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PREFACE

In 2008 food prices surged plunging millions back into hunger
and triggering riots from Egypt to Haiti and Cameroon to Ban-
gladesh. Whereas fuel prices, which also surged, have fallen
back sharply food prices remain problematic with wheat, corn
and soya still higher than they were 12-18 months ago.

In order to understand the factors underpinning the food
crisis and to assess trends, UNEP commissioned a Rapid
Response team of internal and interational experts. Their
conclusions are presented in this report launched during
UNEP’s 25th Governing Council/Global Ministerial Environ-
ment Forum.

Several factors have been at work including speculation in
commodity markets, droughts and low stocks. The contribu-
tion of growing non-food crops such as biofuels is also dis-
cussed. Importantly the report also looks to the future. Was
2008 an aberration or a year foreshadowing major new trends
in food prices and if so, how should the international com-
munity respond?

The experts argue that, unless more sustainable and intel-
ligent management of production and consumption are un-
dertaken food prices could indeed become more volatile and
expensivein a world of six billion rising to over nine billion by
2050 as a result of escalating environmental degradation. Up
to 25% of the world food production may become ‘lost’ dur-
ing this century as a result of climate change, water scarcity,
invasive pests and land degradation.

Simply cranking up the fertilizer and pesticide-led production
methods of the 2oth Century is unlikely to address the chal-
lenge. It will increasingly undermine the critical naturalinputs
and nature-based services for agriculture such as healthy and
productive soils; the water and nutrient recycling of forests to
pollinators such as bees and bats.

IRk nedl ropamsdiie E Tewnd g A et Sy
farming without intensifying damage to the marine environ-
ment alongside ones highlighting the opportunities for mini-
mizing and utilizing food wastes along the supply chain right
up to consumers.

Inresporee tothe food, fielard finendal chzes of 2005 TIHED
launched its Global Green New Deal and Green Economy ini-
tiatives: food is very much part of the imperative for transfor-
mational economic, social and environmental change. We need
a green revolution but one with a capital G if we are to balance
the need for food with the need to manage the ecosystems that

This report will make an important contribution to the debate
but equally it needs to trigger more rational, creative, innova-
tive and courageous action and investment to steer 21st Cen-
tury agriculture onto a sustainable Green Economy path.

Achim Steiner
UN Under-Secretary General and Executive Director, UNEP



SUMMARY

The surge in food prices in the last years, following a century of decline, has been the
most marked of the past century in its magnitude, duration and the number of commod-
ity groups whose prices have increased. The ensuing crisis has resulted in a 50-200%
increase in selected commodity prices, driven 110 million people into poverty and added
44 million more to the undernourished. Elevated food prices have had dramatic impacts
on the lives and livelihoods, including increased infant and child mortality, of those al-
ready undernourished or living in poverty and spending 70-80% of their daily income
on food. Key causes of the current food crisis are the combined effects of speculation in
food stocks, extreme weather events, low cereal stocks, growth in biofuels competing for
cropland and high oil prices. Although prices have fallen sharply since the peak in July
2003, they are still high above those in 2004 for many key commodities. The underlying
supply and demand tensions are little changed from those that existed just a few months

ago when these prices were close to all-time highs.

The demand for food will continue to increase towards 2050 as
aresult of population growth by an additional 2.7 billion people,
increased incomes and growing consumption of meat. World
food production also rose substantially in the past century,
primarily as a result of increasing yields due to irrigation and
fertilizer use as well as agricultural expansion into new lands,
with little coreideration of food energy efficency. In the past
decade, however, yields have nearly stabilized for cereals and
declitved fr fisheries. Apumoalhare production to just ruaintain
the Curerd dietary proporton of fish by woso will EQuine a
gi% Tease as well as new altematives to wild fisheries for
the supply of aquaculture feed.

Lack of investments in agricultural development has played a
crucial role in this levelling of yield increase. It is uncertain
whether yield increases can be achieved to keep pace with the
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growing food demand. Furthermore, current projections of a
required 50% increase in food production by 2050 to sustain
demand have not taken into account the losses in yield and
land areaas a result of environmental degradation.

The natural environment comprises the entire basis for food
production through water, nutrients, soils, climate, weath-
er and insects for pollination and controlling infestations.
Land degradation, urban expansion and conversion of crops
and cropland for non-food production, such as biofuels,
may reduce the required cropland by 8-20% by 2050, if not
compensated for in other ways. In addition, climate change
will increasingly take effect by 2050 and may cause large
portions of the Himalayan glaciers to melt, disturb mon-

asonal
drought on irrigated croplands in Asia, which accounts for



25% of the world cereal production. The combined effects
of climate change, land degradation, cropland losses, water
scarcity and species infestations may cause projected yields
to be 5—25% short of demand by 2050. Increased oil prices
may raise the cost of fertilizer and lower yields further. If
losses in cropland area and yields are only partially compen-
sated for, food production could potentially become up to
25% short of demand by 2 050. This would require newways
to increase food supply.

Consequently, two main responses could occur. One is an in-
creased price effect that will lead to additional under- and mal-
nourishment in the world, but also higher investments in ag-
ricultural development to offset (partly) decreases in yield. The
other response may be further agricultural expansion at the cost
of new land and biodiversity. Conventional compensation by
simple expansion of croplands into low-productive rin-fed lands
would result in accelerated loss of forests, steppe or other natu-
ral ecosystems, with subsequent costs to biodiversity and further
loss of ecosystem services and accelerated climate change. Over
80% of all endangered birds and mammals are threatened by
unsustainable land use and agricultural expansion. Agricultural
mtereifimtion in Eumpe i amajor cose of a heat 50% decdine
infarmland birds in this region in the past three decades.

Taking into account these effects, world price of food is esti-
mated to become 30-50% higher in coming decades and have
greater volatility. Itis uncertain to what extent farmers in devel-
oping countries will respond to price effects, changes in yield
and available cropland area. Large numbers of the world’s small-
scale farmers, particularly in central Asia and Africa, are con-
strained by access to markets and the high price of inputs such
as fertilizers and seed. With lack of infrastructure, investments,
reliable institutions (e.g., for water provision) and low availabil-
ity of rodrmo-finarce, it will beoorve difficult to ivcrease crop pro-

duction in those regions where it is needed the most. Moreover,

trade and urbanization affect consumer preferences in develop-
irg conmiries. The mpid diversification of the wrlan diet cannot
be met by the traditional food supply chain in the hinterdand
of many developing countries. Consequently, importing food to
satisfy the changing food demand could be easier and less costly
than acquiring the same food from domestic sources.

Higherregional differentiation in production and demand will
lead to greater reliance on imports for many countries. At the
same time, climate change could increase the variability in an-
nual production, leading also to greater future price volatility
and subsequent risk of speculation. Without policy interven-
tion, the combined effects of a short-fall in production, greater
price volatility and high vulnerability to climate change, par-
ticularly in Africa, could result in a substantial increase in the
number of people suffering from under-nutrition — up from
the current 963 million.

However, rather than focussingsolely on increasing production,
food security can be increased by enhancing supply through
optirrizing food energy efficency Food eremy effidency iz
our ability to minimize the loss of energy in food from harvest
potential through processing to actual consumption and recy-
cdling. By optimizing this chain, food supply can increase with
much less damage to the environment, similar to improve-
raents i effidency in the traditional erersy secor. Firstly de-

veloping alternatives to the use of cereal in animal feed, such

energy demand for the entire projected population growth of
over 3 billion people and a 50% increase in aquaculture. Sec-
ondly, reducing climate change would slow down its impacts,
particularly on the water resources of the Himalayas, beyond
2050. Furthermore, a major shift to more eco-based production
and reversing land degradation would help limit the spread of
invasive species, conserve biodiversity and ecosystem services
and protect the food production platform of the planet.



SEVEN OPTIONS FOR IMPROVING FOOD SECURITY

Increasing food enerpy effidency provides a critical path for sipnificant growth in food
supply without compromising environmental sustainability. Seven options are proposed

for the short-, mid- and long-term.

OPTIONS WITH SHORT-TERM EFFECTS

1. To decrease the risk of highly volatile prices, price regula-
tion on commodities and larger cereal stocks should be cre-
ated to buffer the tight markets of food commodities and the
subsequent risks of speculation in markets. This includes re-
organizing the food market infrastructure and institutions to
regulate food prices and provide food safety nets aimed at al-
leviating the impacts of rising food prices and food shortage,
including both direct and indirect transfers, such as a global
fiurd to support mimo-finance to boost snallscale farmer
productivity.

2. Encourage removal of subsidies and blending ratios of first
generation biofuels, which would promote a shift to higher
generation biofuels based on waste (if this does not compete
with animal feed), thereby avoiding the capture of cropland
by biofuels. This includes removal of subsidies on agricultural
commodities and inputs that are exacerbating the developing

food crisis, and investing in shifting to sustainable food sys-
terns and food enempy effidency.

OPTIONS WITH MID-TERM EFFECTS

3. Bedixe the use of cermals and food fish in anirel feed
and develop alternatives to anirnal and fish feed. This can
be done in a “green” economy by increasing food energy ef-
fidercy using fish discards, captare and recwcling of post-
harvest losses and waste and development of new technol-
oy, therely fuckasing food erergy effidency by 4wo—50% at
current production levels. It also involves re-allocting fish
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currently used for aquaculture feed directly to human con-
sumption, where feasible.

4. Suppart farreers in developivg diversified and msilient oo
agriculture systems that provide critical ecosystem services (wa-
ter supply and regulation, habitat for wild plants and animals,
genetic diversity, pollination, pest control, climate regulation),
as well as adequate food to meet local and consumer needs.
This includes managing extreme rainfall and using inter-crop-

fertilizers, pesticides and blue irrigation water and the develop-
ment, implementation and support of green technology also
for small-scale farmers.

5. Increased trade and improved market access canbe achieved
by improving infrastructure and reducing trade barriers. How-
ever, this does not imply a completely free market approach, as
price regulation and government subsidies are crucial safety
nets and investments in production. Increased market access
cortaka o Eeder-d s Ciecc e el e sed ey
tion, which has a major impact on trade and food security.

OPTIONS WITH LONG-TERM EFFECTS

6. Limit global warming, including the promotion of climate-
friendly agricultural production systems and land-use policies
at a scale to help mitigate climate change.

7. Raise awareness of the pressures of increasing population
growth and consumption patterns on sustainable ecosystem
functioning.
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CURRENT WORLD FOOD CRISIS

The current world food crisis is the result of the combined effects of competition for crop-
land from the growth in biofuels, low cereal stocks, high oil prices, speculation in food
markets and extreme weather events. The crisis has resulted in a several-fold increase in
several central commodity prices, driven 110 million people into poverty and added 44
million more to the already undernourished. Information on the role and constraints of
the environment in increasing future food production is urgently needed. While food
prices are again declining, they still widely remain above 2004 levels.

The objective of this report is to provide an estimate of the potential constraints of envi-
ronmental degradation on future world food production and subsequent effects on food
prices and food security. It also identifies policy options to incease food security and
sustainability in long-term food production.

~——— 1977 Just before World War |
FAQO Food price index (FFPI)
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Figure 1: Changes in the prices of major commodities from 1900 to 2008 reveal a general decline in food prices, but with several
peaksin the past century, the last and most recent one the most extreme. (Source: World Bank, 2009).
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While food prices generally declined in the past decades, for
some commodities, they have increased several fold since
2004, with the major surges in 2006-2008 (Brahmbhatt and
Christiaensen, 2008; FAO, 2008; World Bank, 2008). The
FAO index of food prices rose by 9% in 20006, 23% in 2007
and surged by 54% in 2008 (FAO 2008). Crude oil prices, af-
fecting the use of fertilizer, transportation and price of com-
modities (Figures 1 and 2), peaked at US$147/barrel in July
2008, decliningthereafter to US $43 in December 2.008 (World
Bank, 2008). In May 2008, prices of key cereals, such as Thai
medium grade rice, peaked at US$1,100 /tonne, nearly three-
fold those of the previous decade. Although they then declined
to US$730/tonne in September (FAO, 2008), they remained
near double the level of 2007 (FAO, 2008). Projections are
that prices will remain high at least through 2015. The cur-
rent and continuing food crisis may lead to increased inflation
by 5-10% (26-32% in some countries including Vietnam and
the Kyrgyz Republic) and reduced GDP by o0.5-1.0% in some
developing countries.

Among the diverse primary causes of the rise infood prices are
four major ones (Braun, 2007; Brahmbhatt and Christiaensen,

FAO Commodity Price Indices

2008; World Bank, 2008): 1) The combination of extreme
weather and subsequent decline in yields and cereal stocks; 2)
A rapidly increasing share of non-<food crops, primarily biofu-
els; 3) High oil prices, affecting fertilizer use, food production,
distribution and transport, and subsequently food prices (Fig-
ure 3); and 4) Speculation in the food markets.

Although production has generally increased, the rising prices
coincided with extreme weather events in several major cereal
producing countries, which resulted in a depletion of cereal
stocks. The 2008 world cereal stocks are forecast to fall to their
lowest levels in 30 years time, to 18.7% of utilization or only 66
days of food (FAO, 2008).

Public and private investment in agriculture (espedally in sta-
ple food production) in developing countries has been declin-
ing relatively (e.g., external assistance to agriculture dropped

arly
1980s to 3% by 2007) (IAASTD, 2008; World Bank, 2008).
As a result, crop yield growth became stagnant or declined in
most developing countries. The rapid increase in prices and
dedlining stocks led several food-exporting countries to im-
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Figure 2: FAO food commodity price indices 2000-2008. (Source: FAQ, 2008).
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pose export restrictions, while some key importers bought
cereal to ensure adequate domestic food supply (Brahmb-
hatt and Christiaensen, 2008). This resulted in a nervous
situation on the stock markets, speculation and further
price increases.

The impacts of reduced food availability, higher food pric-
es and thus lower access to food by many people have
been dramatic. It is estimated that in 2008 at least mo
million people have been driven into poverty and 44 mil-
lion more became undernourished (World Bank, 2008).
Over 120 million more people became impoverished in
the past 2—3 years.

The major impact, however, has been on already impoverished
people — they became even poorer (Wodon et al., 2008; World Bank,
2008). Rising prices directly threaten the health or even the lives of
households spending 50-90% of their income on food. This has dire
consequences for survival of young children, health, nutrition and
subsequently productivity and ability toattend school. In fact, the cur-
rent food crisis could lead to an elevation of the mortality rate of in-

5—25% in several
countries (World Bank, 2008). The food situation is critical for peo-
ple already starving, for children under two years old and pregnant or
nursing women (Wodonet dl., 2008), and is even worse in many Af-
rican countries. Although prices have fallen between mid-2008 and
early 2009, theseimpacts will grow if the crisis continues.

Food prices (index) Crude oil price (index)

400 600
300 450
200 300
100 150
0 Index reference: 100=1998-2000 0
Jan-00 Jan-02 Jan-04 Jan-06 Oct-08

Figure 3: Changes in commodity prices in relation to oil prices.
(Source: FAQ, 2008; IMF, 2008).
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WORLD FOOD DEMAND AND

The growth in food demand and need is the result of the combined effects of world
population growth to over g billion by 2050, rising incomes and dietary changes towards
higher meat intake. Meat production is particularly demanding in terms of energy, cereal
and water. Today, nearly half of the world’s cereals are being used for animal feed.

