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1.  INTRODUCTION 
Today, the world is facing emerging issues such as natural resource scarcity, global financial 
instability, and high food prices and increasing poverty levels. In many poor regions, such as 
Africa, Asia and Latin America, in particular, there is a need to focus on the long-term effects of 
current shocks and crises and on the policy measures adopted to address them, in order to ensure 
sustainable development and food security in the longer term. 
 
The launch of the MDGs in 2000 was an opportunity to re-think the way in which we work on 
the long-run global challenges for sustainable development, but results have in many ways been 
below expectations; more than ten years later, there is a need to reconsider the way forward on 
the basis of the lessons that can be drawn from recent experience.   
 
Sustainable development ties together concern for our collective future with a range of global 
issues that relate to the success of humanity's stay on this planet, among which include: the 
rational and sustainable use of natural resources, future levels of production and trade flows that 
improved food security implies, and the economic growth required to reduce rural and urban 
poverty, among others. 
 
It is today very important to understand that, increasingly, our world is a world without borders, 
in which actions undertaken by any country will necessarily affect others 

Long-term projections: Why look ahead? 
 
We would like to explore certain questions regarding what a sustainable future might look like 
and what the strategies and policies for getting it might be.  Likely, the challenges that lie ahead 
will need to be addressed with collective changes in our actions.  Adopting concrete policies and 
needed investments may provide us with the opportunity to move forward and overcome 
challenges. 
 
A long-term view is needed to analyze phenomena whose full impact takes a long time to 
materialize but that require timely action today.  Climate change is included amongst these issues 
that are expected to bear considerable effects on our future and, as such, need to be addressed 
now.  

Building scenarios: What are scenarios we could envision? 

Scenarios reflect alternative or possible futures. The term is used here to conceive of phenomena 
that might happen together with actions we might or might not adopt as policy makers.  
Strategies are simulated against uncertain future situations.  

The scenarios we will be using here are not predictions or forecasts.  They are interpretations of 
how the future might look. These scenarios are used as tools for looking at alternative future 
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developments and their implications, in order for policy makers and others to be better prepared 
and better understand the behaviour of the global system. 
 
As the world is facing formidable challenges, it is not possible to think about future development 
without including comparisons with where we stand today; in other words, to use scenarios as a 
tool, future scenarios must be compared with a ‘business-as usual’ baseline.  This baseline serves 
as a constant by assuming that the status quo will continue in the future.  It is from the baseline 
scenario that policy projections are developed.   

1.1  Macroeconomic Factors 

a) Growing Populations and Urbanization 
 
According to the World Bank, the global population has grown 2.5 times over the past 50 years, 
meaning that there are three 3 billion more people in the world today than 50 years ago, almost 
all of which are in less industrialized countries, especially in urban areas.  The global population 
is expected to further increase by 50 percent over the next 50 years, or 0.8 percent per year 
(around 40 percent) (UN medium variant), and equal 9.3 billion in 2050. 
 
 
 
 
 
 
 
 
 
 
 
 

Source: UN Population Division, from van der Mensbrugghe et al. 2009 
 

b) GDP – Income Growth 
 
Income is expected to grow more rapidly in low income countries than in high-income countries. 
This will carry implications for the level and composition of demand. According to the World 
Bank, global economic growth is expected to average 2.9 percent/year between 2005 and 2050, 
corresponding to 1.6 percent/year in high income countries and 5.2 percent/year in low income 
countries. Per-capita incomes are expected to rise by 2.2 percent/year until 2050 and absolute 
poverty, based on $1.25 PPP/day, is projected to decrease from 21.9 percent in 2005 to 0.4 
percent in 2050, with the largest decrease (51.7 percent to 2.8 percent) occurring in Sub-Saharan 
Africa,(World Bank). 
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c) Supply and Demand  
 
Urbanization and economic growth will lead to a change in food consumption, such that 
projected food demand in 2050 will require an increase of about 60 percent over today’s global 
food production. 
 
In spite of this, agriculture production growth is expected to slow down after 2050, following 
population growth, barring demand from the energy sector.  Demand for forest products, on the 
other hand, will continue to grow: by 2030, global consumption of industrial round wood will 
rise by 60 percent over current levels, to around 2 400 million m3. Substantial rises are also 
likely in the consumption of paper and paperboard products. Fish demand will likely near 186 
million tons by 2030, almost double its present level; however, as supply will probably be limited 
by environmental factors, a more likely range for demand might be 150 to 160 million tons, or 
between 19 and 20 kg per person.  
 

d) Economic and Financial Crises 
 
Different outcomes are to be expected from different types of crises. Commodity prices will 
remain high, while inflation will rise in some emerging economies. In 2010, oil and non-oil 
commodity prices rose considerably in response to both strong global demand and supply shocks 
in selected commodities. High income countries and large emerging economies will see rising 
unemployment and a reduction in international demand. Some less industrialized and poorer 
countries will probably see fewer remittances, less FDI and a reduced ability to import energy 
and food. 
 
Challenge: to protect the resilience of agriculture-dependent livelihoods through improved risk 
management and functioning of agriculture services (credit, finance, insurance). Low income 
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countries were affected by economic crises that started elsewhere in the world based on their 
degree of integration with international markets for goods and services, including financial 
products. Countries with large current account deficits and low levels of foreign reserves are 
particularly at risk, because these deficits are paid for with inflows of private or public capital, 
such as foreign direct investment, remittances, foreign aid and borrowing.  
 
Financial inflows have been reduced considerably.  The 17 largest economies of Latin America 
received USD184 billion in 2007, which was roughly halved to USD89 billion in 2008. Also, in 
2009, foreign direct investments in less industrialized economies fell as a group by 40 percent, 
with a 30 percent fall in sub-Saharan Africa (from FAO document CCP 10/2 of the 68th session 
of the CCP, 2010).  A reduction in capital inflows will mean that consumption must be reduced.  
For some low-income food-deficit countries (LIFDCs), adjusting consumption may mean 
reducing imports of food as well as other key items.  
 
On a more positive note, most low income and emerging economies have been recovering from 
crises faster than expected, as is reflected by the decreasing estimates of undernourishment in 
2010 compared to 2009.  Additionally, despite falling prices, agriculture has shown resilience to 
the economic crisis compared to other sectors. 

e) Market and Prices – Trade 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure XX: Price movements with various shocks (Source: FAO EST)  
 

2.  GLOBAL PERSPECTIVES: Elements of Concern for our Future 
Land: Emerging trans-national trends in land demands 
 
From 1987 to 2007, the global population grew by approximately 34% and it is estimated that the 
population will further increase from approximately 6.8 billion people in 2010 to 9.2 billion in 
2050.  Population pressures continue to put an increased strain on our world’s resources, land 
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among them.  By 2050, it is estimated that the average amount of land per person will be 
approximately 1.6 ha, up from 7.9 ha in 1900 and 2 ha in 2005 (Gitay et al. 2007).    
 
The growing interest in agricultural land as an investment target has been enhanced by the 
dramatic increases in prices of basic foods during the global ‘food crisis’.  Another plausible 
understanding for increased land demand is related to the implementation of the Kyoto Protocol's 
Clean Development Mechanisms (CDM), which gives countries credit to their carbon accounts if 
they invest in reforestation or pay countries to refrain from deforestation.  This overall increase in 
demand for land and land resources leads to the question of whether this will present 
development opportunities or increased instances of land grabbing by foreign interests.   
 
On the other hand, climate changes that lead to a lack of rain or changing rain patterns, among 
other things, can render previously fertile land useless for agricultural purposes. 
 
Water: A thirsty world by the Global Water Outlook to 2025 
 
Water development underpins food security, people’s livelihoods, industrial growth and 
environmental sustainability throughout the world.  The growing global population’s water needs 
in 2025 are projected to increase by at least 50% for most uses (domestic, industrial livestock); 
and irrigated water withdrawal will increase by 4%.  Both increases will deepen the imbalance 
between accessible water and water demanded and will present severe challenges for water 
security as well as constrain food production.      
 
 
Energy 
 
With economic development and growth, energy demands are continuing to rise globally.  In 
2030, this demand will continue to increase, though there will still be nearly 900 million people 
without access to electricity.  This shortage in electricity supply, will affect all economic sectors 
and will leave 3 billion people still cooking with traditional fuels.  Hundreds of millions will be 
confined to poverty as their incomes are constrained by a lack of energy access.  
 
Policy Actions (to be complemented from development paradigms project) 
 
Global constraints to development can be overcome, but significant technical and institutional 
challenges need to be met to do so.  The unavoidable challenges we face will need to be met with 
equitable and sustainable policies that address the development needs of billions of people, 
including economic growth, education and health concerns.   
 
It is expected that transnational interdependencies will continue to increase; as such, country-
level development and food security will in many ways be more dependent on and exposed to the 
stability and structure of the global market than ever before.  In analysing and exploring future 
policy options, these interdependencies will need to be considered, as will cross-sectoral and 
micro-macro linkages.       
More specifically, policy makers will need to adopt policies that help: 
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1. stabilize prices of food, natural resources and energy;  
2. increase agricultural production without increasing the amount of land or water 

used;  
3. stop deforestation and increasing yields from planted forests;  
4. take into account externalities, especially regarding carbon and environmental 

externalities on ecosystem services and water; and  
5. improve the use of natural resources and energy. 
 

It will be especially important that policy makers adopt long-term development strategies that 
encourage lasting change and sustainable growth, rather than focus exclusively on safety nets and 
other coping mechanisms for the short-term.  Furthermore, in order to develop sustainably, we 
will increasingly need to adopt more eco-efficient lifestyles and behaviors in addition to policy 
options. 

3.  LONG-TERM PROJECTIONS, by Sector  

3.1  Energy: energy issues for development and related policies in the 
long-run  
 
Key goals for development regarding energy are to: 1) use finite energy sources wisely and 2)  
learn to use renewable ones efficiently.  The next two decades will be crucial in determining the 
sustainability of development perspectives.  Two issues arise:    

• Unsustainable Long-term trends versus short term development objectives 
• Two crucial decades ahead 

 

a) Consumption, Production and Reserves 
 
Demand and Supply: Projections/scenarios 
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Oil: Consumption 
 

 
 
Figure XX: Oil consumption per capita, 2010 
 
 
Natural Gas: Reserves 
 
Since 1980, the world’s known natural gas reserves have increased at an average annual rate of 
3.4%.  Today, global gas reserves are equivalent to more than 56 years’ production at the 2005 
rate, some 44% of them concentrated in about twenty mega and supergiant oilfields.  It is difficult 
to accurately predict the amount of natural gas remaining to be discovered as this has been 
consistently and significantly underestimated in the past.  
 Conventional sources of natural gas are already augmented by … coal-bed methane 

(CBM), and other non conventional sources (e.g. tight gas sands, gas shales and possibly 
gas hydrates) will come to play a part in gas supply.  
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 Cedigaz… give natural gas a lifetime probably in excess of 130 years, at the current rate 

of consumption. 
 Latest developments: demand decrease (7% in 2009) due to recession; more LNG; shale 

gas in USA. ->  decupling gas prices  and oil prices 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure XX: Natural Gas Reserves, Globally and by Region in 2010 (source: WEC – SER 2007) 

 

b) Markets and Prices: Forecasts vs Scenario Assumptions of Energy Prices 
 

A best-performing econometric model for oil price forecasts has yet to appear in the literature and 
predicting oil price changes continues to be a difficult feat.  A key factor behind the 
unpredictability of the oil market is that the main drivers for oil price changes are often more 
geopolitical than economic.  Gas prices used to be linked to oil within bilateral contracts, but spot 
markets are now emerging as a result of LNG development, making accurate price forecasting all 
the more challenging.  Coal itself is and will likely remain cheap, though the cost of using it may 
increase, e.g., with additional carbon pricing and CCS.    
 
Although forecasts are unreliable, one can make hypothetical projections for long-term scenarios. 

 
 

 
Figure XX: 
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Figure XX:  Market and Prices - Forecasts vs Scenario Assumptions 
 

 
 

 
 

Figure XX: Global Oil Trade (Oil Mt) 
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Figure XX: Global Gas Trade (bcm) 

 
 

c) Income 
 
Historically, energy has been a fundamental input for growth; the Industrial Revolution was in 
many ways an Energy Revolution.  The causal direction between energy use and growth, 
however, is statistically undecided (Bailis, 2011). Furthermore, industrialized countries have 
followed markedly different paths of energy use, providing emerging countries with the 
opportunity to choose among different models, each with varying combinations of material well-
being and sustainablilty. 
 

