meet the future food needs, with persistent food insecurity remaining in countries which combine
low consumption levels, high population growth rates and poor agricultural endowments (Bruinsma
2003).
(ii) Insights of « Economic growth for human development » scenarios on food production
In these scenarios, high investments in agricultural research and development and supporting
infrastructure lead to the emergence and adoption of technological innovations, notably in the field
of biotechnologies and plant breeding. Progress is made in regards to water use efficiency and
energy efficiency.
Concerning fishery, new technologies have permitted a substantial reduction of operating costs of
aquaculture. Between 2000 and 2050, on‐shore and in‐shore aquaculture has really spread.
Nonetheless, market forces have led to the over‐exploitation of marine fisheries.
In 2050, yields have improved thanks to both technology diffusion and expansion of irrigated land
(+0.18% in Global Orchestration between 1997 and 2050), especially in poorer countries10. In the
meantime, food croplands have expanded very little (see table 2). High demand for meat has acted
as a strong driver of grassland expansion, but it has partially been counterbalanced by the
development of intensive‐input livestock systems that have replaced the more extensive ones.
Moreover, in these scenarios, characterised by a global cooperation in the management of public
goods, biofuel crops have expanded a lot, as a response to strong targets for the mitigation of Green
House Gas (GHG) emissions11. In fact, new cultivated and grassland areas have been converted from
forests or former deserts and mountains that have been rehabilitated to agriculture through
irrigation, terraces, drought resistant genetically modified crops, etc.
Finally, these scenarios depict a land‐saving strategy through yield improvements and technological
innovations, especially in genetics, that permit a growing food demand to be met, significantly
reducing the number of people suffering from hunger (see section 3.(ii)). But as food and biofuel
demand are high, deforestation cannot be prevented (in Global Orchestration, African forests have
been cleared by a half). In addition, in such an agricultural model, “systems may well be vulnerable to
large‐scale epidemics because of a globalising agriculture with large trade flows and a narrowing of
the set of cultivars or varieties in use” (Rabbinge and Linnemann 2009).
Table 2: Annual growth rates of area expansion in the Agrimonde and MA scenarios (% per year)
Year

Scenario

1961‐2000

Agribiom
AG1
AGO
GO
OS
AM
TG

2000‐2050

Food + non
food crops
0.22
0.66
0.41
0.35
0.57
0.6
0.3

Food crops
0.22
0.44
0.16
0.11
0.45
0.2
0.11

Pasture‐
lands
0.22
‐0.32
0.14
0.05
0.21
‐0.15
‐0.09

Forests
‐0.18
‐0.02
‐0.02
‐0.03
‐0.22
‐0.03
‐0.04

Irrigated
lands
1.39
0.12
‐0.06
0.18
0.01
0.06
0.11

Source: From Paillard, Treyer and Dorin (2011) and Carpenter, Pingali, Bennett and Zurek (2005)
10

In Global Orchestration, increases in cereal crop yields reach 159% in Sub‐Saharan Africa and 114% in Latin
America and the Caribbean. Globally, the annual growth rate of food crop yield is 1.1% in Agrimonde GO.
11
In Global Orchestration and Agrimonde GO, respectively 208 and 217 million of hectares are converted to
cultivation for biofuels.
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(iii) Insights of “Law of the jungle in a fragmented world” scenarios on food production
In these scenarios, per capita food demand is not very high but agriculture and fisheries have to
nourish an overcrowded world (9.3‐9.7 billion people). Since investments in the research sector are
very low, aquaculture levels off, suffering from a lack of technological advances that would permit
the reduction of its operating costs or the use of alternative types of feed for farmed fish. Moreover,
there are no efficient regulations concerning fisheries in these scenarios that are enacting a real sea‐
grab between 2000 and 2050, as the most powerful nations try to expand their control over marine
lands. In 2050, political interventions are needed in order to halt environmental damage (see box 5).
Box 5: Policy options to the preservation of aquatic resources
“To date, AKST and supporting policies have not contributed to
halting overfishing of the world’s oceans. There are some initiatives
to rebuild depleted stocks, but recovery efforts are quite varied. A
common and appropriate policy response is to take an ecosystem
approach to fisheries management but many governments are still
struggling to translate guidelines and policies into effective
intervention actions. Other policy options have included
eliminating perverse subsidies, establishing certification, improving
monitoring, control and surveillance, reducing destructive fishing
practices such as bottom trawling bans, expanding marine
protected areas and changing fishing access agreements. There are
also policy responses to reduce efforts in industrial scale fishing in
many areas, while also supporting small‐scale fisheries through
improved access to prices and market information and increasing
awareness of appropriate fishing practices and post‐harvest
technologies.

Investments in crop technology
and supporting activities are
relatively low, and irrigated areas
do not expand. These trends
result in yield improvements
below 0.5% per year or even
decreasing in the case of the
“pessimistic scenario” (IFPRI).
Moreover, environment is not the
priority in these scenarios. That is
why little attention is paid to the
environmental impacts of new
technologies.
“Eco‐friendly”
agricultural
practices
are
regressing since there is little
demand for such products.

Concerning land conversion,
trends differ from one scenario to
another: in Security First, land
expansion is the smallest of the
four UNEP scenarios because of a
very contracted food demand
whereas in Order from Strength it
is the highest of the four MA
scenarios,
low
levels
of
productivity being compensated by land conversion of forests into croplands and pasturelands (see
table 2), principally in developing countries12. In addition, the authors of Global Orchestration
mention that by 2050, “Africa and Asia have put virtually all productive land under cultivation to fulfil
the demand for crops and animal products. This clearly indicates a high vulnerability to abrupt
changes in the natural systems” (Carpenter, Pingali, Bennett and Zurek 2005). Land conversion is not
quantified in the IFPRI pessimistic scenario.
Rapid growth in demand for aquaculture products will also be
adversely affected by the growing scarcity of coastal land and
offshore areas and water scarcity in land‐based operations. The
most appropriate policy response to this problem is integrated
coastal management that better utilizes these shared resources for
wider benefit. Another policy option is the promotion of best
management practices, which include looking into appropriate
feeding strategies as fish oil, on which the production of high value
species depends, becomes increasingly scarce” (IAASTD 2009).