POPULATION GROWTH AND INCOME

Each day 200,000 more people are added tothe worldfood demand.
The world's human population has increased near fourfold in the
past 100 years (UN population Division, 2007); it is projected to in-
crease from 6.7 billion (20006) to 9.2 billion by 2050, as shown in
Figure 4 (UN Population Division, 200y). It took only 12 years for
the last billion to be added, a net increase of nearly 230,000 new
people each day, who will need housing, food and other natural
resources. The largest population increase is projected to occur in
Asia, particularly in China, India and Southeast Asia, accounting for
about60% and more of the world s population by 2050 (UN Popula-
tion Division, 2007). The rate of population growth, however, is still
relatively high in Central America, and highestin Central and part of
Western Africa. Inrelative numbers, Africa will experience the most
rapid growth, over 70% faster than in Asia (annual growth of 2.4%
versus I.4% in Asia, compared to the global average of 1.3% and only
0.3% in many industrialized countries) (UN Population Division,
2007). In sub-Saharan Africa, the population is projected to increase
from about 770 million to nearly 1.7 billion by 2050.

New estimates released by the World Bank in August 2008 show
that in the developing world, the number of peopleliving in extreme
poverty may be higher than previously thought. With a threshold of
extreme poverty set at US$1.25 a day (2005 prices), there were 1.4
billion people living in extreme poverty in 2005. Each year, nearly
1o million die of hunger and hunger-related diseases. While the

old decreased
— from 33% in 1990 to 26% in 2006 — the number of children in
developing countries who were underweight still exceeded 140 mil-

Global population,
estimates and projections (billions)
8

6
4
2
Developed countries
0 Developing countries
1750 1800 1850 1900 1950 2000 2050

Figure 4: Human population growth in developed and de-
veloping countries (Mid range projection) (UN Population
Division). Continued population growth remains one of the
biggest challenges to world food security and environmen-
tal sustainability. (Source: UN Population Division, 2007).
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Figure 5: Incomes are rising, but less so in Africa. Increased incomes, such as in Asia, generally lead to higher consumption of meat
and, hence, increased demand for cereal as livestock feed. (Source: World Bank, 2008).




lion. Similarly, while the proportion of impoverished persons might
have declined in many regions, their absolute number has not fallen
in some regions as populations continue to rise (UNDP, 2008).

There are huge regional differences in the above trends. Globally, pov-
erty rates have fallen from 52% in 1981 to 42% in 1990 and to 26%
in 2005. In Sub-Saharan Africa, however, the poverty rate remained
constant at around 50%. This region also comprises the majority of
countries making the least progress in reducing child malnutrition.
The poverty rate in East Asia fell from nearly 80%in 1980 to under
20% by 2005. East Asia, notably China, was successful in more than
halving the proportion of underweight children between 1990 and
2000. In contrast, and despite improvements since 1990, almost50%
of the children are underweight in Southern Asia. This region alone
accounts for more than half the world's malnourished children.

In addition to increasing demand for food by a rising population,
observed dietary shifts also have implications for world food pro-
duction. Along with rising population are the increasing incomes
of a large fraction of the world's population (Figure 5). The result
isincreasing consumption of food per capita, as well as changes in
diets towards a higher proportion of meat. With growing incomes,
consumption — and quantity of waste or discarded food — increases
substantially (Henningsson, 2004).

THE ROLE OF DIET
CHANGE

The global production of cereals (including wheat, rice and maize)
plays a crucial role in the world food supply, accounting for about
50% of the calorie intake of humans (Figure 6) (FAO, 2003). Any
changes in the production of, or in the use of cereals for non-human
consumption will have animmediate effect on the calorie intake of a
large fraction of the world’s population.

As nearly half of the world's cereal production is used to produce
animal feed, the dietary proportion of meat has a m

global food demand (Keyzer et dl., 2005). With meat consumption
projected to increase from 37.4 kg/person/year in 2000 to over 52
kg/person/year by 2050 (FAO, 2000), cereal requirements for more
intensive meat production may increase substantially to more than
50% of total cereal production (Keyzer et al, 2005).

2030
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Figure 6: Changes in historic and projected com-
position of human diet and the nutritional value.
(Source: FAO, 2008; FAOSTAT, 2009).
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WORLD FOOD SUPPLY

The world food production has increased substantially in the past century, as has calorie
intake per capita. However, in spite of a decrease in the proportion of undernourished
people, the absolute number has in fact increased during the current food crisis, to over
963 million. By 2050, population growth by an estimated 3 billion more people will in-
crease food demand.

Increased fertilizer application and more water usage through irrigation have been re-
sponsible for over 70% ofthe crop yield increase in the past. Yields, however, have nearly
stabilized for cereals, partly as a result of low and declining investments in agriculture.
In addition, fisheries landing s have declined in the past decade mainly as a result of over-
fishing and unsustainable fishing methods.

Food supply, however, iz not only a function of production, but also of energy efficiency.
Food energy effidency is our ability to minimize the loss of energy in food from harvest
potential through processing to actual consumption and recycling. By optimizing this
chain, food supply can increase with much less damage to the environment, similar to
improvements in effidency in the traditional energy sector. However, unlile the tradi-
tional energy sector, food energy efficiency has received little attention. Only an estimat-
ed 43% of the cereal produced is available for human consumption, as a result of harvest
and post-harvest distribution losses and use of cereal for animal feed. Furthermore, the
3o million tonnes of fish needed to sustain the growth in aquaculture correspond to the
amount of fish discarded at sea today.

A substantial share of the increasing food demand could be met by introducing food en-
erpy effidency, such as recycling of waste. With new technology, waste along the human
food supply chain could be used as a substitute for cereal in animal feed. The available ce-
real from such alternatives and efficiencies could feed all of the additional 3 billion people
expected by 2050. At the same time, this would support a growing green economy and
greatly reduce pressures on biodiversity and water resources — a truly ‘win-win’ solution.

19



FOOD FROM CROPS

The three primary factors that affected recent increases in
wortld crop production are (FAO, 2003; 20006):

1) Increased cropland and rangeland area (15% contribu-
tion in 1961-1999);

2) Increased yield per unit area (78 % contribution); and

3) Greater cropping intensity (7% percent contribution).

Trends in crop production and in these three factors are
illustrated in Figures 7, 8 and 9.

The use of fertilizers accounts for approximately 50% of
the yield increase, and greater irrigation for another sub-
stantial part (FAO, 2003). Current FAO projections in
food demand suggest that cereal demand will increase by
almost 50% towards 2050 (FAO, 2003; 20006). This can
either be obtained by increasing yields, continued expan-
sion of cropland by conversion of natural habitats, or by

optirrizing food or feed enegy effidency o prodaction

to consumption.

20

Soybeans

Annual productionincrease
1965-2008 (%)

4% -

- Area increase
B vied growth

2

Figure 7: Production increase in yield and area (1965—-2008) of
several key crops. Yield increases have generally exceeded areal
increases. (Source: World Bank, 2009).
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Figure 8: Global trends (1960-2005) in cereal and meat production, use of fertilizer, irrigation and pesticides.
(Source: Tilman, 2002; FAQ, 2003; International Fertilizer Association, 2008; FAOSTAT, 2009).
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Figure o: Increase in crop production has mainly been a function of increases in yield due to increased irrigation
and fertilizer use. However, this may change in the future towards more reliance on cropland expansion, at the
cost of biodiversity. (Source: FAO, 2006).
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FOOD FROM FISHERIES AND AQUACULTURE

from bottom trawling, pollution and dead zones, invasive spe-
cies infestations and vulnerability to climate change (UNEP,
2008). Eutrophication from excessive inputs of phosphorous
and nitrogen through sewage and agricultural run-off is a

of world human calorie intake —but this is likely to decline or at
best stabilize in the future, and might havealready reached the
T e A el el e hury -besinn il oo
million tonnes of seafood annually. Of this, 7o million tonnes

are directly consumed by humans, 30 million tonnes are dis-
carded atd 90 redlion tormes corwerted 1o fisbareal.

The world's fiskeries have seadily declined since the 1n80s, its
roagtitiade reasled by the expansionof fehitg ivdo deeper atd
more offshore waters (Figure 10) (UNEP, 2008). Over half of
the world’s catches are caught in less than 7% of the oceans, in
areas characterized by an increasing amount of habitat damage

(Anderson et al., 2008; UNEP, 2008). Areas of the coasts that
are periodically starved of oxygen, so<alled ‘dead zones’, often
coincide with both high agricultural run-oftf (Anderson et al.,
o and e prraTe S et ds Foowm ez aed o
tisanal ficheries. Eutrophication corabited with imenistainalle
fishitig leads o the loes ordepletion of these food meoumoes, as

west and many parts of the Atlantic, to mention a few.
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Current projections for aquaculture suggest that
previous growth is unlikely to be sustained in
the future as a result of limits to the availabil-
ity of wild roarime fish for aqmoatme feed (FAD,

Fopie CiptiDs ey by legy Ot po® o
2% of total landivgs) are processed into fisheveal and

mal feed (Alder et al., 2008).

In some regions, such as in parts of Africa and South-
wrt Aeda dnced e dn Tihead s e cpencdueond 200
land area have been the primary factors in increasing

ergy and protein for impoverished coastal populations,

inparticular in West Africa and Southeast Asia (UNEP,

oo e okl Adedo s w B o 2 omegir
impact onthelivelihoods and wellbeing of hundreds of
millions of people (UNEP, 2008).
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Figure 10: Fishing has expanded deeper and farther offshore in recent decades (left panel)
has been partly compensated for by aquaculture (right panel). (Source: FAO FISHSTAT, MA, 2005; UNEP, 2008).
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FOOD FROM MEAT

Meatproduction increasedfrom 27 kgmeat/capitain 1974/1976
to 36 kg meat/capita in 1997/1999 (FAO, 2003), and now ac-
counts for around 8% of the world calorie intake (FAOSTAT,
2009). In many regions, such as in the rangelands of Africa,
in the Andes and the mountains of Central Asia, livestock is a
primary factor in food security.

Meat production, however, also has many detrimental effects

animals are fed with food-crops. The area required for produc-
tion of animal feed is approximately one-third of all arable land.
Dietary shifts towards more meat will require a much larger
share of cropland for grazing and feed production for the meat
industry (FAO, 2006; 2008).

Expansion of land for livestock grazing is a key factor in defor-
estation, especially in Latin America: some 70% of previously
forested land in the Amazon is used as pasture, with feed crops
covering a large part of the remainder (FAO, 2006b). About

70% of all grazing land in dry areas is considered degraded,
mostly because of overgrazing, compaction and erosion attrib-
utable to livestock (FAO, 2006b). Further, the livestock sector
has an often unrecognized role in global warming — it is esti-
mated to be responsible for 18 % of greenhouse gas emissions,
a bigger share than that of transport (FAO, 20006b).




FOOD FROM ANIMAL FEED

It takes, on average, 3 kg of grain to produce 1 kg of meat,
given that part of the production is based on other sources of
feed, rangeland and organic waste (FAO, 2000). Currently, 33
% of the cropland area is thus used for livestock (FAO, 2006
livestocks long shadow). In addition, about 16,000 litres of vir-
tual water are needed to produce 1 kg of meat (Chapagain and
Hoekstra, 2008). Hence, anincreased demand for meat results
in an accelerated demand for water, crop and rangeland area.
Meat production iz energy ineffident and ermironrrertally
harmful at industrial scales and with intense use of feed crops
such as maize and soybeans. Chicken production is among
the roost eremy-effident, althogh =1l rrore enety-demand-
ing than cereal production. Many farmers feed their animals
organic waste from farm households or agricultural by-prod-
ucts that are unsuitable for human consumption. Small-scale
pig farms often use organic residuals from restaurants and the
food industry as fodder. If animals are part of an integrated
fanm production spstern, the overall energy effidency can be
actually increased through better utilization of organic waste
(CTech, 2008). This is not the case for mass production of
pigs and poultry in specialized stables, which may take up an
increasingly larger proportion of the production of feed crops
(Keyzer et al., 2005).

It is also important to note that much meat production takes
place on extensive grasslands. But while often a threat to bio-
diversity and a source of competition with wild ungulates and
birdlife (UNEP, 2001; FAO, 2008b), this requires very little or
no input of commercial feed. Furthermore, it plays a crucial role
in food security in many mountain areas, as well asin dry and
steppe regions, including in Africa, Central Asia and the Andes.

Stabilizing the current meat production per capita by reducing
meat consumption in the industrialized world and restraining
it worldwide to 2000 level of 37,4 kg/capita in 2050 would free
estimated 400 million tons of cereal per year for human con-
sumption — or enough to cover the annual calorie need for 1.2
billion people in 2050. However, changing consumption pat-
tetre roay be very difficalt in the shat-enn nreasing food
supply by developingalternatives to cereals and improving feed
effidency it oornrreial feed roay however bave aroach great

er potential for increasing food supply (See box).
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FINDING ALTERNATIVE FEED SOURCES

Choice of food — where choice exists — is a complex mix of tradi-
tions, religion, cultare, mwmilability and not the least, fnancial
constraints. However, while many of these also apply to live-
stock, our ability to change the feed destined for livestock and
aquaculture is probably greater than that of changing people’s
food choice habits, which are not as easily controlled. As cereal
products are increasingly used as feed for livestock, estimated
to be at least 35—40% of all cereal produced in 2008 and pro-
jected to reach nearly 45-50% by 2050 if meat consumption

tive feed sources provides a huge potential for increasing the



availability of cereal for human consumption. For other feed
sources to become a sustainable alternative to the current use
of cereals, their exploitation must not be resource-demanding.
This poses a big challenge, since most of the easily available
feed sources have already been fully exploited, although some
alternatives still exist.

Cellulose is the most abundant biological material in the
wortld, but the energy it contains is not readily available forani-
mal production. Due to the interest in using this material for
bioethanol production, there are currently large research pro-
grams underway to chemically and enzymatically degrade this
cellulose into glucose. If this becomes possible and in a cost-

effective manner, wood glucose can, to a large extent, replace
cereals as a feed source for both ruminants and monogastric
avitnals, Cther filraus plant source s s1ach as strear, leaves and
nutshells are also available in large quantities. Finding ways
to feed the world’s livestock is therefore a primary challenge
(Keyzer et al., 2005).

Other sources for feed that are not fully exploited include sea-
weed, algae and other under-utilized marine organisms such as
krill. However, their potential is uncertain, since technological
challenges still remain. In addition, the impact of their harvest-
ing on the ecosystem is of concern. The use of waste provides a
much greater potential for alternative sources of animal feed.
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FOOD — OR FEED — FROM WASTE

By using discards, waste and other post-harvest losses, the sup-
Py o aninal and fish feed can be inaeased and be sastaired
without expanding current production, simply by increasing
enersy efficercy ard conservation in the food supply chein.

