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Sub-Saharan Africa has the highest proportion of 
undernourished people, 30 percent in 2010, while 
the Asia Pacific region has the most undernourished 
people (578 million) according to the FAO. Two thirds 
of the world's undernourished live in just seven 
countries – Bangladesh, China, the Democratic 
Republic of Congo, Ethiopia, India, Indonesia and 
Pakistan.9 Nearly all countries, even some of the 
wealthiest, have some level of food insecurity.

2.1 Introduction: The food 
challenge

Of the world’s 1.1 billion extremely poor people, about 
74 % (810 M) live in marginal areas and rely on small-
scale agriculture. While the world currently produces 
enough food to feed everyone, at least one billion 
people remain food insecure.8 Although the incidence 
of hunger dropped from a ratio of one in three in 1960 
to affecting roughly one in seven people by the 1990s, 
the trend reversed in the 1990s and the absolute 
number of people blighted by hunger continues 
to grow. In 2009, for the first time in history the 
population considered to be malnourished exceeded 
one billion people (see Fig 2.1).

“The world's hungry are not just numbers. 
They are people – poor women and men 
struggling to bring up their children and 
give them a better life.”
Yukiko Omura, IFAD

Figure 2.1 Trend of undernourished people (millions) 1970–2010

Source: FAO. 2011. Rural Poverty Report. Rome – using other FAO publications sources: “State of Food Insecurity in the World” and “Global 
Hunger Declining but Still Unacceptably High.
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correct, then if current dietary consumption patterns 
continue on the same trajectory, feeding more than 
9 billion people by 2050 means that we will need to 
produce as much food in the next 40 years as we have 
in the last 8-10,000.14 

Definition of Food Sustainability: ensuring 
nutrition security without sacrificing the 
long term health of the ecosystems and 

vital cultures that provide our food.

Figure 2.2 Global population and expected growth by region

Source: UN data from Global Harvest Initiative GAP Report (2011).

Global agricultural production increased at an average 
rate of two percent a year between 1961 and 2007.10 
The unprecedented increase of the last 6 decades 
resulted primarily from yield increases but also from 
some expansion of land area under irrigation and 
under cultivation.11

It is also estimated that by 2050 we will add another 
2.3 billion people to the current population of 7 billion,12 
with most of this increase happening in countries that 
are home to significant numbers of people suffering 
from food insecurity, malnutrition, and extreme 
poverty13 (See Fig. 2.2). If the UN’s prediction is 
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Challenges to food security

The realization of “food security for all” faces a number 
of inter-related challenges. While there are barriers to 
access and distribution in urban areas15 IFAD estimates 
that nearly 3/4 of those living in extreme poverty reside 
in rural areas. Many rural areas in developing countries 
often lack agricultural extension services, processing 
capacity, credit, roads, irrigation, transportation, 
energy, and storage infrastructure. For urban and 
rural populations alike, the lack of adequate income 
is one of the main hurdles to overcoming hunger. This 
is particularly true for women whose challenges are 
exacerbated by less access to land, scarce credit, and 
lower levels of education. 

Chronic hunger is fundamentally not an issue of just 
more food; it is an issue of access. India, for example, 
is a net exporter of food with millions of tons of grain 
in storage, and 47% of its children are malnourished. 
India is not unique; the situation is similar in a number 
of countries. So, while increasing production is an 
important part of the strategy for keeping food prices 
reasonable, hunger often has more to do with access 
and poverty and sometimes politics. It can be best 
understood as an issue of opportunity. It occurs when 
people lack the opportunity to translate a full day’s 
work into enough food or money. Reducing poverty 
and inequality, particularly for women who provide 
most of the family’s food, is key to solving hunger.16 
The High Level Panel of Experts on Food Security 
and Nutrition (HLPE) in its report on food security and 
volatility cautions that public investments must likewise 
be re-oriented. 17

Moving from hunger to health requires not just calories 
but also the consideration of nutrition. Nutrition 
security goes beyond the basic food security calories 
needed for survival. It often requires a diversity of 
foods in addition to the starchy staple crops and basic 
cereals. These sources of nutrition include fruits, 
vegetables, and some diverse proteins. For the poor, 
good nutrition can be an additional cost challenge 
even in the wealthiest countries (Figure 2.3).

Food security exists when all people, at all 
times, have physical, social and economic 
access to sufficient safe and nutritious food 
that meets their dietary needs and food 
preferences for an active and healthy life.
United Nations Committee on World Food Security

Box 2.1 Recommendations of The High Level 
Panel of Experts on Food Security and Nutrition

The HLPE report recommended: 
•	 that	governments	consider	distinct	trade	rules	from	a	

food security perspective for low-income, food deficit 
countries. 

•	 a	look	at	forms	of	international	cooperation	regarding	
world food stocks and guidelines for their efficient 
management 

•	 tighter	regulation	and	oversight	of	commodity	market	
speculation on the grounds that private individuals 
and firms enjoy the benefits of increased speculation, 
while the public has to pay for any systemic failures 

•	 that	governments	abolish	biofuels	targets,	subsidies,	
and tariffs 

•	 looking	at	waste,	both	in	developed	and	developing	
country contexts 

•	 the	need	to	rethink	agricultural	production	systems	
from an ecological perspective

Well-functioning markets can be a crucial component 
for providing overall adequate nutrition security yet, 
in certain cases, at least some food will need to be 
locally farmed and available. Thus, the challenge 
facing the global community is not only to increase 
production to meet the caloric requirement of a 
growing population, but to ensure access to nutritional 
food to ensure healthy and productive lives. 
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Figure 2.3 Cost of food products relative to their nutritive value (USA data)

100 kcal of these food groups Cost US$

Sweets & Beverages .22

Meats & Poultry .41

Fresh Fruits .54

Fresh Vegetables .68

Figure 2.3 is based on characteristics of 1387 foods from the Food and Nutrient Database for Dietary Studies and the Center for Nutrition Policy and 
Promotion food prices database. Depictive photos are representative of category; price is based on averages within the group.