 
Figure XX: Differing paths of energy consumption with increases in GDP per capita   

 

d) Energy’s Effects on Land and Water Use 
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Renewable energy sources 
 
Renewable energy sources help to reduce energy security issues  
and mitigate climate change; however, using these sources for energy purposes must compete 
with alternative uses for them, e.g., agriculture and ecosystem services for the use of land and 
water.  Biofuels, for instance, can be land and water intensive and, depending on agricultural 
practices, may not even help reducing GHGs.  Hydropower is by definition water intensive and 
can change local land use options dramatically, e.g., the Three Gorges Dam.  Even on-shore wind 
farms and solar PVs may compete for land with alternative uses if incentives are not correctly set. 
 
Non-renewable energy sources 
 
Though non-renewable energy sources are, in general, much less water and land intensive, they 
present other significant challenges for water and land use.  For example, shale gas  and 
bituminous sands interfere with water availability; mountain top removal coal mining has 
significant negative externalities on local communities; large nuclear accidents (Chernobyl, 
Fukushima) prevent the use of contaminated land indefinitely; and oil spills may wreak havoc on 
local coastal economies and ecosystems for months to years. 
 

e) Investments and Global Climate Policy 
 
Growing populations and economies in less industrialized countries will require increased 
investments in energy.  The question of which energy sectors will receive most investments will 
depend on how the world tackles climate change mitigation; as such, future energy investments 
under a Business as Usual (BAU) scenario look very different from a GHG Stabilization scenario 
(details on stabilization in the Climate Chang section).  Additionally, improving the way we 
consume energy might partially replace the need for energy investments. 
 
 

 
Figure XX: Energy investments: BAU scenarios 
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Figure XX: Energy investments: stabilizing at 450 ppm CO2 

 

f) Key Messages 
 
Energy is a key factor for development and well-being.  As such, every country has a legitimate 
claim to secure and affordable energy; however, its deployment and use may conflict with the 
prevention of the worst effects of climate change.  As a result, energy security and climate 
change mitigation policies cannot be pursued independently.   
 
The stabilization of GHG atmospheric concentrations at levels expected to prevent dangerous 
climate change has become an important long-term global objective. It is therefore crucial to 
identify a cost-effective way by which to achieve it.  GHGs are a stock problem, meaning that 
there is limited “carbon space” in the atmosphere and the overall stock of greenhouse gases that 
is in the atmosphere has a negative impact on climate change.  Today, total stocks equal around 
380ppm, 435ppme.  
 
Cumulative emissions continue to cause temperatures to increase and the biggest driving forces 
behind those emissions are population and income growth, both of which are projected to happen 
especially in less industrialized countries.  Industrialized economies, however, currently release a 
much higher amount of emissions and will continue to do so. 
 
Achieving climate stabilization will require major emissions reductions in the area of about 
1tCO2/cap (from today’s 4).  Various emission reduction pathways can be identified, but 
stringent policies (e.g., to limit global warming to an increase of only 2° Celsius) require 
immediate and massive action.  There is “no silver bullet”; a portfolio of several mitigation 
options is needed to address CC.  With today’s technology, these important achievements can be 
made, but innovation is needed for the long-term and to contain costs. 

 

3.2  Agriculture and Food Security 

a) Agricultural Projections and Global Trends 
Agriculture affects food availability as well as access, given that it is among the main sources of 
income for poor households in less industrialized countries.  It is a source of food, fibers and, 
more recently, fuel.  Given the integral role of agriculture and food security in rural livelihoods 
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and development, it is imperative to identify, understand and work on the key variables that can 
affect food security issues in the long-term. 
 
Global population is expected to reach 9.3 billion in 2050, after which point it should start 
stabilizing. Most of this population increase is expected to occur in urban areas, especially in less 
industrialized countries. Indeed, about 70 percent of the world’s population is expected to be 
concentrated in urban areas by 2050. 
 
Additionally, income growth will occur more rapidly in low-income countries than in high-
income countries, with implications for the level and composition of food demand.  Per-capita 
incomes are expected to rise by 2.2 percent/year until 2050; assuming an income elasticity of 
demand for food of 0.5, per-capita food demand should increase by 1.1%/year.  Furthermore, an 
additional 0.8% population growth will translate into a 1.9%/year increase in total demand for 
food.  
 
Urbanization and income growth are expected to bring about changes in the quantity and 
composition of food, feed, fiber and fuel. More livestock products are expected to be demanded, 
especially in emerging economies. Several poor countries are likely to increase their overall 
demand of cereals and other basic staples, due to both population increases and dietary upgrading.  
Furthermore, climate change, environmental problems and the development of biofuels add 
considerable uncertainty to this picture.   
 

b) Forward-Looking Scenarios: the baseline to 2050 

Supply and Demand: consumption 
 
Food is one of the least elastic of demanded goods; food consumption is, thus, relatively stable 
and predictable.  The global caloric intake average will approach 3000 kcal/person/day in 2015 
and will be just over 3000 by 2030 and higher in 2050.  Integral to these changes will be, above 
all, rising levels of consumption in less industrialized countries, whose average will have risen 
from the present 2650 kcal to over 3000 kcal in 2050.  
 
These gains notwithstanding, there will still be several countries in which the per capita food 
consumption will not increase to such levels that will allow for significant reductions in 
undernourishment.  The disparity between sub-Saharan Africa and other regions in this respect is 
substantial, and even more so if Nigeria is excluded. Of the 19 countries expected to still hold 
caloric intake averages below 2500 kcal in 2030, 14 will be in sub-Saharan Africa. 
 
As several countries today already exhibit consumption patterns close to the high-energy diets of 
the industrialized countries, the rate of growth in total consumption is expected to decrease.  As 
such, demand for all crop and livestock products is projected to grow at a slower pace relative to 
previous years: demand grew/ is projected to grow at a rate of 1.5 percent p.a. in the period 
1999/01-2030 and 0.9 percent for 2030-50, compared with rates in the area of 2.1-2.3 percent p.a. 
in the preceding four decades.  This slowdown is largely due to less industrialized countries 
where per capita food consumption is already quite high, and China in particular (2960 
kcal/person/day in 1999/01). This is expected to increase further to 3300 kcal (close to the level 
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of industrial countries). Similar reasoning applies to much of Latin America and the Caribbean, 
which are already on rich, livestock-dense diets and even showing problems of obesity.  Despite 
certain regions having already achieved high livestock consumption, global meat consumption 
per capita is expected to rise from 37 kg at present to 52 kg in 2050.  The less industrialized 
countries that were under 2700 kcal/person/day in 1999/01 are projected to accelerate utilization, 
and grow at faster rates in the future than they have in the past.   
 
Much of the structural change in the diets of poorer countries will include an increase in livestock 
products (meat, milk, eggs), vegetable oils and, to a smaller extent, sugar.  These changes that are 
largely associated with rapid urbanization lead towards energy-dense diets that are high in fat, 
particularly saturated fat, sugar and salt and low in unrefined carbohydrates. Such transitions, 
while beneficial in many countries, are often accompanied by a corresponding increase in diet-
related chronic noncommunicable diseases (NCDs), e.g., coronary heart disease, diabetes mellitus, 
and others.   
 
Cereals are by far the most important food source in less industrialized countries, though the 
level and form of their consumption varies.  For example, they represent only 15-30 percent of 
caloric intake in countries where diets are based on roots and tubers (e.g., Rwanda, Burundi, the 
Congos, Uganda, Ghana), whereas rice-based (e.g., Bangladesh) and coarse grains-based diets 
(e.g., Lesotho, Burkina Faso) derive up to 70-80 percent of calories from cereals and high-income 
countries with livestock-based diets consume large quantities of cereals indirectly as feed.  In 
absolute terms, cereal consumption is expected to increase only slightly, due to the combined 
effect of the increase in less industrialized countries and stagnation in industrialized countries.  
 
Livestock products: some countries have traditionally had high levels of meat consumption, (e.g., 
Argentina, Uruguay and pastoral economies such as Mongolia).  In the past, countries that did not 
traditionally consume large amounts of meet began to change their habits as a result of rapid 
economic growth (e.g., China, Korea, Malaysia, Chile, Brazil and countries in the Near East and 
North Africa).  In the future, the growth of demand for meet is expected to slow, as industrialized 
countries and some major industrializing countries (e.g., China, Brazil) represent a very 
significant share of the global population whose meat consumption has more or less stagnated.  
The growth in total global demand for meet will be further limited by the fact that, due to 
preference and culture, India, which accounts for 1 billion people of the 2.3 billion in less-
industrializwed countries, will likely not significantly increase its level of meat consumption. 
 
Vegetable oils are expected to be particularly dynamic in less industrialized countries.  Oil palm, 
soybean, rape and sunflower oils will represent a growing share of the market, with increasingly 
fewer exporters handling them.  Soybean continues to grow in importance, but mainly as feed 
and biodiesel.  
 
Sugar, similar to vegetable oils, is a major fast-rising consumption and export commodity (e.g., 
in Brazil, Cuba, and Thailand). In addition, several less industrialized countries are becoming 
large consumers and net importers (Egypt, Iran, and Korea Rep).  
 
Despite, or perhaps given, these changing dynamics in food consumption, food security will 
continue to be an issue, particularly in Sub-Saharan Africa.  In recent (still provisional) 
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projections, the global prevalence of undernourishment is expected to be 3.9 percent in 2050. The 
idea is that that percentage could be further reduced to 1.6 percent by the year 2080.  
 
Sub-Saharan Africa stands out as the only region that has, to date, failed to make progress in 
raising its per capita food consumption, a stagnation that is even more pronounced if Nigeria is 
excluded from the average.  Regardless of this fact, Sub-Saharan Africa would still be the area 
with highest prevalence of undernourishment, as it is today, though, in absolute terms, it is Asia 
that holds the highest number of undernourished people, especially between Southern and 
Eastern Asia.  Much of the projected future improvements are expected to stem from increases in 
caloric consumption in these and other less industrialized countries, though some areas are 
assumed to remain underneath the relevant threshold.  

Supply and Demand: production 
 
Given the expected developments in consumption, how much more food needs to be produced in 
order to feed the global population in 2050? 
 
Though consumption growth rates are projected to decrease, consumption will continue to grow 
in absolute terms; as such, food production will still need to increase considerably in absolute 
terms in order to meet expected future demand.  Estimates carried out in 2009 indicated that 
world agricultural production will need to increase by some 70 percent from 2005/07 to 2050.  
More recent updates suggest that that percentage may be revised down to around 65 percent.  
 
Given that world population is projected to rise by some 40 percent over this period, per capita 
production will need to rise by some 22 percent. The fact that this would translate into a mere  11 
percent increase in per capita caloric availability is due mainly to the expected changes in diet, 
i.e., a shift to higher-value foods of often lower caloric content (e.g., vegetables and fruits) and to 
livestock products, which will imply a less efficient conversion of the calories from crops used in 
livestock feeds.  
 
Furthermore, the growth in world agricultural production is expected to slow down. Overall 
growth is projected to fall from 2.2 percent over the last decade to about 1.5 percent over the 
period from now until 2030 and to 0.9 percent over the period between 2030 and 2050.  Despite 
this projected reduction in growth rates, absolute increments involved will still be considerable; 
by 2050, an additional billion tons of cereals and 235 million tons of meat will need to be 
produced every year.  
 
The additional meat production, which will have nearly double from 1999-01 amounts, will 
require ample increases in the production of concentrated feeds. Some 80 percent of the 
additional 480 million tons of maize produced annually by 2050 will be for animal feed.  The 
production of soybean, also a key source of animal feed, will need to increase by 140 percent to 
reach 515 million tons in 2050. As previously mentioned, these increments do not account for 
additional production needed for feedstock in bio-fuel production.  

Land Issues 
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Respectively, roughly 10% and 90% of the additional production in 2050 is projected to be 
derived from 1) an increase in cultivated area and 2) an increase in crop intensity and yields (crop 
intensity being harvested area / arable land).  More specifically, at the global level, 77% of the 
total production increase is expected to derive from yields, 14% from increased crop intensity and 
9% from land expansion. In less industrialized countries, land expansion is expected to account 
for 21 percent the increased production, with yields and crop intensity accounting for 71% and 
8%, respectively.  
 