There has been surprisingly little focus on salvaging food al-
ready harvested or produced. An important question centers
around the percentage of food discarded or lost during har-
vesting, processing, transport and distribution as well as at the
poitt of fival sale toconamners. RBedudng sach beses iz ey
to be among the most sustainable alternatives for increasing
food availability.

portion lost of any food source produced or harvested from the
wild. The proportion is particularly high for shrimp bottom
“Taal el e DR s ey oy tE et Th a0l ab LAl

ly known, but has, for some species, been estimated to be as
high as 70-80%, perhaps higher (Bettoli and Scholten, 2006;
Broadhurst et al., 20006, Discarded fish aloawe mraorts 1o
much as 30 million tonnes, compared to total landings of 100—
130 tonnes/year. Feed for aquaculture is a major bottleneck, as
there are lirvitaticrs to the awilable dl and fich for aqumoal-
ture feed (FAO, 2008). A collapse in marine ecosystems would
therefore have a direct impact on the prices of aquaculture
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products and on its scale of production. There is no indication
that ranne fishenes today can ;astaEin the 2% indease in
landings required for the 56% growth in aquaculture produc-
i required to rmEirdai per cpita fish consmoption at oo-
rent kvl © 2ogo. However, if sustairable, the aroomrd of fish
currently discarded at sea could alone sustain more than a 50%
increase in aquaculture production. However, many of these
species could also be used directly for human consumption.

Fish post-harvest losses are generally high at the small-scale
level. Recent work in Africa by FAO has shown that regard-
k== of the type of fisheries or reoalti-spedes), phesical
poct-karvwest losses that is, fish lost for karvan conesraption)
are commonly vety low, typically around 5% (DieiOuadi, 2007).

of fish bemavse of spoilage is considerable, how-
ever, perhapsas high as 10%and more. Hence, the total amount
of fic h loet discards, poet-harvestloss and spoilge map
be around 40% of landings (DieiOuadi, 2007).

The potential to use unexploited food waste as alternative
sources of feed is also considerable for agricultural products.
(Figures 11 and 12).

Food lost
[}

Food eaten

Fresh fruits and
vegetables

Fluid mik
Processed fruits and veg
Meat, poultry and fish

Grain products

Caloric sweeteners

Fats and oils

Other foods (including
eggs and other dairy products)

0 5 10 15 20 25
Food eaten/lost (million tons)

Figure 11: Food losses for different commodities.
(Source: Kantor et dl., 1999).
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Food lossesin the field (between plantivg and hamwesting) could
be as high as 20-40% of the potential harvest in developing
countries due to pests and pathogens (Kader, 2005). Posthar-
vest los ses vary greatly among commodities and production ar-
eas and seasons. In the United States, the losses of fresh fruits

and vegetables have been estimated to range from 2%to 23%,
depending on the commodity, with an overall average of about
12% losses between production and consumption sites (Cap-

Edible crop
harvest
4600 kcal
Harvest aArI/t:;t
'Osses 4000 kcal
4 000
Anlmal
feed
Meat
and dairy

3000 2800 keal

Distribution

losses and Available

waste for household
j consumption
2000 kcal
2000 =
1000 —_—
0
Field Household

Figure 12: A gross estimate of the global picture of losses, con-
version and wastage at different stages of the food supply chain.
As a global average, in the late 1990s farmers produced the
equivalent of 4,600 kcal/capita/day (Smil, 2000), i.e., before
conversion of food to feed. After discounting the losses, conver-
sions and wastage at the various stages, roughly 2,800 kecal are
available for supply (mixture of animal and vegetal foods) and,
at the end of the chain, 2,000 kcal on average — only 43% of the
potential edible crop harvest — are available for consumption.
(Source: Lundgqvist et al., 2008).



pellini and Ceponis, 1984; Harvey, 1978; Kader, 2005). Kan-
tor et al (1999) estimated the U.S. total retail, foodservice, and
consumer food losses in 1995 to be 23% of fruits and 25% of
vegetables. In addition, losses could amount to 25-50% of the
total economic value because of reduced quality (Kader, 2005).
Others estimate that up to 50% of the vegetables and fruits
grown end as waste (Henningsson, 2004). Finally, substantial
losses and wastage occur during retail and consumption due
to product deterioration as well as to discarding of excess per-
ishable products and unconsumed food. While the estimates
therefore vary among sources, it is clear that food waste rep-
resents a major potential, especially for use as animal feed,
which, in tum, could release the use of cereals in animal feed
for human consumption.

In 2007, US$148 billion was invested in the renewable energy
market, up 60% from the previous year. Recovering energy
from agricultural wastes is becoming increasingly feasible at
the industrial production level; investments in technology en-
hancement of existing systems and innovation in new waste
management systems is called for to support this expanding

green economy.

Sustainable food supply

The discourse around food and agriculture that has dominated
the past 60 years needs to be fundamentally rethought over the
next few years. New strategies are needed that respond to the
daunting challenge s posed by dimate change mitigation and ad-
aptation, water scardty, the decline of petroleum-based energy,
biodiversity loss, and persistent food insecurity in growing popu-
lations. A narrowly-focused ‘seed andfertilizer’ revolution will not
avert recurrent food crises under these conditions; current mod-
els of intensive livestock production will be unaffordable; global
and national food supply chains will need to be restructured in
light of demographic shifts and increasing fuel costs. Future food
production systems will not only depend on, but must contribute
positively to, healthy ecosystems and resilient communities. Soils
and vegetation in agricultural landscapes must be restored and
managed in ways that not only achieve food security targets far
more ambitious than those committed to under the Millennium
Development Goals, but also provide watershed services and
wildlife habitat, and sequester greenhouse gases.
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IMPACTS ON ENVIRONMENTAL
DEGRADATION ON YIELD AND

AREA

The natural environment, with all its ecosys-
tem services, comprises the entire basis for
life on the planet. Its value is therefore im-
possible to quantify or even model. The state
of environment has — at any given stage — ef-
fects on food production through its role in
water, nutrients, soils, climate and weather as
well as on insects that are important for polli-
nation and regulating infestations. The state
of ecosystems also influences the abundance
of pathogens, weeds and pests, all factors
with a direct bearing on the quality of avail-
able cropland, yields and harvests.

E" éH'.;ri' E

Environmental degradation due to unsustainable human practices and activities now
seriously endangers the entire production platform of the planet.

Land degradation and conversion of cropland for non-food production including bio-
fuels, cotton and others are major threats that could reduce the available cropland by
8-20% by 2050. Species infestations of pathogens, weeds and insects, combined with
water scarcity from overuse and the melting of the Himalayas glaciers, soil erosion and
depletion as well as climate change may reduce current yields by at least an additional 5-
25% by 20350, in the absence of policy intervention. These factors entail only a portion of
the environment covering direct effects. The indirect effects, including socio-economic

responses, may be considerably larger.
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THE ROLE OF THE ENVIRONMENT IN FOOD PRODUCTION

There is a strong link between the state of the environment and
food production, apart from the natural environment being the
entire platform upon which all life is based. For crops, the state
of the envircrenent directly irdluences =0il rodriert availabil-
ity, water (ground and surface water for irrigation), climate and
weather (rainfall and growth season), availability of insects for
pollination, and not the least, the abundance and effects of cer-
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tain pests, such as pathogens, insects and weeds, which have ma-
jor impact on crops worldwide, particularly in Africa (Sanchez,
2002). Without these services, there would be no production,
Ecosystem services enhance agro-ecosystem resilience and sus-
tain agricultural productivity. Thus, promoting the healthy func-
tioning of ecosystems ensures the sustainability of agriculture as

production.



The interaction among these variables is very complex, and pro-
isnearly impos-

sible. The key variables are not currently accounted for in most

models and scenarios of food production (FAO, 2003;2000).

In this chapter we attempt to provide estimates of possible rang-
es of future impacts of environmental degradation on yield and
available cropland, based on the best knowledge available, peer-
reviewed studies and expert judgment. We will not, however, at
tempt to quantify the full value of ecosystem services from the
environment, which entail complex interactions and processes.

The estimates given here are of possible ranges based on some
current projections of the degree of environmental degradation.

The FAO has provided estimates of cropland and yield increas-
es necessaty to meet future demand for food, without fully con-
sidering the role of environmental degradation and losses of
ecosystem services. Hence, the following material provides an
insight into the possible losses (and the compensation needed)
in food production as a result of environmental degradation, to
support other UN agencies in further improving estimates of
demand and production in a changing world.

LOSS OF CROPLAND AREA

There has beena growing trend all over the world in converting
cropland to other uses due to increasing urbanization, indus-
trialization, energy demand and population growth. China, for
example, lost more than 14.5 million ha of arable land between
1979 and 1995 (ICIMOD, 2008).

Current projections suggest that an additional 120 million ha
— an area twice the size of France or one-third that of India — will
be needed to support the traditional growth in food production
by 2030, mainly in developing countries (FAO, 2003), without
considering the compensation required for certain losses. The
demand for irrigated land is projected to increase by 56% in Sub-
Saharan Africa (from 4.5 to 7 million ha), and rainfed land by 40%
(from 150 to 210 million ha)in order tomeet the demand, without
considering ecosystem services losses and setbadks in yields and
available cropland (FAO, 2003; 2000). Increases inavailable crop-
land may be possible in Latin America through the conversion of
rainforests (Figure 13), which in tum will accelerate climate change
and biodiversity losses, causing feedback loops that may hinder
the projected increases in crop yields. The potential for increases
is more questionable in large parts of sub-Saharan Africa due to
political, socio-economic and environmental constraints. In Asia,
nearly 95% of the potential cropland has already been utilized
(FAO, 2003; 20006). Even if such increases are not restricted by
other land use and the protection of tropical rainforests, changes
in the proportion of non-food crops to food crops may have even
greater impacts on the available cropland for food production.

Latin America

Area (million ha) Sub-Saharan and Caribbean
Africa

1000
Industrial
countries
800
600 Transition
countries
400 East-Asia
South Asia
Near East
200 and
North Africa
0
Arable land Land suitable for
1997-1999 rainfed crops

Figure 13: Theoretical potential for cropland expansion, irre-
spective of conservation, water and other environmental issues.
(Source: FAQ, 2003).
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BIOFUELS AND COTTON —SUSTAINABLE OPTIONS TO
INCREASE INCOMES OR THREAT TO BIODIVERSITY AND

FOOD PRODUCTION?

Biofuels have grown quickly in demand and production (Figure
14), fuelled by high oil prices and the initial perception of their
role inreducing CO, emissions (FAO, 2008). Biofuels, includ-
ing biodiesel from palm oil and ethanol from sugarcane, corn
and soybean, accounted for about 1% of the total road trans-
portin 2005, and may reach 25% by 2050, with the EU having
set targets as high as 10% by 2020 (World Bank, 2007, FAO,
2008). For many countries, such as Indonesia and Malaysia,
biofuels are also seen as an opportunity to improve rural liveli-
hoods and boost the economy through exports (Fitzherbert et
al., 2008; UNEP, 2008). The US is the largest producer and
consumer of bioethanol, followed by Brazil (Figure 15) (World

World biofuels annual production
(million liters of fuel)

40 000

30 000

20 000

10 000

1975 1980 1985 1990 2000 2005

Figure 14: The production of biodiesel and ethanol has increased
substantially in recent years. (Source: Earth Policy Institute, 2006).

1995

Bank, 2007; FAO, 2008). Brazl has now used 2.7 million ha
of land area for this production (4.5% of the cropland area),
mainly sugar cane.

While biofuels are a potential low-carbon energy source, the
conversion of rainforests, peatlands, savannas, or grasslands to
produce biofuels inthe US, Brazil and Southeast Asia may cre-
ate a “biofuel carbon debt” by releasing 17 to 420 times more
CO, than the annual greenhouse gas reductions that these bio-
fuels would provide by displacing fossil fuels (Fargione et al.,
2008; Searchinger et al., 2008). Corn-based ethanol, instead of
producing a 20% savings, will nearly double greenhouse emis-

USA )
I Brazil

World biofuels production, 2005
(million liters of fuel)

= 15000

™ Ethanol
I Biodiesel

~— = 10000

Other
countries

5 000

Figure 15: United States and Brazil are among the greatest pro-
ducers of biofuels today. (Source: Earth Policy Institute, 2006).
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sions over 30 years (Searchinger et al., 2008). Biofuels from
switchgrass, if grown on US corn lands, will increase emis-
sions by 50% (Fargioneet al., 2008). It is evident that the main
potential of biofuels lies in using waste biomass or biomass
grown on degraded and abandoned agricultural lands planted
with perennials (World Bank, 2007; FAO, 2008).

Production of crops for biofuels also competes with food pro-
duction (Banse et al., 2008). Indeed, the corn equivalent of the
energy used on a few minutes drive could feed a person for a
day, while a full tank of ethanol in a large 4-wheel drive subur-
ban utility vehicle could almost feed one person for a year. A
recent OECD-FAO (2007) report expected food prices to rise
by between 2.0% and 50% by 2016 partly as a result of biofuels.

Already, drastically raised food prices have resulted in violent
demonstrations and protests around the world in early 2008.
Current OECD scenarios by the IMAGE model project a mean
increase in the proportion of land allocated to crops for biofuel
production equivalent to 0.5% of the cropland area in 2008,
2% by 2030 (range 1-3%) and 5% by 2050 (range 2—8%).

Production of other non-food crops is also projected toincrease.
For example, cotton is projected to increase to an additional 2%
of cropland area by 2030 and 3% by 2050 (Ethridgeetal., 2006;
FAPRI 2008). Hence, the combined increase in cropland area
designated for the production of biofuels and cotton alone
could be in the range of 5-13% by 2050 and have the potential
to negatively impact food production and biodiversity.

LOSS OF CROPLAND FROM URBAN DEVELOPMENT

Infrastructure and urban development is increasing rapidly
(UN, 2008). Settlement primarily occurred at the cost of crop-
land, as people historically settled in the most productive loca-
tions (e.g., Maizel et al. 1998; Goldewijk, 2001, 2005; Klein
Goldewijk and Beusen, 2009). Hence, as settlements, towns
and cities grow, the adjacent cropland is reduced to accommo-
date urban infrastructure such as roads and housing. Globally,
estimates of the extent of built-up areas in 2000 range from
0.2% —2.7% of the total land area (Potere and Schneider, 2007)
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with 5 of the 7 estimates below 0.5%. Most of the differences
L explaired by the varions d efiviticys of ailt-up area and
differences between satellite derived and inventory based data.
All these percentages relate to about 0.3-3.5 million km? of

ble for pro-
ducing food. However, UNDP (1990) estimated that 15— 20%
of the world s food is produced in (peri-)urban areas (although
itis not clear whether parts of this peri-urban area are already
included in cropland inventories or not; besides there is large
uncertainty and variability by city/region of the UNDP esti-
mate).

Preliminary future estimates based on the HYDE methodol-
ogy (Beusen and Klein Goldewijk, in prep) with the medium
population growth variant of the UN (2008) reveal that with
an expected increase of the global urban population from 2.9
billion people in 2000 to 5 billion in 2030 and 6.4 billion in
2050, the builtup area is likely to increase from 0.4% of the
total global land area in 2000 to about 0.7% by 2030, and to
0.9% by 2050, corresponding roughly to 0.5 million km?, 0.9
million km? and 1.2 million km?, respectively.