Source: Drewnowski, Adam. 2010. The cost of US foods as related to their nutritive value. American Journal of Clinical Nutrition. 2010 November; 
92(5): 1181–1188. 

Waste

Politics and markets affect the availability of food and 
so does waste. In fact, waste may be the single most 
important area that can be addressed with relative 
ease. It accounts for losses exceeding 1 billion metric 
tons each year. Every year, consumers in rich countries 
waste almost as much food (222 million tons) as the 
entire net food production of sub-Saharan Africa  
(230 million tons).18 On average, 30–40 percent of all 
food is wasted before it reaches peoples’ stomachs.19 

In wealthier countries much of the losses occur at the 
retail and consumer levels while in poor countries this 
is due to poor post-harvest technologies including 
processing, storage, and preservation. Reports note 
that in the UK, approximately one-third of all food 
purchased is not eaten.20 The U.S., with more than  
14 percent of its population classified as food 
insecure21, has nonetheless high levels of waste as 
Figure 2.4 illustrates. According to the US Environmental 
Protection Agency, food waste accounts for nearly 13% 
of municipal solid waste in the United States.22
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Figure 2.4 Average waste of select foods in the US in 2008 (in kilograms per person per year)

Note: Includes small levels of natural loss, other than waste, coming from shrinkage (moisture loss), loss from mold, pests, etc. 
Source:  Buzby, Jean, Jeffrey Hyman, Hayden Stewart, Hodan Wells. 2011. The Value of Retail- and Consumer-Level Fruit and Vegetable Losses 
in the United States. The Journal of Consumer Affairs. Vol 45, Issue 3, p. 492-515. 
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In addition to the waste and loss, the additional 
conversion of some foods to non-human uses (i.e. 
animal feed) then up to half the world’s harvest 
disappears between field and the table. While a 
substantial percentage of the world’s grain output 
today is fed to animals, The World Bank notes that at 
least 11 percent of the world’s corn crop is fed to cars 
and trucks in the form of biofuels, as are many other 
food crops such as soybean, canola and sugarcane.23 
In terms of efficiency, livestock is challenged by 
many other food sources. For example, soy   – a major 
livestock feed    –  can provide up to 15 times more protein 
per hectare than livestock.24 Many less well-known 
legumes also have higher levels of digestible protein. 

The challenges of emerging dietary 
habits for human health and ecosystem 
health

For the first time in history, among both poor and affluent 
segments of society, the quality of nutrition and diet 
poses entirely new health care challenges that we have 
never faced on a wide scale.25 Globally, there are more 
than 1 billion overweight adults, at least 300 million of 

them obese.26 Obesity is just one of these challenges 
that, according to the World Health Organization and 
several medical journals, predisposes a population to 
numerous related chronic ailments from diabetes to 
cardiovascular disease, hypertension, stroke, and even 
certain forms of cancer.27 A number of countries in 
Asia, the Middle East, Northern Europe, the Americas, 
and the Pacific now have increasingly overweight and 
obese populations and the specific characteristics and 
quantities of foods they eat have become a serious threat 
to their health.28 The numbers may be difficult to believe. 
In the U.S., a majority is overweight and a third of the 
adult population is obese.29 Conversely, and somewhat 
paradoxically, nearly 15% of the U.S. population is food 
insecure.30 The trend toward food-related illness is not 
limited to the US and not even to the most affluent 
countries; the issue is emerging in developing countries 
as well.31

Changing dietary habits, particularly among the fast-
growing populations of developing countries, are creating 
an increased demand for milk and meat-based proteins 
with considerable implications for food production, 
processing, and retail systems (see Fig. 2.5).32 Livestock 
is a significant source of nutrition and even non-food 
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uses for a substantial number of people globally. It has 
considerable and growing importance in most cultures 
and in many diets. However, traditional pastoral cultures 
and mixed crop-livestock husbandry systems are being 
replaced by radically different intensive or industrial 
systems. As intensive systems increase in popularity, 
livestock are increasingly fed the same types of grains 
favored by humans.

Grains such as rice, wheat, and maize account for about 
half of human caloric intake.33 About half of the world’s 
grain is now used to produce animal feed and animal 
consumption is projected to double between 2000 and 
2050.34 A change in the availability of grains has an 
effect on the food available for a large part of the human 
population.35 Technological improvements in animal 
genetics and nutrition have improved their efficiency as 
food sources. However, if current meat consumption 
patterns continue, it will be necessary to find alternative 
many more animal feed sources (e.g. waste matter, 
perennial shrubs and grasses) that can be grown on 
lands that are not suitable for annual food crops.

Source: Rosegrant, Mark. Michael Paisner, Siet Meijer, Julie 
Witcover, 2001, 2020 Global Food Outlook: Trends, Alternatives, and 
Choices, International Food Policy Research Institute. FAO data is 
very similar.

