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1 Introduction

Since 1960, the world population has more than doubled, from approximately 2.9
billion in 1960 to more than 6.7 billion today. The demands placed on global
agricultural production arising out of population and income growth almost tripled.
Global agriculture has been successful in meeting thisincrease in demand. Steady
growth in agricultural output and along-term decline in real commodity prices attest
to this success. While the 820 million undernourished people in developing countries
must not be forgotten, it should also be recognized that the proportion of people
suffering from hunger has fallen by half since the 1960s, from more than on-in-three
to one-in-six, even as world’ s population has doubled. Progressis possible.

Agricultural growth contributes directly to food security. It aso supports poverty
reduction. And it acts as an engine of overall economic growth in much of the
developing world. The success of the agricultural sector has not been shared
uniformly across regions and countries, however, and it is unclear whether this
success can be sustained much less extended to those left behind. Many of the least
developed countries, particularly in sub-Sahara Africaand in marginal production
environments across the devel oping world, continue to experience low or stagnant
agricultura productivity, rising food deficits, and high levels of hunger and poverty.

By 2050, world population is projected to grow to between 9 and 10 billion people.
Most of the growth is expected to occur in poor devel oping countries, where income
elasticity of demand for food continuesto be high. The population increase,
combined with moderately high income growth, could result in a more than 70 %°
increase in demand for food and other agricultural products by 2050.

This paper attempts to answer the following questions. How did production of crops
and livestock products evolve in the different regions over the past 45 years? In what
way has increased supply of and demand for agricultural commodities affected terms
of agricultural trade? What are the sources of agricultural growth? And what are the
main challenges and opportunities for agricultural production in the future?

2 Increased agricultural production, driven by productivity growth
in developing countries.

The value of total agricultural output (all food and non-food crop and livestock
commodities) has ailmost trebled since 1961 (Figure 1), an average increase of 2.3 %
per year, always keeping ahead of global population growth rates (1.7 % p.a.). Much
of this growth originated in developing countries (3.4 — 3.8 percent p.a.). The high
growth rates of the latter reflected, among other things, developments in some large
countries, most importantly China. Without China, the rest of the developing
countries grew at 2.8-3.0 percent p.a. These figures aso reflect the rising share of
high value commaodities such as livestock products in the total value of production; in
terms of quantities (whether measured in tons or calorie content), the growth rates
have been lower (FAO, 2006 a).

% Based on growth figures on total agricultural demand from FAO 2006.



Figure 1. Total and per capita agricultural production.
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Globally, the share of agriculture in total GDP has fallen from 9 percent in the early
1970s to 4 percent in recent years (WDI 2006). This shareis considerably higher in
developing countries, but we see afaling trend even here (Figure 2).

Figure 2. Agricultural value added as share of GDP
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The composition of agricultural production has changed considerably over the last 40
years as output of cereals, oil crops, sugar, horticulture, eggs and meat increased
more than population growth rates since 1961, while production of pulses and roots



and tubers, crops that are important to the poor in many agriculture based countries,
declined relative to total population.

Cereals production grew rapidly during the sixties and seventies, but has had afalling
growth rate since then. Globally, the vegetable oil sector isthe most rapidly
expanding sector, fuelled by the growth of food and feed consumption and imports of
the developing countries. Increasing demand for oil-crops for non-food usesis also a
major factor for the optimism in the sector, asis the availability of ample expansion
potential of land suitable for the major oil crops (FAO 2006 a).

In devel oping countries, egg and meat production grew even more rapidly than oil
crops, and will probably continue to grow relatively more than population, due to the
diversification of diets driven by rising incomes. Growth in the milk sector is
expected to accelerate, mainly because of increased demand in developing countries.

Sugar production growth has accelerated recently and it is expected that this sector
will see continued growth in the future due to increased demand from devel oping
countries (including Chinawhich has very low sugar-consumption per capita), and the
potential for using sugar cane for production of biofuels (FAO 2006a).

2.1 Regional differencesin performance, - Sub-Sahara Africa
turning around?

Even though the value of total agricultural output per capita has had a yearly growth
of 0.6 % p.a. since 1961, not al regions have followed the same trend. Sub-Saharan
Africaremains the only region in which per capita agricultural output has not seen a
sustained increase over the last four decades. Latin America and South Asia have had
asmall increase, while East Asia and the Pacific have increased agricultural
production per capita by ailmost 80 percent over the last 45 years. We aso find sharp
contrasts not only between regions, but also between countries within regions (Figure
3) and even within countries”.

* Such as the poor north-eastern states of Brazil vs. the richer south and central states. In India, for
instance, yields of rice and wheat are more than twice as high in Punjab asin Bihar (Kumar 2006)



Figure 3. Growth ratein total agricultural production per capitain different
regions.
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The same trend is evident for food production per capita. All regions have kept up
with population growth, except for sub-Saharan Africawhere food production per
capita has falen over the last four decades. Thereis, however, some reason for
optimism as both the total agricultural production growth rate and the food production
growth rate have turned positive for Sub-Saharan Africaduring the last 15 years.