The computed ratio of builtup area/cropland area is 3.5% in
2000, 51% in 2030 and 7% in 2050, respectively. This means
that if all additional built up area would be at the expense of crop-
land (Stehfestetal., 2008), a total of 0.37 million km? of cropland
would be lost by 2030, and another 0.30 million km? by 2050.






LOSS OF CROPLAND AREA FROM LAND DEGRADATION

About 2 billion ha of the world’s agricultural land have been
degraded because of deforestation and inappropriate agricul-
tural practices (Pinstrup-Andersen and Pandya-Lorch, 1998).
In spite of global improvements on some parts of the land,
unsustainable land use practices result in net losses of crop-
land productivity — an average of 0.2%/year The combined
effects of competition for land from growing populations,
reduced opportunity for migration and rotation along with
higher livestock densities, result in frequent overgrazing and,
hence, loss of long-term productivity. Satellite measurements
show that between 1981 and 2003, there was an absolute
decline in the productive land area (as Net Primary Produc-
tivity) across 12% of the global land area. The areas affected
are home to about 1-1.5 billion people, some 15-20% of the
global population (Bai et al., 2007).
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A number ofauthors including den Biggelaar etal. (2004) estimate
that globally, 20,000-50,000 km? of land are lostannually through

2—G6times higher
in Africa, Latin America and Asia than in North America and Eu-
rope. The major degrading areas are in Africa south of the Equator,
Southeast Asia, Southern China, North-Central Australia and the
pampas of South America. Some 950,000 km? of land in Sub-Sa-
haran Africa is threatened with irreversible degradation if nutrient
depletion continues (Henao and Baanante, 2000). In most parts
of Asia, forest is shrinking, agriculture is gradually expanding to
marginal lands and land degradation is accelerating through nutri-
entleaching and soil erosion. Infact, about20% of the agricultural
land in Asia has been degraded over the last several decades (Foley
et al., 2005). The pace of degradation is much higher in environ-
mentally fragile areas, such as on the mountains.



YIELDS

Environmental degradation and loss of ecosystem services
will directly affect pests (weeds, insects and pathogens), soil
erosion and nutrient depletion, growing conditions through
climate and weather, as well as available water for irrigation
through impacts on rainfall and ground and surface water.
These are factors that individually could account for over
50% in loss of the yield in a given “bad” year Theinteractions
among these variables, compounded by management systems
and society, are highly complex. A changing climate will affect

e to grazing,
insects, pathogens and risk of invasions, to mention a few. In
the following section we attempt to provide for each variable,
rough estimates of how much environmental degradation and
loss of some ecosystem services could contribute to reducing
yields by 2 050. This is based on peer reviewed studies, models
and expert judgment, and with the understanding that con-
ditions and estimates vary considerably and relationships are
highly complex.

IMPACTS OF LAND DEGRADATION ON CROP YIELDS

Unsustainable practices in irrigation and production may lead
to increased salinization of soil, nutrient depletion and ero-
sion. An estimated 950 million ha of salt-affected lands occur
in arid and semi-arid regions, nearly 33% of the potentially ar-
able land area of the world. Globally, some 20% of irrigated
land (450,000 km?) is salt-affected, with 2,500-5,000 km? of
lost production everyyear as a result of salinity (UNEP, 2008).
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In South Asia, annual economic loss is estimated at US$1,500
million due to salinization (UNEP, 1994).

Nutrient depletion as a form of land degradation has a severe
economic impact at the global scale, especially in Sub-Saharan
Africa. Stoorvogeletal. (1993) estimated nutrient balances for 38
countries in Sub-Saharan Africa. Annual depletion rates of soil
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Figure 16: Losses in land productivity due to land degradation. (Source: Bai et dl., 2008).
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Courtesy of ISRIC, Bai ZG and Dent DL (2006)

fertility were estimated at 22 kg nitrogen (N), 3 kg phosphorus
(P), and 15 kg potassium (K) per ha. In Zimbabwe, soil ercsion
alone resultsinan annual loss of Nand P totalling US$1.5 billion.
In South Asia, the annual economic loss is estimated at US$600
million for nutrient loss by erosion, and US$1,200 million from
soil fertility depletion (Stocking, 1986; UNEP, 1994).

Ermsion is very significant in hnd fiom. Cm 3 ghobal
scale, the annual loss of 75 billion tonnes of soil costs the world
about US $400 billion/year (at US $3/tonne of soil for nutrients
and US$2/tonne of soil for water), or approximately US$70/
person/year (Lal, 1998). It is estimated that the total annual
cost of erosion from agriculture in the US is about US $44 bil-
lion/year or about US$247/ha of cropland and pasture (Lal,
1998). In Sub-Saharan Africa it is much larger; in some coun-
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tries productivity has declined in over 40% of the cropland area
in two decades while population has doubled. Overgrazing of
vegetation by livestock and subsequent land degradation is a
widespread problem in these regions.

The productivity of some lands has declined by 50% due to soil
erceion and desertificaticn (Fignme 16). ¥ield rednction in Af-
ca due to past soil erosion may range from 2—4 0%, with amean
loss of 8.2% for the continent. Africa is perhaps the continent
most severely impacted by land degradation (den Biggelaar et
al., 2004; Henao and Baanante, 2000), with the global aver-
age being lower, possibly inthe range of 1-8%. With increasing
pressures of climate change, water scarcity, population growth
and increasing livestock densities, these ranges will be prob-
ably conservative by 2050.



IMPACTS OF CLIMATE CHANGE ON YIELD

Global climate change may impact food production across a
range of pathways (Figure 17): 1) By changing overall growing
conditions (general rainfall distribution, temperature regime
and carbon); 2) By inducing more extreme weather such as
fioods, drongzhd and storres; and o) By increasing exent, type
and frequency of infestations, including that of invasive alien
species (dealt with in a separate section).

The estimated impacts of changes in the general climate re-
gime vary with the different models in the short to mid-term
(2030—2050), but after 2050 an increasing number of models
agree on rising negative impacts (IPCC, 2007; Schmidhuber
and Tubiello, 2007). Many models have projected that the po-
tential for global food production may rise with increases in
local average temperature over a range of 1-3°C (before 2050),

Projected impacts of climate change
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Figure 17: Projected impacts of climate change. (Source: Stern Review, 2008).
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but above this range (after 2050) may decrease (IPCC, 2007;
Meehl et al., 2007). Model projections suggest that although
increased temperature and decreased soil moisture will act to
reduce global crop yields by 2050, the direct fertilization ef-
fect of rising carbon dioxide concentration (CO,) will offset
these losses. The CO, fertilization factors used in models to
project future yields were derived from enclosure studies con-
ducted about 20 years ago. Free-air concentration enrichment
(FACE) technology has now facilitated large-scale trials of the
major grain crops at elevated CO, levels under full open-air
field comditions. In those trials, elevated C0, enhanced yield
by about 50% less than in the enclosure studies. Hence, previ-
ous projections of no impact or even a slight positive impact
of increasing CO, on global agricultural production by 2030
and 2050 may be too optimistic (Long et al., 2006). Current
research results conclude that while crops would respond posi-
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tively to elevated CO, in the absence of climate change, the as-
sociated impacts of high temperatures, altered patterns of pre-
cipitation, and possible increased frequency of extreme events

depress
yields and increase production risks in many world regions
(Tubiello and Fischer, 2006).

Furthermore, projected changes in the frequency and sever-
ity of extreme climate events are predicted to have more seri-
ous consequences for food and food security than changes in
projected mean temperatures and precipitation (IPCC, 2.007).
Also, regional differences will grow stronger with time (Parry
et al, 2005), with potentially large negative impacts in develop-
ing regions but only small changes in developed regions (IPCC
2007, Slater et al. 2007). Developing countries are more vul-
nerable because of the dominance of agriculture in their econ-



omies, the scarcity of capital for adaptation measures, their
warmer baseline climates and heightened exposure to extreme
events (Tubiello and Fischer, 2006; Brown and Funk, 2008).
This will aggravate inequalities in food production among re-
gions (Parry et al., 2005).

Regional impacts will be strongest across Africa and Westermn
Asia where yields of the dominant regional crops may fall by
15-35% once temperatures rise by 3 or 4° C (Stern Review,
2000). Sub-Saharan Africa is expected to be worst affected,
meaning the poorest and most food insecure region is also
expected to suffer the largest contraction of agricultural pro-
duction and income. Despite the uncertainties regarding
short-term effects, models do point to many cases where food
security is clearly threatened by climate change by 2030, with
losses in major crops by this time (Lobell et al., 2008).

There is wide variation in how individual species in different
regions respond to a warming climateand Lobell et al. (2008)

imate
change projections: 1) Consistently negative, for example,
Southern African maize; 2) Large uncertainties ranging from
substantially positive to substantially negative, for example,
South Asian groundnut; and 3) Relatively unchanged, for ex-
ample, West African wheat. Adaptation to climate change by
switching from highly vulnerable to less vulnerable crops may
be viable, and is recommended particularly for South Asia
and South Africa where the case for adaptation is particularly
robust (Lobell et al., 2008).

The impacts on crops are also highly variable in different re-
gions and on different types of crops. For example, in Southern
Africa, declines in production of 15% for wheat and 277% for
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maize in the absence of any agricultural adaptation to cli-
mate change have been projected by Lobell et al. (2008).
The effects of extreme weather are not included in these
estimates. In addition, these effects are projected to 2030
only, when the impacts of climate change would be only
just emerging. Increasing our understanding how crops
may be impacted under climate change conditions may
provide alternatives for adaptive strategies in the most vul-
nerable regions of the world (Lobell et al., 2008).

Based on a consensus estimate of 6 climate models and
two crop modelling methods, Cline (2007) concluded that

by 2080, assuming a 4.4° C increase in temperature and
a 2.9% increasein precipitation, global agricultural output
potential is likely to decrease by about 6%, or 16% without
carbon fertilization. Cline suggested a range of output po-
tential decline between 10 and 25% among regions. As cli-
mate change increases, projections have been made that by
2080 agricultural output potential may be reduced by up
to 6o% for several African countries, on average 16—27/%,
dependent upon the effect of carbon fertilization (Figures
18 and 19). These effects are in addition to general water
scarcity as a result of melting glaciers, change in rainfall
pattems, or overuse.

Projected changes in agricultural productivity to 2080 due to # //
| climate change, incorporating the effects of carbon fertilization )
o -50% -15% 0 +15% +35% No data
| [

Figure 1& Projected losses in food production due to climate change by 2080. (Source: Cline, 2007).
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Change in potential
cereal output, 2080

Decrease -50% or more
Decrease 25-50%
Decrease 5-25%

No change +5%

Increase  5-25%

Increase  25% or more

Not suitable

Under HadCM 3 model,
IPCC SRES A2 scenario

Figure 19: Impacts of climate change on cereal output
in Africa. (Source: Fischeret dl., 2005).
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IMPACTS OF WATER SCARCITY ON YIELD

Water is essential not only to survival but is also equally or even
more important than nutrients in food production. Agriculture ac-
counts for nearly 70% of the water consumption, with some es-
timates as high as 8% (Hanasaki et al., 2008a,b). Water scarcity
will affect over 1.8 billion people by 2025 (WHO, 200y). This could
have major impacts on health, particularly in rural areas, and thus
also major impacts on farmer productivity. Although of great sig-

projections suggest that water demand is likely to double by 2050
(Figure 20). Estimates project water withdrawals to increase by 22—
32% by 2025 (De Fraiture et al., 2003) and nearly double by 2050,
for all SRES scenarios (Shen et al., 2008). For poor countries with
TEEE pOTAGYIh Greriizid dafetdon of i waler, wWEmr gt
cit induced food insecurity is a growing problem (Rosegrant and
Cai, 2002; Yang et al., 2003). One major factor beyond agricultural,
industrial and urban consumption of water is the destruction of
watersheds and natural water towers, such as forests in watersheds

and wethrds, which akbo serwe 2= fiood Infers (LHED, aoos).

Water requirements 2050

for food production ]

(km?/year) 2030

8000

— Increases, over
2015 2002 water

requirements,
needed to eradicate

6 000 poverty by 2030 and
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water requirements,
needed to meet the
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4000
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Figure 20: Historicand projected changes in water consumption for
food production, 1960-2050. (Source: ).
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Studies of 128 major river basins and drainage regions show
that approximately 20 to 50% of the mean annual river fiow
in different basins needs to be allocated to freshwater-de-
pendent ecosystems in order to maintain them in good eco-
logical condition. In large parts of Asia and North Africa
and some parts of Australia, North America and Europe,
current total direct water withdrawals (primarily for irriga-
tion) already tap into the estimated environmental water re-
quirements (Smakhtin et al., 2004). The global consump-
tion of both “blue” water (withdrawn for irrigation from
rivers, lakes and aquifers) and “green” water (precipitation)
by rainfed and irrigated agriculture and other terrestrial
ecosystems is steadily rising (Rostet al., 2008).

Wateris probably one of the most limiting factors in increas-
ing food production. Yields on irrigated croplands are, on
average, 23 times higher than those on rainfed lands. Ir-
rigated land currently produces 40% of the world’s food on
7% of its land (FAO, 1999), most of it downstream and de-
pendent upon glacial and snowmelt from the Hindu Kush
Himalayas. It is evident that in regions where snow and
glacial mass are the primary sources of water for irrigation,
such as in Central Asia, parts of the Himalayas Hindu Kush,
China, India, Pakistan and parts of the Andes, melting will
eventually lead todramatic declines in the water available for
irrigation, and hence, food production (Figure 21).

The melting glaciers will impactcertain countries more than
others, and also substantially impact hydropower production.
The Indus River and its tributaries, for example, in addition
to providing nearly 60% of the water utilized for irrigation,
also provide 45% of the electrical energy in Pakistan.

Of greatimportance, therefore, isthe effect of climate change
on the extent of snow and glacial mass (UNEP, 2007) and
on the subsequent supply of water for irrigation. Climate
change could seriously endanger the current food produc-
tion potential, such as in the Greater Himalayas Hindu Kush
region and in Central Asia (Figure 21). Currently, nearly 35%
of the crop productionin Afghanistan, Bangladesh, Bhutan,
China, India, Myanmar, Nepal and Pakistan is based on ir-
rigation, sustaining over 2.5 billion people. Here, water de-
mand is projected to increase by at least 70-9o% by 2050.



This also includes supply to regions of Central Asia, China and
Pakistan, which are under direct water stress today.

A dedline of 10-30% in irrigated yields in the basins originat-
ing from the mountains of the Himalayas and Central Asia
corresponds to 1.7-5.0% of the world cereal production (see
box). A 10—-30% yield loss due to lower availability of water for
Irrigation (withont inwessed water eficiency) m the world's
irrigated croplands would equate to losses in the range of
4-12% of world cereal production. In many regions, greater
losses have already been observed due to over-extraction of
water resources fromaquifers and rivers. Studies suggest that
almost half of the irrigation water comes from non-renewable

and non-ocal sources (Rost et al., 2008). Indeed, river dis-
charge is decreasing in many areas mainly as a result of an-
thropogenic use, particularly irrigation (Gerten et al., 2008).
Currently, an estimated 24% of the world river basin area has
a withdrawal /availability ratio greater than o.4, which some
experts consider to be a rough indication of “severe water
stress”. Under a “business-as-usual” scenario of continuing
demographic, economic and technological trends up to 2025,
water withdrawals are expected to increase in 59% of world
river basin area, outweighing the assumed improvements in

variation
(Alcamo et al., 2003) . On the assumption that the melting gla-
ciers would cause reduced production by 2050, as indicated,




T
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An impressive layer ofice covered Imja Glacier in the 1950s. Thick ice falls down from the mountain and the glacier merges with the Lhotse
Shar ghaciker furhe rdown . Howeser; even in e 19 | e v r pon d be szn in and amund the ghackr. Cvarthe ne fify
years, these ponds continued to grow, merge, and by the mid 1970s had formed the Imja lake.