The world has considerable land reserves that could in theory be converted into arable land; 
however, the extent to which this can be realized is rather limited.  Today, about 1.6 billion ha are 
in use for crop cultivation, 800 million ha are covered by forests, 200 million ha are in protected 
areas, and about 60 million ha consist of urban settlements.  Geographically, land reserves are 
unevenly distributed: they are ample in Sub-Saharan Africa and Latin America, whereas they are 
virtually exhausted in the Near-East, North Africa and South Asia.  
 
Even where land is available, there are several constraints to the expansion of cultivation.  In 
particular: 
 
• Some of the lands currently not cultivated have important ecological functions which should 

not be lost. 

• Available land is mostly located in a few countries in Latin America and sub-Saharan Africa, 
where lack of access and infrastructure could limit their use at least in the short term.  

Projections point to a 70 million ha (about 5%) increase in global cultivated land by 2050 (1.67 
billion ha total). This net balance will entail an expansion of arable land by 120 million ha in less 
industrialized countries and a contraction of arable land in favor of other uses in industrialized 
countries by 50 million ha.  This is by no means a rosy picture; an increase in land use, even if 
feasible, is likely to raise more than one environmental concern.  

Water  

Irrigation has been a primary source of intensification over the last decades; at present, water for 
this purpose absorbs up to 70 percent of currently available fresh water reserves.  Future 
projections include the expansion of both formal and informal irrigation methods. 
 
Projections cover areas equipped for irrigation that may be temporarily or even permanently out 
of use for various reasons, including maintenance, degradation of infrastructure or no need in a 
particular year.  The area equipped for irrigation could expand by 32 million ha (11 percent) over 
the projection period, all of which are in less industrialized countries. The highest increases will 
occur in relatively more land-scarce regions that are hard-pressed to raise crop production, such 
as East Asia (+ 12 million ha), South Asia (+ 8 million ha), and the Near East/North Africa (+ 6 
million ha). In the latter region, further expansion will become increasingly difficult due to water 
scarcity.  
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The projected 32 million ha net increase in land equipped for irrigation is less than a quarter of 
the increase witnessed over the preceding 44 years (145 million ha).  Projections estimate a future 
annual growth of ‘only’ 0.24 percent, well below the 1.7 percent observed between 1061 and 
today.  It is important to note that these measurements are in net terms, i.e., they assume that 
losses of existing irrigated land, e.g., due to water shortages or salinization- and waterlogging-
induced degradation, will be compensated for via rehabilitation or substitution. 
 
Furthermore, the percentage of the area equipped for irrigation that is actually in use differs from 
country to country, ranging from 60 to 100 percent, and is 86 percent on average. Out of the 219 
million ha equipped for irrigation in less industrialized countries in 2005/07, some 189 million ha 
were assumed to be in use. This is projected to increase to 222 million ha in 2050.  
 
To understand whether there will be sufficient freshwater to satisfy the growing needs of 
agricultural and non-agricultural users, there needs to be an assessment of irrigation’s water 
requirements and withdrawals. Water use efficiency is the ratio between the estimated 
consumptive water use in irrigation and irrigation water withdrawal (data on country water 
withdrawal for irrigation comes from AQUASTAT (FAO)).  Consumptive use of irrigated water 
is the volume of water needed to compensate for the deficit between potential evapotranspiration 
and effective precipitation over the growing period of the crop (changes with climate, seasons, 
crops and soil). Pressure on water resources is the amount of the water withdrawal’s share of 
total renewable water resources.  
 
Assumptions have had to be made regarding possible developments in water use efficiency in 
each country, based on water scarcity and estimated levels of water use efficiency in the base 
year. The idea is that under pressure from limited water resources and competition with other 
uses, management should improve water use efficiency.  
 
At the global level, irrigation water withdrawal is expected to grow from the current 2620 km3/yr 
by approximately 11 percent, i.e., to 2906 km3/yr, by 2050.  This net growth will entail an 
increase in less industrialized countries by 14 percent (or 298 km3), offset by a decline in 
industrialized countries by over 2 percent. 
 
Pressure on water resources from irrigation was estimated to be only six percent globally in 
2005/07, though with wide variations between countries and regions.  For instance, the Near 
East/North Africa had pressure on 58 percent of their water resources, while Latin America was 
only at one percent. Variations are even wider at the country level. In 2005/07, 11 countries had 
already used more than 40 percent of their water resources for irrigation, representing a critical 
situation. Another 8 countries had consumed more than 20 percent of their freshwater resources. 
The situation is expected to worsen over the period from now until 2050, with two more 
countries crossing the 40 percent and four countries the 20 percent threshold.  

Yields  

There are still considerable untapped/bridgeable yield potentials. Intensification is a possible 
means by which to narrow gaps and technology is required to raise potential yield ceilings. On a 
positive note, growth in the past was higher than the 0.9% in Industrial countries and 2.1% in less 
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industrialized countries that is now required. Considerable slow down: 0.8% p.a. in the future.  
R&D is needed particularly for crops that are important in sensitive areas (e.g., millet, sorghum, 
R&T, pulses, plantains).    
 
Historically, a significant part of yield gains has been achieved by narrowing the gap between 
average farm yields and the experimental yield potential of the crop, up to a point where average 
farm yields reach about 80 percent of experimental yields.  These gaps are closing in significant 
areas; China’s major rice-producing provinces and much of the wheat and maize produced in 
industrial countries have already reached this point. Other rice-producing areas of Asia, on the 
other hand, are well below 80 percent of experimental yields and their yield growth has slowed as 
a result of deteriorating soil and water quality and imbalanced nutrient use. 
 
Exploitable yield gaps are especially high in medium- to high-potential areas of agriculture-based 
countries. For example, on-farm demonstrations using available “best bet” technologies suggest a 
wide yield gap for maize in Sub-Saharan Africa.  Closing the gaps, however, is not merely a 
matter of transferring these technologies to farmers; institutional structures that farmers need to 
adopt the technology — especially well-functioning input and output markets, access to finance, 
and ways to manage risks—need to be put in place. 
 
It is important to note that great uncertainty continues to surround the extent of land and water 
degradation, as well as economic conditions, and their impact on technology adoption.  

Climate Change  

Projections of future changes in climate, though varied (projected increases in global mean 
surface temperatures by 2100 range from 1.8°C to 4.0°C), entail higher carbon dioxide 
concentrations, changes in the pattern of precipitation, increased weeds, pests and diseases.  
 
Impacts on agricultural production may be unevenly distributed.  For example, the Southern 
hemisphere is expected to suffer the greatest share of the damage in terms of declining yields and 
greater frequency of extreme droughts and floods, while in the Northern hemisphere higher 
temperatures may benefit agriculture by expanding potentially suitable crop areas and yields.  A 
decrease in African agricultural output is estimated to be between a 15 percent and 30 percent 
between 2080-2100 as a result of climate change.  This scenario is likely to negatively affect food 
security.  Key food prices, such as those of maize, may rise and less industrialized countries are 
expected to increase their food imports. IFPRI projects that Sub-Saharan Africa’s share in the 
number of hungry people globally could rise from 24 percent to 40 or 50 percent over the level 
projected in the absence of climate change.   
 
It should be noted that projected impacts of climate change show strong sensitivity to the 
assumptions adopted in the studies, as climate change itself is a major source of uncertainty.  This 
may affect the outlook previously described.  It is useful to recall that assessing the impact of 
climate change is particularly complex and involves several layers of analytical challenges. 
Alexandratos (2009) lists the steps and assumptions required: 
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1. Define future global levels of greenhouse gas (GHG) concentrations in the atmosphere 
from some concept of future rate and pattern of socioeconomic development, 
demographics, energy use, etc. (development pathways in IPCC terminology). 

2. Use one or more climate models (General Circulation Models – GCMs) to translate 
these GHG concentrations into deviations of key climate variables of relevance to 
agriculture, e.g., temperature, precipitation, etc, from those assumed to exist in the 
2050 baseline scenario.  

3. Superimpose these deviations in climate variables on data and models of biophysical 
nature (e.g., agro-ecological attributes, crop growth models, etc.), which portray how 
resource characteristics may be altered and how plants may respond to the changed 
conditions. Resulting estimates refer to the impact of CC on the potential productive 
capacity of the resources, not on projected production. The latter can only be 
determined in the context of economic models accounting for other factors 
conditioning the evolution of demand and supply, e.g., population, incomes, etc.  

4.  Derive from this interface information to modify the way the model of agriculture or 
the whole economic system (used to project production, consumption, trade, prices, 
etc.) recognizes the underlying altered biophysical base of the sector. This should 
include revised estimates of land and water constraints and assumptions about 
alternative paths to adaptation, i.e., how people may respond to changing crop 
calendars and the introduction of crop varieties that are better suited to the altered 
climate. 

Biofuel Development  

Biofuel production based on agricultural commodities increased more than threefold from 2000 
to 2008; the increase was mainly driven by policies, particularly those blending targets such as 
those decided by the EU and the US. With current conversion technology, a further rise in the use 
of agricultural feedstock in the production of biofuels may pose risks for food security.  
 
FAO argues that the growth rate of aggregate world cereal consumption as a result of biofuels 
could still be relatively modest: 7 percent of world consumption in 2018, up from 4.8 percent 
currently, much of which will likely come from increased production over and above what it 
would be without biofuels.  The latest projections show that the realization of current targets 
would imply approximately an additional 100 million tons of cereal and 7 million tons of starchy 
roots being used for biofuel in 2030. Technology, however, may change these estimates; ‘second 
generation’ biofuels promise a smaller impact on food markets, as their energy is not exclusively 
derived from cereals (maize and wheat), sugar or vegetable oils. 
IFPRI projects that by continuing along the current policy-induced trend of increased use of 
feedstocks for biofuel energy, prices of grains, oils and cassava will be at least 4 percent higher 
by 2015 compared to a reference scenario in which biofuel production is kept constant at 2007 
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levels. This will lead to an increase in the number of malnourished children by up to 3 million in 
sub-Saharan Africa and 1.7 million in South Asia. 
 
Results from Fisher (2009) are similar: a “worse case” scenario – implying meeting targets for 
biofuel use in virtually all industrialized and less industrialized countries as well as a slow 
deployment of second generation technology – leads to an additional cereal use of 437 million 
tons in 2030. The additional usage toward biofuel will displace food and feed use; 66 percent of 
the additional use will originate from additional production, while 10 and 24 percent will be 
obtained from current food and feed use, respectively.  
 
However, at present conditions, the use of agricultural feedstocks is assumed to lack economic 
incentive in countries that do not enforce mandatory blending. In projections, most production 
developments are assumed take place in the US,  EU, Brazil (for sugar) and Asia (for palm oil).  
 
To conclude on this part, it is useful to recall that and even more important source of uncertainty 
is population.  The impact of a different pattern of population growth may be substantive and 
recent updates of UN projections show considerable variability in this area, especially in sensitive 
countries, such as those of Sub-Saharan Africa.   
 

c) Policy Options 
 
The 2050 perspective drives the discussion on a wide host of policies and actions that need to be 
explored in order to promote the global agri-food system’s ability to respond to the needs of a 
growing and wealthier population, such as is expected in 2050. Questions are more important 
than answers in each of these areas. Below is a tentative list of points on which analysts and 
policymakers may focus their attention.  

1. There is a need for a greater consideration of demand-side policies. Until the end of the 
1970s, the main focus of agricultural and food policies was on production and the supply 
side. From the mid-1980s to more recent years, the emphasis was mostly on reducing 
distortions in world markets. The recent food crises have brought a renewed emphasis on 
the need to invest in agriculture and increase productivity. In the coming decades, the 
demand side is also likely to require an increased policy focus, in order to: 1) provide the 
proper signals for the supply side and 2) anticipate and even influence patterns of global 
food needs and the use of agricultural products. Increased attention will likely need to be 
devoted to food-related policies aimed at orienting and informing consumers, in order to 
prevent malnutrition, reduce the incidence of diet-related diseases and ensure food safety. 
Several outlook exercises suggest that poverty and undernourishment may become 
smaller problems than they are today; however, food-related safety nets aimed at 
improving food access are likely to continue to play a key role at both the national and 
international levels, at least in areas such as sub-Saharan Africa. 

 
2. Production chains rather than individual producers should become the target and the focus 

of analysis and policy-making on the supply side. Relations along production chains tend 
increasingly to shape incentives and outcomes for individual stakeholders, especially for 
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poor farmers, whose ability to participate in this type of setting should be enhanced. 
Policies should increasingly focus on market failures that prevent production chains from 
working effectively, by simultaneously considering input and output markets from the 
farmer to the final consumer.  
 