Fig 2.5 Shifting demand for meat-based proteins 

Though there is some evidence, it is not conclusive 
to what extent these shifting dietary consumption 
patterns of livestock products may have unintended 
human health consequences,36 but it is clear that 
intensive meat production is a resource-intensive 
system using large amounts of land, water, and 
energy.37 Confined Animal Feeding Operations 
(CAFOs) have also raised ethical questions about 
the treatment of animals particularly in recent years 
as their popularity has soared in comparison to 
managed grazing systems. CAFOS produce primarily 
pork, beef and poultry. According to the FAO, pigs, 
cows and chickens together account for nearly 95% 
of global meat production. Perhaps the greatest 
challenge of meat production is that the resources 
used are often substantially greater than those needed 
for other common foods and thus present both an 
environmental dilemma and an ethical choice for food 
security. 

Grazing land, plus land for crops to feed animals, makes 
up 80 percent of all agricultural land – 3.4 billion hectares 
for grazing and .5 billion hectares for feed crops.38 
Forests are often cleared to make space for this grazing 
and feedcrop land; over the last 25 years, the world has 
lost forests equal in size to India.39 Approximately  
3 million hectares are lost per year as a result of livestock 
production. Some 70 percent of this loss occurs in Latin 
America, where forests are cleared both for grazing 
cattle and for feed crops.

Nearly one-third of the fresh water contamination from 
nitrogen and phosphorous in the United States comes 
from the livestock sector as a result of animal manure 
and the pesticides, herbicides, and fertilizers used to 
produce animal feed.40

At the far end of the scale, it is estimated that an 
astonishing 15,500 liters of water is needed to 
produce just one kilogram of beef (Table 2.1) and meat 
production takes a toll on the environment in a number 
of other ways: it is energetically inefficient when 
animals are fed with food-crops since they can only 
absorb a third of the nutrients leading to considerable 
pollution; deforestation and land degradation are often 
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associated with livestock grazing; and livestock is 
responsible for more greenhouse gases (ca. 18%) than 
the global transportation sector.41 

Table 2.1 Relative resources used for the 
production of beef

Resource Quantity Yields

Land
1 hectare 185 kg of beef

1 hectare 13,000 kg of potatoes

Water
500 liters 1 kg of corn (maize)

15,500 liters 1 kg of beef

Energy

2 calories
1 calorie of soy 
protein

40 calories
1 calorie of beef 
protein

Grains 6–20 kg 1 kg of beef

Note: the ecological “footprints” of smaller commercially farmed 
animals such as poultry are smaller per kg. For some items, data 
sources differ (likely due to different conditions or measurement 
methodology) therefore, in some cases, averages are used to 
approach more conservative “consensus” estimates. The potential 
outcomes under optimal conditions are eschewed in favour of 
typical results. For example, yield potential of existing potato 
genotypes could raise the per hectare average to 40,000 kg –  
http://www.cipotato.org/publications/belgtech/sources.

Sources: 1) Leibtag, Ephraim. 2008. “Corn Prices Near Record High, 
But What About Food Costs?” In USDA , Amber Waves, February 
2008. Online: http://www.ers.usda.gov/AmberWaves/February08/
Features/CornPrices.htm. 

2) Galloway, James Marshall Burke, G. Eric Bradford, Rosamond 
Naylor, Walter Falcon, Ashok Chapagain, Joanne Gaskell, Ellen 
McCullough, Harold Mooney, Kirsten Oleson, Henning Steinfeld, 
Tom Wassenaar and Vaclav Smil.2007. International Trade in Meat: 
The Tip of the Pork Chop. Ambio Vol. 36, No. 8 Royal Swedish 
Academy of Sciences.

3) Various water use data www.waterfootprint.org/?page=files/
productgallery.

4) FAO. 2006. Livestock’s long shadow, FAO: Rome.

5) Kanaly, Robert Lea Manzanero, Gerard Foley, Sivanandam 
Panneerselvam, Darryl Macer. 2010. Energy Flow, Environment and 
Ethical Implications for Meat Production. UNESCO: Bangkok.

6) Pimentel, David and Marcia Pimentel. 2003. Sustainability of 
Meat-Based and Plant-Based Diets and the Environment. The 
American Journal of Clinical Nutrition, Vol. 78, No. 3 American 
Society for Clinical Nutrition.

7) Smil, Vaclav. 2002. Nitrogen and Food Production: Proteins for 
Human Diets. Ambio Vol. 31, No. 2 Royal Swedish Academy of 
Sciences.

Mixed crop-livestock systems, often at a smallholder 
level, produce about half of the world’s food and are 
necessary for food security.42 While traditional animal 
husbandry is a vital and necessary part of our food 
systems, particularly in semi-arid areas such as the 
Sahel, Andes, Middle East and Central Asia, the more 
intensive production systems have very different 
resource requirements.43 

One of the biggest challenges facing the livestock 
industry is to engage the technologies and policies 
that will internalize the environmental costs.44 
Accounting for the resources and related pollution 
could make CAFOs less appealing than integrated 
livestock systems that do not compete with common 
human foods and have few negative environmental 
impacts (e.g., small livestock and aquaculture 
systems).45 UNEP estimates that if current annual 
meat consumption were stabilized at the year 2000 
level (37 kg/capita) instead of its current trend, then 
in 2050 that would keep enough cereal available for 
human consumption to feed about 1.2 billion people 
(400 million tons). Under current policies, such a 
stabilization of consumption appears to be unlikely 
and the livestock industry, if it continues unchecked on 
its current trajectory, will paradoxically be one of the 
greatest challenges to global food security and to the 
environment. 