By 2006, the Imja lake was around 1 km2 in size, with an average depth of 42 m, and contained more than 35 million m3 of water. The Imja
Glacier is retreating at a rate of 74 m per year, and is thought to be the fastest retreating glacier in the Himalayas. The thin cover of debris
on this glacier may actually have accelerated surface melting, as heat is transferred to the ice below. Because of the unconsolidated nature
ofthe kle's ®minal morine dam, the rislkofa ghacal kle outburstfloo 'F) may be high.
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and that a similar estimate for the remaining irrigated lands
is considered an upper estimate, then the range of reduced
yields due to water scarcity is in the region of 1.7-12% of the
projected yield by 2050. Given the high dependence on many
of the world’s rivers for irrigation, this estimate could be quite
optimistic.

Except for the fact that glaciers are melting rapidly in many
places, we do not have adequate data to more accurately project
when and where water scarcity will affect irrigation schemes
in fall. Maling acoarate prajections & also diffioalt becamse of
variations in the effects on ground and surface water, as well

River baslns and thelr hydrologlcal skgniflcance
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as on water for urban needs and industrial purposes Further-
more, the cost of water may also increase, seriously complicat-
ing the water scarcity question. Recent studies show that cost
of water has increased by about 400-500% since 1990 in the
Indo-Gangetic Basin of India.

Extreme weather events are also very hard to predict Floods
and particularly drought can offset production gains and cre-
ate great flives i cmop prodwction, 2s well = in the samvival
of livestock. Indeed, a higher frequency of extreme weather
events can have severe impacts on crop and livestock produc-
tion, particularly in Africa that appears especially vulnerable

Aamur

Figure 21: Many of the largest rivers in the Himalayas Hindu Kush region are strongly dependent upon snow and glacial melt for wa-
tenlowr. Indeed, some scenarios suggest a 20-9o0% increase inannuallow due toghcial rduction, followed by a 10-40% decline, as
glaciers and snow fall below critical thresholds for functions as water towers in 2050—2100. Combined with possible extreme precipita-
tion events, this may result in greater seasonal dnaughits, and da riage from floods. {Soune: Rees and Callins, 2004; UNEP, 2007).
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Melting glaciers jeopardize Asian and world
food production

Irrigated croplands, mainly rice, in the watersheds of the In-
dus, Ganges, Brahmaputra, Yangtze, Huang He (Yellow River),
Tarim, Syr Darya and Amu Darya are all, to varying extents, de-
pendent on glacial water and snowmelt from the mountains
(Winiger et al., 2005). With rising temperatures, combined
with changes in the monsoon, up to 80% of the glaciated area
may be lost within this century (Béhner and Lehmkuhl, 200s5;
UNEP, 2007).

While data are sparse in this region, actual observations from
Nepal indicate that current warming at high altitudes is oc-
curring much faster than the global average, up to 0.03° C per
year (Shrestha, 1999), and even faster at higher altitudes, up to
0.06° C per year (Liu and Chen, 2000; Eriksson et al., 2008).
Scenarios suggest that the effects on the rivers are highly vari-

s kg sd iy e e T e e sk losedon e g
1w agdual decling in o in e rs such == the Emhmaputa. F
temperatures rise quickly, such as >0.06° C per year, the annual

those dependent on the mountains, but less so for those more
dependent on the monsoons (UNEP, 2004; 2007).

The irrigated cropland in these basins, which are the most
o a3 R e e e TR v e, CE it
proximately 857,830,000 ha (UNEP, 2005 2008). If average
production on irrigated rice is projected at 6 tonnes/ha (range
2-10 tonnes /ha), compared to 2—3 tonnes/ha for non-irrigated
land (combined, average about 3.3 tonnes/ha in Asia), the water
from the melting Himalayas annually supports the production
of over 514 million tonnes of cereals, equivalent to nearly 55.5%
of Asia’s cereal production and 25% of the world production
today. A reduction of, for example, 10-30% due to increased

e iz gl omag e kot leowarraaonkl versalbp
duction of3,000 million tonnes (by 2050) by 1.7-5%, even if we
assume no other yield increases in this period (in which case
losses would be larger).
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Niger
1982-1984
62% of national cattle herd

Namibia
1993
22% of cattle, 41% of goats
and sheep

Greater Horn of Africa
1995-1997
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Southern Ethiopia
1983-1984

45-90% of cattle

18% of sheep and goats
1991-1993

42% of cattle
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46% of cattle

41% of sheep and goats
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/ 62% of cattle
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1991
28% of cattle, 18% of sheep
Botswana and goats
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20% of national herd

Figure 22: Impacts on drought on livestock numbers in selected African countries. (Source: IPCC, 2007).

to such events. For example, nine major droughts in selected
African countries between 1981 and 2000 resulted in an aver-
age livestock loss of 40%, with a range of 22—90% (Figure 22).
Similar effects may be observed on crop production. Based on
the extent of irrigated cropland impacted in Asia and increas-
ing water scarcity as aresult of extreme weather, an annual re-
duction in the future from climate-induced water scarcity and
decreasing water tables may account for an estimated reduc-
tion of the world food production by 1.5% by 2030 and at least
5% by 2050.

Water scarcity in terms of drought or depleted groundwater
could therefore have great impacts on livestock and range-
lands. These interactions are also complex. While drought can

ditectly threaten livestody, ather factors that influence water
availability for livestock are seasonal droughts and socio-eco-
nomic changes, such as permanent settlement and occupation
of seasonal pastures by people other than pastoralists, avail-
ability and quality of rangelands, livestock numbers and man-
agement approaches.

The corubined effects of meltng of gackrs, seasonal floods
and overuse of ground and surface water for industry, settle-
mrents and imigation, coanlived with poor waterFase effidency

crop yields are based on irrigation, and almost half of this from
the basins of rivers originating in the Himalayas alone, the ef-
fect of water scarcity can be substantial.
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IMPACTS OF SPECIES INFESTATIONS ON YIELD

Invasive alien species (IAS) are now thought to be the
second gravest threat to global biodiversity and ecosys-
tems, after habitat destruction and degradation (Mooney
et al., 2000; CBD, 2001; Kenis et al., 2009). The steady
rise in the number of invasive alien species is predicted
to continue under many future global biodiversity sce-
narios (Sala et al., 2000; Gaston et al, 2003; MA, 2005),
although environmental change could also cause non-
alien species to become invasive. Environmental change
(e.g., rising atmospheric CO,, increased nitrogen depo-
sition, habitat fragmentation and climate change) could
promote further invasions (Macdonald, 1994; Malcolm et
al., 2002; Le Maitre et al., 2004; Vila et al., 2006; Song
et al., 2008). As invasive or alien species comprise over
70% of all weeds in agriculture (estimated in the US) (Pi-
mentel et al., 2005), increases in invasive species pose a
major threat to food production (Mack et al., 2000; MA,
2005; Pimentel et al., 2005; Chenje and Katerere, 20006;
van Wilgen et al., 2007).

In Australia, the varroa mite, a serious pest in honeybee
hives, may result in the loss of $30 million a year in free
pollination services from feral bees (CSIRO, 2008). The
varroa mite has recently invaded New Zealand and is ex-
pected to have an economic cost of US$267-US$602
million, forcing beekeepers to alter the way they manage
their hives (GISP, 2008). Invasive alien species such as
pests and diseases also impose major constraints on world
crop and livestock production (Oerke et al., 1994). Pests
and pathogens have had particularly severe effects on crop
yields in the world’s poorest and most food insecure region
of Sub-Saharan Africa. They have been estimated to cause
an annual loss of US$12.8 billion in yield of eight of Afri-
ca’s principal crops, and may reduce yields in developing
countries overall by around 50% (Oerkeet al., 1994).

Importantly, increased climate extremes may promote
the spread of invasive species, plant diseases and pest
outbreaks (Alig et al., 2004; Anderson et al., 2004; Gan,
2004; FAO, 2008). For instance, there is clear evidence
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that climate change is altering the distribution, incidence and in-
tensity of animal and plant pests and diseases such as Bluetongue,
a sheep disease that is moving north into more temperate zones of
Europe (van Wuijckhuise et al., 2006; FAO, 2008). According to
FAO (2008), climate scenarios with more winter rain in the Sahel
may provide better breeding conditions for migratory plant pests
such as desert locust (Schistocerca gregaria) that are totally depen-
dent on rain, temperature and vegetation, with catastrophic im-
pacts on crop and livestock production.

People relying most directly on ecosystem services, such as small and
subsistence farmers, the rural poor and traditional societies, face the
most serious and immediate risks from IAS. These people depend

Worldwide 67,000 pest species attack crops: 9,000 insects and
mites, 50,000 pathogens and 8,000 weeds. Up to 70% of them are
introduced, with major impacts on global food production.

Across Africa, IAS of the genus Striga have a direct impact on local
livelihoods: it affects more than 100 million people and as much as
40% of arable land in the savannahs. These invasive species stunt
maize plant growth by attacking the roots and sucking nutrients

implications for food security (Chenje and Katerere, 2006).

Invasive alien species such as pests and diseases have been esti-
mated to cause an annual loss of US$12.8 billion in yield of eight of
Africa’s principal crops (Oerke et al, 1994).

In West Africa the larger grain borer (Prostephanus truncates), is
responsible for cassava losses of approximately US$ 8oo million
per year thereby jeopardizing food security (Farrell and Schulten,
2002).

In Tanzania the larger grain borer (Prostephanus truncates) causes
some US$ 91 million in maize losses per year (GISP, 2008).

Pimentel et al. (2001) estimated that crop losses due to introduced
arthropods in South Africa amount to US$ 1.25 billion per year.
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Figure 23: A shift in desert locust (Schistoce rra gregaria) host range dueto climate change might have catastrophicimpacts on food and
livestock production. According to UNICEF (2005) it is estimated that two-thirds of the 2004 loss in food production and pasture in
Nigeris rooted in the impact of drought at national level, while desert locusts, which infested the country afterwards, caused one-third
of the overall damages. In certain areas, swarms of desert locusts consumed nearly 100% of the crops. The desert locust, like other
locusts, can change its behaviour and physiology from solitary individuals to gregarious stages that form swarms. Solitary desert lo-
custs occur at low density in the recession area, which covers North Africa, the Sahel, the Red Sea countries and parts of Afghanistan,
India, Iran and Pakistan. The outbreak area stretches from Mauritania to Indiaand from southern Europe to Cameroon and Tanzania.
Outbreaks and plagues originate in the recession areas when there are several cycles of good breeding conditionss. Although the effects

dge, climate scenarios with more winter rain in the Sahel may provide better breeding
conditions. Large amounts of chemicals are beingused to stem this plague, at considerable risk to the environment and public health.
Ahazard is that locusts depend on the wind and rain to travel. (Source: CIRAD/UNEP/GRID-Arendal 2005).
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on the safety net provided by natural ecosystems in terms of food
security and sustained access to fuel, medicinal products, con-
struction materials and protection from natural hazards such as
stares ard flocds (MA, 2005, With the roraler of TAS in ter-
restrial ecosystems expected to increase, these impacts are likely
to worsen and hamper efforts to meet the growing demands for
food (FAO, 2008). In addition, they will likely be exacerbated
further by climate change (Pyke et dl., 2008).

Alien invasive weeds and pathogens are estimated to be respon-
sible for about 8.5% and 7.5% in yield reduction, respectively,
equivalent to US$24 billionand US$21 billion of a crop value of
US$267 billion (USBC, 2001; Pimentel ¢t al., 2004; Rossman,
2009). Different estimates range from US$1.--US$s55 billion
in losses every year, corresponding to annual losses of 0.4%
(OTA, 1993) to 17% (Pimentel et al., 2004; 2005; Rossman,
2009). This does not include increased expenses for more me-
chanical or pesticide weed control or losses from invasive in-
sects (about 5%) or diseases of livestock.
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IMPACTS OF ENVIRONMENTAL DEGRADATION ON FISHERIES

At present caphure fisheres yiald 110-190 reillion tonres of sea-
food annually. Of this, 7o million tonnes are directly consumed
by humans, 30 million tonnes are discarded and 30 million
tormes coreered to fishimeal Aquanilume, freshwaterard ra-
rine fisheries mupply abonat 10% of world boarean calorie intale
— but this is likely to decline or at best stabilize in the future,
and might have already reached the maximum.

The prrary and roost aporard fishing grovmds are foumd
along the continental shelves within less than 200 nautical
is patchy and very localized. Indeed, more than half of the 2004
marine landings were caught within 100 km of the coast in
depths generally less than 200 m covering an area ofless than
7.5% of the world’s oceans, while 92% was caught in less than
half of the total ocean area.

Climate change and increased CO, assimilation in the oceans
will ol in fureasing ocesn addifiation, dieback of up to
80% of the world’s coral reefs and disruption of thermoha-
line circulation and other processes. It will particularly impact
deree-shelf water cascadivg, a “fAwshing” mechanism that
helps to clean polluted coastal waters and carry nutrients to
deeper areas. Coastal development is increasing rapidly and
is projected to impact 91% of all inhabited coasts by 2050 and
contribute to more than 80% of all marine pollution. Increased
development, coastal pollution and climate change impacts on
currents will accelerate the spreading of marine dead zones,
rrany it or aronmd primary fishing grovrds (Cias and Rosen
berg, 2008).

Feptatiing, ish balkinegs, wed Gt eing e st rodwrda Ty
of ocean biodiversity hotspots, making them more vulnerable
toclivvate change. Up to &0 of the waorld's privary ficheries
stocks are exploited close to or beyond their optimum harvest
capacity atvl large aress of productive seabeds an aane fisbing
grounds have been partly or extensively damaged. For example,
over 95% of the damage and change to seamounts has been
caused by bottom trawling, which has been estimated to be

Frareegy L Dopen - hicgs, Toticrm sy seed polboiion che
worlds fishirg sronmds are inaeasingly beoorring mfesed by

58

invasive species mainly through ballast water, with the pattern
closely following the major shipping routes.

The resmat cf urenstainalle fishing practices aw thatwe might
no longer able to increase the landings from conventional
fishenies, and rrdght, in fact, be fadng a substantial decline
i the wodd's fiskeries in the oorning decade. Thiz will also
have severe impacts on aquaculture production, which relies
a fish for feed .