These scenarios show very little improvements in energy and water efficiency and poor development
of biofuels. Because of the low level of agricultural productivity, food markets are very contracted
and food prices are in theory higher. As a result, a growing part of the world population is starving,
especially in Africa (under the IFPRI’s pessimistic scenario, the number of malnourished children
would increase from 33 million to 49 million in Sub‐Saharan Africa by 2020 (Rosegrant, Paisner,
Meijer and Witcover 2001). Moreover, as governments do not invest in social programs or
international cooperation, they do not succeed in providing the help required in times of famine.
1212

This scenario depicts a die‐off of 2/3 of central African forests, of 40% of Asian forests and of 25% of Latin
American ones.
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(iv) Insights of “Global sustainable development” scenarios on food production
These scenarios are characterised by great investments in agricultural research and development.
This leads to innovations for sustainable aquaculture. Breakthroughs in artificial food for farmed fish
in particular are at the core of a very important development of aquaculture. These scenarios also
seek a sustainable agriculture. This is why their rates of yield improvements are lower than in the
“economic growth for human development” scenarios. This type of scenario encompasses different
visions of sustainable agriculture (see box 6).
Apart from a shared encouragement to develop biofuels to meet climate targets, these scenarios and
the visions they underline imply very different levels of crop yield and consequently different levels
of land conversion.
According to their calculation, Erb, Haberl, Krausmann, et al. (2009) show that while the intermediate
scenario could face a business‐as‐usual growing food demand in 2050, there would not be enough
land in the wholly organic scenario. The latter matches with a Less Meat or Fair Less Meat scenario.
Box 6: How sustainable agriculture is envisioned in foresight scenarios?






As suggested by their name (‘wholly organic’ and ‘intermediate’ scenarios), the ISE‐PIK Potsdam
scenarios evaluate options for alternative agriculture with assumptions on the degree of organic
agriculture development. They consider that in organic agriculture, yields can considerably improve
in developing countries but would be reduced by 40% in those of industrialised agriculture (Erb,
Haberl, Krausmann, et al. 2009).
In TechnoGarden (MA), the development of organic agriculture also limits yield gains but the
dominant agricultural model is not organic. This a combination of precision agriculture and
ecological engineering techniques that the authors call “large‐scale ecological precision agriculture”
( Carpenter, Pingali, Bennett and Zurek 2005). This model has emerged thanks to innovations in
ecosystem management sciences (mainly bio‐monitoring and ecological engineering) and
improvements in imaging sciences (mapping, tracking) and their applications for crop fertilisation
and crop protection. Technological breakthroughs are the key elements of this scenario. Agriculture
is monitored as an ecosystem service (food provisioning) among others.
In Agrimonde 1, the dominant agricultural model emerges from practices of ecological
intensification (Paillard, Treyer and Dorin 2011). These practices have a lot to do with the practices
of agro‐ecology but also include precision agriculture and genetic innovations when they are
oriented to enhance former ecological and biological functionalities of the ecosystem. Globally, this
scenario is less driven by technological breakthroughs than TechnoGarden, but more by advances
in the understanding of the functioning of socio‐ecosystems and by widespread dissemination of
this knowledge. Agriculture is multifunctional and farmers look for productivity and quality of other
ecosystem functions alike (water quality, soil quality conservation, etc).

‐ In TechnoGarden and Sustainability First, significant yield improvements permit the limitation of
food crop area expansion but this is counterbalanced by the development of biofuels (see table 2),
particularly in the Former Soviet Union, OECD countries and Latin America and the Caribbean. The
total food crop area is nearly at the full potential area of productive arable land in Africa and Asia.
Conversely, pasturelands are receding as a result of reduced demand for meat and the replacement
of grass by high efficient feed in livestock systems. Deforestation is globally limited, with higher rates
in Africa and Southeast Asia.
‐ In the Agrimonde 1 scenario, yield improvements reflect the regional agronomic possibilities. These
improvements are very low at the global level13. Under these conditions of productivity and in spite
13