Several African countries show apromising trend (Figure 4). Ghana, Angola, Benin
and Malawi al had yearly per capita agricultural growth rates of 2 % or more over the
last 15 years. Sudan, Burkina Faso, Mozambique, Guinea and Ethiopia had growth
rates above 1%. In most of these countries growth in food production is the driving
force behind the growth in total agricultural output, with food production per capita
growth rates being at almost the same level or higher than agricultural growth rates.
Only Burkina Faso, where cotton is an important cash crop, had a considerably lower
food growth rate (0.8%). The African countries that performed well for per capita
agricultural and food growth seemed to perform well in other economic sectors as
well. All the countries with agricultural growth rates above one percent also had GDP
growth rates between 1.2% and 4% (except for a 0.9% GDP growth rate in Angola).



Figure4. Growth ratein agricultural production per capitain Africa, by
country.
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3 Increased food consumption

The world has made significant progress in raising food consumption per capita. It
increased from an average of 2280 kcal/person/day in the early 1960s to 2800
kcal/person/day today (Figure 5). The gains in world average food consumption
predominantly reflect those of developing countries, given that the industrial countries
already had fairly high levels of per capitafood consumption in the mid 1960s.

The overall progress of the developing countries has been decisively influenced by the
significant gains made in East Asia. Increased production, but also aweaker link
between production and consumption can explain this big increase in consumption.
Global trade in food and feed crops has accelerated over the period (Galloway et al
2007).

Even in Sub-Saharan Africa, where food production and consumption are more
closely linked than in the middle income countries in East Asia, consumption has seen
asmall increase even though per capitafood production growth rates have been
negative. Thisisdue to increased food imports.



Figure5. Food consumption per capita.
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3.1 Diversification of food consumption in Asia and Latin America, status quo
in Africa.

The growth in food consumption has been accompanied by significant structural
change. Diets have shifted away from staples such as cereals, roots and tubers and
pulses and towards more livestock products, vegetable oils and fruits and vegetables.

Income growth, relative price changes, urbanization and shifts in consumer
preferences have altered dietary patterns in both the developed and developing
countries. When people have more money to spend, they add more variety and more
expensive and high-value foods to their diets.

But expenditures on foodstuffs and responses to improvements in income differ
between devel oping and developed countries. In the latter, most consumers can
already afford the foods they prefer. When their incomesrise, changesin their diets
and food purchases are therefore relatively small.

In devel oping countries on the other hand, rising incomes have an immediate and
pronounced impact on diets, as people adjust their budgets to include higher-value
food items (Figure 6). As wages increase, people are also willing to pay for more
convenience, which frees up their time for income earning activities or leisure. They
demand more processed foods with shorter preparation times. Thisistypicaly the
case when more women participate in the labour market (Pingali, 2007 a; Popkin,
1999; Regmi and Dyck, 2001). Also, declining real food prices have alowed poor
consumers access to improved diets at existing income levels.

Urbanization is another important factor influencing consumers' preferences.
Urbanization is proceeding at a high pace, and urban dwellers are expected to
outnumber rural populations by around 2007 (MEA 2005). Large urban markets
create opportunities for establishment of large supermarket chains, and they attract



foreign investments and advertising from global corporations. Combined with trade
liberalisation and declining transportation costs, non-traditional foods are becoming
more accessible to urban populations (Pingali 2007 a).

Urban lifestyles often mean less time at home. As a consequence urban consumers
eat more processed and convenience food. Bread, noodles and pasta are gaining

popul arity together with rice that is quick and simple to prepare compared to other
cereals. Consumption of meat, fruits and vegetablesis also increasing in urban
populations (Regmi and Dyck 2001). Urban diets are found to be more diversified and
contain more micronutrients and animal proteins, but with a considerably higher
intake of refined carbohydrates and fats and lower intakes of fiber (MEA 2005,
Popkin 2000).

Figure 6. Consumption of different food commoditiesin developing countries.

Consumption of different food commodities in developing countries

1600 350

1400 +

1200 +

—&-Cereals

——Roots

—— Sugar

— Pulses
Oilcrops
Horticulture

=¥ Meat

—o— Milk

- 250

1000 +
T 200

-+ 150

@

o

o
L

Kcal/person/day - Cereals
Ey e ]
8 8
Kcal/person/day - Other commodities

200 ¢

0

0

1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003
Source: FAOSTAT

While diets in Sub-Saharan Africaand Latin America have not changed considerably
over the period, except for an increase in sugar consumption in Africa during the
1960s and 1970s, and arecent increase in meat consumption in Latin America,
demand for high vale productsisincreasing rapidly in Asiadue to rapid economic and
income growth, urbanization and globalization. Asian diets are shifting away from
staples and increasingly towards livestock products, fruits and vegetables, sugar and
oils (Pingali 2007 a).