AQUACULTURE

Aquaculture production has increased more than seven-fold in
weight (from 5 to 36 million tonnes) between 1980 and 2000.
The value generated has grown from US$9 billion in 1984 to
US $52 billionin 2000 (Deutsch etal., 2007). In 2006, the world
crsnved oo 4 rodlion toves of fish, of which 17 million
tonnes originated from aquaculture. In order to mee the grow-
g fish derremd, aguaoatnre will heve 1o prodace an additional
28.8 million tonnes — 8o.5 million tonnes overall —each year, just
0 rreivitEih per capit fish cenanption st oament levels. Aqua-
culture growth rate is declining, however: a yearly growth rate of
11.8% from 1985 to 1995 slowed to 7.1% during the following de-
cade, and to 6.1% for the 20042006 period. In October 2008,
FAO cautioned that a series of emerging challenges need to be
addressed if aquaculture is to meet increasing demard fox fish

THE FEED BOTTLENECK

Almost 40% of all aquaculture production is now directly de-
petdent on conteercal Eed. Most frrned fish that are ooee
sumed in the developing world, such as carps and tilapia, are
herbivores or omnivores. But other species like salmon or
shrimp - often raised in developing countries — are fed other

A aEndhe e e e Qg ol o G e e
in aquaculture, but provides less than 10% of the production
volumes (Deutsch et al, 2007). In 2000, aquaculture con-
arreed 406 million tormes (56%) of worl fishenes] prodacton
and 780,000 tormes (Sr% of otal fish ol prodaction, Cver
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anticipated, according to FAO. At the same time, the volume
of fishereal ard fish od used in fomaalated aquaoalue feeds
tripled between 1996 and 2006. This was made possible by
a significart reduction of the poultty ssctor's reliavoe on fish
meal for pouliry feeds. As formulated feeds are increasingly

used for notefitter feeding crvmdvomas fish lile carps,
the dervand for fieheneal is fureasing.

As for meat production, feed is a major bottleneck. It is extreme-
v diffialt to prgject the fiatae rde of ficheties and aquaculture,
but it is evident that the growth in aquaculture may be limited by
access to feed, which, in turnis partly dependent cxuzaphame fish-

eries. Them i no irdication thet tod 2’z reanve fisheries could
sustain the 23% increase in landings needed to sustain the 56%
growth in aquaculture production required to maintain per cap-

ita fish covsutrption at et kvels, Given the grave nature of

the e rds and scerarios on ard oceandegradation, a
firhare collapes of ooean fisheries woald irmrnediately affectaqua-
culture production and the prices of aquaculture products. Even
amnrnityg thet marine fisheres landings cm be wamtined at
orEnt kvels, the propartion of fish inthe dist (in terms of calo-
rie intake) may go down from the current 2% of world human
calorie intake to 1.5% by 2030 and to only 1% by 2050. This loss
will have to be compensated for by either meat or cops.

RANGES OF IMPACTS ON CROPLAND AREA AND YIELDS

The combined impact of reductions in yield and in the area
available for food production will have to be compensated ei-
ther by even further yield increases, cropland expansion, or by

ircreasing food energy effidency.
The extent of the impact of each individual factor on food pro-
duction is likely to exhibit great regional variation. This prob-

ably also applies to the possible socio-economic responses,
including that of policy changes as well as the responses and
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incentives for change of the individual farmer. It also applies
10 the finatigal and instintioral capadty of the Country, region
and individual farm to cope with increasing stressors.

As the extent of interaction, synergistic or cumulative effects
are not known, the projections should be interpreted cautious-

on of the
possible magnitude and relevance of environmental degrada-
tion for future food supply.



Ranges of possible loss of cropland (%) Ranges of possible yield loss (%)

Other
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Figure 24: Possible individual ranges of yield and cropland area losses by 2050 with climate change (A2 scenario),
non-food crops incl. biofuels (six OECD scenarios), land degradation (on yield and area, respectively, see text), wa-
ter scarcity (including gradual melt of Himalayas glaciers, see box and text) and pests (invasive species of weeds,
pathogens and invertebrates such as insects, see text). Although these effects may be considerable, cumulative
and indirect effects or interactions are not considered here, nor are the cumulative loss of ecosystems services
endangering the entire functioning of food production systems. Notice that the climate impact bar only relates to
changes in general growing conditions incl. temperature, evapotranspiration and rainfall, not the indirect impacts
of climate change such as on glacial melt (water scarcity) and increases in invasive species. The other bars in part
incorporate some of these important climate change impacts. Effects of extreme weather is not included, but could
be substantial (Source: Compiled by UNEP for this report).
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IMPACTS ON BIODIVERSITY
AND ECOSYSTEMS FROM
CONVENTIONAL EXPANSION OF
FOOD PRODUCTION

The Earth’s natural environment provides the platform upon which all life is based. Eco-
systems provide regulating as well as supporting services that are essential for agriculture
and fisheries. These include provisioning of food, fibre and water; regulating services
such as air, water and climate regulation, pollination and pest control; and providing re-
silience against natural disasters and hazards. Despite its crucial role in providing food,
agriculture remains the largest driver of genetic erosion, species loss and conversion of
natural habitats. Globally, over 4,000 assessed plant and animal species are threatened
by agricultural intensification, and the number is still rizing, Over 1,000 (57%) of a total
of 1,226 threatened bird species are impacted by agriculture. Overfishing and de structive
fishing methods along with eutrophication caused by high nutrient run-off from apricul-
tural areas are among the major threats t0 inland and marine fisheries.

If increase in food production is to be met only by indiscriminate expansion of cropland
area, intensification of yields using artificial fertilizers and pesticdides and by increasing
harvest beyond sustainable levels, we may further erode the platform upon which food
production is based. Finding alternatives to the use of cereal in animal feed, recycling
of waste for feed and energy recovery, and reducing the use of croplands for non-food
purposes will not only increase food energy effidency in production, but will also preatly
help to preserve biodiversity and other natural resources, and the human communities
and cultures that they support.
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ECOSYSTEM SERVICES

Ecosystems have been described as the life support system of
the Earth — for humans as well as all life on this planet (MA
Health Synthesis Report 2005). Ecosystem services, the bene-
firz that hopnans derive ficen ecosysterns, are ootsiderd e,
often invisible, and are therefore not usually factored into de-
cision-making. This chapter discusses the role of the diverse
forms of living species — biodiversity — in food production, fo-
sy b agTioulhre and ranve caphare fishenes, = these
provide the bulk of global food production.

Agriculture (livestock and foodcrops) require a range of con-
ditions for optimum productivity. These conditions are gener-
ated by natural ecological components and processes as well as

Water resources for agriculture are highly dependent on natu-
ral ecosystems and biodiversity, in particular vegetation such as
adependable water supply to crop areas, such as through reten-
tion of water in wetlands and forests buffering both droughts
and fioods (Bmaipeeel, 2ooq; TIMEDR, 2005), At preserd 7% of

globally usable freshwater supplies comes from forested catch-
ments (Fischlinet al., 2007), therefore water is critically linked
to forests. These ecosystems also help buffer global climate
change (Nepstad et al., 2007).

Genetic diversity plays a critical role in increasing and sustain-
ing food production levels and nutritional diversity. Diverse
organisms contributing to soil biodiversity perform a number
of vital functions that regulate the soil ecosystem, including de-
composition of litter and cycling of nutrients such as nitrogen.
Crop rotations or agroforestry increase yield stability and soil
fertility; grassland and pasture/crop systems tend to be more
sustainable because they provide opportunities for rotation di-
versity. Biodiversity may create “pest suppressive” conditions
and greater resistance to invasion of farming systems by nox-
ious species. Pollinators are essential for the production of a
large number of crops (e.g., cereal, orchard, horticultural and
forage production), and contribute to improvements in qual-

abundance and diversity of pollinators, in large part provided
by wild biodiversity.

Pest control is another key ecosystem service underpinned by
biodiversity; it is greatly determined by the abundance ofnatural
enemies of the pest species involved.Improved pest control is
dependent on a diversity of natural enemies of pests, and non-
crop habitats are fundamental for the presence and survival of
these biological control agents (predators, parasitoids) (Zhang
et al,, 2007). Landscape diversity or complexity, and proximity
to semi-natural habitats tend to produce a greater abundance
and species richness of natural enemies (Bianchi et al., 20006;
Kremen and Chaplin-Kramer 2007; Tscharntke et dal., 2007;
Balmford etal., 2008). Thus, the main threat to the provision of
biological control as an ecosystem service seems to be habitat
loss and degradation, now exacerbated by potentially disruptive
climate change. Indeed, Balmford et al., (2008) suggest that
there isa medium to high probability that the provisioning of
biological control is subject to thresholds/tipping points in the
foreseeable future (by 2025), particularly in regions of very in-
tensively managed agriculture.






ENVIRONMENTAL COSTS OF
CONVENTIONAL INTENSIFICATION AND
EXPANSION OF FOOD PRODUCTION

EXPANSION OF CROP- AND RANGELANDS

Modern agricultural methods and technologies brought spec-
tacular increases in food production (Tilman et al., 2002), but
not without high environmental costs. Efforts to boost food
production, for example, through direct expansion of cropland
and pastures, will negatively affect the capacity of ecosystems to
support food production and to provide other essential services.
Food production will undoubtedly be affected by external fac-
tors such as climate change, but the production and distribu-
tion of food is itself is also a major cause of climate change.

Despite its crucial role in feeding the world population, ag-
riculture remains the largest driver of genetic erosion, spe-
cies loss and conversion of natural habitats (MA, 2005). The
conversion of natural habitats to cropland and other uses
typically entails the replacement of systems rich in biodiver-
sity with monocultures or systems poor in biodiversity. Large-
sk Lirings ecoeps e sirplification and loss of
(bio)diversity, thus reducing the potential to provide ecosys-
tem services other than food production. Of some 270,000
known species of higher plants, about 10,000 -15,000 are ed-
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ible and only about 7,000 are used in agriculture. However,
globatization and sgrioaltral irtensification have diminished
the varieties traditionally used, with only 30% of the available
crop varieties dominating global agriculture. These, together
with only 14 animals species, provide an estimated 9o% of the
world’s consumed calories (FAO,1998).

Habiwt roodification throngh agricadtme and 2 wrety of other
causes is, in general, the most important factor in increasing
species’ risk of extinction. Most of this habitat loss arises from
encroaching farmland and habitat conversion for food and bio-
fuel production (Figures 25, 26 and 27). Clearance for cropland
or permanent pasture has reduced the extent of natural habi-
tats on arableland by more than 50% (Greenet al., 2005), with
much of the rest altered by temporary grazing (Groombridge
and Jerddns, 2002, Habitat rocdification alteady affects roome
than 80% of the globally threatened mammals, birds and plants
(Groombridge and Jenkins, 2002), with serious implications
for ecosystem services and human wellbeing. Indeed, the most
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Figure 25: A photographic impression of the gradual changes in two eco-
system types (landscape level) from highly natural ecosystems (9o-100%
mean abundance of the original species) to highly cultivated or deteriorated
ecosystems (around 10% mean abundance of the original species). Locally,
this indicator can be perceived as a measure of naturalness, or conversely,
of human-impact. (Source: CBD, 2008; Alkemade et dl., 2009).

is habitat loss, with over 2,000 (40%) species be-
ing negatively impacted (IUCN, 2008). Globally,
over 4,000 of the assessed plant and animal spe-
des are threatened by sgricultmral inensification
(IUCN, 2008). With continuing agricultural ex-
pansion, this number has increased toover 4,600
species, and is still rising. The TUCN Global Red
List (IUCN, 2008) includes 457 of the globally
assessed plants and animals that are threatened
by agriculture in Sub-Saharan Africa. Of these,
065 are critically endangered and 182 endangered.
Similarly, 683 species are threatened by agricul-
ture in Latin America, of which 146 are critically
endangered and 244 endangered.

Globally, over 1,000 (87%) of a total of 1,226 threat-
ened bird species are impacted by agriculture.
More than 7o species are affected by agricultural
pollution, 27 of them seriously. Furope’s farmland
birds have declined by 48% in the past 26 years
(Buropean Bird Census Council, 2008). Pesticides
and herbicides pose a threat to 37 threatened bird
species globally (BirdLife, 2008), in addition to
deleterious effects of agricultural chemicals on
groard water (Bexfield, zoo8).

Domesticated species diversity is also under
threat. Worldwide, 6,500 breeds of domesticated
mammals and birds are under immediate threat
of extinction, reducing the genetic diversity for
options in a changing environment (Diaz et al,
2007; MA, 2005).

With the loss of biodiversity in both natural and
agricultural systems comes the loss of other eco-
systarnservicoes. In additon to food, filre and wa-
ter provisioning, regulating services such as air,
water ard clitnate regulation, water purbfication,
pollination and pest control, as well as providing
resilience against natural hazards and disasters
and environmental change, are among the nu-
merous examples of ecosystem services being
et 1mder ureasing mitensification arnd exparn-
sion of agriculture.
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Loss of global biodiversity with unsustain-
able conventional expansion of cropland

A central component in preventing loss of biodiversity and
ecosystem services, such as provisioning of water, from
expanding agricultural production is to limit the trade-off
between economic growth and biodiversity by stimulating

e. Fur-
ther enhancement of agricultural productivity (‘closing the
yield gap’) is the key factor in reducing the need for land
and, consequently, the rate of biodiversity loss (CBD, 2008).
This option should be implemented carefully in order to
not cause additional undesired effects, such as emissions
of excess nutrients and pesticides and land degradation.
An increase in protected areas and change towards more
eco-agricultural copping systems and sustainable meat
production could have immediate positive effects on both
biodiversity and water re source management, while increas-
ing revenues from tourism (CBD, 2008).

Landuse and agrcutturs
B Agncuttueal land
B Extensive grasslands [incl pasture]
B ri=grovth atter use

B Foests
U Gracslands
—  Mion-proekictive |

Figure 26: Projected land use changes, 1700—2050.
(Source: IMAGE).
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Figure 27: Loss of biodiversity with continued agricul-
tural expansion, pollution, climate change and infra-
structure development. (Source: GLOBIO; Alkemade et
al., 2009).
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IMPACTS FROM INTENSIFICATION OF CROPLANDS

Intensive management to increase agricultural production —
through Irrigation and the application of fertilizers and pesticides
— can further reduce the wildlife value of farmed land. From 1961
to 1999, the area of land under irrigation nearly doubled; the use
of nitrogenous and phosphate fertilizers increased by 638% and
203%, respectively, and the production of pesticides increased by
854% (Green et dl., o). Such irdendfication has had major di-
rectimpacts on biodiversity, such as on farmland birds (Figure 28)
and aquatic species. Large-scale use of fertilizers and pesticides,
coupled with fragmentation and losses of important farmland
balitat qumlities, 3leo reduses the mwrnber of flawers and plant
diversity, diminishes insectbiodiversity, and subsequently the sur-
vival of farmland birds, particularly the young that are dependent
poh eecks inthe I first weels or roorths of Life (see box).