Pressures on food prices

According to IFPRI, even without climate change, “the 
prices of rice, maize, and wheat are projected to increase 
by 25 percent, 48 percent, and 75 percent, respectively, 
by 2050, in a business-as-usual scenario”46. There 
are a number of complex factors that drive food 
prices.47 Competition for natural resources from 
other sectors adds to the environmental challenge. 
Valuable farm land is being lost as most of the coming 
population growth will reside in cities, expanding them 
considerably and presenting increasing pressures on 
arable lands.48 The expansion of biofuels production 
is taking some key commodities out of the food 
stream and into the fuels markets.49 Shifting dietary 
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demand for livestock products in developing countries 
is creating significant new pressures for grains and 
water. These factors all respond to policy signals and 
together they drive a significant evolution of agricultural 
market dynamics and contribute to increasing food 
prices.50 Food prices, after many decades of decline, 
have trended upward for most of the last decade 
(Figure 2.6).

Commentators attributed the food price crisis of 
2007–2008 to many causes. The intergovernmental 
organization background paper prepared for the 
G20 Agriculture Ministers, as well as the High Level 
Panel of Experts report for the Committee on World 

Food Security (CFS), both published in 2011, offer a 
similar list but distinct interpretations of the relative 
weight of each factor. The list includes demand 
shocks (especially from the biofuel industry); supply 
constraints (including the low level of stocks to 
use ratios in a number of the heavily traded grains, 
including corn and wheat); and, problems in the 
systems of distribution, particularly trade, due to 
export bans imposed by a number of governments in 
countries that are significant agricultural commodity 
exporters. The speculation on commodity markets, 
which some commentators dismissed as not relevant 
to the price crisis,51 has continued to trouble some 
regulators, economists, and traders.

Figure 2.6 Annual Real Food Price Index 
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Source: FAO and deflated using the World Bank Manufactures Unit Value Index (MUV) rebased from 1990=100 to 2002–2004=100.

The reemergence of high and volatile prices in 
2010, following a brief drop in prices in the wake of 
the global financial crisis, suggest that the current 
situation is different in important respects to previous 
episodes of price volatility (such as occurred in the 
early 1970s), in large part because it is persisting 
longer and may signal a transition to higher prices 
and increased volatility. 

Higher prices incentivize increased production and 
are positive for farmers who are able to benefit 
from access to markets. For consumers, however, 
particularly those that are poor, the effects can be 
daunting. Many of those classed as being in extreme 
poverty spend nearly 70% of their incomes on food.52 
The roughly one billion undernourished are all too 
easily joined by several billion others at the margins of 
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food insecurity who struggle to feed themselves and 
their households and are also vulnerable to even small 
food price increases. That group is especially poorly 
served by safety nets, where these are accessible. 

Rising food prices have been key elements of 
destabilization and civil unrest in a number of countries 
in recent years. Serious disturbances and food-related 
riots affected Bangladesh, Burkina Faso, Cameroon, 
Egypt, Ethiopia, Mexico, Morocco, Mozambique, 
Philippines, Senegal, Thailand, Uganda and Zimbabwe 
among others.53

Overall, increasing incomes and access are likely to 
be better long-term solutions than artificially trying 
to keep domestic prices low with price controls and 
restrictions, which can be negative for rural areas, 
reduce incentives to provide the needed increase in 
production, and have negative spillover effects on 
international markets.

2.2 Shifting organization of the 
agriculture sector

Public debates on agriculture and food security have 
broadened in recent years to better understand the 
role of governance. Good governance – understood 
as effective institutions and processes that determine 
rules or policy – is vital to implementing more effective 
measures. 

The challenges in the agricultural sector affect different 
stakeholders differently. Several types of classification 
have been proposed to understand the complexities 
and to develop appropriately targeted responses. 
Such categorizations respond the understanding that 
there is no one-size-fits-all approach and that any 
approach must adapted or interpreted in light of the 
particular local or regional context.

The World Bank offered 3 categorizations in its 2008 
World Development Report on Agriculture for Rural 
Development. That report groups countries into three 
groups: Urbanized countries; Transforming countries; 

and Agriculture-based countries, acknowledging that 
some countries have regional heterogeneity wherein 
the three worlds may co-exist.54 

Another orientation, perhaps less macro-economic, 
suggests that the main participants in agriculture 
can be better understood and addressed when 
categorized into three different Rural Worlds.55 These 
three Rural Worlds may sometimes co-exist in the 
same region and they will require, and respond to, very 
different developmental approaches (see Box 2.2). 

Box 2.2 Three Rural Worlds

Rural World 1. Industrial farms that are globally 
competitive, embedded in agribusiness, commodity 
producers and processors, politically connected, 
export-driven, adopters of Green Revolution and 
sometimes transgenic technologies.

Rural World 2. Family farms and landed peasantry 
that are locally orientated, with access to and control of 
land, multiple enterprises, undercapitalized, declining 
terms of trade, the ‘shrinking middle’ of agriculture.

Rural World 3. Marginal farmers and pastoralists, 
primarily in developing countries facing fragile 
livelihoods, limited access to productive resources, 
multi-occupational migrants straddling rural and urban 
residencies, dependent on low-wages and family labor.

Of course, these 2 families of categorizations – 
suggested by the World Bank and IIED – are not 
mutually exclusive. They are simply different ways of 
considering the agricultural situation and thus can lend 
themselves to distinct developmental approaches and 
different points of entry for investment or policy.