3.2 Food insecurity continuesin many parts of the world.

The historical trend of increased food production and consumption per capitaas a
world average has resulted in areduction of the proportion® of undernourished people

® One of the two targets of the first Millenium Development Goal is to halve, between 1990 and 2015,
the proportion of people who suffer from hunger.



in the devel oping countries from 37 percent in 1969-71 to 17 percent in 2001-2003
(CFS 2001, FAO 2006c). Most of the reduction occurred in the first two decades of
this period; indeed since the 1990-92 base period for the Millenium Devel opment
Goal, the proportion of undernourished has fallen only 3 percentage points. The
number of undernourished declined from 960 million in 1969-71 to 820 millionin
2001-2003, but almost the entire decline occurred before 1990-92 (CFS 2001, FAO
2006c¢).

Since 1990-92, the only significant progress towards reducing the number of
undernourished people was concentrated in very few, but populous sub regions:
China, Southeast Asiaand South America (Figure 7). In India, on the other hand, the
prevalence of hunger declined by 5 %, but the outcome in terms of reducing the
number of undernourished was small, as areduction in thefirst part of the decade was
subsequently reversed. At the same time the number of undernourished increased in
the rest of East Asia (excluding China) and even more in the rest of South Asia
(excluding India) (FAO 2006c)

The Near East, North Africa, Central America, East Asia (excluding China) and
Central Africa experienced an increase in both the number and proportion of
undernourished since 1990-92 (FA O 2006c¢).

Figure 7. Sub-regional changesin number and proportion of undernourished
people between 1990-92 to 2001-03.
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In sub-Sahara Africa, recent progress in reducing the preval ence of undernourishment
is noteworthy. For thefirst timein several decades the share of undernourished
peoplein the region’s population declined significantly: from 35 % in 1990-92 to 32
% in 2001-03, after having reached 36 % in 1995-97. West-Africaand Nigeriasaw a
decline in both the number and prevalence of undernourishment. In Southern Africa
and East Africathe prevalence of hungry people declined (although not the number).
By contrast, Central Africa experienced a dramatic increase in both the number and
prevaence of undernourishment (FAO 2006¢).

The decline in the share of undernourished people is an encouraging devel opment.
Still the task facing sub-Saharan Africa remains daunting. Sub-Sahara Africa accounts
for 25 % of the undernourished people in the developing world, and it has the highest
proportion (one-third) of people suffering from chronic hunger. In 14 countriesin the
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region, 35 percent or more of the population were chronically undernourished in
2001-03. The number of undernourished people increased from 169 million to 206
million, and only 15 of the 39 countries for which data are reported reduced the
number of undernourished (FAO 2006c¢).

In addition to Ghana, which has already more than halved the number of
undernourished people since 1990-92, Angola, Benin, Chad, Congo, Ethiopia,
Guinea, Lesotho, Malawi, Mauritania, Mozambique and Namibia have a so reduced
the number of undernourished people.

Thereisaclear correlation between countries’ income per capita and prevalence of
undernourishment in the population (Figure 8). Ample evidence confirms that
sustained economic growth leading to increased productivity and prosperity at the
national level will result in reduced hunger. But cross-country studies of developing
countries suggest that economic growth alone, in the absence of specific measures to
combat hunger, may leave large numbers of hungry people behind for along time,
particularly in rura areas (FAO2005).

Figure 8. Per-capita GDP and undernourishment
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Numerous studies have provided evidence that the impact of economic growth on
reducing hunger and poverty depends as much on the nature of the growth ason its
scale and speed (Bourguignon & Morrison 1998, World Bank 2000, Ravallion & Datt
2001, FAO2005). Some 70 percent of the poor in developing countrieslivein rurd
areas and depend on agriculture for their livelihoods, either directly or indirectly. In
the poorest countries agricultural growth is the driving force of the rural economy.
Particularly in the most food-insecure countries, agriculture is crucia for income and
employment generation. Agricultural growth is, therefore, a critical factor in hunger
reduction.
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3.3 Emerging obesity concernsin developing countries

The progress of raising and diversifying per capitafood consumption has become a
mixed blessing in several middle income devel oping countries. In raising dietary
energy suppliesto 3000 kcal/person/day, the related diet transition often includes a
large increase in the consumption of refined carbohydrates and processed fats and oils
(Popkin 2001). This diet transition, combined with a more sedentary lifestyle, results
in rapidly growing rates of overweight, obesity and a number of diet related non-
communicable diseases such as type 2 diabetes and hearth diseases in developing
countries (Boutayeb & Boutayeb 2005, Popkin 2004, Prentice 2006). It is now
common to find overwei ght/obesity and malnutrition side by side in developing
countries (Boutayeb & Boutayeb 2005), even sometimes within the same households,
with obese parents and malnourished children under the same roof (Doak et al, 2000).