Aquatic ecosystems are also being widely affected by food pro-
duction in terrestrial areas, through high nutrient inputs (Seitz-
inger and Lee, 2008) in run-off from agricultural and livestock
rroduction and alteration of freshwater flows, The ensuing
reduction in water quality (Mitchell et al,, 2005) is evident in
increased eutrophication and subsequent algal blooms and oxy-
wetrdefice rd waers, which whern exirerne, could remalt in dead
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zones (UNEP, 2001, 2008). In the northwestern Gulfof Mexico,
nutrient enrichment mainly from fertilizer use in the Missis-
sippi Basin has accounted for the world’s largest hypoxic or dead
zone (Turner and Rabalais 1991; Rabalais et al, 1999; UNEP,
2008). Withot sgrificant ritrogen mitigation eforts, marine
areas will be subjected to increasing hypoxia and harmful algal
blooms that will further degrade marine biomass andbiological
diversity (Sherman and Hempel, 2008; UNEP, 2008).

In some regions, diversion of water for agricultural and other

impacts on coastal habitats and estuarine-dependent species.
For example, damming of the Colorado River has drastically
changed what used to be an estuarine system into one of high
salinity and reduced critical nursery grounds for many com-
mercially important species, including shrimp (Aragén-Norie-
ga and Calderon-Aguilera, 2000). There are many well-docu-
mented examples where diversion of water for agriculture has
degraded and reduced the extent of inland water bodies (e.g,
T A By, il Teh e ning and Teieadios ied o

sityin the affected areas (MA, 2005).
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With current scenarios from the CBD, all regions of the world
will continue to experience loss in biodiversity, with Africa,
followed by Latin America and the Caribbean, experiencing
the highest losses as a result of major land use changes (es-
pediallyin increases in pastures and biofuel production) com-
bined with increasing land degradation. Large areas of Africa
are projected to lose more than 25% of mean species abun-
danceby 2050 (UNEP, 2007). According to FAO’s Global Per-

spective Unit (2008), at present 228 million ha of arable land
are in use in Sub-Saharan Africa. Potentially, this area can be
increased to over 1 billion ha of suitableland for rainfed crops
in Africa by 2030. Likewise, in South America similar sce-
narios project the present 208 million ha in agricultural use
to be increased to over 1 billion ha by 2030 at the expense of
natural ecosystems. These expansions will have huge costs to

biodiversity.
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FROM SUPPLY TO FOOD
SECURITY

Food security is not simply a function of production or supply, but of availability, acces-
sibility, stability of supply, affordability and the quality and safety of food. These factors
include a broad spectrum of socio-economic issues with great influence on farmers and
on the impoverished in particular.

Large shares of the world’s small-scale farmers, particularly in central Asia and in Africa,
are constrained by access to markets, while inputs, such as fertilizers and seed, are expen-
sive. With lack of irrigation water, infrastructure and investments, and low availability of
micro-finance combined with dependency on few rultinational suppliers, crop produc-
tion is unlikely to increase in those regions where it is needed the most, unless major
policy changes and investments take place. These constraints are further compounded
by conflicts and corruption.

Agricultural prices are forecast to decline over the next two years but to remain well
above the levels of the first half of thiz decade. However, by 2o30—2050, the current sce-
narios of losses and constraints due to climate change and environmental degradation
— with no policy change — suggest that production increases could fall to 0.87% towards
2030 and to 0.5% by 2030-2050. Should global agricultural productivity rise by less than
1.2% per year on average, then prices, rather than declining, can be expected to rise by as
much as 0.3% per year. In addition, a production short of demand, a greater geographi-
cal inequity in production and demand, combined with possibly more extreme weather
and subsequent speculation in food markets, could generate much greater price volatil-
ity than before. In turn, this could potentially induce a substantially greater reduction in
food security than that seen in the current crisis, if appropriate options for increasing
supply and security are not considered and implemented.
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The previous chapters clearly outlined the potential impact of
environmental considerations on projected food demand and
supply. These environmental considerations are not well ad-
dressed in global food assessments to date. Whether the Mil-
lennium Development Goals (MDGs) like hunger eradication
will be met in the (near) future and whether the food crisis as
evolved until 2008 will impact these MDGs on the longer term,
depends on how markets will respond, how price impacts will
cascade through the food production system and how interna-
tional govenments will respond to these new circumstances.
In short, the impact on food availability and food security can
only be assessed through the different dimensions that play a

as follows: “Food security exists when all people, at all times,
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tritious food for a healthy and active life” (FAO, 2003). This
involves four dimensions:

m Adequacy of food supply or availability,

m Stability of supply, withoat seseomal facnetions or shortages;
W Accessibility to food or affordability; and

m Utilization: quality and safety of food.

Before conclusions can be drawn on food security, these di-
wensiors reed 1o be exarvined. The first three ditnetisions ae
elaborated upon in this chapter. The fourth dimension of food
utilization is beyond the scope of this report, of which the focus
is the environmental aspects of food security.



AVAILABILITY OF FOOD

The =vmilalility of food within 2 spedfic ooty can be guar
anteed in two ways: Either by food production in the country it-
selfior by trade. The first optiom has beet d isoassed extersively
in the previous chapters. The second option has become more
and more important (Figure 29), with increasing transport
possibilities and storing capacities and the growing challenges
faced by some countries in their domestic production, includ-
ing because of limitations in available cropland. Intemational
trade in agricultural products has expanded more rapidly than
global agricultural GDP (FAO, 2005).

The past several decades have witnessed a major increase in
the integration of the world economy through trade. Many
parts of the world have experienced high economic growth in
recent years. For example, Asia’s GDP has increased by 9%
annually between 2004 and 2006, and growth is especially
high in China and India. Sub-Saharan Africa experienced 6%
annual growth in the same period, after a long period of re-
cession in many countries. Even countries with a prevalence
of hunger reported some economic growth, although this is
not always Eflected i sodal canditions. However, global eco-
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Figure 29: World cereal trade in agriculture has increased steadi-
ly in the past decades. OECD has always been the major net
exporter and Asia has become a major net importer. (Source:
FAOSTAT, 2009).
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nomic growth is projected to slow to around 4% and be in
the 6% range for developing countries beyond 2008 (IFPR],
2008).

An increasing share of global agricultural exports originates
from developed countries. It increased from 32% in 2000 1o
37% in 2000, but there are large regional variations. For in-
stance, Africa’s share in global exports only increased from 2.3
to 2.8% in this period (UNCTAD, 2 007). The EU countries ac-
count for most of the global growth; their share of total agricul-
tural exports has increased from slightly more than 20% in the
early 1960s to more than 40% today.

A large portion of this increase is accounted for by intra-EU
trade, which represents around 30% of world agricultural trade.
Conversely, during the past four decades, developing countries
have seentheir share of world agricultural exports decline from
almost 40% to around 25% in the early 199os before rebound-
ing to about 30% today. This contrasts with the steadily increas-
ing share of developing countries in total merchandise exports.
Over this same period, the share of global agricultural imports
purchased by developing countries increased from less than
20% to about 30% (FAO, 2005).
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Another perspective of this trade is the purchase of land abroad
for food production. Responding to recent food crises, a num-
ber of countries have started to purchase land abroad for cul-
tivation of crops needed to support domestic demand (Figure
30). This is seen as along-term solution to the high prices of ag-
riculture commodities and increasing demand for agroforestry
products such as palm oil Among the most active countries
owning, leasing or concessioning farmland overseas are China,
India, Japan, Saudi Arabia, South Koreaand United Arab Emir-
ates; a number of other countries are only starting negotiations
for the coming years. The total area of overseas farmland in
different countries was estimated at 5.7 million ha at the end of
2008 or 0.4% of the global cropland area.

INCREASING FOOD PRODUCTION
Another option for meeting food demand is to ensure produc-

and lowering the dependency on other regions. Current es-
timates of the developments on the demand side require in-
creasein productionin those regions with the highest econom-
ic growth or population increase (see Chapter 2). The majority
of these regions will be in emerging economies in Africa and



Asia. Nowadays, Africa is especially dependent on food imports.
Food production in this region is lagging behind due to limited
research investments and the problems for farmers to use the
appropriate inputs in their production process.

RESEARCH INVESTMENTS

The world regions are sharply divided in terms of their capacity
to use science in promoting agricultural productivity in order
to achieve food security and reduce poverty and hunger. For ev-
ery US$100 of agricultural output, developed countries spend
US$2.16 on public agricultural research and development
(R&D), whereas developing countries spend only US$o.55 (IF-
PRI, 2008). Total agricultural R&D spending in developing
countries increased from US$3.7 billion (1991) to US$4.4 bil-
lion (2000), or by 1.6% annually (IFPRI, 2008). This spending
was largely driven by Asia, where annual spendingincreased by
3.3 percent. Today, Asia accounts for 42% of total agricultural
R&D spending in developing countries (with China and India
accounting for 18 and 10%, respectively). In Africa, agricultural
R&D expenditure declined slightly, by 0.4%/year. Although Af-
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rica is geographically large, its share in R&D spending is only
13%. Latin America accounts for 33% (with Brazil being respon-
sible for 48% of the region’s spending).

Productivity has risen in many developing countries, mainly as
a result of investment in agricultural R&D combined with im-
proved human capital and rural infrastructure. In East Asia, land
productivity increased from US$1,485/hain 1992 to US$2,129/
ha in 20006, while labour productivity rose from US$s510 to
US$822/worker. In Africa, the levels of productivity are much
lower and their growth has also been slower In 1992, land pro-
ductivity in Sub-Saharan Africa was only 79% ofthat in East Asia;
by 20006 this gap of 21% had increased to 59% (IFPRI, 2008).

RESOURCES FOR FERTILIZER USE

rop pro-
duction is increasing the use of mineral fertilizers. The Kfrr)ica
Fertilizer Summit 2006 concluded that the use of fertilizers
should be increased to a level of at least 50 kg/ha by 2015.
The present use of fertilizers in Sub-Saharan Africa is only
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Figure 30: An increasing number of countries are leasing land abroad to sustain and secure their food production.
Data are preliminary only. (Source: GRAIN, 2008, Mongabay 2008).
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about 9 kg/ha of arable land, compared to a world average of
101 kg/ha (Camara and Heinemaan, 2006; FAOSTAT 2009).
Within Africa, there are strong differences in fertilizer use
between regions, with relatively high use in Northern and
Southern Africa, and very low use (around 1 to 2 kg/ha) in
Western and Central Africa. Taking the increase as proposed
by the Africa Fertilizer Summit as a starting point, this would
mean a growth of the yearly use of fertilizers from 1 to 6 mil-
lion tonnes. Based on the price of fertilizer (DAP) of approxi-
mately US$600/tonne (beginning of 2008), this would mean
US$3 billion/year for the purchase of DAP only. A more mod-
erate price of US$200/tonne would still mean US$1 billion/
vear. Added to this are significant costs of and investments in
transport and distribution, developing agricultural research,
extension programs, capacity building, etc. Indeed, there are
many reasons for this low use. One of the reasons is the high
retail prices of fertilizers, especially in areas with poor infra-
structure. A metric tonne of urea costs $9o in Europe, $120
kg in the harbor of Mombassa, $400 in Westem Kenya and
$770 in Malawi (Sanchez, 2002).

A rajor challenge =10 fird ways of realbdng fertilizer avwailable
to smallholders at affordable prices. There is also a need for
holistic approaches to soil fertility management that embraces
the full range of driving factors and consequences of soil degra-
dation (TSBF-CIAT, 2000). This would include the integration
of mineral and organic sources of nutrients, thereby using lo-
cally available sources of npats and rracdroizing their wse effi-
ciency, while reducing dependency upon prices of commercial
fertilizers and pesticides. The use of perennials, intercropping

and sproforesity spstetns, Sch 3= the use of nitrogen fixating

leguminous trees, are ways to increase nutrient availability, but
also enhance water availability and pest control, in a more sus-
tainable manner (Sanchez, 2002).
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A rrajor challerge is © fivd waps of raldng ferilizer available
to smallholders at affordable prices. There is alsoa need for ho-
listic approaches to soil fertility management thatembraces the
full range of driving factors and consequences of soil degrada-
tion (TSBF-CIAT, 2006). This would include the integration of
mineral and organic sources of nutrients, thereby using locally
available sources of inputs and maximizing their usz effidery

RESOURCES FOR IRRIGATION

Irrigated land area increased rapidly until 1980 with expansion
rates of more than 2% a year. In Asia in particular, it led to a
steady increase of staple food production together with other
elements of the green revolution package (Faures et al., 2007).
After 1980, growth in expansion of irrigated area decreased
and it is assumed this trend will continue in the near future.
One of the reasons is that the areas most suitable for irrigation
are already used, leading to higher construction costs in new
areas (Faures et al., 2007). Another reason is the strong decline
inrelative food prices over the last decades, which makes it less
profitable to irwest in irmgation CureEnt imgeion spstems
could be improved by investing in water control and delivery,
automation, monitoring and staff training.

The irrigated area has remained very low in Sub-Saharan Af-
rica and of the land under irrigation, 18% is not used (FAO,
2005b). In most African regions the major challenge is not
the lack of water, but unpredictable and highly variable rainfall
patterns with occurrences of dry spells every two years caus-
ing crop failure. This high uncertainty and variability drive
the risk-averse behaviour of smallholder farmers. Rarely are
investments made in soil management and fertility, crop vari-
eties, tillage practices and even labour in order to avoid losses
in case of total crop failure (Rockstrom et dl, 2007a,b). Man-
aging the extreme rainfall variability over time and space can
provide supplemental irrigation water to overcome dry periods
and prevent crop failure. In combination with improved soil
management (in regions with severe land degradation, only
5% of the rainwater is used for crops), this should reduce the

lity of invest-
ments in crop management, for example, fertiizers, labour
and crop varieties. Increasing crop canopy coverage reduces
evapo-transpiration from the soil, improving soil moisture and
the provision of water for the crop.



STABILITY OF FOOD SUPPLY

PRICE VOLATILITY

The second dimension of food security is the stability of food
supply. Temporary disruption of supplies can have longterm
Frpacts. The two options for falfilling deraznd — food imports
and domestic production —imply several reasons forinstability of
food supplies. A major reason for instability in food supply ishigh
fhac taation in food prices fprice wilabling . Woktile prices lead to
poor investment strategies of producers and immediate impacts
on consumers, especially in developing countries where consum-
ers spend a large share of their income on food. Another source
of fresta bility i= covdlicts, which fmease food supply risks.

production. Agricultural price volatility increases the uncer-
tainty faced by farmers and affects their investment decisions,
productivity and income. Lagging investments can be a con-
straint in meeting changing consumer demands. For willing-
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ters. Instability in prices is related to factors in the agricultural
domain as well as in other sectors.
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Trade policies that limit market access, increase the volatil-
ity of commodity prices, unfairly subsidize developed coun-
1y exports ard canstrain the trade policy flexibility of the
developing world affect the stability and security as well as
overall economicwellbeing of developing countries. A quar-
ter of the world’s governments implemented some export
restrictions in the current period of high prices to ensure
domestic food security. The impacts of these restrictions
varied from panic-buying to the cultivation of smaller areas
due to high input costs and the expectation of low product
prices. These restrictions even increased price volatility of
food products on the world market, thereby decreasing the
food security of other countries (FAO, 2008). Earlier expe-
rience shows that attempts to gain domestic price stability
create global price instability (OECD, 2008; World Bank,
2008). Furthermore, once policies are established to pro-
tect food markets, they are not easily dismantled.