Agriculture and food systems are complex. Monolithic 
recipes don’t work. A differentiated approach makes 
it possible to develop better-targeted national and 
international policies. Whether categorized at the 
national level or by scale of production, policy must 
fully recognize that groups have differing:
•	 ability to deal with resource related constraints 

(water scarcity, soil quality, climate related 
problems), including labor and capital
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Box 2.3. Agriculture research reaches farmers 
to improves yields and environment 71

In rice, a major crop with limited growth in yields, 
significant improvements are coming from the application 
of innovative ICT. One such effort transforms agronomic 
practices by way of a cell phone – an increasingly common 
item in rural villages. A farmer can call a toll-free number 
and answer 10 to 12 questions orally regarding his specific 
farm characteristics and location. An extension agent 
can do the same. Cloud-based computing analyzes 
the information on the basis of the known range of 
fertilizer response functions for that crop and the specific 
conditions and time of year (rainfall patterns, temperatures, 
etc). In a matter of minutes, the farmer’s cell phone 
receives a message with recommendations for the optimal 
fertilizer combination and dosage. 

This Site Specific Nutrient Manager (SSNM) not only 
optimizes the use of expensive inputs but also improves 
the likelihood of getting the best yields. In China, 
India, Indonesia, Vietnam, and the Philippines pilot 
applications of the SSNM have improved average net 
returns by $100 to $300 per hectare. Better nutrient 
management also offers environmental benefits such as 
reduced nitrogen runoff. 

Ecological research is leading to new understanding of 
agro-ecosystem function that is enabling yield growth 
through improved nutrient cycling, water utilization, 
improved pest and disease management, nitrogen-
fixation, and synergistic plant interactions.72 We are 
discovering a host of possibilities in integrated food 
and nature systems that can offer both reasonably 
high yields and a sensible balance with nature. Such 
production systems will feature improved spatial 
configuration and coordinated landscape management 
that will incorporate more perennials that have been 
selected or bred for higher yield and commercial value. 
These systems will likely reduce their dependence on 
non-renewable inputs and integrate more advanced 
biological processes for sustainable intensification that 
conserve natural resources including soil and water. A 
sampling of such emerging approaches includes:
•	 Evergreen and Conservation agriculture
•	 Multi-strata agroforestry in farm and pasture 

systems

•	 Fertilizer micro-dosing
•	 Farm and village-scale rainwater harvesting
•	 Perennializing grains 

Agro-ecological methods, based on a combination 
of locally adapted practices and new science, will 
increase the efficiency of inputs used, and realize 
multifunctional synergies among species and systems. 
Better management of ecosystems for benefits such 
as rainwater control and improved soil health will be 
sources of yield growth and stability.

Technology is certainly not limited to large-scale 
farmers and can mean innovations and new methods 
of production or management practices such as 
intensive mixed agroforestry. A number of valuable 
innovations emerge at local levels that rarely have 
the opportunity to be shared and widely adopted.73 
These include many diverse approaches ranging from 
the System of Rice Intensification (SRI)74 to the use of 
cover crops or green manure to improve soil fertility. 
There is a growing enthusiasm for such ecosystem 
friendly and site-adapted agricultural systems 
emerging throughout sub-Saharan Africa and around 
the world. 

One comprehensive review of 286 projects in 
57 developing countries looked at the effect of 
applying diverse agro ecological technologies to 
farming practices. It found that the average crop 
yield was 79 percent over the yields using previous 
production practices.75 Although there are relatively 
few comprehensive comparative studies to evaluate 
these sustainable agricultural practices, a growing 
number of studies are beginning to document the 
significant production, livelihood and environmental 
benefits of agro-ecological practices (e.g. Committee 
on Sustainability Assessment, Worldwatch Institute’s 
Nourishing the Planet project). 

In 2010–11, Nourishing the Planet spent 18 months in 
the field looking at environmentally sustainable ways 
of alleviating hunger and poverty in sub-Saharan 
Africa and Asia. The project both spotlights the 
state of agricultural innovations with an emphasis 
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on sustainability, diversity, and ecosystem health, 
as well as productivity. The project also considers 
the institutional infrastructure needed by each of 
the approaches analyzed, suggesting what sort of 
companion investments are likely to determine success 
– from local seed banks to processing facilities and 
from pro-poor value chains to marketing bureaus. 

One researcher notes the importance of locally-
relevant institutions: “From the local community 
perspective, national policy is often invisible and 
largely ignores the complex local reality of rural 
livelihoods, especially for smallholders. This sometimes 
creates the space in which innovative practices and 
novel ‘experiments’ may emerge. But without being 
rooted in a strong institutional backing, these ‘islands 
of success’ frequently fail to spread or be scaled up.”76 
We concur with him and also ask: what technology or 
combination of public and private mechanisms can we 
engage to make good use of these islands? 

In Kibera, Kenya one of the largest slums in sub-Saharan 
Africa, women farmers are obliged to raise vegetables 
in what they call “vertical farms” due to very limited 
space. These women use tall sacks filled with dirt to 
grow their crops and have thus helped to improve their 
families’ nutrition, food security, and even income from 
surplus sales.77 In Niger, with the help of the International 
Center for Research in the Semi-Arid Tropics (ICRISAT) 
women who are part of the Africa Market Garden, are 
using effective technologies such as solar-powered drip 
irrigation to grow okra, tomatoes, eggplant and other 
vegetables that are not only producing more vegetables 
for home consumption, but even to sell for additional 
income, part of which is contributed to a group savings 
account for local investment.78

Novel technologies may help resolve some of 
agriculture’s more pressing challenges and may 
offer some long-term solutions to problems that we 
are just recognizing. For example, novel technology 
for meat grown from stem cells (without a living 
animal) can provide varied proteins free of many of 
the environmental79 and ethical concerns that may 
accompany large-scale livestock production. 