3. Agricultural production expansion will certainly rely on new technologies, but a lot can 
be achieved by simply promoting the adoption and adaptation of existing technologies. 
There are wide gaps in productivity between industrialized and less industrialized 
countries; this is clearly a major area for policy focus and will necessitate major 
adaptations to existing institutional and incentive environments in many countries to be 
properly addressed.  Closing yield gaps alone, however, will not be sufficient for meeting 
the 2050 production challenges. New technologies will most probably be required and it 
appears that several R&D directions are already promising to expand the production 
frontier considerably. 
 

4. More sustainable production systems need to be promoted. Current agricultural 
production practices in both industrialized and less industrialized countries seem to have 
created a growing burden on the world’s resources, such as land, water and the 
environment. While different conclusions may be drawn about the probability of a global 
Malthusian scenario, it is clear that resources will undergo significant stress in some of 
the countries that are already more sensitive in terms of poverty and food insecurity. The 
thrust of agriculture in the future will need to be oriented towards far more resource-
sustainable practices and technologies. 
 

5. Climate change will need to be an integral part of agricultural and food policies; it has 
become clearer in recent years that agriculture is both part of the climate change problem 
and a potential part of the solution. In many countries, it will require a major shift in 
current policy thinking to acknowledge this and to shape policies that make agriculture an 
integral part of the climate change adaptation and mitigation landscape. As seen in this 
volume, opportunities exist; policies should assist in involving agriculture more often in 
the overall international climate change debate and policy arena. Once more, emphasis 
should mostly be on those areas that are already more sensitive in terms of potential 
impacts on poverty and food insecurity. 
 

6. The world trading system will need to be flexible to accommodate both old and new 
agricultural concerns. Outlook exercises indicate a likely growth in interaction among 
countries through trade in the coming decades. The WTO has proved remarkably resilient 
and accommodating to changes in policies and views among its growing number of 
members. However, as the now less industrialized countries become a larger part of the 
international trade sphere, rules related to agriculture will have to be adapted to meet their 
concerns; less industrialized countries will need to be given some policy space in the 
period of transition to industrialization. As part of the future global trading system, a 
global mechanism should be considered for addressing competition issues at the 
international level. Although this is an overly ambitious proposition, the growing 
influence of multinational companies and the diffusion of international production chains 
seem to call for more attention in this area. 
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3.3 Energy and Agriculture 
 

a) Global Trends and Projections 
 
According to FAO projections, agricultural production will need to increase by 70% by 2050 in 
order to meet future food demand.  The FAO report “How to Feed the World by 2050” indicates 
that the projected increase in food output (in relation to production levels attained in 2005-2007) 
will be needed to meet vegetable and meat demand, especially. The increase is largely expected 
to come from higher productivity of crops, livestock and fish resources. This equates roughly to 
the extra production of 1000 Mt of cereals and 200 Mt of meat and fish per year by 2050.  
 
The various means of increasing yields vary widely between countries and cultures, though 
generally involve adding auxiliary energy to the agricultural system. Auxiliary energy (or energy 
subsidies) can be in the form of human labour, animal power, fuel energy, renewable energy, or 
mechanical energy obtained from the consumption of fuels in engines.  Meeting the food demand 
of a growing world population over the past century has mainly been achieved by significantly 
increasing fossil fuel inputs along the agri-food chain, including: petroleum fuels for boats and 
tractors; natural gas for the manufacturing of fertilizers; agrochemicals, electricity and heat for 
processing and packaging; liquid fuels for transport; electricity for refrigeration; and a range of 
fuels used for cooking.  

The food system’s high dependency on fossil fuels, however, is now becoming cause for concern; 
envisaged future productivity increases may be constrained by the limited future availability of 
cheap fossil fuel supplies.  To add to this challenge, increasing food demands will have to be met 
in the context of climate change impacts, increased stress on our natural resources and limited 
productive land area. The magnitude and complexity of this challenge explains the current 
importance now being given to the energy-climate-food nexus. 

The increasing food demand over the last decades has been met not only by plant breeding but 
also by tripling the application of inorganic fertilizers (whose production is highly energy 
intensive), expanding the land area under irrigation (which requires energy for pumping, usually 
electricity), and increasing energy inputs to provide additional services along the agri-food chain 
(such as drying, milling, refrigeration, etc.). 

Today, however, the annual incremental yield increases of major cereal crops are in decline, 
while fertilizer applications are increasing and fossil fuels are becoming relatively scarcer and, 
hence, more costly. Fossil fuel prices are expected to be even more expensive over time, as fossil 
reserves continue to be deployed and the accessible resources will always be more unevenly 
distributed. The correlation between food and energy prices over the last two decades is shown in 
the figure below.  
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Figure XX: Comparative trends of crop commodity and oil price indices from 2000-2009 

(Heinberg and Bomford, 2009) and from 1990 to 2009 (with 2004 as baseline) (Kim, 2010). 

 

According to the IEA, the projected future higher costs, insecurity and limited reserves of global 
oil and natural gas supplies are imminent threats. These, coupled with a global consensus 
regarding the need to reduce GHG emissions, could eventually constrain the international goal of 
increasing the volume and quality of global food supplies to meet the ever-growing demand. 

 
Figure XX: Total Primary Energy Supply to 2035 by fuel according to two different scenarios 

(IEA 2011a) 
 

The agri-food sector as a whole consumes as much as 30 percent of total end-use energy. This 
includes energy needed for primary production, such as cropping, husbandry and fishing, as well 
as for food processing, food distribution, retail, food preparation and cooking. Many of these 
activities often cross into other industry sectors, such as transport (e.g., transportation of 
agricultural produce to markets) or industry (e.g., fertilizer manufacturing or food processing). 
The graph below illustrates the global final end-use consumption in four main sectors (transport, 
buildings, industry and primary production), making a distinction between fossil fuel energy, 
bioenergy, and other renewables. 
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Figure XX: Global final end-use consumption energy in 2008 characterized by primary energy 
sources from renewable, non-renewable (oil, coal, gas and nuclear) and traditional biomass and 

presented by major sector. (Data from IEA, 2010 converted to direct equivalent accounting 
method. Figures based on IPCC, 2011). 

 

It is mainly in high-income countries where farming is dependent on energy; farming techniques 
in these countries rely much more heavily on external energy subsidies than they do in less 
industrialized countries, in particular for tractor fuel and the application of fertilizers and 
agrichemicals.  It is also important to note the indirect energy needed to produce agricultural 
machinery in high-income countries. The graph below gives an idea of energy needed (in 
absolute terms) for the different activities in farming for high-income and low-income countries, 
respectively. It should be taken into account that low-income countries use less energy for 
farming than high-income countries in spite of the fact that they are much more populous. 

 
Figure XX: Energy uses in farming (EJ) (FAO based on Giampietro, 2002; Smil, 2008; IEA, 

2010; GoS, 2011 and others) 
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The levels of energy required for farming are expected to increase significantly until at least 
2030 under current scenarios, mainly driven by an increasing use of fertilizers and the energy 
needed to build and power machinery (e.g., tractors) in the less industrialized world. 

 
Figure XX: Percentage of area cultivated by hand, animal draught and tractors in relevant 

regions in 1997-99 and 2030 (FAO, 2003) 

 

The dependency of the agri-food sector on energy goes far beyond farming; the steps beyond the 
farm are very energy intensive and, although these are usually industrial activities (that is, they 
are generally carried out by less vulnerable groups rather than poor farming communities), their 
reliance on energy is even stronger. The graph below shows the typical shares of energy demand 
for the different steps of the food production chain for high- and low-income countries. 

 
Figure XX: Indication of global, shares of end-use energy demands throughout the agri-food 

supply chain, showing total energy used for the sector and a breakdown between High-GDP and 
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Low-GDP countries (FAO based on Giampietro, 2002; Smil, 2008; IEA, 2010; GoS, 2011 and 

others) 

 

In the future, as agri-food systems grow from small- to large-scale, they will be required to 
produce more food, mostly through increased productivity per land area.  In order to improve the 
efficiency of the agri-food sector and improve poor people’s livelihoods, improving subsistence 
farmers and rural communities’ access to modern energy services (e.g., modern fuels and 
technologies for heating; electricity for lighting and other productive activities), will be needed. 
Access to modern energy helps to increase agricultural earnings in three basic ways (Practical 
Action 2012):  

1. By increasing agricultural productivity and yields; 
2. By providing better quality and quantity products with less time, effort and waste, through 

better processing and storage; 
3. By creating greater earnings from produce via new market opportunities and access to 

information and networks. 

Projections until 2030, however, suggest that although global energy access will increase, it will 
be at a much slower rate than what could be achieved with stronger political willingness; in 
some populous regions, such as Sub-Saharan Africa, the number of people without access to 
energy will even increase under current business as usual (BAU) scenarios (Figure XX). Without 
appropriate policy actions, by 2030, 3 billion people will still cook with traditional fuels, almost 
900 million people will not have access to electricity, more than 30 million people will die due 
to smoke-related diseases, and hundreds of millions will be confined to poverty as their incomes 
will be constrained by a lack of energy access (Practical Action 2012). The poor availability of 
efficient modern energy services in many regions is a fundamental barrier to sustainable 
development and to meeting the Millennium Development Goals. 

 

 
Figure XX: The number of people without energy access from 2000 to 2030 in relevant regions 

under the BAU and Universal Energy Access scenarios (IEA 2002, UNDP/WHO 2009) 
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b) Challenges and Opportunities 
 
Both higher fossil fuel prices and increased volatility of the energy market will potentially have 
dire consequences on the agri-food sector in general and farmers in particular. The present price 
volatility and possible future supply scarcity of fossil fuels, in conjunction with the heavy 
reliance of the agri-food industry on them, could jeopardize the future economic viability of 
some agri-food industry enterprises. If fossil fuel prices continue to rise due to supply issues and 
added carbon charges (to cover the externality costs of emissions released during their 
combustion), then the agri-food system’s dependency on on fossil fuels will, in time, make 
tractor and boat fuel, agri-chemical and fertilizer manufacturing, and food processing and 
transport all more costly. Volatile fossil fuel prices are reflected in the price of fertilizers and 
agro-chemicals; as such, a shock in the energy market could potentially cut some farmers out of 
business, especially the poorest and those who cannot rely on stocks or access finance to 
overcome sudden cost fluctuations. 

Further, higher and volatile energy prices will have a direct negative effect on food, as there is an 
important cost pass-through between energy and food markets. This raises concerns about the 
future security and affordability of food. 

Therefore, further agricultural intensification, together with any expansion of beyond-farm gate 
activities, should ideally be disconnected from additional fossil fuel demands if the desire is to 
move towards a low-carbon, less fossil fuel-dependent agri-food sector.  

Increased access to modern energy allows for the use, both inside and beyond the farm gate, of 
machinery that is able to process the produce in a more efficient way, avoiding wastages and 
food loss. The losses along the food supply chain are currently around one third of all food 
produced; this poses additional concern for the energy lost along the process, as is shown in the 
graph below. In order to proceed sustainably, energy losses need to be reduced via appropriate 
investments and behavioural changes. Around 60% of the losses occur in High-GDP countries, 
mostly at the retail, preparation and cooking stages; conversely, in low-GDP countries, most 
losses occur during processing, transport, and storage. 
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Figure XX: Shares of energy inputs embedded in food products that are lost along the agri-
food supply chain (FAO elaboration on the basis of food loss data from Gustavsson et al., 2011; 

global energy data from on Giampietro, 2002; Smil, 2008; IEA, 2010; GoS, 2011 and others). 

Ways of reducing the agri-food chain’s dependency on energy, all of which will need sound 
supportive policies, include (FAO 2012): 

• a large deployment of ecologically friendly farming methods that significantly improve 
yields for subsistence farmers; 

• improving freshwater use, efficiency and access; 
• promoting improved efficiency of energy and other resources; 
• substituting fossil fuels with low-carbon resources and clean energy technologies; and 
• reducing losses along the food chain. 

It must be noted, however, that the agri-food supply chain, farming in particular, is a complex 
system relying on healthy soils, a high nutrient status, adequate supplies of water, and careful 
management of resources. Any attempts to reduce energy inputs to the agri-food sector or to 
generate energy supplies from it that would have negative impacts on the productivity, processing 
activities, or quality of food would be unacceptable.  