Yield levels were already high in Asia and OECDE in 2000 but they were levelling since the 1990s and they will
follow this trend to 2050. Productivity has also been limited in the Middle East ‐ North Africa by a water scarcity
exacerbated by global warming. It has risen slowly in Sub‐Saharan Africa and Latin America and the Caribbean
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of low food consumption levels, land conversion has become the driver of food production by 2050.
Croplands have increased by 0.66% per year between 2000 and 2050 (0.44% for food croplands) with
a great expansion of irrigated lands (0.12% per year). In the meantime, deforestation has almost
stopped because land conversion has been conducted at the expense of pastureland14.
These scenarios also illustrate the influence of diets on food security very well: when yield
improvements are low (e.g. wholly organic, Agrimonde 1), limiting caloric intakes and meat
consumption is a way to achieve global food security.
(v) Insights of “Regional initiatives for sustainable development” scenarios on food production
These scenarios show a combination of a slow growth in demand for food and low investments in
food production technologies but a high level of local knowledge and environmental concern. In
Adapting Mosaic, local institutions are responsible for putting local ecosystem management
strategies in place. While the general spirit of each intervention is “Learning about socioecological
systems through adaptive management”, these strategies strongly differ from one region to another
resulting in a “mosaic” of agricultural and fishery models depicted in the former scenarios (ranking
from the organic option to the “command and control” one). Marine fishery is not considered to be a
sustainable option to provide fish meat and in‐shore aquaculture is promoted in these scenarios.
Concerning agriculture, globally, yield improvements are low but “eco‐friendly” practices have
spread15. Through networks of civil society organisation, farmers are sharing the results of their local
experiments. Thanks to greater access to information and education, they enhanced their capacity
for adaptation. As in Agrimonde 1, progress in these scenarios does not mean technological
breakthroughs but important advances in the understanding and management of socio‐ecological
systems. As a consequence of reduced yield gain, croplands have to extend but forests and
pasturelands are relatively preserved, respectively because of environmental concern and a low
demand for meat.
At the environmental level, the development of eco‐friendly agricultural practices has permitted to
fertiliser input use to be reduced, along with freshwater pollution from nitrogen and phosphorus
inputs. But successes are very unequal from one place to another and this scenario also represents
significant failure in the management of ecosystems. Furthermore, “despite the widespread progress
in managing local ecosystems, the inability to take care of the global commons brought for major
drawbacks for development. In 2022, world fish catch had declined to only 30 million tons, about 70
million tons below the peak catch at the turn of the century” (Carpenter, Pingali, Bennett and Zurek
2005).
(vi) General comments from the scenario analysis on food production
We can conclude that the pressure put on agriculture and aquaculture to face the challenges related
to food security will vary according to the demand for food (global population and meat demand
levels16). It will not only require innovations in production techniques but also in the management of
(~+50%) and it has doubled in the Former Soviet Union, thanks to better socio‐economic conditions and more
favourable climatic conditions (Paillard, Treyer and Dorin 2011).
14
Pasture area has regressed by 0.32% per year reflecting improvements in livestock productivity (demand for
meat has remained stable during the same period), but also the liberation of new grasslands in the Former
Soviet Union by the melting of permafrost (Paillard, Treyer and Dorin 2011).
15
In Adapting Mosaic, organic and natural produced food had a market share of 34% in Europe and 21% in
North America in 2040. In Rabbinge and Linnemann (2009), European consumers’ preferences are a strong
driver for the re‐localisation of agriculture.
16
The Dutch PROFETAS study shows that the environmental benefits from a transition of animal to plant
protein may be a factor of 3‐4 for land use and energy, but even 30‐40 for water requirement and acidification
(Rabbinge and Linnemann 2009).
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the different ecosystem services provided by agro‐ecosystems and in the way agricultural and local
knowledge is promoted, shared and adapted to each situation. Besides, agricultural trends cannot be
assessed without taking into account their environmental effects: emissions of GHGs by land
conversion, biodiversity, quality of soils and freshwater etc...
Moreover, throughout these scenarios, we can highlight two types of strategies to enhance
agricultural production: the ‘land sparing17’ strategy and the ‘small‐scale diversification’ one.
The land sparing strategy is illustrated by scenarios with great yield improvements and little land
conversion. In these scenarios, farmers generally try to enhance the productivity of agro‐ecosystems
through technological means: fertilisers, high potential seeds, mechanisation etc. Consequently their
farming systems are based on the incorporation of financial capital. Hence they try to optimise their
economical results with economies of scale, and by specialising their production. In environmental
terms, this strategy leads to a decrease in on‐farm biodiversity and can lead to soil and water
pollution when the farming system is badly managed. Conversely, the modest land expansion results
in moderate GHG emissions and in large natural areas that can be devoted to the preservation of
nature and the plurality of ecosystem services. This strategy benefits from the uncertainty as to
whether land will be a limiting factor for the development of agricultural production or not. Its main
vulnerability is to rely fundamentally on the capacity of science to give the means to engage a new
green revolution while offsetting its possible negative externalities.
The small‐scale diversification strategy is conversely illustrated under scenarios with little yield
improvement and great land conversion. In these scenarios, farmers try to produce a variety of goods
from their fields taking advantage of the complementary characteristics of the species/varieties they
farm. Consequently, farming systems are based on the incorporation of local knowledge and know‐
how, observation and understanding of agronomic rules and ecosystems' functioning. Agricultural
practices are affordable for small‐scale and poor farmers. This is why they have been advocated by
de Schutter (Special Rapporteur on the right to food, UN) (United Nations 2010b). In environmental
terms, on‐farm biodiversity is conserved but as this strategy requires more land to feed the world
population (for the same level of food
Box 7: Climate change effects
demand) it is correlated with land
conversion and consequently GHG
Climate change will play a great role in the future quality of
arable land and in cropland productivity. The IPCC assumes
emissions and the loss of natural
that a 1.8°C rise in temperatures could boost yields in
areas. This strategy is often presented
temperate areas, but with temperatures rising above 1.8°C,
as an alternative to avoid the
global
warming will cause losses of yields everywhere.
undesirable effects of the green
revolution in the future. It is also
In this scenario analysis, the effects of climate change are
quite similar from one scenario to another since the
based on the conviction that the
timeframe is very short (2050). Indeed, the IPCC considers
current yield ceiling in the OECD and
that climate change evolutions are significantly different
Asian countries corresponds to an
among
scenarios around 2100 (IPCC 2002). They mainly
existing natural limit of agro‐
depend on the efficiency of mitigation and adaptation
ecosystems that we will not
policies, improvements in energy efficiency and changes in
necessarily be able to overtake in the
consumption patterns.
future.
These strategies are not exclusive. They can be put in place at the same time in different places or
they can alternate during the timeframe considered. A major debate concerns their relative
advantages in terms of environment preservation and in terms of their capacity to feed a growing
population at an affordable price for the poorer nations (Rosegrant, Paisner, Meijer and Witcover
2001; Carpenter, Pingali, Bennett and Zurek 2005; UK Foresight 2011).
17

Land sparing is used to describe the strategy of increasing yields at the cost of biodiversity in some areas to
allow land to be spared for conservation elsewhere (UK Foresight 2011).
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Box 8: Main messages of the scenarios on agriculture and fishery






Yield improvement is an efficient land‐saving strategy but land conversion will be necessary if
meat and biofuel demand are elevated (Economic growth for human development and Global
sustainable development).
Knowledge advances and circulation are considered a great driver of ecosystem management
improvement, as important as technological innovations. Investment in both social and natural
sciences will be required to address future challenges (all scenarios).
Visions of sustainable agriculture can be multiple but their common feature lies in a
multifunctional agriculture (Global sustainable development scenarios).
Limited meat consumption will release the pressure on agriculture (Global sustainable
development scenarios).
Environmental awareness and great advances in the management of ecosystems is not sufficient
to prevent from ecological disasters provided there is no global cooperation to address the
global commons (“Regional initiatives for sustainable development”).