In developing countries, the decline in public 
investments in agriculture has coincided with policies 
that weakened or dismantled public services and 
institutions such as agricultural research and extension 
services.80 Public spending on agriculture and 
agriculture research has been universally declining, 
as a share of total public spending from 1974 to 2004. 
Nevertheless, agriculture-related growth drives better 
rural incomes in developing countries and Sadoulet 
and de Janvry note that this is three times more likely 
to reduce poverty than GDP growth in other sectors of 
the economy.81

Increased concentration and 
dependence in food supply

Our food supply is undergoing concentration at two 
levels: in the supply chains and in the number of 
food species and varieties. While concentration can 
certainly present some economies of scale, it can also 
elevate the scale of risk. We depend heavily on only 
a handful of foods despite ample historic evidence 
that this is perilous. It is not only Ireland’s great potato 
famine, but also many more localized tragedies all over 
the globe that should serve as ample warning.82 There 
are still well over 50,000 edible plants in the world, but 
more than half of the world’s food comes from only 
3: rice, corn, and wheat. We rely on only 15 plants for 
90 percent of our food.83 Rice feeds more people than 
anything else and corn is the most diversely used with 
the US supplying about 40% of the world’s total.84 

Clearly some varieties are preferred and it is natural 
that they would be popular. Yet, as the cautionary 
tale of Teosinte suggests, there is incalculable value 
in preserving the plant diversity we have since the 
loss of functional varieties with some highly valuable 
traits may be irrevocable.85 One study compared 
USDA listings of commercial seed varieties sold in 
the U.S. seed houses in 1903 with those in the U.S. 
National Seed Storage Laboratory in 1983 (Figure  2.9). 
Finding that about 93 percent of the varieties had 
gone “extinct”, the survey suggests the scope of the 
dilemma.86 
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Not only do we lose access to potentially useful 
characteristics in the genetic varieties, but also 
nutritional diversity – important for health – can be at 
risk as increasingly fewer food crops dominate our 
research and trading systems.87

When the few crops or market systems on which 
we depend falter, the consequent volatility can be 

devastating to producers and to consumers alike. A 
number of low income countries depend heavily on 
one food crop and many are net importers of that 
crop. For example, people in Bangladesh, Cambodia, 
and Myanmar depend on rice for nearly 3/4 of their 
caloric intake,88 while the populations of Malawi, 
Zambia and Lesotho depend on corn for well over half 
of their calories.89

Figure 2.9 The declining diversity of agricultural varieties

Source: NGM.com using RAFI data.

The growth of retail chains and supermarkets around 
the world has changed food distribution systems. In 
some cases, this can create new market opportunities. 
In others it leads to new challenges to food producers 
facing a limited number of buyers, and to consumers 
dealing with larger but fewer retail outlets.90 Globally, 
“Increasing consolidation and market domination by 

large processing, trading, and retail firms,” along with the 
“disappearance of traditional auction or spot markets 
for exchange of farm products and their replacement by 
various forms of contracts and vertical control,” mean 
major structural changes in the way markets operate.91 
The Government Accountability Office in the United 
States (2009) similarly reports that: 92
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“Concentration generally has increased at all levels 

of the food marketing chain in all agricultural sectors 

since the 1980s.93 At the farm level, less than  

2 percent of farms accounted for 50 percent of 

total sales in 2007. At the food processors’ level, in 

general, a small number of companies accounted 

for a large and growing portion of sales in each of 

the five major agricultural sectors. For example, in 

the pork sector, the market share of the largest four 

hog slaughtering firms increased from 36 percent in 

1982 to 63 percent in 2006. In addition, at the retail 

level, the share of grocery store sales held by the 

largest four firms more than doubled, from  

16 percent in 1982 to 36 percent in 2005.”

At the production level, large-scale CAFOs account  
for nearly two thirds of poultry meat production,  
50 percent of egg production, and 42 percent of pork 
production in the US.94 Concentrations are occurring 
quickly in developing countries as well. 95

2.3 External challenges

Agriculture also faces a host of external challenges. 
On the one hand, the natural resources that make 
production possible are under pressure from 
degradation, climate change and competing demands 
such as energy. On the other hand, agricultural 
lands in many regions play an increasingly critical 
role in supplying other ecosystem services such as 
watershed protection and biodiversity conservation.

Increase in population

Our population trajectory means that from now to 
2030, the world will need to build the equivalent of a 
city of one million people in developing countries every 
five days.96 In the absence of reasonable population 
limits, the main challenges of agriculture will be to 
increase production and provide affordable nutrition 
within the current resource and environmental limits. 
Difficult enough; but it will be even more daunting to 
increase food for the bottom billions for whom access 

to food continues to be a substantial challenge that 
calls for local as well as global solutions. As a leading 
population researcher notes: “...the bottom billion are 

so poor they cannot exercise effective demand.” 97

By 2025, continuing population growth and current 
agricultural practices will lead to 36 more countries 
(pop. 1.4 billion) falling into the category currently 
occupied by 21 countries (pop. 600 million) where either 
good cropland or fresh water are scarce.98 Credible 
research already makes it clear that there is a growing 
depletion of the key natural resources, including 
land, water, and biodiversity, that are fundamental for 
sustainable production.99 No human endeavor uses 
more of these resources than agriculture.

Agricultural land degradation and water 
scarcity

As the dominant form of land use on earth, agriculture 
faces new challenges where competition for water, 
land and other natural resources is growing rapidly. 
Agricultural growth, even its basic viability in some 
areas, is directly threatened by the depletion and 
degradation of the natural resources on which it 
depends.100 Some 20,000–50,000 km2 of potentially 
productive lands are lost annually through soil erosion 
and degradation, many more have reduced yields 
and 2.9 million km2 are considered at very high risk of 
desertification, much of it in developing countries.101 
This degradation and conversion of cropland for 
non-food uses could reduce the available cropland by 
8–20% by 2050 according to UNEP. 