Globally 1.6 billion adults are overweight and at least 400 million are obese (WHO
2006 @). Two out of three overweight and obese people now live in low and middle
income countries, the vast majority in emerging markets and transition economies
(WHO 2006 b). Health problems related to obesity-related non-communicable
diseases tend to appear side by side with health problems related to undernutrition,
and these countries are confronted with a“double burden of malnutrition” resulting in
novel challenges and strainsin developing countries’ health systems.

3.4 Spotlight on consumption of livestock products

Total meat production in devel oping countries tripled from 47 million tonsto 143
million tons between 1980 and 2002 (Steinfeld and Chilonda 2005), and although the
pace of growth is slowing down, meat demand is expected increase by more than 50
% by 2030 (FAO 2006 a). Satisfying the increasing demands for animal food
products, while at the same time sustaining the natural resource base, and coping with
climate change and vulnerability, is one of the major challenges facing world
agriculture today.

Table 1. Changesin consumption of animal products

Developing countries Developed countries

1970 1980 1990 2003 1970 1980 1990 2003
Annual per capita meat 11 14 19 29 65 75 82 80
consumption (kg)
Annual per capitamilk 28 34 38 48 188 194 201 202
consumption (kg)
Total meat consumption 29 47 74 143 70 88 103 107
(million MT)
Total milk consumption 74 112 152 240 203 227 253 268
(million MT)

Source: FAO, FAOSTAT 2007

Globally, livestock production is the world' s largest user of land, and accounts for
almost 40 percent of total value of agricultural production. Inindustrial countriesthis
share is more than half. In developing countries, where it accounts for one third, its
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shareisrising quickly as aresult of growth inincomes and changesin lifestyles and
dietary habits (Bruinsma, 2003).

Until recently, alarge proportion of livestock in developing countries was not kept for
food, but for providing draught power and manure and as capital assets that was only
disposed of in times of emergency. Livestock was an integral part of agricultural
systems, distributed among many owners and raised close to their feed supplies. This
ischanging rapidly. Almost al of the growth in livestock production is now
occurring in industrial systems, where meat production is no longer tied to alocal
land base for feed inputs or to supply animal power or manure for crop production
(Naylor et al 2005).

Figure 9. Meat production in developing countries.
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Another challenge is the potential conflict between devoting land to feed production
instead of food production. Today thereisa4:1 ratio of land devoted to animal food
relative to direct human food (Galloway et al 2006). Thisratio also includes
livestock’ s use of less productive land for grazing. Livestock production account for
about 33 percent of arable land. But asthe industrial livestock production increases,
so will demand for arable land for the production of animal feed.



13

4 Trendsand changing termsof agricultural trade®

4.1 Trade

Since the early 1960s the value of agricultural exports has increased by tenfold, while
the share of agricultural trade in total merchandise trade has followed along-term
downward trend from above 20 % in the early sixties to less than 10 percent in recent
years (Figure 10).

Figure 10. Global agricultural exports
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Over this period the net flow of agricultural commodities between developed and
developing countries has reversed direction (Figure 11). In the early 1960s,
developing countries had an overall agricultural trade surplus of almost US$ 7 billion
per year. By the end of the 1980s, however, this surplus had disappeared. During
most of the 1990s and early 2000s, developing countries were net importers of
agricultural products. Without Brazil, the deficit of the rest of the developing world
would have been considerably bigger. It would have grown from US$ 20 billionin
2000 to US$ 27 billion in 2004 (FAO 20063).

% This section is based on FAO 2004a
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Figure11. Agricultural exportsand importsin developing countries.
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The change has been even more pronounced for the LDCs, which over the same
period have changed from being net exporters to significant net importers of
agricultural commodities. By the end of the 1990s, imports by the LDCs were more
than double their exports.

Figure 12. Agricultural trade balance of least developed countries.
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Cereal foodstuffs once dominated international agricultural trade. Now, however, the
share of cerealsin total agricultural imports has fallen below 50 percent in developing
countries and below one-third in developed countries. While the share of cered
imports has declined, both developed and developing countries are importing greater
guantities of higher-value and processed foods, particularly edible oils, livestock
products and fruits and vegetabl es.

4.2 Prices

Agricultural commodity prices over the past 40 years reveal some striking features:
e Real prices of agricultural commodities relative to prices of all manufactured
goods have declined significantly, even as nominal prices have risen;
¢ Redl prices have fluctuated considerably around the long-term downward
trend;
e Both the fluctuations and the long-term decline have been less pronounced
since the mid-1980s.

Several factors have contributed to the long-term decline of almost 2 percent per year.
Technologica advances have reduced costs and made it possible, at given prices, to
expand production at arate that has outstripped both population growth and increases
in demand spurred by rising incomes.