It should also be noted that global food prices are deter-
mined by a small share of food products that are traded
on the global market. The share of cereals traded com-
pared to the volume produced is small and has increased
slightly over the last four decades, from 9% to 13%. Annu-
al fhachaatiors in world cereal prodaction are it the s=mrne
order of magnitude, varying from +9.8% to —3.9% of the
previous year's production. This implies that supplies to
the world market (the sum of the surplus in the supply
of each region) can be reduced by one-third or increase
two-fold. Demand in the world market does not follow
this trend, however, and probably even moves in the op-
posite direction in case of poor harvests. These yearly
trends describe the risk of discrepancy between supply
and demand on the world food market. For this reason,
with open markets, developing countries are very vulner-

s and
temporary protection of their own agricultural markets is
promoted for these countries.

Supplies from food stocks can also buffer shortages on the
wotld market (FAO, 2008). Stocks of cereals and vegetable
oil have fallen to low levels relative to use, reducing the
buffer against shocks in supply and demand. Stocks are
not expected to be fully replenished over the coming 10
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years, implying that tight markets may be a permanent fac-
tor in the next decade. This does not necessarily lead to
permanent higher prices, but provides the background for
continuing price volatility in the future.

CONSTRAINTS BY CONFLICTS
Corflicts Buremse the sl of food supply instability toe

Pinwnzzicre weed oo e D003 dvpenne, with wpgeas ey
20% of the population, and in many cases far more, lack-
ing access to adequate food (IFPRI, 2.006). The group of

ot meet
their basic needs and are large importers of food. In addi-
tion, the transport of commodities is hazardous and the
situation is not secure enough for farmers to make invest-
ment decisions.
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Figure 31: Crushed by war ard wond condlicks. For people in countries at war or subject to economic embargos, many goods are
scarce, with shortages of food and water being the most crucial. (Source: PRIO, 2004).
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ACCESSIBILITY TO FOOD

Accessibility to food concerns both physical access and af
fordability. Access to markets concerns transportation of
commodities and its costs as well as the transmission of
price developments to producers. Poor transmission of
price incentives to producers results in broadening the gap
between consumers and producers, especially in periods
of changing diets.

ACCESS TO MARKETS

According to the latest UN estimates, almost all of the
wortld’s population growth between 2000 and 2030 will be
concentrated in urban areas in developing countries (Fig-
ure 32). By 2030, almost 60% of the people in developing
countries will live in cities (FAO, 2003). If present trends
continue, urban population will equal rural population by
around 20r17.

Urban and rural population
in less developed regions (billions)

4
3

Rural
2

Urban
1

Estimates Projections

0

1960 1970 1980 1990 2000 2010 2020 2030

Figure 32: Urbanization in developing countries be-
tween 1960 and 2030. (Source: UN, 2007).

Large urban markets create the scope for the establishment of big
supermarket chains, with implications for the entire food supply
chain. In 2002, the share of supermarkets in the processed/pack-
aged food retail market was 33% in Southeast Asia and 63% in East
Asia (Figure 33). The share of supermarkets in the fresh foods mar-
ket was roughly 15-20% in Southeast Asia and 30% in East Asia
outside of China. The 2001 supermarket share of Chinese urban
food markets was 48%, up from 30% in 1999. Supermarkets are
also becoming an emerging force in South Asia, particularly in ur-
ban India since the mid-199o0s (Pingali and Khwaja, 2004).

The increasing growth and power of international food corporations
are affecting the opportunities of small agricultural producers in de-
veloping countries. While new opportunities are being created, the
majority are not able to utilize them because of the stringent safety
and quality standards of food retailers, hence barring market entry.
The economy of the corporate food supply chain has grown steadily
over the past years. Between 2004 and 2006 total global food s pend-

Supermarket share of retail food sales
0 10 20 30 40 50

Central America
South America

Southeast Asia

East Asia
(excl. China)

Central Europe
South Africa
Kenya
Zimbabwe

China (urban)

Figure 33: Supermarket share of retail food sales. (Source: Reardon
et al., 2003).
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ing grew by 16% from US$5.5 to US$6.4 trillion. In this period,
the sales of food retailers increased disproportionately to the
sales of food processors and companies in the food input indus-
try. The sales of top food processors and traders grew by 13%,
sales by the top 10 agricultural input countries by 8%, while the
sales by top food retailers grew by 40% (IFPRI, 2007). However,
on a global scale the agricultural input industry is more monop-
olized than the food retail industry. In the agricultural input in-
dustry, three agro-chemical corporations control approximately
half the world market (UNCTAD, 2006), while the top fime fimd
retailers control only around 13% of the total market.

Trade and urbanization affect consumer preferences. The rapid
diversification of the wrban dist carmuot be et by the tadi-
tional food supply chain in the hinterdand of many developing
countries. Consequently, importing food to satisfy the chang-
ing food demand could be relatively easier and less costly than
acquiring the same food from domestic sources.

In Asia traditional rice-eating societies are consuming increas-
ing quantities of wheat in the form of bread, cakes, pastry and
other products (Pingali and Rosegrant, 1998). Countries that
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traditionally imported rice for meeting food shortfalls may
now be shifting towards increasing levels of wheat imports
(Pingali, 2004). This trend is also evident in the import of
other temperate products like vegetables, milk and dairy prod-
ucts and temperate fruit. Net imports of this category of prod-
ucts increased by a factor of 13 over the last 40 years, rising
fiorm a deficit of TI8Fr7 billior in o érfTpts to TI8E24 bil-
lion in 1997/1999 (Pingali, 2004). Between 1997/1999 and
2030, the cumulative increase in imports of these products is
expected to be 154% and 17% for vegetable oils and oilseeds,
while meat imports are expected to increase by 389%. The
overall result is that we are beginning to see a homogeniza-
tion of food tastes across the globe, but with regional varia-
tions (Pingali, 2004).

Poor connections between urban and rural areas hinder price
transmissions towards local markets, broadening the gap be-
tween urban demand and rural production in increasing de-

The lackof access to marketsis most evidentin Africa, although
large parts of Latin America and Asia are alsoexperiencinglong
transport hours toreach markets (Figure 34). Consequently, do-
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Figure 34: Market accessin agricultural areas of Africa, Asia and Latin America. (Source: Sebastian, 2007).

mestic prices do not always follow international prices (FAO,
2000). The periods of rising real prices were generally associ-
ated with real exchange rate devaluations. Relaxation of govern-
ment controls over prices and market systems also led to gains
in producer prices in some cases. In other instances, import
liberalization appears to have contributed to a decline in the
real domestic prices of some commodities. Consequently, glob-
al shortages of food and feed thatlead to global price increases
are not followed by production increases at the local level

FUTURE WORLD FOOD PRICES

Accessibility to food is also determined by the long-term trend
in food prices (which is a different issue from price volatili-
ty). The rising trend in global food prices is likely to persist in
the next decade. In the long run, however, prices will decline
(OECD-FAOQ, 2008).

Prices are driven by a complex combination of factors. Histori-
cally, productivity gains and increasing competition in trade
have overtaken stronger demand, resulting in the declining
trend of the past 100 years. Recently, food prices have been

driven by a combination of rising fuel costs, production of bio-
fuels, and unfavorable weather conditions, with trade restric-
tions boosting upward price pressures (World Bank, 2008).

Agricultural prices are forecast to decline over the next two

decade. A strong combination of supply response and contin-
ued growth in demand is expected to keep prices above his-
torical levels, but well below the peaks experienced in recent
years (OECD-FAO, 2008). Inreal terms, prices in 2017 are pro-
jected to be 10% to 35% higher than inthe past decade (OECD,
2008). While the long-term outlook for agricultural prices is
particularly uncertain, the decline is expected to continue. In
Global Economic Prospects, the World Bank projects a decline

of about 0.7% a year through the forecast period untl 2030
(World Bank, 2008b).

Price projections depend on a wide range of factors, including
climate change, productivity developments, GDP and popula-
tion growth and the policy environment. One of the cruel iro-
nies today is seen in the connection between rising energy and
food prices. Higher energy prices have increased fertilizer and
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The relationship between food prices and
the oil price

Energy and agricultural commodity prices are increasingly
correlated with each other. Rising oil prices increase fertil-
izer costs and freight rates. The emerging biofuel market
strengthens these interdependencies, while a higher oil
price increases demand for biofuels. The agricultural com-
modities used nowadays for biofuels were previously used
for feed and fodder. As well demand for agricultural com-
modities as for factor inputs increases in this case.

Yields must increase by at least 43% by 2030 to meet de-
mand, assuming all other factors constant (FAO, 2003).
Fertilizer alone accounts for about 50% of historical in-
creases in production (FAO, 2003). The projected increases
required to sustain demand assume a substantial increase
in the use of fertilizers by small-scale farmers in the region.
As the cost of fertilizer is strongly correlated with oil prices,

cessibility of farmers to commercial fertilizer. Current FAO
projections (2015/2030) scenario assumed an average oil
price of US$21/barrel, while the later 2030/2050 scenario
assumed an average oil price of US$53.4/barrel. At the peak
of the current food crisis, oil prices hit US$147/barrel. As
the cost, and subsequent use, of fertilizer is strongly cor-
related with price, a potentially higher oil price would lower
the use of fertilizer or further increase the food price.

Fuieri iz omige O o zowalnedevenusn g e Furdisher
ies. Rising energy prices have a strong impact on capture
as well as aquaculture (for the production and transport of
fic h ®ed) and kad w0 highercosts duning the prooessing,
TrRNEpon (pamicu by air freighy and diswibetion of fish

motors and small diesel engines, have especially suffered
from the spiralling rise in fuel prices.
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transport costs and stimulated biofuel production (see box).
This coupling can have devastating implications for global pov-
erty and food security.

The irvpeact of chiroate change is a parioalarly difficalt ismae i
the long-term forecasts for agricultural prices. Forecasts of the
rise in temperature and its impact on agriculture over the next
two decades are extremely uncertain. Climate change threatens
yields in many developing countries, although most of this ef-
fect is not likely to be felt until after 2030. The World Bank
assumes an overall decline in agricultural productivity of be-
tween 1-10% by 2030 (compared with a future where average
global temperatures remain stable), with Canada and Europe
least affected and India, Sub-Saharan Africa, and parts of Latin
America most affected. Were there to be no climate change be-
tween now and 2030, global agricultural productivity would be
nearly 4% higher and the world price of food 5.3% lower. Over
the longer term, the impacts of climate change could be much
more serious, with agricultural productivity in many develop-
ing regions, notably Africa, potentially declining much higher
than the global average (Cline, 2007).

In Global Economic Prospects 2009, the World Bank has
run a number of simulations to quantify possible outcomes.
Should global agricultural productivity rise by only 1.2% per
year on average, instead of the 2.1% projected in the baseline,
then prices, rather than declining, can be expected to rise by as
much as 0.3% per year. If cereal production could increase as
projected without any environmental constraints, it is expect-
ed to grow by 1.5-1.5% to 2030 according to demand, and by
0.9-1.0% between 2030 and 2050 (FAO, 2006; World Bank,
2008). However, the current scenariosof losses and constraints
due to climate change and environmental degradation — with
no policy change — suggest that production increases could fall
to 0.87% towards 2030 and only 0.5% between 2030-2050
(World Bank, 2008).

prices if oil prices remain high or the cost of biofuels produc-
tion declines. With a permanent increase in the rate of growth
of demand for food products as source material for biofuels (as-

suming a doubling in biofuel production compared to the base-
line), food prices will decline by only 0.5% a year. In general,
L9 Bl ST TH DR B ol gl 31 ALY e T W TV TP TS PIY
tions about yield and biofuels production (OECD-FAO, 2008).

Overall, soaring food prices are blamed for their impacts on hu-
man vulnerability. However, there are two sides to this picture.
Increasing food prices do have a positive effect on net food-sell-
ing households (FAO, 2008), augmenting their incomes and
allowing more possibilities for farmers to afford investments in
production inputs. This underlines the need to minimize short-
term price volatility and stimulate slow increases in long-term
food prices, inorder to enhance investments in the agricultural
system and bridge the gap between developed and developing
countries as well as between rural food producing and urban
food consuming regions. Ideally, these developments should
take the environmental aspects previously described into ac-
count to achieve sustainable agricultural systems that will meet
the food demand of all the world citizens and eradicate hunger.
However, increasing yield and food supply without simply con-
tinuing the conventional expansion of cropland and rangeland
and use of fertilizers and pesticides — at the cost of biodiversity
and future generations — will require major investments and
implementation of food energy considerations in the entire
food production and consumption chain.
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SEVEN OPTIONS FOR
IMPROVING FOOD SECURITY

Increasing food energy effidency provides a critical path for sipnificant growth in food
supply without compromising environmental sustainability. Seven options are proposed
for the short-, mid- and long-term.
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OPTIONS WITH SHORT-TERM EFFECTS

To decreasethe risk of highly volatile prices, price regulation on commodities and larg-
er cereal stocks should be created to buffer the tight markets of food commodities and
the subsequent risks of speculation in markets.

This includes reorganizing the food market infrastructure and institutions to regulate food
prices and provide food safety nets aimed at alleviating the impacts of rising food prices and
food shortage, including both direct and indirect transfers, such as a global fund to support
rod i o-financa to boost small-zcal 2 farrmer productvity,

Encourage removal of subsidies and blending ratios of first generation biafirels, which
would promote a shift to higher generation biofuels based on waste (if this does not
compete with animal feed), thereby avoiding the capture of cropland by biofuels.
This includes removal of subsidies on agricultural commodities and inputs that are exac-
erbating the developing food crisis, and investing in shifting to sustainable food systems
and food snergy effidency,
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OPTIONS WITH MID-TERM EFFECTS

Reduce the wre of cereals and food fish in animal feed and develop altermatives to ani
mal and fish feed.

Thiz can be done ina "greer’ sconomy by inaeasing food snergy effidency using fish dis-
cards, capture and recycling of post-harvest losses and waste and development of new technol-
ogy, theraly inoeasing food snergy sffidency by 505 0% at carrent producdon lavalz, It alzo
involves re-allocating fish currently used for aquaoalturs feed directly to haunan consarnp-

tion, where feasible.

Support farmers in developing diversified and resilient eco-agriculivre systems that
provide critical ecosystem services (water supply and regulation, habitat for wild plants
and animals, genetic diversity, pollination, pest control, climate regulation), as well as
adequate food to meet local and consumer needs.

This includes managing extreme rainfall and using inter-cropping to minimize dependency
on =ternal inputs lice arfifidal fartilizars, pestiddez and blue irrigaton water and the davel-
opment, implementation and support of green technology also for small-scale farmers.

Increased trade and improved market access can be achieved by improving infrastructure
and reducing trade barriers.

However, this does not imply a completely free market approach, as price regulation and
government subsidies are crucial safety nets and investments in production. Increased
market access must also incorporate a reduction of artned conflict and cormption, which
has a major impact on trade and food security.

OPTIONS WITH LONG-TERM EFFECTS

Limit global warming, including the promotion of climate-friendly agricultural pro-
duction systems and land-use policies at a scale to help mitigate climate change.

Raise awareness of the pressures of increasing population growth and consumption
pattems on sustainable ecosystem functioning.
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