Similarly, water scarcity, exacerbated by pressure from 
plant and livestock diseases, weeds and insects, may 
reduce yields by an additional 5–25%. Agriculture uses 
most of our available fresh water (Fig. 2.10). In many 
countries the extraction rate is exceeding the rate of 
natural replacement with severe consequences.102 Water 
scarcity may be the most powerful crop yield reducer 
and, similarly, droughts in the last 30 years have killed 
off from 20% to 62% of the national herds in 6 African 
countries triggering mass migrations and starvation.103 
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The concern for water, particularly in some areas, 
may lead to different considerations as our ability to 
measure water use improves. Most of us are unaware 
of the considerable amount of water used to produce 
common foods, and the differences between them. A 
hamburger requires about 2240 liters of water, adding 
a glass of beer adds 70 liters of water and the process 
leading to a cup of coffee uses 140 liters.104 If the 
current use trajectory continues, UNEP warns that in 
the coming decades we may lose up to 25% of food 
production due to environmental breakdown.105 These 
ecological problems make it clear that some of our 
key factors of production are at risk and challenge the 
expectations of production increases.

This presents a challenging dilemma given the FAO 
estimate that, to feed the world, agricultural production 
must increase 70 percent by 2050 (nearly 100 percent 
in developing countries).106 Such an increase will 
involve production intensification, increased water use, 
and the likely expansion of cropping areas.107 Clearly, 
if we continue with our current patterns of population 
growth and resource use and doggedly pursue the 
single goal of more production, we are in danger of 
environmental collapse in at least some areas.108 

It is therefore irresponsible and even unimaginative to 
single-mindedly seek to intensify production without 
serious consideration of the natural resource base.

Figure 2.10 Comparing water used by agriculture, industry, and households

Source: Global Harvest Initiative, using FAO data.
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Climate change

Climate related uncertainties – manifesting as drought, 
floods, temperature fluctuation, and crop disease  – 
pose what could become the greatest challenge 
to agricultural production and food security.109 It is 
difficult to determine the actual scale or degree of 
change, but nearly all predictions indicate that it will be 
important (Fig 2.11). There are significant indications 
of climate-related problems already being recorded 
in many regions and IFPRI, among others, estimates 
net reductions of yields, particularly in Sub-Saharan 

Africa.110 China, The world’s biggest food producer 
and consumer, has had to relocate millions of people 
due to due to water shortages and Chinese authorities 
estimate more than 150 million people will eventually 
need to be relocated, from agricultural areas that are 
being gradually engulfed by deserts.111 Countries are 
already anticipating major spatial shifts in production 
of important commercial crops, and associated 
market chains, and the need to have a different mix of 
varieties for crops that remain. A more climate-resilient 
agriculture is emerging as an urgent necessity for the 
21st century.

Figure 2.11 Impact of climate change on agriculture by 2080 

Source: based on Cline, W. R. 2007. Global Warming and Agriculture: Impact Estimates by Country. Washington D.C.: Peterson Institute. 
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Figure 2.12 Diverting food to fuel production

Energy market impacts on agriculture

Growing demands for energy are adding further 
pressures on agricultural systems, both to supply 
traditional bio-energy and to supply industrial biofuels. 
Wood and charcoal remain as very important domestic 
and manufacturing fuel sources in many developing 
countries. As forest resources have diminished, farms 
and pasturelands have become more important 
sources of these fuels now grown in woodlots, 
boundary plantings, or as inter-crops. 

Between 2000 and 2007, global biofuel production 
tripled to about three percent of the global 
transportation fuel supply.112 At that point, about 
95 percent of biofuel – both ethanol from corn and 
sugarcane and biodiesel from vegetable oils – was 

produced on 3.4 percent of global arable land.113 By 
2010, 6 percent of all global grains were being used 
for the production of biofuels with further growth 
expected114 (see Figure 2.12 for current trends).

Bio-based products emerged on the market with great 
promise as eco-friendly alternatives to petroleum-based 
fuels but, in some cases, have became problematic 
as they push up food prices and availability.115 The 
European Union and the United States are among 
those investing heavily in biofuel support polices. They, 
along with agricultural leaders such as Brazil, China, 
India, Indonesia, and South Africa, have announced 
time-bound targets to promote biofuel supply and 
demand. 116 This is affecting the availability of some 
food crops and consequently the price of foods.117 For 
example, in 2011, some 40 percent of the U.S. corn 
crop is expected to be used for ethanol production.118 
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While there are differing interpretations of the impacts 
of this new demand on food prices and supplies, it 
is clear that these changes create new challenges 
for water and for land use decisions around the 
world, with particular implications for smaller scale 
producers.119 

These concerns have led initiatives such as the 
Global Bioenergy Partnership and the Roundtable for 
Sustainable Biofuels to formulate sustainability criteria 
for the production of biofuels. However, the prospects 
are mixed. The International Energy Agency and other 
proponents are hopeful of the potential of biofuel as 
a transport energy source120 while one recent study 
asserted that “large-scale biofuels production will be 
unable to comply with these criteria in 2020, and can 
therefore not be qualified as sustainable”.121 

Experts predict that the next generation of biofuel 
technology will more effectively convert lignocellulosic 
materials to fuels and engage agroforestry and 
community forestry to ease pressure on food crops 
while having potential benefits for carbon and forests. 
Significant potential also exists in the conversion of 
micro-algae to biofuel.122