Prices of some commodities have also been driven lower by oversupply, fuelled by
intense global competition in production, reduced transportation costs and new
technol ogies that have increased productivity and introduced synthetic alternatives to
some commodities. In some cases, the appearance of major new producers, such as
the rapid increase in coffee production in Vietnam, has aso affected the market
balance.

Subsidies to producers and for export in some devel oped countries have also
contributed to pushing down world prices for many agricultura products grown in
temperate zones, reducing the export earnings of developing countries that export
commodities such as cotton, sugar and rice.
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Figure 13. Agricultural commodity prices.
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Prior to the mid-1980s, real commodity prices fluctuated widely while the overall
trend declined steeply. Since that time, both the fluctuations and the trend have
flattened out considerable. A number of global factors helped slow therisein
nominal pricesfor al traded goods, including trade policy reforms and increased trade
in manufactured goods, whose prices have tended to fall more quickly as aresult of
technological advances and high productivity growth. Furthermore, trade
liberalization has permitted a wider range of countries to participate in world
commodity markets, reducing the relative importance of the supply situation in any
one country, while technologica advances have reduced the vulnerability of some
crops to climatic influences.

Even though real pricesfor all agricultural commodities have declined over the past
40 years, the rate of decline has varied from one commodity to another. Traditional
commodities like raw materials, tropical beverages, oil crops and cereals have
experienced most variation and the steepest decline. Thefall inrea prices has been
least severe for non-traditional agricultural products like meat, dairy and horticultural
products.
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Figure 14. Real pricesfor traditional and non-traditional agricultural
commaodities, 1961-2002.

350.00

300.00
250.00
_
o
S
I — Cereals
200.00 1 .
g. < — Oilcrops
-
2 — Sugar
< 150,00 — Tropical beverages
3 2\ — Raw materials
k=] [\
100.00 \\_
\\ N
50.00
0.00 T T T
— n (=2} [ ~ - wn (=2} [} ~ i)
© © © ~ ~ oo} o} [ss] (=2} (=2} o
(<2} (<2} (=} (=} o o o o o o o
- - - - - - - - - - N
350.00
300.00
250.00
)
o
-
! 200.00
e — Meat
— .
2 — Dairy
= 150.00 — Horticulture
x
[
kel
=
50.00
0.00 +—————T T T T T T T T T T T T T T T T T T T T T
— wn [} ™ ~ — wn [} (a2} ~ -
© © © ~ ~ o] e} [ee] (=2} (o2} o
(<2} (2] (2] (<2} (<2} (<2} (<] (<] (o2} (o2} o
- — — - - - — - — — N

*Agricultural commodity prices on world markets deflated by export unit values of all merchandise
exports.
Source: FAO (2004a)

4.3 Tradediversification

Some devel oping countries have managed to take advantage of these trends by
shifting production and trade into the non-traditional higher-value sectors. It has
mainly been the more advanced and prosperous devel oping countries that have
managed to do this. Developing countries other than the LDCs have more than
doubled the share of horticultural, meat and dairy productsin their agricultural
exports, while they reduced the share of tropical beverages and raw materialsin their
agricultural exports from 55 percent in the early 1960s to around 30 percent in 1999-
2001.

An analysis of the FAOSTAT data (Hallam et al, 2004) indicates that trade in some
non-traditional agricultural exports, including fruits, vegetables and selected speciality
and processed products (excluding trade in bananas and citrus) is currently worth
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more than US $ 30 billion annually. Developing countries held a 56 percent share of
world trade in non-traditional fruit and vegetablesin 2001. In the same year,
developing countries also accounted for two-thirds of trade in selected speciality
products, such as chillies, ginger and garlic.

Across a broad range of these products, developing countries have been gaining
market share at the expense of the developed countries. Thisis especially the case of
trade in vegetables and speciality products, in which developing countries have taken
the lion’ s share of the very substantial growth in global trade during the last decade.

This non-traditional agricultural export market is, however, dominated by just a
handful of countries. Some of these, such as Mexico, Chile, Argentina, Brazil and
Costa Rica are leading developing country exporters of more than one product. Other
countries are dominant in the market for only one product: for example; Kenyafor
green beans, Malaysia for minor tropical fruits, Thailand for minor fresh fruits and
Zimbabwe for green peas. A large number of countries have only avery limited
participation in the market for non-traditional products (Hallam et al, 2004).

LDCs account for only 0.5 percent of world fruit trade and only 0.8 percent of world
vegetable trade. On the other hand, they increased their dependence on traditional
export products such as raw materials and tropical beverages for their agricultural
export earnings from 59 percent to 72 percent during the last forty years.

For LDCs, export earnings failed to increase, and rising import prices further eroded

their purchasing power. Real agricultural export earnings of LDCsfell by more than
30 percent over the last two decades, and by half over the last 40 years.