The agri-food sector, being one of the most important sectors in terms of overall energy demand, 
is also a major emitter of greenhouse gases (GHGs), contributing to around 22% of global GHG 
emission. Methane from livestock and nitrous oxide from fertilizers are gases with major 
greenhouse effects, as shown in the graph below. Reducing global emissions by increasing the 
efficiency of the agri-food sector and decreasing its dependency on fossil fuels should be a 
priority, especially for Annex I Kyoto signatory countries. 
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Figure XX: Global shares of anthropogenic greenhouse gas emissions along the agri-food supply 
chain with breakdown by gas type (FAO elaboration based on Giampietro, 2002; USEPA, 2006; 

Smil, 2008; IEA, 2010; GoS, 2011 and others) 

 

Though the agri-food sector is a major energy consumer and its dependency on fossil energy 
should urgently be addressed where possible, it is also an important renewable energy provider. 
This energy can be produced on farms or in processing plants (including wind, solar, small-hydro 
and bioenergy) and used either on-site to substitute for purchased direct energy inputs or sold for 
use off-site to earn additional revenue for the farm or processing plant owner. 

Bioenergy is the principal (renewable) energy source in the less industrialized world and it has 
been getting more and more attention over the last few years because of its potential to produce 
liquid biofuels for transportation and biogas to power small rural communities. 

Global production of liquid biofuels increased steadly over the last decade and its demand is 
projected to increase 4 fold by 2030 and around 15 fold by 2050 (IEA, 2011b) (see figure below). 

 
Figure XX: Global biofuel production 2000-10 (IEA, 2011b) 
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Figure XX: Biofuel demand by region 2010-50 (IEA, 2011b) 

 

Biofuel production provides additional revenue for farmers and the agricultural sector as a whole, 
allowing producers to operate on different markets. The change of future demand and supply 
patterns for biofuels will certainly pose important challenges and it will be fundamental to adopt 
all possible policy measures that will serve to safeguard food security and ensure that additional 
production of energy crops is done sustainably. It is indeed not clear if and how poor rural 
communities will be impacted by increased demand for energy crops, especially when these are 
in competition with food crops.  On one hand, bioenergy certainly provides potential additional 
revenue for farmers; on the other hand, however, food-fuel competition may lead to an increase 
in the prices of staple foods. Every region and country has specific climatic suitability, local 
conditions, and cultures; as such, it is not possible to implement general policies across the board, 
aside from those that call for thorough analysis and assessment. Over the last few years, FAO has 
developed a Support Package for Decision-Making on Sustainable Bioenergy in order to promote 
a sound and integrated approach to making bioenergy work for climate, energy and food security 
(www.fao.org/bioenergy). 

Projections on the impacts of additional bioenergy production on farmers’ livelihoods and 
revenues are scattered.  The main revenues over the next decade are expected to remain steady in 
the U.S., Brazil, and other Latin American countries; Africa’s high potential, on the other hand, is 
expected to remain largely untapped (see table below). 

http://www.fao.org/bioenergy�
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Figure XX: Crop farming revenues under mandate scenarios (billion $), 2020 (Source: IFPRI, 

2010, Modeling the Global Trade and Environmental Impacts of Biofuel Policies) 

c) Policy Options 
 
Addressing the energy-climate-food nexus is crucial, complex and challenging, and justifies 
significant and sustained efforts at the international, national and local governance levels. 

Energy scarcity, future affordability, population growth, climate change mitigation, rural 
development and sustainability goals are driving the need for a paradigm shift away from the 
present pathway and towards a more sustainable agri-food system. This will require a longer-term 
vision on the part of policymakers, as it cannot be achieved in the short-term. Immediate actions 
based on existing knowledge and technologies, however, are feasible.  

Various pathways can lead to increased productivity at both the small- and large-scales of 
primary production, though they all demand energy. The challenge is to decouple food prices 
from fluctuating energy prices by: 1) decreasing the energy intensity in terms of MJ per kg of 
produce and 2) using more renewable energy without reducing productivity along the entire agri-
food sector. In theory, the agri-food supply chain could eventually become energy self-sufficient 
in the long-term. 

Reducing the vulnerability of the sector’s dependence on fossil fuel inputs can be met by a 
combination of energy efficiency measures and renewable energy substitution. This will require 
considerable investments in R&D, capacity building, financial support and incentives. Policy 
options towards making food systems more energy-smart can be achieved through supportive 
policies in the vein of three basic avenues of intervention: 
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1. increasing the efficiency of direct and indirect energy use so that energy intensity (MJ/kg 

of food produced) decreases;  
2. using more renewable energy as a substitute for fossil fuels without reducing food 

productivity; and 
3. improving access to modern energy services in rural areas. 

The initial capital investment for new renewable energy installations, energy efficiency measures 
and a shift towards more sustainable farming techniques is one of the main bottlenecks for their 
larger deployment. These measures are usually economically viable, especially when considering 
all the avoided costs (externalities) deriving from avoided fossil fuel use; however, the time until 
one begins to see returns on the initial investment is usually long and not very interesting for 
private investors. On the contrary, these long-term investments should be particularly interesting 
for the public sector (in terms of future avoided costs for the community) and, thus, justify 
sustained and long-term policy interventions to facilitate them. Public-private partnership, the use 
of innovative business models (such as ESCOs) , integrated municipality solutions, institutional 
mechanisms for the development of sustainable markets, capacity building activities (important 
as farmers usually do not like change, so incentives, together with education, are usually 
necessary to encourage the adoption of new agricultural practices), development of financial 
instruments and supporting the development of appropriate risk mitigation tools are all measures 
that would facilitate investments in renewable energy and energy efficiency with minimum costs 
for the public sector. Since capital investment is critical for sustainable development, any means 
that governments can devise to provide access to credit with minimal transaction costs should be 
considered (FAO, 2012).  

Access to reliable and affordable energy supplies for many rural and fishing communities who 
lack or have limited access to basic energy services can be achieved using a combination of 
small-scale renewable energy systems together with, at least in the short-term, the use of fossil 
fuels. Where feasible, leap-frogging directly to renewable energy systems should be encouraged. 
Further, the potential co-benefits of renewable energy on people’s livelihoods, employment, 
health, rural development and social cohesion should always be considered in policy decisions. 

Renewable energy carriers, including heat, power and liquid biofuels, can supply useful direct 
energy inputs for farms, fisheries and processing plants contributing to the availability of and 
access to modern energy services in rural areas. Surplus production at the farm level can actually 
be sold off-site to gain additional revenue for farmers and landowners, while providing the 
potential for improving livelihoods and for starting new businesses in rural areas. In some regions 
of the less industrialized world, there is a high level of inequality regarding the distribution of 
services, especially in rural areas. Tackling energy access in combination with agricultural 
development would bring a double benefit. Much of the renewable energy needed could come 
from local resources, including wind, solar radiation and small hydro captured from agricultural 
land, and biomass as a co-product of primary production and food processing enterprises. 

Food and agricultural policies should be implemented in conjunction with energy policies. These 
policies should, in turn, be in line with policies designed to achieve other national development 
goals in areas such as transportation, health, rural development, technological innovation and 
economic growth. Climate change mitigation policies, of interest for Kyoto Protocol signatories, 
are also relevant to the energy and food sectors, as policies promoting social and economic 
development are priorities for other countries. Mechanisms that support improvements in energy 
efficiency and the use of renewable energy technologies in the agri-food sector could be 
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incorporated into existing policies to promote win-win situations and capitalize on potential co-
benefits.   

Agricultural policies that support energy-smart agri-food systems also support environmentally 
friendly agricultural practices, such as: 

• conservation agriculture,  

• integrated food-energy systems,  

• cultivation of drought-tolerant crop varieties,  

• precision farming (i.e., a farming management concept based on observing and 
responding to intra-field variations ),  

• improved management in fertilizer and chemicals application,  

• improved water management. 
Energy inputs can also be reduced through water management policies that promote the 
introduction of more efficient irrigation, such as precision irrigation, low-head drip irrigation, 
waste water recycling and fertigation. Fertilizer management practices that avoid the overuse of 
fertilizer can be promoted by providing training services to farmers on precision application 
methods and recommended dosages. Advantages and drawbacks of policies that offer financial 
incentives to access fertilizers should be thoroughly assessed, over the short- and long-term.  

Further, policy makers need to devise incentives to encourage farmers, who have become more 
mechanized and have access to fuel supplies, to use energy and natural resources wisely. 
Examples of innovative approaches that could be used include: 

• payments for environmental services (PES), and  

• the use of land tenure-related policies that entitle landowners to benefits resulting from 
any increases in the value of natural capital.  

Some governments have already implemented policies to manage the demand for energy and 
improve energy efficiency along food systems. These policies tend to be set within a broader set 
of policies designed to reduce energy use in other sectors as well and include (FAO, 2012):  

• the introduction of freight truck fuel economy standards and payload limits;  

• minimum energy performance standards for machinery, such as electric motors, 
refrigerators and water boilers, that is used in food systems;  

• energy performance labels on domestic appliances; 

• vehicle speed restrictions;  

• packaging recycling regulations; and  

• higher charges for landfill disposal of organic waste.  
National governments policies could also stimulate investment, such as micro-financing for 
projects that would encourage the generation of renewable energy:  

• on available land through solar, wind, and hydro energy technologies;  
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• in primary production through the use of crop, animal and fish residues and the 

cultivation of energy crops; and  

• during food processing through the use of biomass co-products. 
Designing labels on retail food packaging that display the energy used in the production, 
processing, packaging and distribution of the product could encourage consumers to consider the 
energy and GHG implications when making their purchases. 

Another way of making the agri-food sector more energy-smart is by encouraging changes in 
consumer habits regarding diets and food preparation. Successfully promoting a shift to diets 
with significantly fewer animal products would be difficult, unless efforts to make this change 
were linked to achieving national health objectives. For example, establishing financial incentives 
or taxes that discourage people from eating foods with high levels of animal fat could be part of 
national efforts to reduce heart disease and obesity. In many countries, similar campaigns have 
been successful at addressing other health issues, such as nicotine addiction and drunk driving. 

A coordinated global energy strategy needs to be adopted in conjunction with consistent and 
stable national policies to bring down the cost of renewable energy technologies, including off-
grid systems, so that they may be used by the poorer segments of rural populations (UN General 
Assembly, 2011). There are many examples of renewable energy policies in both high- and low-
GDP countries, all of which provide some important lessons (FAO, 2012): 

• A flexible approach that is tailor-made to suit specific situations is necessary. Some 
policy elements have been shown to be more effective and efficient than others at rapidly 
increasing renewable energy project deployment (such as feed-in tariffs for solar PV in 
many countries (REN21, 2011)); however, there is no universal policy recommendation. 
Having a mix of policy designs and implementation approaches flexible enough to be 
adjusted as technologies, markets and other factors evolve, can help overcome barriers to 
renewable energy deployment (IPCC, 2011). 

• Policy sequencing is critical. Legal and regulatory frameworks regarding the use of land 
and other resources, the connection and integration to electricity grids, and the allocation 
of permits and rights should be in place before introducing renewable energy policies. 
The process of granting permits for new project developments should have a rapid 
response time and not create bottlenecks. 

• Transforming the energy sector into one based on low-carbon fuels and technologies over 
the next several decades will require considering cost-minimization over this entire 
period, not only in the near-term. Despite the complexity it entails, all the social and 
environmental costs and benefits should be calculated to clearly demonstrate and 
maximize the benefits of renewable energy use. 

• Policies that successfully lead to the scaling-up of renewable energy may not necessarily 
be economically efficient. Some policies will need to include subsidies for biofuels and 
overpriced feed-in tariffs. 

A significant proportion of public and private investments in renewable energy projects flow into 
rural areas. For this reason, effective renewable energy policies can support sustainable rural 
development. Although the construction and operation of a renewable energy project primarily 
benefit the landowner or food processing company, as previously stated, renewable energy 
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installation and efficiency measures can also bring benefits to the local community by pumping 
more income into the economy and facilitating the establishment of new businesses. Some new 
revenues can be channeled toward improving public services and attracting new businesses to the 
community. Long-term employment opportunities are also possible through: 1) the creation of 
local companies involved in furthering the development of renewable energy technologies 
themselves, 2) the manufacturing of components and 3) the provision of related energy services 
(utilities). These jobs (partly subtracted from traditional farming) are usually higher wages jobs 
that require the development of local skills and help rural communities attract skilled workers. 
For more remote rural communities, policies can support access to locally produced renewable 
energy when less industrialized infrastructure and importing energy to off-grid communities from 
outside the area is prohibitively expensive.  