5. Global food security
Future global food security will depend on three main components: global food demand, global food
production and the individual access to food. It may seem obvious nowadays but the forward looking
literature used to focus on the production side of food security before the end of 2010 as the green
revolution had demonstrated that huge improvements in agricultural and livestock productivity were
possible to obtain. In the 2000’s more attention was dedicated to the adverse environmental effects
of farming systems. And after the food riots of 2007‐2008 the demand side and economic dimension
of food security have been taken into account in a way that is more balanced with the production
possibilities.
Geographically, on the one hand, great potential for yield improvements and available land remain in
Latin America and in the Former Soviet Union. These regions will be able to meet their own food
demand and export surpluses. In the OECD countries, crop yields are already at the ceiling but
foresight studies expect this group of countries to continue being exporters of foodstuffs in the
future. On the other hand, food security will be harder to achieve in Asia, the Middle East – North
Africa and Sub‐Saharan Africa. The first two regions show limited land and water resources and these
scarcities could be highly exacerbated by global warming effects. As for Sub‐Saharan Africa, potential
for productivity improvements and land expansion are still important but economic and agricultural
development take time and regional food security will be hard to achieve before 2050.
Nevertheless, global and regional food security are two major conditions of geopolitical stability.
Hence the next points will be crucial:
‐

‐
‐

International trade will be necessary to meet the food demand in Asia, the Middle East –
North Africa and Sub‐Saharan Africa. But regulations have to be implemented to secure food
supplies in importing countries and to integrate the environmental cost into food product
prices.
New source of wealth must be created in Asia and the Middle East – North Africa so as to
ensure economic access to imported food;
The agricultural potential of Sub‐Saharan Africa has to be developed through the extension
of existing knowledge and training for farmers, and investments in agricultural research and
development.
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6. Scenario Analysis on Agri‐food and biomass‐based industries
The main drivers of agri‐food and biomass‐based industries’ evolutions are consumer preferences,
investments in research and development and their consecutive innovation in food products, green
technologies and the political and economic incentives to promote waste management and by‐
product recycling, as well as optimised organisation of the food chain. The future strategy of the
major stakeholders of the food chain is another great driver.

(i) Insights of “business‐as‐usual” and “Economic growth for human development” scenarios on
agri‐food and biomass‐based industries
In these scenarios, the agri‐food business sector evolution has been a continuation of past trends.
The market of agricultural inputs (seeds, semens, fertilisers, etc.) is even more monopolistic.
Innovations in the field of crop and animal breeding as well as in pest and disease control have seen a
very high rate of adoption by large‐scale farmers. In the meantime, the less numerous large
transnational agro‐business companies have increased their control over farming systems and
agricultural regulations. Subsidies and trade barriers have been almost entirely removed. Thanks to
credits or contracting with financial companies, some producers have opted for new economies of
scale, specialisation and simplification of their productive systems. The many other uncompetitive
ones have gone bankrupt or are now living very close to the poverty line. On the one hand, the
resource‐use efficiency of farming systems has been a major driver of competitiveness, permitting
significant reductions of input uses. On the other hand, fewer crops and livestock are harvested/bred
over larger and larger areas. On‐farm diversity has shrunk and farming systems are more vulnerable
to the emergence and fast diffusion of new pathogens18.
Food markets are dominated by a few major retailers that source on the global supply chain.
Supermarkets are offering year‐round products, replacing seasonal produce, to a vast majority of
urban consumers. In these scenarios, citizens trust in science to produce positive innovations. In
Europe, consumers therefore have a low perception of risks (Rabbinge and Linnemann 2009). And
instruments of safety control and safety regulation have not been enhanced. Europeans are not
worried by the possible adverse impacts of the latest technological innovations in the food
processing industry. Under these conditions, significant investments have been made in the food
industry research and development sector, resulting in technological advances concerning food
conservation and packaging, food convenience and health‐promoting properties of food. Advances in
cracking techniques have spurred the emergence of new bio‐refineries able to propose a new
diversity of bio‐based cosmetics and pharmaceutical products.
This route has led to a relatively better energy efficiency at the food processing, distribution and
packaging levels but, as per capita consumption has increased dramatically in 2050, the bio‐industrial
sector still relies heavily on primary energy uses in absolute terms. The global food system is still
generating important amounts of waste (between 30% and 50% at the beginning of the century).
Indeed, there have been few advances in waste management since environmental issues were not a
priority in these scenarios. Nevertheless, high fuel prices at the beginning of the century had
stimulated the development of biofuel crops' production and processing.
(ii) Insights of “Law of the jungle in a fragmented world” scenarios on agri‐food and biomass‐
based industries

18

In Global Orchestration, they are still ”people practising low‐intensity farming, either as a lifestyle choice or
in areas of marginal land quality and economic hardship, but they contributed little to food production or the
countries’ economies” (Carpenter, Pingali, Bennett and Zurek 2005).
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In these scenarios, agri‐food chains greatly differ from region to region since governments have
progressively opted for economical protectionism through the establishment of import tariffs and
taxes. Including “poorer countries used export bans and quotas on natural resources such as timber,
minerals and fish in order to foster domestic processing industries” (Carpenter, Pingali, Bennett and
Zurek 2005). On the one hand, these policies have stimulated local industries. On the other hand,
they have pushed poor farmers out of agricultural markets with adverse impacts on global equity and
natural resource preservation. Economic barriers have also slowed down the concentration trend of
the food supply chain. Sourcing is less globalised than in the former type of scenario. In each region,
some dominant actors have emerged but trade barriers have prevented them from developing their
activities on a global scale. Moreover, because of rare investments in research and technology, there
have not been significant innovations in biomass processing and food packaging. In wealthier
countries, governments have promoted eco‐labelling and certification schemes. They were
presented as tools to guide consumers in their choice but, in reality, they acted as new trade barriers
on the global market.
In these scenarios, citizens are not really concerned by environmental issues and there have been
few improvements in energy use reduction and waste management. In the A2 scenario, “high‐
income but resource‐poor regions shift toward advanced post‐fossil technologies [including biomass‐
based technologies], while low‐income resource‐rich regions generally rely on older fossil
technologies” (IPCC 2002). Expansion of biofuel croplands is less important than in the other types of
scenario. Indeed, in these scenarios, yield improvements are scarce and land conversion has been
oriented to food crops as a priority.
(iii) Insights of “Global sustainable development” scenarios on agri‐food and biomass‐based
industries
In these scenarios, citizens are hardly convinced that they have to reduce their environmental
footprint. These scenarios are characterised by strong environmental policies, massive public and
private investments in research and development, and important technical and organisational
innovations. This has resulted in energy efficiency improvements, and the adoption of zero‐carbon
options (wind and solar energy), and new valorisations of by‐products and reduction of waste.
Biofuel croplands expand but are processed on a decentralised basis. Nevertheless, despite these
common features, the scenarios depict very different agri‐food chain evolutions towards more
sustainability:




TechnoGarden highlights the contribution of technological breakthroughs and distanced
management to produce and process agricultural raw materials. Ecological services are
distanced managed thanks to advances in computation, imaging and communication. These
advances have been developed by small and large high‐technology companies in the poorer
countries. Agri‐food chains have concentrated after big investments have been made in
agriculture by agribusinesses and supermarket chains in Eastern Europe, Latin America and
Africa. Moreover, cleaner technologies and organisational measures have permitted a
significant reduction of waste. Nevertheless, the economies in materials made by maximizing
reuse and recycling alongside the full chain have been offset by increases in per capita
consumption. Biofuels have been largely promoted by energy policies (Carpenter, Pingali,
Bennett and Zurek 2005).
Agrimonde 1 underlines the benefits of a diversity of actors in the governance of supply
chains. Indeed, “the agri‐industrial model has merged with more local food and agricultural
systems based on short circuits and on the diversity of small and medium‐sized farms and
processing enterprises, especially in developing countries”. Ecological intensification
practices have become widespread so that a large diversity of agricultural goods is now
produced under a large umbrella of social forms of production. The collection and processing
of these goods is marked by the coexistence of a various entrepreneurial forms (SMEs,
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cooperatives and multinational firms). In 2050, they present a “real capacity for innovation
and job creation, capable of competing and cooperating with the dominant actors”. This
pathway has been made possible since the concept of Corporate Social Responsibility (CSR)
has gained weight and has impacted large firms’ strategies. Innovation policies have also
oriented their support to partnership projects incorporating actors from each stage of the
agri‐food chain. Consequently, agri‐food clusters have burgeoned incorporating research and
development, processing, packaging and distribution activities within a single area. This has
permitted a better valorisation of co‐products and minimisation of waste. Finally, ambitious
policies have supported the development of biofuels and renewable energies on a
decentralised basis, including in cities, “through waste recovery or energy‐autonomous
buildings” (Paillard, Treyer and Dorin 2011).
The “Pause” scenario seeks to explore the implications for the agri‐food chain of a high
perception of risks among European citizens. The hallmark of this scenario is the
multiplication and enhancement of food regulations and quality controls. “Tracking and
tracing, supported through life‐cycle assessments, give incentives to efficient, yet low‐risk
production systems.” In a first step, increased quality control costs have slowed the
concentration process of retailers and supermarkets but this trend recovers once new quality
control systems have been well established within the global supply chain. Moreover, greater
perception of risks has induced an increased demand for technological packaging. Packaging
innovations are numerous, including sensor technology that can detect spoilage in perishable
food stuffs. New public regulations have resulted in “greater certification, traceability,
verification of authenticity and further regulatory‐led quality controls”. Labelled products are
more and more appreciated by environmentally aware consumers (Rabbinge and Linnemann
2009).

(iv) Insights of “Regional initiatives for sustainable development” scenarios on agri‐food and
biomass‐based industries
These scenarios show an evolution in consumption behaviour. People are willing to express their
cultural identity including in their food purchasing habits. Consumers have a high perception of risks,
which is why they are more and more disposed to pay for products of quality. Therefore, local
markets are expanding, as well as the healthy food market segments. In the meantime, public
regulations are established to accompany the changing food consumption habits. Between 2000 and
2050, food verifications and mapping and tracing are implemented, supported through life‐cycle
assessments. Besides, environmental taxes have been established on food products, and industrial
processes based on renewable resources have been certified. In Adapting Mosaic, in 2020, certified
products reach 18% of the global trade volume, and 34% in 2030. This type of scenario is also
characterised by significant adaptation of business strategies, leading to new partnerships between
producers and processers, and small and large retailers at local and regional levels. Multinational
firms have modified their internal structure to adapt themselves to regional specificities (concerning
the type of the demand as well as standards and regulations).
In addition, by‐product recycling and waste management is boosted by strong incentives. The
development of biofuel crops differs from one region to another, depending on the regional energy
system and the availability of other renewable energy resources.
(vii) Main messages from the scenario analysis on agri‐food and biomass‐based industries
The “Economic growth for human development” type of scenario show that an increased
concentration of agribusiness food distribution could raise problems of governance within the agri‐
food chain. The risks would be that dominant actors gain too much control over the production and
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processing activities as well as over the variety of foodstuffs on the markets, and that citizens would
lose control of the future agri‐food chain orientation.
Nevertheless, the “Global sustainable development scenarios” and “Regional initiatives for
sustainable development” types of scenario show that consumers can be a strong driver towards a
sustainable agri‐food chain's orientation. On the one hand, they could impact large firms’ strategy by
demanding compliance with corporate social responsibility principles. Individually, they can also play
a great role through behavioural changes and reducing home food wastage. On the other hand,
reliance only upon consumers to drive food chains presents the disadvantage of making only the
most creditworthy consumers responsible. The poorest could be set aside in the definition of future
priorities. Thus, policy tools must also be activated in the orientation of the food system.
Besides, almost all scenarios present a link between the perception of risk by consumers and the
implementation of public and private safety regulations. A cautionary approach is often associated
with a slowdown in food industrial innovation and conversely, a low perception of risk often attracts
investments in private research and development, and consequently induces a high rate of
innovation.
Finally, the potential for reducing demand for food by reducing waste is insufficiently researched.
According to the UK Foresight (2011), “halving the total amount of food waste by 2050 is considered
a realistic target, (…) [this] could reduce the food required by 2050 by an amount approximately
equal to 25% of today’s production”. Reducing waste and recycling by‐products is a huge area for
improvements, in line with the European strategy for the bio‐economy. It will imply both
technological and organisational innovations. Furthermore the various foresight studies advocate the
development of bio‐refineries19 and propose new models to reduce wastage and to maximise the
reuse and recycling of biomass. These models are described under various appellations: ‘zero waste
model’ (SCAR 2011), ‘reuse and recycling’ (Rabbinge and Linnemann 2009), ‘quality cascading’ (IPCC
2002), ‘eco‐industrial parks’ and ‘circular economy’ (Esnouf, C., Russel, M., and Bricas 2011).