Figure 15: Incometerms of trade for agriculture
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5 Sourcesof agricultural growth

The past four decades have seen solid growth in agricultural productivity. This
productivity increase has been particularly strong in devel oping countries, and
especially for cereals such asricein Asia, wheat in irrigated and favourable
production environments worldwide, and maize in Mesoamerica and sel ected parts of
Africaand Asia (Pingali and Heisey, 2001). Other crops have aso seen productivity
increases.

Agricultural growth occursif i) the amount of arable land increases, or ii) the
cropping intensity increases, or iii) output per unit of input (i.e. workers, land or
water) increases, or iv) the composition of output changes towards higher valued
products with a constant value of inputs. The relative importance of these factors
depends on the situation faced by a particular country. A country like the United
States, which has 1.4 hectares of agricultural land per head, can continue to rely on
land as a source of agricultural growth in amanner that is not open to a country like
India, which has only 0.2 hectares of agricultural land per head. For the latter, growth
has to come primarily from sources that economise on land and water, the two main
constraints. Thisin turn impliesthat cropping intensity must increase or yields have
to grow, i.e. there has to be an increase in productivity.

5.1 Theclosing of theland frontier

Output growth is the result of growth in area harvested and yield growth. Yield isa
function of soil quality, weather conditions, labour use per hectare, type of seed used,
fertilizer use per acre, herbicide and pesticide use, the availability of irrigation, the
availability of tractors, as well asinputs that are difficult to measure, such asthe
farmer’ s ability and capacity for work. Agricultural production has increased in most
areas of the world, but to what degree did this growth arise out of area expansion or
yield growth?

Expansion of harvested area can occur either because more land is cleared for
cultivation or because the land is used more intensely. Cropping intensity increases
for instance when you go from one to two or three harvests on the same plot of land
each year, or when afarmer transfers from shifting cultivation to permanent
agriculture. Two or more harvests per year isonly possibleif the growing periods are
relatively short and if thereis an assured supply of water. As population density
beginsto increase from low levels, the first response will likely be to clear more land
for agriculture, i.e. the arable land area should increase first, without much impact on
yield. Asdensity continues to increase, this option becomes increasingly unrealistic
and there is atendency for cropping intensity to increase and for yields to rise.

In the subsequent analysis of productivity growth we will use an index of crop
production’. Table 2 show growth rates of crop production, total crop land (area under
arable and permanent crops), cropping intensity and yields by world region. It should
be noted that “historical datafor arable land for many countries are particularly
unreliable’ (Bruinsma 2003, Chapter 4, p 125).

" This measure is different from the indices of agricultural production and food production used in the
previous sub-sections as that includes livestock products, whereas the index of crop production used
here covers the output of 34 crops (listed in Appendix A).
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Table 2. Growth rates

1961-75 1976-90 1991-05
East Asia and the Pacific
Production 3.2 3.8 3.8
Total crop land 0.1 2.0 12
Cropping intensity 0.4 -1.3 -0.3
Yield 2.7 3.1 2.9
Latin America and the
Caribbean
Production 2.9 2.7 3.1
Total crop land 1.6 0.6 0.6
Cropping intensity 0.3 0.5 0.6
Yield 1.0 1.6 1.9
Middle East and North
Africa
Production 2.3 2.4 2.3
Tota crop land 0.5 0.5 0.5
Cropping intensity 1.0 0.1 -0.3
Yield 0.8 1.8 2.1
South Asia
Production 2.3 3.0 1.8
Total crop land 04 0.1 0.0
Cropping intensity 0.2 0.3 0.0
Yield 1.7 2.6 1.8
Sub Saharan Africa
Production 2.6 2.4 29
Total crop land 0.6 0.6 0.9
Cropping intensity 0.7 1.1 1.0
Yield 1.3 0.7 1.0

Source: FAOSTAT

To asurprising extent land was still being cleared for cultivation in the 1990s in many
world regions, particularly in Latin America & Caribbean and sub-Saharan Africa,
regions of relatively low population density. The increase in total crop land in East
Asiaand the Pacific is surprising. South Asia, a densely populated sub-region with
good land records, shows little or no tendency for the arable area to increase.

The only areathat consistently showed increases in both area expansion and cropping
intensity was sub-Saharan Africa. The increase in cropping intensity can partly be
explained by atransition from shifting cultivation to annual cropping in many areas of
the continent (Binswanger and Pingali 1988). The increase in cropping intensity
might, however, also be an indication that rural population densitiesin many areasin
sub-Saharan Africaare not as low as they seem once they are adjusted for land quality
(op cit).

Rural population densities were over 250 people per sq km of harvested area by the
end of the 20" century in al developing world regions except Latin America &
Caribbean. The general conclusion is that area expansion has ceased to be a feasible
source of crop production growth by the end of the 20™ century, except in those world
regions, especially Latin America & Caribbean and parts of sub-Saharan Africa,
where rural population densities are still low.
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5.2 Arecrop yieldspicking up the slack?

If the land frontier is now closed in most regions®, the obvious sources of further
growth in crop production are land productivity, i.e. yield growth, labour productivity
and/or total factor productivity.