3.4 Forests and Forestry in the Context of Sustainable Development  
 
Forests and sustainable forest management are critical underpinnings for sustainable development. 
If properly managed, forests can provide numerous renewable raw materials for development as 
well as ecosystem services, including clean water, soil conservation and biodiversity. Forests 
store large amounts of carbon and thus play a crucial role in climate change mitigation. 
Deforestation and forest degradation, on the other hand, undermine efforts to establish a Green 
Economy, and diminish our capacity to meet human needs, eradicate poverty and improve human 
wellbeing. Understanding the roles that forests can play in promoting sustainable development is 
central to the theme of Rio+20. 
 
Rapid urbanization and the growth of consumerism have exacerbated problems of pollution, 
waste generation, and congestion in several less industrialized countries. As the pressure on 
ecosystems escalated, habitat destruction and loss of species continues unabated. With the 
expansion of human habitations and agriculture into wilderness areas, wildfires and human-
wildlife conflicts have increased in number and intensity. Associated negative impacts, such as 
soil erosion and sedimentation of water systems, are severely impacting sustainable supplies of 
water in many countries, giving rise to a crying need for action. Many crises of the 1990s still 
exist, and some such as climate change and food security appear  in a more virulent form 
(UNCSD 2010). The looming consequences of climate change, including global warming and 
frequent and extreme weather events, could cause a further loss of lives and human suffering.  

 

a) Main Constraints and issues, including equity 
  

The risks we currently face from habitat degradation, fragmentation, conversion to other uses, 
and unsustainable exploitation are extreme. In the last decade alone, approximately 130 million 
hectares of forest were lost, of which 40 million hectares had been primary forests (GFRA 2010). 
More importantly, human demands on forest ecosystems are increasing exponentially, as a result 
of growing populations and escalating consumption. Unless appropriate measures are taken, these 
mounting demands for food, fibre, energy, and water may cause further trouble for forests and 
their associated ecosystems. For example, more than 50% of all types of forests, agricultural 
areas, and wetlands surrounding urban and semi-urban areas have been lost in the last two 
decades due to residential area and other land use conversion. The structural integrity of much of 
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the remaining forest cover is also showing signs of deterioration. According to the Convention on 
Biological Diversity, up to 100 animal and plant species are believed to be disappearing per day 
along with the loss of their forest habitat. As the health of a forest deteriorates, its functions and 
services are severely threatened.  This undermines poor people’s ability to survive and aggravates 
their dependence on forests, which leads to the formation of a vicious cycle of poverty and 
resource degradation chasing one another to the detriment of both (Sreedharan and Matta 2010).   
 

b) Linkages with Other Elements, based on the literature and FAO work: factoring 
additional elements into projections of the future 

 
About 350 million of the world’s poorest people, including 60 million indigenous people, depend 
almost entirely on forests for their subsistence and survival. They include the most disadvantaged, 
vulnerable, and often the politically weakest segments of society. Forests are their major means 
for meeting contingencies and mitigating risks against vulnerable events. Further, hundreds of 
millions of people rely on traditional medicines harvested from forests and in some 60 less 
industrialized countries, hunting and fishing on forested land supplies more than a fifth of protein 
requirements. A further one billion of the poor, 20% of the world’s population, depend on 
woodlands, homestead trees, and agro-forestry systems for many of their day-to-day needs. For 
more than two billion, wood energy is critical for cooking, heating, and food preservation (FAO 
2010). 
 
Forest ecosystems also provide a number of raw materials that serve as a basis for economic 
development. While the forest sector’s contribution is estimated to be about 1% of global GDP 
and 10 million jobs, the number of people employed in informal, small, and local forest 
enterprises that are often not part of official data is above 100 million (Macqueen 2008). 
 
Forests are also the foundation of our life support systems; they perform and sustain a wide range 
of irreplaceable ecosystem services and functions.  They are critical for regulating water supplies, 
buffering floods and droughts, and mitigating the adverse effects of greenhouse gas emissions. In 
particular, they store approximately 289 gigatonnes of carbon in their biomass alone and hold 
significant potential for mitigating climate change (GFRA 2010).  Harbouring over 80% of the 
world’s terrestrial biodiversity, they also offer resilience for agriculture, health, and other sectors. 

 

c) Scenarios: What are the long-run effects of the linkages between the above elements? 
What challenges and constraints do they present? 

 
Challenges 
 
During the 2012-2030 period, the context of global forests and forestry will likely include the 
following changes: 

 
• An increase in human population from approx. 7.1 billion in 2012 to approx. 8.3 billion in 
2030; 
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• An increase in annual demand for cereals from approx. 2.2 billion tons in 2012 to approx. 
2.7 billion tons in 2030;  
• An increase in annual demand for wood by approx. 465 million m3 to approx.  594 
million m3 in 2030; and 
• An estimated 67 million ha of now forested land that will be cleared for agriculture. 
 

3.5 Fisheries 

a) Supply and Demand Projections 
 
Supply  
 

Together, the FAO and the OECD developed fish projections based on specific assumptions 
regarding the future macroeconomic environment, international trade rules and tariffs, frequency 
and effects of the El Niño phenomenon, the absence of abnormal fish-related disease outbreaks, 
fishery quotas, longer-term productivity trends and the absence of market shocks. Should one of 
these assumptions change, the resulting fish projections would be affected. In the projections, 
overall capture fisheries production is reported to remain mostly stable; however, according to 
recent FAO estimates, over half of the stock groups monitored by FAO were estimated to have 
been already fully exploited in 2008 (

Capture fisheries  

Figure 1). In addition, it was estimated that 32% of the 
stocks were overexploited, depleted or recovering from depletion, while only 15% were 
underexploited or only moderately exploited, the lowest percentage recorded since the mid-1970s 
(FAO/OECD, 2011).  
 
 

 
Figure 1: Global trends in the state of world marine stocks since 1974 (Source: FAO, 2011) 
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Total fisheries production is projected to increase by 14.7% to 164 million tons by 2020, mainly 
driven by aquaculture, which will contribute around 45% of total fishery production by that time. 
World capture fisheries production has peaked around 90 million tons and is not likely to grow 
much further in the future (FAO/OECD, 2011).  
 

The majority of future growth in fish production will come from aquaculture. However, the 
prospects of this sector will depend on several factors, including: the availability, sustainability 
and cost of fishmeal, fish oil and other sources of feeding; access and availability to areas and 
water; environmental impacts; the availability of technology and finance; the effects on 
biodiversity; climatic changes; governance; food safety and traceability issues; and policy 
decisions relating to the production system (FAO/OECD, 2011).  

Aquaculture 

 
Aquaculture production is projected to continue to increase, reaching nearly 74 million tons in 
2020. The annual growth rate for the FAO/OECD projection period to 2020 is estimated at 2.8%, 
a reduction from the 5.6% growth rate in the previous decade. Notwithstanding the slower growth 
rate, aquaculture will still remain one of the fastest growing sectors relative other food-producing 
systems. The share of aquaculture in total fish production is expected to grow from an average of 
38% for 2008-10 to 45% in 2020. In 2015, for the first time in history, fish for human 
consumption originating from aquaculture are expected to surpass those from capture fisheries; 
they are projected to reach 51% of all fish production in 2015 and almost 54% by 2020 
(FAO/OECD, 2011).  
 
Aquaculture will continue to expand in all continents in terms of new areas and species, as well 
as intensify and diversify the product range for species and products in response to consumer 
needs. Asian countries, and especially China, will continue to dominate aquaculture production 
(Figure 2) (FAO/OECD, 2011).  
 
Projections indicate growth in Latin America, and Brazil in particular, due to consistent economic 
investment in the sector (FAO/OECD, 2011).  
 
African production is expected to increase over the next decade by 70% (reaching 1.7 million 
tons) due to the private sector capacity put in place in the 2000s, in response to economic growth, 
rising local demand and local policies promoting aquaculture (FAO/OECD, 2011). As a result, 
however, of the very low production base and inefficient and poorly developed value chains, it is 
likely to take at least a decade before substantial increases in production in sub-Saharan Africa 
are realized. If this is correct, local aquaculture production will be unable to fill the gap between 
fish supply and demand that Africa will face over the next decade. Despite this overall picture, 
however, there will be large local increases in some countries, which will likely bring substantial 
resource demands (Hall et al., 2011).    
 
Despite investments, aquaculture production in Europe and North America has remained largely 
static over the past decade and is unlikely to grow substantially. This is primarily due to a lack of 
available sites, competition from other producing countries and the substitution for comparatively 
expensive, domestically produced fish, e.g., cod, by cheaper products from other parts of the 
world (e.g., striped catfish from Vietnam, tilapia from China). Marine production in the United 
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States remains constrained by the lack of an enabling legal framework, competition for coastal 
resources and competition from overseas producers (e.g., Latin America and Asia for shrimp). 
Similarly, freshwater production in the United States is limited by overseas producers being able 
to produce identical (tilapias, carps) or substitute (striped catfish) products at highly competitive 
prices (Hall et al., 2011).  

 
Figure 2: Aquaculture production today (2008) (Source: Hall et al., 2011) 

 

According to the FAO/OECD projections, fishmeal and fish oil production are projected to 
remain rather stable during the next decade. Their estimated production for 2020 is, respectively, 
5.9 million tons and 1 million ton in product weight. With this expected stronger future demand 
for fishmeal, a growing share of fish meal production will originate from fish residue. With 
growing incomes, people will consume an increasing share of fish in fillets or in other value 
added forms, thus creating more residues to be used for fish meal.  

Fishmeal and fish oil 

 
BOX 1: Other scenarios 
 
Fish Projections until 2020, study prepared by IFPRI, 2003 

 
The IFPRI study (Delgado et al., 2003) explores six fish production scenarios (Table 1): a 
baseline scenario that embodies the authors’ “most plausible” set of assumptions on one end, an 
extreme scenario where capture fisheries production, including fishmeal fisheries, collapse with a 
negative 1% annual growth in production on the other, and, in between, two aquaculture 
development scenarios with technological progress increasing at different rates (‘faster’ or 
‘slower’), a scenario with improvement in the feed conversion efficiency of fishmeal and fish oil 
and a scenario with lower production in China (Hall et al., 2011).  
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Table 1: Total projected production of fish under various scenarios, 2020 

 
Comparison of Fish production projections in 2020, according to various scenarios for 
aquaculture development (from Hall et al., 2011) 
 
Figure 3 shows actual aquaculture production up to 2008 (excluding seaweeds) against the values 
projected under various scenarios from published studies summarized in an analysis for the FAO. 
The various projections were made under somewhat different assumptions and approaches. Two 
of the forecasts (Ye, 1999; Wijkström, 2003) assume constant fish prices and are based solely on 
demand driven by population growth and per capita consumption (used by IFPRI). Ye (1999) 
considered two scenarios: the first assuming per capita consumption will remain at 1996 levels 
and the second that it would rise to 22.5 kg/y, based on a combination of historical time trends 
and modeled relationships between GDP growth and consumption. Further richness to these 
predictions was added by Brugère and Ridler (2004), who considered how these projections 
might be affected by either no growth in wild capture fisheries or by a modest 0.7% growth. 
 
Assuming that the catastrophic collapse of wild fisheries assumed by the most pessimistic 
scenario does not come to play, and that zero growth is not exhibited in this sector, a conservative 
projection for world fish production is probably between 79 and 110 million tons. The lower 
bound represents a growth pattern that continues the current trajectory of IFPRI’s baseline 
scenario prediction for 2020, while the upper bound represents the continuation of current 
production trends and the IFPRI technological innovation scenario under a stagnant fisheries 
assumption. The latter also corresponds to the midpoint between the two projections by Ye for 
global consumption of 22.5kg. One indication of the reasonableness of this likely range for the 
aquaculture production trajectory is derived from a comparison with the targets for production 
that were identified in the national plans of nine countries. The range of production targets was 
created based on two scenarios: an annual growth rate for China of 3.5% and a more modest rate 
of 2% (FAO, 2004). It is also interesting to examine how pork and chicken production has 
evolved and observe their remarkably similar production growth rates over the last decade. This 
suggests, perhaps, that all three sectors have been driven by similar demand drivers during this 
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period and that all three production systems have been able to meet this demand (Hall et al., 
2011).  
 