Given that the price of oil now has a more direct effect 
on the price of corn (previously more indirectly as 
fuel costs of energy-intensive fertilizers), these trends 
arouse concern as an increasing number of people in 
developing countries are dependent on international 
markets for their food. Agriculture uses seven times 
more synthetic fertilizer today than a half a century 
ago although food production has not increased by 
as much.123 Most countries are fertilizer importers. 
Thus high petroleum prices could depress the use of 
fertilizers that have facilitated much of the increase in 
farm production during the past half century.124

Rethinking agriculture’s role in the 
ecosystem: a necessary multifunctionality 

Energy, industry, and urban development all compete 
with farmers and will have to increasingly share the 

same resources.125 The historic technological and 
policy focus on crop and livestock production for 
agriculture is no longer viable if agriculture is to thrive 
in this new environment of multiple pressures and 
demands. Agriculture can no longer simply focus only 
on the output of food production if it is to preserve the 
vital resources that will provide food in the long run. 

In addition to agriculture’s primary function of 
producing food and fiber, it can also offer ecosystem 
services and benefits such as: the protection of 
biodiversity,126 watersheds, carbon storage, and 
natural pollinators;127 micro climate regulation; the 
maintenance of soils: and contribute to the cultural128 
and socio-economic viability of rural areas.129 In many 
regions, agricultural lands are the main source of such 
ecosystem services.130 

Eco-agriculture systems therefore seek to strike a 
balance between production outputs, biodiversity 
conservation, diversified nutrition, and livelihoods.131 
Agriculture will have to become an active partner, 
along with other sectors, in managing resources and 
the environment for multiple and interrelated purposes: 
providing goods and services for both private and 
public benefit.132 Such a paradigm of multifunctionality 
is thus emerging and, if nurtured, can address several 
of the most pressing challenges for agriculture and our 
resources. 

In some cases, these multiple functions can be 
achieved at a farm level but, more typically, these 
eco-agriculture landscapes require coordination 
among diverse stakeholders. For example, land 
managers and resource users downstream may not 
have the resources or the mandate to influence land 
management upstream that affects their production 
or resource access. Key resources that will have 
an immediate impact such as water can only be 
managed in this way as an integrated landscape. 
These productive landscapes manifest together as a 
mosaic of interdependent production and conservation 
functions that, when managed as a whole, are 
greater than the sum of parts. Emphasizing the 
inter-relatedness and the importance of cooperation 
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is a first educational step for policy action. Farmers, 
civil society, businesses, and governments need to 
cooperate within new structures that include and go 
beyond standards and certifications to manage these 
complex systems. 

2.4 Conclusion

The rural world has shifted dramatically in recent 
decades. Although economic concerns continue to 
have clear primacy, environmental and social concerns 
have certainly entered into the mainstream of policy 
discussions and even consumer and corporate 
conversations. The past 20 years, since the Rio 
Summit in 1992, are best characterized by fast-paced 
learning about sustainability. Yet, the learning has 
been only modestly applied. Conventional, business-
as-usual agriculture models are still the dominant 
paradigm. 

For the majority of farmers, public services from 
agriculture institutions including infrastructure, 
research, extension, credit and marketing have 
deteriorated for decades. While NGOs, micro-
lending institutions, and agribusiness have stepped 
in to fill some of these gaps, the overall support to 
farmers has declined.133 Information and services to 
farmers in developing countries are consequently 
more concentrated in private companies that play a 
large role in research, extension services, and input 
distribution. While government still has a critical role, 
these new providers must be carefully considered in 
policy design in order to balance private benefits with 
some of the public goods that are necessary for small 
to medium farm households. 

Climate change and water scarcity have emerged 
as cross-cutting concerns for agriculture that clearly 
require the actions of a coordinated public and 
private governance yet here too, the urgency has 
resulted in very little pragmatic action. Nevertheless, 
the recognition of agriculture’s powerful role in the 
ecosystem makes it more important than ever.

Concern for the wise stewardship of natural 
resources has made headlines globally and 
science now better understands the tightly woven 
interplay within and downstream of agricultural 
systems. In recent decades improved conservation 
practices in soil and water as well as better targeted 
formulation and application of fertilizers and less 
toxic agrochemicals have improved the ecological 
footprint of agriculture. However, the level of change 
in otherwise unsustainable agricultural practices 
has certainly not evolved sufficiently to permit 
our intensive agriculture practices to co-exist in a 
reasonable balance with nature.134 In fact, allowing 
the environmental costs to be externalized creates 
incentives to take shortcuts that compromise our 
resources and our environment. 

Addressing the supply side is commonplace, with 
discussions typically revolving around ways to 
increase production and efficiencies. But it is much 
less common to discuss the demand side and its 
distinct characteristics. Can we jointly examine 
both the nutritional quality and the impact of diets 
to allow for better informed policy and consumer 
decisions? Can we be practical and fix our “leaky 
bucket” systems to reduce the enormous levels of 
food waste? Can the population increase continue to 
be accommodated or should means be considered 
to achieve a realistic balance between people and the 
capacity of agriculture that does not unduly stress 
natural ecosystems and increase the risks for existing 
populations?

A 2008 IAASTD report, with contributions from more 
than 400 scientists and agricultural experts, grappled 
with some of these challenges and argues that given 
the increasing and multiple pressures on agriculture 
and on the natural resource base, business as usual 
is no longer an option.135 It too calls for support to 
climate-resilient, multifunctional agriculture that 
provides societal benefits such as food security even 
as it protects the environment.