Turning first to yield growth, we find consistent patterns of strong to very strong
yield growth in most world regions, with the exception of the sub-Saharan Africa
region (Table 2).

But isthere atendency for yield growth to increase over time with the closing of the
land frontier? This seems to be the case in South Asia and the Middle East and North
Africa. But the contribution of area expansion to crop production growth continued
to be impressive in the period 1991-2005 in other regions, especially in the sub-
Saharan Africa (Table 2).

Yield increases have been impressive in East Asia and the Pacific and also
considerable in Middle East and North Africa, Latin America and Caribbean and
South Asia. Sub-Saharan Africa started out with the lowest yieldsin 1961, and has
since then had the lowest yield growth rates of al the continents (Table 2 and Figure
16). Yieldsin Sub-Saharan Africa are further behind today, than ever before.

Figure 16. Regional crop yieldsin 1961-63, 1981-83 and 2000-02.
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5.3 What iscausing theyield growth?

Yieldisafunction of inter alia agricultura labour per hectare, type of seeds used,
fertilizer application per hectare, farm machinery per hectare and the availability of
irrigation. In the following sub-sections, we examine changes in these variables and
discuss their impact on crop yield growth.

8 A good case could be made out that opportunities for area expansion through increases in cropping
intensity are by no means exhausted.
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The transition towards high land and labour productivities is conditioned both by the
extent of land scarcity and the level of economic development. Increasesin land
productivity isaresult of intensification of agricultural production and the adoption of
high yielding technologies, especially modern varieties (MVs) and fertilizers. The
move from low-yield, land extensive cultivation systems to land-intensive, double and
triple-crop systems is most profitable in those areas in which the land frontier has
been exhausted and where export markets are available and accessible (Pingali &
Heisey 2001).

5.3.1 Fertilizers

In 1961, developing countries consumed only 12% of the world total consumption of
fertilizers. Forty years later developing countries consumed 64% of total fertilizer
nutrients. Application rates were still higher in devel oped countries than in developing
countries, but only by about 20 to 25% on average (Heisey & Norton 2007)

Figure 17. Regional fertilizer consumption in 1961-63, 1981-83 and 2000-02.
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Fertilizer consumption grew at very high rates in the 1960s and 1970s, but this growth
isnow levelling off and is closeto zero in al the developing world regions. It should
be noted, of course, that thislevelling off is occurring at very different intensities of
fertilizer use (see Figure 18), ranging from under 10 kg per hectare of arableland in
sub-Saharan Africato almost 200 kg per hectare in East Asia & Pacific in 2000-02.
This has very different implications for crop output levels.

5.3.2 Modern Varieties

High yielding crop varieties (MV's) of rice and wheat were first released to farmersin
Latin Americaand Asiain the mid 1960s. They were rapidly adopted in tropical and
subtropical regions with reliable rainfall or good irrigation systems. Since then high
yielding crop varieties (MVs) of several crops have been adopted by farmers all over
the developing world.
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Diffusion of the different crops has varied from region to region. Farmersin Asiaand
Latin America were the early adopters, while the MV s released during the 1960s and
70s were not suitable for African conditions (except for wheat). But after research
targeted African conditions specifically, more suitable varieties have become
available for African farmers from the 1980s (Evenson and Gollin 2003).

Evenson and Gollin (2003) analyse the production impact of MVs over the past 40
years’. One of their striking findingsis that the gains from MVswere larger in the
1980s and 1990s than in the preceding two decades, despite popular believes that the
Green Revolution was effectively over by thistime (see table 3). They suggest that
the Green Revolution should not be understood as a one-time jump in production,
occurring in the late 1960s, but rather as along-term increase in the trend growth rate
of productivity.

Table 3. MV contributionsto yield growth (growth rate)

1961-1980 1981-2000
Asa 0.682 0.968
Latin America 0.463 0.772
Middle East and North Africa 0.173 0.783
Sub-Saharan Africa 0.097 0.471
All developing countries 0.523 0.857

Source: Evenson and Gollin 2003

For al developing countries they found that MV's accounted for 21% of the growth in
yields and about 17 % of production growth in the early period. In the later period the
MYV contribution to yield and production growth was considerably higher, accounting
for 50% of yield growth and 40% of production growth for all developing countries.
Thisindicates that production growth has become more dependent on MVsin the
later period. (Evenson and Gollin 2003).

5.3.3 Irrigation

Worldwide, irrigated land has increased from 50 million hectaresin 1900 to 267
million hectares today, with much of the increase in devel oping countries, which
currently have 75 % of al irrigated land (Schoengold and Zilberman 2007). More
than 60% of the value of Asian food crops comes from irrigated land and irrigation
was the source of more than 50% of the increase in global food production during the
1965-1985 period (op cit).