 
Figure 3: Comparison of historical trends in farmed fish, pig and chicken meat production, the 
likely production envelope and the combined aquaculture production targets envelope for nine 

countries1 (Source: Hall et al., 2011) 
 
1 Bangladesh, India, China, Indonesia, Philippines, Thailand, Vietnam, Brazil, Chile, Canada, 
Egypt 
Circles denote projections based on supply and demand considerations under various 
assumptions, as summarized in Table 3 of Brugère and Ridlers (2004). Historical data from FAO 
Stat 
 
Demand 

 
In 2007, fish accounted for 15.7 percent of global animal protein intake and 6.1 percent of all 
protein consumed. Globally, fish provides more than 1.5 billion people with almost 20 percent of 
their average per capita intake of animal protein, and 3 billion people with 15 percent of such 
protein. In 2008, nearly 81 percent (115 million tons) of world fish production was destined for 
human consumption, while the rest (27 million tons) was used for nonfood purposes. Seventy-six 
percent of world fish production destined for non-food purposes (20.8 million tons) was reduced 
to fishmeal and fish oil; the remaining 6.4 million tons was largely utilized for ornamental 
purposes, culture (fingerlings, fry, etc.), bait, pharmaceutical uses, as well as raw material for 
direct feeding for aquaculture, livestock and fur animals (FAO SOFIA 2010).  
 
Given world population projections of an additional 2 billion people, primarily in Africa, Asia, 
and Oceania, and using the lower figure of 20% for dietary protein, an additional 75 million tons 
of fish from fisheries and aquaculture will need to be produced (Rice and Garcia, 2011).  
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Per capita fish consumption is projected to increase by only 5% over the next decade, reaching 
17.9 kg in 2020. It will increase in all continents, with Oceania and Europe showing the highest 
growth rates. Only limited growth in per capita fish consumption is projected, largely as a result 
of Asian consumers shifting their preferences toward meats and limited growth in the availability 
and higher prices of capture and aquaculture fish. Per capita consumption in LDCs will increase, 
but will continue at a rather slow rate (11.5 kg in 2020). Fish consumption will continue to be 
affected by the complex interactions of several factors, including rising living standards, a 
growing emphasis on fish as a healthy and nutritious food, population growth, rapid urbanization, 
increased trade and transformations in the food distribution and retail sectors. Total amounts of 
fish consumed will continue to vary by region and country, reflecting the different levels of 
availability of fish and other foods, including the accessibility of aquatic resources in adjacent 
waters, as well as diverse food traditions, tastes, income levels, prices and seasons. Annual per 
capita apparent fish consumption will vary from less than 1 kg in one country (Ethiopia) to more 
than 100 kg in another (Maldives) (FAO/OECD, 2011). 
 
FAO/OECD’s global projections for per capita fish consumption are similar to the most likely 
scenario developed by IFPRI (Delgado et al., 2003). Table 2 illustrates the results of the different 
scenarios developed by IFPRI (Delgado et al., 2003) in terms of projected per capita fish 
consumption for food in 2020.  
 

 
Table 2: Total per capita consumption of fish under different production scenarios, 2020 (Source: 

Delgado et al., 2003) 

b) Income Generation from Capture Fisheries 
 

The harvest sector’s contribution of global marine fisheries to the global economy is substantially 
smaller than it could be. Lost economic benefits are estimated to be on the order of $50 billion 
annually, meaning that the cumulative global loss over the past three decades has been on the 
order of $2 trillion. The losses represent the difference between the potential and actual net 
economic benefits from global marine fisheries. By improving governance of marine fisheries, 
society could capture a substantial part of this USD 50 billion annual economic loss. Through 
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comprehensive reform leading to increased natural capital in the form of fish stocks, the fisheries 
sector could become a basis for economic growth and create alternative livelihoods in many 
countries.  Further, it will be equally important to reduce the negative impacts of the fisheries on 
the marine environment.  
 
In economic terms, some 60 percent of the world’s marine fish stocks were “underperforming 
assets” in 1974, the year when the FAO initiated its report on the state of the world’s marine fish 
stocks. By 2004, more than 75 percent of the fish stocks were underperforming, at an estimated 
annual loss of USD 50 billion to the global economy. This estimate excludes consideration of 
losses to recreational fisheries and marine tourism, as well as the losses attributable to illegal 
fishing. The estimate also excludes consideration of the economic contribution of dependent 
activities, such as fish processing, distribution and consumption, the value of biodiversity losses 
and any compromise to the ocean carbon cycle (World Bank/FAO, 2009). 
 
The depletion of a nation’s fish stocks constitutes a loss of the nation’s stock of natural capital 
and, thus, a loss of national wealth. Economically healthy marine fisheries have the potential to 
deliver a sustainable flow of economic benefits and a natural bounty from good stewardship, 
rather than be a net drain on society and global wealth (World Bank/FAO, 2009). 
 
Recovery of the sunken billions can take place in two main ways. First, a reduction in fishing 
effort will rapidly increase productivity, profitability, and a fishery’s net economic benefits. 
Second, rebuilding fish stocks will lead to increased sustainable yields and lower fishing costs. 
Some fish stocks can rebuild rapidly, but the uncertain dynamics of marine ecosystems mean that 
certain stocks may not be readily rebuilt.  
 

“The crisis in the world’s marine fisheries is not only a fisheries problem, but one of the 
political economy of reform. Fisheries reform requires broad-based political will founded 
on a social consensus. Building such a consensus may take time and may require forging 
a common vision that endures changes of governments. Experience shows that successful 
reforms may also require champions or crises to catalyze the process. Fisheries reform 
will require reduction in fishing effort and fleet capacity. Thus, successful reforms should 
take the time to build consensus among fishers on the transition pathways, make 
provisions for creating alternative economic opportunities, establish social safety nets for 
affected fishers, and generally manage transition in an equitable manner. Successful 
reforms will require strengthening of marine tenure systems, equitable sharing of benefits 
from fisheries, and curtailment of illegal fishing. Successful reforms will require 
reduction or elimination of pernicious subsidies in the transition to sustainability (World 
Bank/FAO, 2009).” 

c) Labour 
 
Linked to the strong increase in fish production, employment in capture fisheries and aquaculture 
has grown substantially in the last three decades, with an average rate of increase of 3.6 percent 
per year since 1980. According to the most recent estimate, in 2008, 44.9 million people were 
directly engaged, full-time or, more frequently, part-time, in capture fisheries or in aquaculture. 
This number represents a 167 percent increase from the 16.7 million people engaged in the sector 
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in 1980. The rate of employment in the fisheries sector has grown faster than that of the world’s 
population and than that of employment in traditional agriculture. The majority of fishers and 
aquaculturists are in less industrialized countries, and especially Asia, which has experienced the 
largest increases in recent decades, reflecting the rapid expansion of aquaculture activities (FAO 
SOFIA 2010).  
 
The national statistics available to FAO are often irregular and lacking detail. However, it is 
apparent that, for the most important fishing nations systematically providing this information, 
the share of employment in capture fisheries is stagnating or decreasing and increased 
opportunities are being provided by aquaculture. According to the estimates based on the 
available data for 2008, fish farmers accounted for one quarter of the total number of workers, 
totaling almost 11 million people. However, these figures are indicative and they underestimate 
the real number, as many countries still do not collect employment data separately for the two 
sectors (FAO SOFIA 2010).  
 
For many young people, neither the pay nor the quality of life aboard fishing vessels compares 
favorably with those of land based industries. Moreover, widespread concerns about the status of 
some stocks may contribute to the view that capture fisheries have an uncertain future. Fishers 
are often employed in marine and inland waters part-time or as an occasional occupation. Among 
the main reasons explaining this phenomenon are: the variation in seasonal resource availability, 
seasonal weather fluctuations, limits on year-round activity (e.g., closures of selected fisheries at 
certain times of the year and quotas on catches of selected species), the number of commercial 
licenses and the number of fish caught per trip. Increasingly, operators have to turn to other 
activities for supplementary income (FAO SOFIA 2010). 
 
In many countries, especially in less industrialized countries, most fishers and their families work 
in coastal artisanal fisheries and associated activities. It is also estimated that the great majority of 
fishers work on small vessels, however, it is very difficult to obtain exhaustive statistics for these 
activities as well as to measure their socioeconomic importance. Nonetheless, it is undeniable that 
fishers are important in terms of their contribution to production, income and food security for 
the coastal communities (FAO SOFIA 2010). 
 
The number of people employed in direct production in the fisheries and aquaculture sector 
cannot be taken as the only indicator of the magnitude of fisheries in the national economy. In 
addition to fishers and fish farmers, people engage in other ancillary activities, such as processing, 
net and gear making, ice production and supply, boat construction and maintenance, 
manufacturing of fish processing equipment, packaging, marketing and distribution. Others are 
involved in research, development and administration linked with the fisheries sector. No official 
data are available on the estimated numbers of people involved in these other activities; however, 
some estimates indicate that, for each person employed in capture fisheries and aquaculture 
production, about three jobs are produced in its secondary activities, including post-harvest, for a 
total of more than 180 million jobs in the whole of the fish industry. Moreover, on average, each 
jobholder provides for three dependants or family members. Thus, fishers, aquaculturists and 
those supplying services and goods to them assure the livelihoods of a total of about 540 million 
people, or 8 percent of the world population (FAO SOFIA 2010). 
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d) Climate Change 
 
A range of impacts on aquatic ecosystems are predicted in association with large-scale changes in 
temperature, precipitation, winds, and acidification. It is very likely that over the short-term (i.e., 
within a few years), increasing temperatures will have negative impacts on the physiology of fish 
through limiting oxygen transport. This would have significant impacts on aquaculture and result 
in changes in the distribution, and probably abundance, of both freshwater and marine species. 
There is high confidence in predictions that over the medium-term (i.e., a few years to a decade), 
temperature-regulated physiological stresses and changes in the timing of life cycles will impact 
the recruitment success and therefore the abundance of many marine and inland aquatic 
populations, as well as affect the species composition of marine and inland communities. There is 
less confidence in long-term (i.e., multi-decadal) time scale predictions. Predicted impacts at that 
stage depend on, among other factors, changes in net primary production in the oceans and the 
transfer of energy to higher trophic levels (FAO, 2008). 
 
The impacts of physical and biological changes on fisheries communities will be as varied as the 
changes themselves. Both negative and positive impacts can be foreseen, with the relative 
strengths thereof depending on the vulnerability of each community combined with potential 
impacts (sensitivity and exposure) and adaptive capacity. Impacts will be felt through changes in 
capture, production and marketing costs, as well as changes in sales prices and possible increased 
risks of damage or loss of infrastructure, fishing tools and housing. Fishery-dependent 
communities may also face increased vulnerability in terms of less stable livelihoods, decreased 
availability and quality of fish for food, and safety risks, for example, fishing in harsher weather 
conditions that may also be further from their landing sites. Within communities and households, 
existing gender issues related to differentiated access to resources and occupational change in 
markets, distribution and processing, where women currently play a significant role, may be 
heightened under conditions of stress and competition for resources and jobs stemming from 
climate change (FAO, 208). 
 
Aquaculture 
 
Climate change’s impacts on aquaculture, arising from direct and indirect impacts on the natural 
resources it requires (primarily water, land, seed, feed and energy), also have the potential be 
positive or negative. As fisheries provide significant feed and seed inputs, the impacts of climate 
change on them will, in turn, affect the productivity and profitability of aquaculture systems. The 
vulnerability of aquaculture-based communities will stem from their resource dependency as well 
as their exposure to extreme weather events. As climatic changes could increase the physiological 
stress on cultured stock, this would not only affect productivity but also increase vulnerability to 
diseases and, in turn, impose higher risks and reduce returns to farmers. Interactions between 
fisheries and aquaculture sub-sectors could have other negative impacts, for example, extreme 
weather events resulting in escapes of farmed stock could contribute to reductions in genetic 
diversity of the wild stock and affect biodiversity more widely. These impacts will be combined 
with other aspects affecting adaptive capabilities, such as the increased pressure that ever larger 
coastal populations place on resources, any political, institutional and management rigidity that 
negatively impacts communities’ adaptive strategies, deficiencies in monitoring and early-
warning systems or in emergency and risk planning, as well as other non-climate factors, such as 
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poverty, inequality, food insecurity, conflict and disease. However, new opportunities and 
positive impacts (e.g., from changes in species and new markets) could also be part of future 
changes. Today, though these opportunities are possible, though they are not yet well understood. 
In addition, a community’s ability to benefit will also depend on its adaptive capacity (FAO, 
2008). 
 
Climate change impacts on the sector will likely act across the four dimensions of food security, 
that is: availability, stability, access and utilization:  
 
• Availability of aquatic products will vary through changes in ecosystems, production, species 

distribution and habitats. Changes will occur at regional and local levels in freshwater and 
marine systems due to ecosystem shifts and changing aquaculture options, which depend on 
availability of key inputs. Production from aquatic resources, whether through fisheries or 
aquaculture may be impacted by the adaptive capacity of management measures controlling 
temporal and spatial access.  