7. Conclusion on the organisation of future agricultural research systems
To conclude, agricultural research will be an important driver of agricultural and fishery productivity
gains, as well as of food innovations and waste management and by‐product reuse and recycling.
Foresight scenarios show different possible configurations of research systems in line with their
societies’ priorities.
In the “Economic Growth for Human Development” type of scenario, research on agriculture,
fisheries and biomass products is market driven with multinational firms being the major investors. In
these scenarios, the world is interconnected and information can flow freely. Technology is viewed as
a major unstoppable force that encourages nations to work together. Hence, technological transfers
are facilitated by international cooperation and lead to substantial progress in developing countries.
Research is often disciplinary and some of these scenarios depict a regional specialisation in
particular fields of research, particularly Science for Sale in a Global Market Place (ICSU 2011).
Innovations are mainly “mass distributed technologies”. They have benefitted new industries in the
agri‐food chain and large‐scale farmers. They have often not been adapted to small‐scale farmers
and their diffusion is associated with a great loss of local knowledge.
19

“Biorefineries go beyond processes currently used in the food industry, as they include renewable energy
and green chemistry to optimise whole plant use. Based on improvements in production and recycling
technologies, they are promising tools to reduce food losses and waste through a reorganization and
management of resource use and recycling, and an increased valorisation of co‐products” (Guyomard, Darcy‐
Vrillon, Esnouf, et al. 2011).
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In the “Law of the jungle in a fragmented world” type of scenario, public investments are very low
and principally oriented to military research. Hard sciences have served national security goals. In an
atmosphere of suspicion and mistrust, many barriers have been built or maintained against the free
flow of information and knowledge. The brain‐drain is exacerbated from poorer countries to private
firms of richer countries. Finally, the rate of innovation is very slow in the agricultural and fishery
fields. Innovations have mainly benefitted creditworthy producers.
The “Global sustainable development” type of scenario is characterised by public and private
investments in a multidisciplinary science, and by measures to facilitate the exchange of information
and knowledge. Two different models of agricultural research are presented in these scenarios:
‐ In the sub‐category of scenarios that unfolds in the emergence of the “large‐scale ecological
precision Agricultural” model, the research system is oriented towards ecosystem management
sciences and imaging sciences. Innovations are mainly technological.
‐ In the sub‐category of scenarios exploring the diffusion of the ecological intensification model, such
a diffusion has been supported by transdisciplinary research that has associated natural and social
sciences, and integrated local knowledge. Innovations are adapted to the specificity of each
ecosystem, and their adoption has been facilitated by the proximity between producers, industries
and researchers.
In the “Regional initiatives for sustainable development” type of scenario, research is problem‐
oriented and research activities are performed in conjunction with transnational networks of
producers. Solutions are sought for specific problems of particular ecosystems. An orientation is
given to a better understanding of socio‐ecosystems and transfers of existing knowledge and skills
through international networks. Thanks to advances in communication technologies, these scenarios
depict an open science with a decentralised learning.
Finally, this scenario analysis underlines some major research fields:
‐

The need to explore which diets could be sustainable regarding dietary rules, but also
regarding the impact of such diets on the environment, natural resources, land availability,
GHG emissions and the corresponding food chain. This orientation will also be required to
reduce costs for the healthcare systems.

‐

The role scientific research can play to support the transition towards robust and resilient
farming systems. This will be far more important now that climate change and globalisation
of agricultural market are expected to exacerbate the vulnerability of farming systems and
result in water scarcity and the emergence of new pests and diseases.

‐

Research needs to be pursued concerning climate change adaptation and mitigation since
high uncertainties still remain on what the effects of global warming could be and what
physical and biological thresholds the earth system could cross.

‐

Unfortunately, there is still a need to do some research to understand the causes and drivers
of poverty and inequalities in order to reach an acceptable level of distribution of wealth.
The contribution of the inequality reduction to economic growth still needs to be clarified.
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Box 9: Tackling sustainability in food and agricultural science and technology
There is a consensus in foresight studies for radical transformations in the Research, Educational, and
Development systems to tackle sustainability issues in food and farming systems.
More transdisciplinarity in research programs, integrating natural sciences, physical sciences, social
sciences and humanities from day one (Jäger 2011)
 A participatory system, integrating a large variety of agents (stakeholders, researchers and
decision makers) to better take into account consumers’ needs


A transnational research and educational system, to avoid to create a scientific apartheid between
richest and poorest countries



Renewed private‐public relations to guarantee a free flow of information and innovation
accessibility



An holistic approach of socio‐ecological systems, integrating both scientific and traditional
knowledge



‘A varied range of technological options based on a variety of systems that are appropriated to a
range of specific agroecological & socioeconomic contexts’
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Appendix 1 – Short descriptions of the FLA and systems considered
Food security and sustainable agriculture are always interlinked in the forward looking literature. Till
recently, global food security was mainly considered as a resultant of agro‐ecosystems productivity.
As such, this issue was addressed by international organisations in their forward looking studies
dealing with agriculture and the environment. In the field of agriculture, the most famous example
are the FAO towards 2030/2050 (FAO 2006) and the IFPRI’s World Food Outlook (Rosegrant, Paisner,
Meijer and Witcover 2001). In the realm of the environment, we can cite the well‐known Emissions
Scenarios of the IPCC (IPCC 2002), the socio‐economic scenarios of the Millennium Ecosystem
Assessment performed by the United Nations (Carpenter, Pingali, Bennett and Zurek 2005), the
Global Environmental Outlook performed by the UNEP (UNEP 2007) and other studies more focused
on the water resource performed by the IFPRI and the IWMI (Rosegrant, Cai and Cline 2002; De
Fraiture and Wichelns 2007).
Since the food riots of 2007‐2008, global food security has been the subject of renewed attention,
leading to a new wave of forward looking studies. Some of them have focused their analysis on the
future contribution of Science and Technologies (IAASTD 2009, Royal Society 2009, ICSU 2011), while
others have opted for a more balanced analysis on the future of both food and farming systems.
Performed by national institutions, they indeed stress both faces of food security, i.e. production and
consumption (Erb, Haberl, Krausmann, et al. 2009; Paillard, Treyer and Dorin 2011; UK Foresight
2011).
At the European level, various forward looking studies have been performed in the field of
agricultural economics. All of them aimed either to advise the European Commission on the
economic policy tools that would be convenient for the future of European agriculture and
environment (European Commission 2007b; Guyomard, Mouël et al. 2008), or to foresee new
planning and reforms for the European research system (European Commission 2007a; Jäger 2011;
SCAR 2011). In these studies, food security is considered as dependant of agricultural productivity
and sustainable agriculture is a future target. Besides, apart from the European statistical office
(Eurostat 2011), we can mention only one major study focusing on the industrial activities of the food
system (Rabbinge and Linnemann 2009).
Finally, it is important to note that in the forward looking literature, no study deals directly with the
bio‐economy. The bio‐economy is addressed as a transversal concept that can be appreciated under
economic and technological variables. The dynamism of the bio‐economic sector can be assessed
with the evolution of the demand for food (including commodities, processed food, labelled
products, etc.) and other biomass‐based products, the evolution of the added value of agricultural
goods and the evolution of the number of agro‐food and biomass‐based industries. It is also linked
with the level of biofuel production, the amount of investment in agricultural and food research and
development, the importance of technological transfers and the acceptance and adoption of
biotechnologies…
Short description of the forward looking studies mentioned above:


Carpenter, Pingali, Bennett and Zurek (2005). Ecosystems and Human Well‐being:
Scenarios, Volume 2. Millennium Ecosystem Assessment: Performed by aapproximately
1,360 experts from 95 countries, “the Millennium Ecosystem Assessment was carried out
between 2001 and 2005 to assess the consequences of ecosystem change for human well‐
being and to establish the scientific basis for actions needed to enhance the conservation
and sustainable use of ecosystems and their contributions to human well‐being ». Four
scenarios have been used to explore “plausible future changes in drivers, ecosystems,
ecosystem services, and human well‐being”, with assumptions based either on consultations
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with experts or with the support of modelling tools (IMPACT model). These four scenarios
are: Global Orchestration, Order from Strength, TechnoGarden and Adapting Mosaïc.


De Fraiture and Wichelns (2007). "Looking ahead to 2050: scenarios of alternative
investment approaches," In Water for Food, Water for Life: A Comprehensive Assessment
of Water Management in Agriculture: Performed by the IWMI, the Comprehensive
Assessment of Water Management in Agriculture (CAWMA) presents five projections to
explore the possibilities to feed the world under different strategies of irrigation and
preservation of water resources. They rely on the WATERSIM quantitative model that
integrates the IMPACT partial equilibrium model on food supply and demand and a “water
balance and accounting framework simulating the supply and demand of water”.



Erb, Haberl, Krausmann, et al. (2009). Eating the Planet: Feeding and fuelling the world
sustainably, fairly and humanely – a scoping study. ISE‐PIK Potsdam: Performed by almost
ten scientists from the Austrian Institute of Social Ecology (ISE) and from the German
Potsdam Institute for Climate Impact Research (PIK Potsdam), this studies presents various
micro‐scenarios on diets and agricultural and livestock productivity in order to assess the
possible combinations between scenarios of food demand on one side, and food production
of the other side.



European Commission (2007a). FFRAF Report: Foresighting Food, Rural and Agri‐Future, EC:
This european exercice is based on the analysis of existing foresight studies and on the
elaboration of four scenarios of the agro‐food system in order to identify priority research
needs by 2020. These four scenarios are : Climate Chock, Energy Crisis, Food Crisis and
Cooperation with Nature.



European Commission (2007b). Scenar 2020 – Scenario Study on Agriculture and the Rural
World. EC: Performed by almost twenty experts from five european research centers, this
report compare a Reference Scenario with two alternative ones (‘Liberalisation’ and
‘Regionalisation’) in order to assess the “relative importance between various policy
frameworks”. This work has been conducted in two steps: first a modelling exercise followed
by a SWOT analysis.



Eurostat (2011). Food: from farm to fork statistics. EC: This report by Eurostat gives an
overview of the European food sector, by describing each different steeps in the food chain
(farm production, food industry, retailing). The report draws on Eurostat’s statistics to
provide structured data “tracing the journey from primary agricultural production through
the manufacturing and processing of food, wholesale trade, importing transporting and retail
distribution, ending with food and beverage consumption”.



FAO (2006). World agriculture: towards 2030/2050 ‐ Interim Report. Prospects for food,
nutrition, agriculture rand major commodity groups. FAO: Performed by technical units of
FAO, this report presents projections on what is likely to be the future food demand, food
production and international trade. The future assumptions were made in consultation with
specialists and the global consistency checked thanks to “a partial equilibrium model,
composed of single commodity modules [on cereal, livestock and oilseed sectors] and world
market feedbacks leading to national and world market clearing through price adjustments”.



Guyomard, Le Mouël, Jez, Forslund and Fournel (2008). Results of the Agriculture 2013
Foresight Study: Results and important lessons by theme. INRA: This study was a joint
initiative by a French research institute (the INRA) and two important stakeholders of the
French agricultural sector (Crédit Agricole and Groupama). Its objective was to “analyse the
problems and margins for manoeuvre for the Common Agriculture Policy (CAP) in a context
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of uncertainties”. It focuses on the impacts of biofuel policies, trade negociations under the
Doha Round, some CAP reforms and the impact of agricultural activities on the environment.


IAASTD (2009) Agriculture at a crossroads: Global Report. IAASTD: The IAASTD is an
intergovernmental foresight study performed between 2002 and 2009 by hundreds of
experts from all regions of the world. Its objective was “to assess the impacts of past, present
and future agricultural knowledge, science and technology on the reduction of hunger and
poverty, improvement of rural livelihoods and human health, and equitable, socially,
environmentally and economically sustainable development”. It does not present any
scenario but an analysis based on the extrapolation of past trends on some variables and on
some alternative evolution of these variables.



ICSU (2011). ICSU Foresight Analysis Report 1: International science in 2031 ‐ exploratory
scenarios. ICSU: Performed between 2009 and 2012, “the purpose of this project was to
explore how international science might develop over the coming two decades in a changing
economic, social, political and environmental context”. It presents four scenarios distributed
along two axes: the first represents the intensity of scientific cooperation while the second
stresses the links between science and societies. The four scenarios are: the Triumph of
Globalism, Science for Sale in a Global Market Place, Rise of Aggressive Nationalism, and
Science Supplying National Needs.



IPCC (2002). Special Report on Emissions Scenarios (SRES). IPCC: The SRES presents a new
set of emissions scenarios used as an input for the third and fourth assessment scenario of
the IPCC (2001 and 2007). They are aimed at “evaluating climatic and environmental
consequences of future greenhouse gas emissions and for assessing alternative mitigation
and adaptation strategies”, examining different rates and trends in technological change.
Almost 80 experts have participated to their elaboration through an "open process". Finally,
these scenarios provide “important insights about the interlinkages between environmental
quality and development choices”. They target both experts and decision makers.



Paillard, Treyer and Dorin (2011). Agrimonde ‐ Scenarios and Challenges for Feeding the
World in 2050. INRA: Performed by about twenty experts, this foresighth study presents two
contrasting scenarios on food diet and agricultural productivity and expansion by 2050.
Exploring major shifts in diets and in the agricultural paradigm, it hightlights the role that
changes in food consumption habits can play on the future demand for food, and the need to
opt for an ecological type of intensification.