• Stability of supply will be impacted by changes in seasonality, increased variance of 
ecosystem productivity, increased supply risks and reduced supply predictability – issues that 
may also have large impacts on supply chain costs and their flexibility to respond to variation. 

• Access to fish for food will be affected by changes in livelihoods and the distribution of fish 
species, combined with transferred impacts from other sectors (e.g., increases in prices of 
substitute food products), competition for supply, and information asymmetries. Policies and 
measures tackling climate change impacts may indirectly hamper people’s access to food by 
constraining individuals’ expression of their entitlements and rights to food. 

• Utilization of nutrients from fishery products will be affected through changing supply 
quality and market chain disruptions. In some cases, a period of adjustment will be required 
in order to move to species that are not traditionally consumed. These issues are most critical 
for countries with a high per capita consumption of aquatic proteins (FAO, 2008).  

 
Transboundary Issues 
 
The potential spatial displacement of aquatic resources and people associated with climate 
change impacts, as well as the greater variability characteristics of transboundary resources, will 
require existing bilateral and regional structures and processes to be strengthened and/or given 
more focus. Policy and legal issues will need to be developed. Regional market and trading 
mechanisms will also be more important in buffering supply variability and maintaining sectoral 
value and investment. Current examples of the impacts from displacing populations due to 
climatic variations include the on-going negotiations between the United States of America and 
Canada over access to Pacific salmon and Pacific Ocean skipjack tuna resources, whose spatial 
distributions are largely determined by environmental variability. The potential increase and 
expansion of aquatic diseases in aquaculture and the expansion of exotic pest species will require 
specific transboundary actions, particularly in large international watersheds (e.g., Mekong River, 
the Mediterranean Sea) (FAO, 2008). 
 
The Role of Governance in Adaptation and Mitigation 
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There is a critical need for well informed public policy to address mitigation of GHG emissions 
in order to limit and minimize impacts of climate change, and the safeguarded benefits in the 
fisheries sector are an important factor. Sound public policy will also be required for climate 
change adaptation in order to reduce ecosystem vulnerability, to provide information for planning 
and stimulating adaptation, and to ensure that adaptation actions do not negatively affect other 
ecosystem services and the longer-term viability of fisheries and aquaculture. The nature and 
risks of maladaptation – excessive and economically damaging responses to minimal or 
unsubstantiated risks, or inappropriate responses creating perverse incentives – also need to be 
better understood. In addition to the good governance principles currently applicable to the sector, 
agencies responsible for sectoral support and management can support climate change mitigation 
and adaptation in the sector by: 
 
• building institutional and legal frameworks that consider and respond to climate change 

threats and uncertainties, as well as other pressures, such as overfishing, pollution and 
changing hydrological conditions. This would require effective public, private and non-
governmental organization (NGO) partnerships, integrating research and management across 
the sectors and ensuring that regulations limiting access to resources are appropriate for 
responding to both the threats and benefits of future climate variability; 

• rapidly moving towards full implementation of the Code of Conduct for Responsible 
Fisheries (CCRF), which encompasses the ecosystem approach to fisheries and to 
aquaculture; 

• establishing institutional mechanisms, such as bilateral and multilateral agreements, to 
enhance the mobility of fishing activities within and across national boundaries to respond to 
changes in resource distribution. This can only be recommended in the context of functional 
transboundary governance regimes and effective systems that are able to control illegal, 
unreported and unregulated fishing (IUU) as well as ensure that transparent and competitive 
market arrangements are in place; 

• enhancing the resilience of fishing and aquaculture communities by supporting existing 
adaptive livelihood strategies and management institutions that are designed to support 
adaptation to climate change and variability, such as reciprocal access arrangements and 
conflict resolution mechanisms; 

• exploring policies that promote local/regional consumption of aquatic products, as opposed to 
export-oriented policies, as a form of mitigation, as well shifting or diversifying to other 
species and/or other less energy-consuming technologies; 

• supporting initiatives, such as property rights and other incentive mechanisms, to reduce 
fishing effort in overexploited fisheries; linking these with the promotion of wider livelihood 
options and appropriate financing instruments for change; 

• eliminating harmful subsidies and perverse incentives, such as subsidizing fishing fleets 
under stress (through direct funding, cheaper fuel, or tax cuts), which allow unprofitable 
fisheries to continue operating and further depress the state of fish stocks; 

• linking disaster risk management with development planning, especially concerning planning 
coastal or flood defenses; apply “soft engineering” solutions where possible – conservation of 
natural storm barriers, floodplains, erodible shorelines to manage costs and damage impacts; 

• conducting climate-change risk and social impact assessments when evaluating mitigation 
and adaptation alternatives, including analyses of the distributional impacts of such 
alternatives; 
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• promoting research on short- and medium-term climate change impacts to support the 

identification of vulnerability hot spots, the development of adaptation and mitigation 
strategies, including financing and risk reduction mechanisms, and enabling integrated and 
broader national planning; 

• addressing other issues that contribute to the vulnerability of the sector’s communities, such 
as access to markets and services, political representation and improved governance; and 

• engaging in long-term adaptation planning, including the promotion of fisheries- and 
aquaculture-related climate issues in Poverty Reduction Strategy Papers and National 
Adaptation Program of Action, to address longer-term trends or potential large-scale shifts in 
resources and ecosystems  (FAO, 2008).  

 

e) Trade, Markets and Prices  
 

Trade and Markets 
 
Fish is one of the pre-eminent internationally traded animal sources of food. Representing about 
10% of total exports of agricultural products by value, seafood exports from wild fisheries and 
aquaculture in 2008 had a combined value of US$102 billion, an 83% increase from 2000. The 
share of exports from less industrialized countries is close to 50% by value and 60% by volume 
(Hall et al., 2011).  
 
Fish is, therefore, also particularly important as a source of foreign currency for many less 
industrialized countries. Future expansion of trade will be affected by several issues: 
 
• the development of new technologies, e.g., aquaculture breeding technology; 
• changes in fish species and product forms, e.g., growth in farmed species and in the use of 

fillets and other value-added forms; 
• competitiveness with other food products, e.g., relative prices, in particular for chicken and 

other meat; 
• prices and margins throughout the fisheries value chain, e.g., margins to producers; 
• rising commodity prices in general and the impact on producers as well as on consumers, e.g., 

soybean prices influencing the price of fish feed and the price of farmed fish; 
• energy prices and the impact on fisheries; e.g., growing energy prices can lead to higher costs, 

in particular in the more energy intensive fishing practices in capture fisheries; 
• perceived risks and benefits for human health from fish consumption, e.g., a focus on fish as 

a healthy and nutritious food; 
• concern about overexploitation of certain fish stocks, e.g., increased consumer awareness 

could force governments to implement stricter management measures; 
• the introduction of private standards, including for environmental and social purposes, and 

their endorsement by major retailers; e.g., the ability of countries to implement private 
standards could affect sourcing; 

• certification and traceability requirements; e.g., sourcing will be affected if companies and 
countries are not able to comply; 

• trade disputes related to selected fish species; e.g.. trade disputes may affect bilateral trade; 
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• multilateral trade negotiations in the WTO, including the focus on fisheries subsidies, e.g., 
further trade liberalization will stimulate international fish trade;  

• improved subsidy rules may reduce overcapacity and overfishing;  
• climate change, carbon emissions and their impacts on the fisheries sector; e.g., rising 

temperatures will change the composition of species in many fishing areas (FAO/OECD, 
2011). 

 
According to FAO/OECD (2011), fish and fishery products (e.g., fish for human consumption, 
fish meal and fish oil) will continue to be highly traded, with about 38% of world fishery 
production exported in 2020. World trade of fish for human consumption is expected to grow at a 
slower annual growth rate of 2.3% in the coming decade, compared to the 3.5% p.a. growth 
experienced in the previous ten years. Industrialized countries are expected to remain the main 
importers of fish for human consumption, while less industrialized countries continue to be main 
exporters. The shares are gradually shifting, however, as less industrialized countries will 
increasingly depend on exports from industrialized countries as a source of imports for local 
consumption and as suppliers of raw material for their processing industries. Less industrialized 
countries will remain the main importers of global fish meal supplies, at 63% of the total, 
reflecting high demand for fish meal from expanding aquaculture production (FAO/OECD, 2011). 
 
Prices 
 
According to the FAO/OECD study, world fish prices are affected by income and population 
growth, stagnant capture fisheries production, increasing feed cost, a weaker US dollar and 
higher crude oil prices. All these factors will contribute to the rise in fish prices over the medium-
term. However, there will be different scenarios for capture fisheries production and aquaculture. 
With the growing price of fishmeal and the higher price of other feeds, the spread between the 
average price of output from aquaculture and capture will grow over the medium-term. In 
addition, the average price for wild fish should increase less than farmed fish due to expected 
changes in fish composition, with more catches of lower value fish (Figure 4). The increase in 
prices for farmed fish is mainly due to higher costs resulting from the strong growth in fish meal 
prices. Since it is not foreseen that oilseed meal will replace fish meal in the diet of many of the 
species raised in aquaculture, demand for fish meal will continue to grow. With a rather stable 
production, fish meal prices, which have reached high levels since 2009, are expected to further 
increase during the next decade and increase 43% in 2020 from 2008-10 levels. During the same 
period, fish oil prices are projected to grow by 19%. This will lead to a large increase in the price 
ratio of fishmeal compared to oilseed meal. During the same period, fish oil prices are projected 
to grow by 19%. Although most fish oil produced is used as an input in aquaculture production, 
the equivalent ratio in the oil market will increase only slightly. By 2020, the average world price 
for captured species is expected to increase by 23 % and for aquaculture species by a significant 
50% on top of average 2008-10 prices. In addition to the need to compensate for the higher cost 
of fish meal, prices of aquaculture will also grow due to strong domestic demand (FAO/OECD, 
2011). 
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Figure 4: Price projections (Source: FAO/OECD (2011)) 

f) Conclusions 
 
The fisheries and aquaculture sector plays an important socio-economic role at the international, 
national and local level, in particular for vulnerable parts of the population in less industrialized 
countries. Given the declining level of wild fisheries resources, it is critical to promote fishers 
and fish farmers as strong stewards of the wider marine and inland water ecosystems. This 
requires the recognition of the wider societal roles of the sector for economic growth, poverty 
reduction and food security and its inclusion in development policies and strategies. It also 
requires the implementation of appropriate international, national and local governance systems. 
The potential economic gain from reducing fishing capacity to an optimal level and restoring fish 
stocks is approximately USD 50 billion per year.  
 
Aquaculture is the fastest growing food-producing sector and future development prospects 
appear promising if sustainability is respected. As for capture fisheries, externalities generated by 
the sector (e.g., effluents from feed residues, escapes, etc.) and impacting on the sector (e.g., 
effluents from agriculture causing eutrophication) need to be properly regulated. An ecosystem 
approach to aquaculture (and fisheries) provides a holistic way to manage the sector sustainably 
and to adapt to the environmental and socio-economic challenges of climate change.  
 
The FAO Code of Conduct for Responsible Fisheries adopted by the FAO member countries in 
1995 and related international agreements and plans of action provide principles and tools to 
achieve sustainable fisheries and aquaculture at the national and international level. The 
challenge will be to provide appropriate incentives, an enabling environment and adequate human 
and financial resources to implement the CCRF framework and to fully develop the potential 
contribution of the fisheries and aquaculture sector to the broader sustainable development 
agenda.  
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4.  CONCLUSION: Global Policy Options 

 
The development community will globally need to answer several questions:  

• Who will (or should) be the first actors in long-term thinking in development processes:  
governments, private sector (including farmers), civil society?  

• Who will (or should) be the first actors to lead changes in development processes:  Should 
it be a collective effort? 

• How can governments, private sector (including farmers), and civil society work together 
to help in achieving the changes needed and adopt good behavioral actions for sustainable 
development? 

• Who will define the incentives and mechanisms for? 
• Who will finance and how to invest? 
• How can we reach the level of trust necessary to work together in participatory decision-

making processes for a sustainable future? 
• How can the right incentives can be given for policy makers, private sector, and civil 

society to plan and prioritize long-term stability and progress over short-term success? 
 
Global governance mechanisms under the UN auspices, consisting of voluntary guidelines in 
some areas, complemented by compulsory schemes comprising enforcing systems, might be 
required in the near future to frame national policies within sustainable boundaries.   
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