Jäger (2011). Responses to Environmental and Societal Challenges for our Unstable Earth
(RESCUE). ESF‐COST: This report has been performed between 2009 and 2011 by
approximately 100 experts from 30 countries. It is “a joint ‘Frontiers of Science’ initiative of
the European Science Foundation (ESF) and the intergovernmental initiative for European
Cooperation in Science and Technology (COST)”. Its aim was to prepare the future european
research and educational system to face future challenges caused by an unstable earth. Its
main interest lies in its recommandations to policy makers and stakeholders.



Rabbinge and Linnemann (2009). Forward Look on European Food Systems in a Changing
World. ESF/COST: This exercise was a joint ‘Frontiers of Science’ initiative of the European
Science Foundation (ESF) and the intergovernmental initiative for European Cooperation in
Science and Technology (COST). This report is very valuable since it is the major forward
looking study that addresses the whole agro‐food chain from production to processing,
packaging and distribution, and retail and consumption through four scenarios: Fast forward,
Play, Rewind, Pause.



Rosegrant, Paisner, Meijer and Witcover (2001). Global Food Projections to 2020. Emerging
trends and alternative futures. IFPRI: Performed by the IFPRI, this report “projects the likely
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food situation in 2020 if the world continues on more or less its present course, and it then
shows how alternative choices could produce a different future”. Projections on world food
supply and demand, trade, prices, and food security are based on the IMPACT model
(International Model for Policy Analysis of Agricultural Commodities and Trade).


Rosegrant, Cai and Cline (2002). World Water and Food to 2025: Dealing with scarcity;
IFPRI: Performed by the IFPRI and IWMI, this report explores the future water and food
supply and demand outcomes of water resources through a scenario analysis. It presents
three scenarios ‐ The Business‐as‐Usual Scenario, The Water Crisis Scenario , The Sustainable
Water Use Scenario – which quantitative part is based on the IMPACT‐Water model (from
the IFPRI) and on the Podium model (from the IWMI).



Royal Society (2009). Reaping the benefits: science and the sustainable intensification of
global agriculture: Performed by approximately twenty experts of the UK foresight, this
report is based on former foresight studies to analyse the possible contribution of biological
sciences to the developping innovations to “increase productivity without causing harm to
important environmental services”.



SCAR (2011). Sustainable food consumption and production in a resource‐constrained
world. SCAR: “The purpose of this 3rd Foresight Exercise (FEG3) is to update the state of
some critical driving forces and to focus on the transition towards an agricultural and food
system in a resource‐constrained world (…). Its aim is to provide building blocks for longer‐
term perspectives to prepare a smooth transition towards a world with resource constraints
and environmental limits and to guide agricultural research in the EU and its Member
States”.



UK Foresight (2011). The Future of Food and Farming. Final Project Report. The
Government Office for Science: Performed by more than two hundreds experts from all over
the world, this report is based on the analysis of the major drivers of food and farming
systems evolution, and reviews the way of adressing five main challenges : (A) Balancing
future demand and supply sustainably, (B) Ensuring that there is adequate stability in food
supplies, (C) Achieving global access to food and ending hunger, (D) Managing the
contribution of the food system to the mitigation of climate change and (E) Maintaining
biodiversity and ecosystem services while feeding the world.



UNEP (2007). Global Environmental Outlook 4: Environment for development. UNEP:
Chapter 9 of the fourth Global Environment Outlook, “ The Future Today” has been
performed by an international team, using different models (IMPACT, WaterGap, Ewe,
Globio, Land SHIFT, the CLUE‐S, AIM). It presents “four scenarios to the year 2050 – Markets
First, Policy First, Security First and Sustainability First – which explore how current social,
economic and environmental trends may unfold, and what this means for the environment
and human well‐being. The scenarios examine different policy approaches and societal
choices. They are presented using narrative storylines and quantitative data at both global
and regional levels”.
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Appendix 2: Definitions

Food security
The official definition of “food security” is the one proposed by the FAO: “Food security exists
when all people, at all times, have physical, social and economic access to sufficient, safe and
nutritious food to meet their dietary needs and food preferences for an active and healthy life”
(FAO 2008). Nevertheless, in the forward looking literature, food security is nearly always
addressed in physical terms, that is to say the capacity of the farming systems to produce enough
food to meet the demand. The nutritious content is never an area of concern and the economic
access to food is only addressed through the number of malnourished people. In this report, the
term “food security” is used at the global level whereas we prefer the term “self‐sufficiency”
when referring to a regional scale (e.g. Europe).

Sustainable agriculture
With sustainable food, sustainable agriculture is the core subject of the Agrimonde foresight
study (Paillard, Treyer and Dorin 2011). This concept is then defined as an agricultural system
that will have to fulfil three objectives: satisfying the growing demand; allowing for the growth of
income from agriculture in rural areas of the developing countries, and developing environment‐
friendly agricultural practices affordable for small‐scale farmers. In the Agrimonde 1 scenario,
sustainable agriculture practices are the one that makes possible an ecological intensification,
that is to say “increasing yields by using the ecological and biological functionalities to the
greatest possible extent” (Paillard, Treyer and Dorin 2011). This definition is similar to the
definition adopted by the UK Foresight (2011): “Sustainable intensification means simultaneously
raising yields, increasing the efficiency with which inputs are used and reducing the negative
environmental effects of food production”.
These broad definitions imply that the practices of sustainable agriculture can be either based on
agronomic principles, or include innovative technologies such as bio‐technologies or satellite‐
based imaging.

The bio‐economy
In its strategy for sustainable bio‐economy in Europe, the European Commission mentions that:
“The term "Bio‐economy" means an economy using biological resources from the land and sea,
as well as waste, as inputs to food and feed, industrial and energy production. It also covers the
use of bio‐based processes for sustainable industries”20. In the forward looking literature, the
bio‐economy often refers to the agri‐food business sector. Indeed, as recorded in Appendix 1, in
the foresight literature the bio‐economy has mainly been addressed in a transversal way,
through an analysis of the different activities of the whole food and biomass chain.

20

http://ec.europa.eu/research/bioeconomy/news‐events/news/20120213_en.htm
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Appendix 3: Presentation at the 5th EFFLA meeting
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