Irrigation tends to be more important in densely populated areas. Thusirrigation
percentages are high, around 40% in South Asiaand 30 % in East Asia& Pacific.
Sub-Saharan Africa has very low percentages, generally below 5% of arable and
permanent cropland. Only 26% of the potential irrigated land in Africaisirrigated
today, 17% in Latin America and 64% in Asia (Schoengold & Zilberman 2007). Thus
thereis significant potential for future expansion of irrigated acreage in other
developing regionsthan Asia. Limited supply of fresh water is an important concern
in this respect (see chapter 6.5).

® They use data on food crop production (total cereals, total roots and tubers and total pulses) from
FAO.
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5.3.4 Labour productivity

Labour productivity growth rates seem to have increased, with a strong growth after
1980, in East Asia& Pacific, Middle East & North Africaand Latin America &
Caribbean. In sub-Saharan Africaand South Asia, however, labour productivity
appears to have grown very slowly. The table below summarises the situation with
regard to both land and labour productivity, averaged over the period 2000-2002. The
results are in accordance with expectations. Densely populated, poor countries such as
Bangladesh tend to have low labour productivity and high land productivity, whereas

the situation is reversed in sparsely popul ated countries such as Irag or Saudi Arabia.
Many of the poorest countries in the world are found in the left, bottom corner with
both low land and low labour productivity, while most of the countries with both high
labour and land productivity are middle income countries with well developed
markets and infrastructure.

Table4. Land and labour productivitiesin crop production, developing countries and countries

in transition, Aver age 2000-2002

Bangladesh, India, China, Indonesia, | South Korea,
Nepal, Sri Lanka, Philippines, Viet | Argentina,
High Rwanda Nam, Guatemala, | Brazil, Chile,
9 Jamaica, Ecuador, Jordan,
Colombia, Iran, Lebanon,
Turkey, Egypt Mauritius
Haiti, Kenya, Tanzania, | Pakistan, El Malaysia, Cuba,
Uganda, Malawi, Salvador, Mexico, | Uruguay,
Land Moderate | g ines Liberia, Sera | Bolivia, Benin Venezuela, Syria
productivity Leone Ghana, Nigeria
Cambodia, Afghanistan, | Nicaragua, Irag, Saudi
Y emen, Cent African Algeria, Arabia, Libya,
Rep, Congo Dem Rep, Morocco, South Africa
L ow Ethiopia, Botswana, Tunisia,
Zambia, Zimbabwe, Cameroon,
Burkina Faso, Gambia, | Gabon,
Niger, Senegal, Togo
L ow M oder ate High
Labour productivity

1. Source: FAOSTAT.
2. Note: Land productivity is defined as output (in international dollars) divided by units of land

(hectares).

Labour productivity is defined as output (in international dollars) divided by economically active
population in agriculture.

The classifications low, medium and high correspond to terciles of productivity for land and

labour.
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54 Growth in Total Factor Productivity

Historically, changes in agricultural TFP have been the main force driving growth in
agricultural output and farm income in countries that have modernized their
economies (Rozelle et al 2003). Factors that can account for improvementsin TFP
include changes in technology, institutional reforms, infrastructure development,
improvements to human capital and others. A partia productivity measure such as
yield may increase over time because of some fundamental change in the production
process, or because of increased use of inputs such aslabour, fertilizer or water. TFP
trends over time can help clear up the ambiguities about sources of yield growth
(Pingali & Heisey 2001). In essence, TFP growth measures the difference between
aggregate output and aggregate inputs growth.

Figure 18 and Figure 19 below are scatterplots showing the relationship between

growth in agricultural TFP and growth in agricultural output, in the periods from
1961-1980 and from 1981-2000 respectively.

Figure 18. Agricultural production growth and TFP growth, 1961-80.
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Figure 19. Agricultural production growth and TFP growth, 1981-00.
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These graphs show that agricultural production growth is positively related to growth
inagricultural TFP. A large number of countries had either negative or negligible
TFP growth in the period from 1961-1980, indicating that input growth accounted for
most of the agricultural growth in this period. In the later period the vast maority of
countries had positive agricultural TFP growth combined with positive agricultural
production growth rates. This result agrees with the Evenson and Gollin’s (2005)
findings that modern varieties contributed more to yield growth in the decades after
1980 than in the previous 20 years.

In the earlier period, almost all countries lay above the 45 degreeling, i.e. the
agricultural production growth rate was higher than the TFP growth rate for these
countries. Thisimplies that production inputs were also growing at positive rates.
However, in the later period, there were 10 countries for which the TFP growth rate
was not only positive, but greater than the agricultural production growth rate. This
implies that in these countries, productive inputs were actually growing at negative
rates. Thiswould have led to a negative agricultural production growth rate, if TFP
growth had not outweighed the decline in productive inputs.

Table5. TFP growth rates

Total factor productivity change

1961-81 1981-2000
Asiaand the Pacific -3.5 19
Latin Americaand the -1.2 0.4
Caribbean
Near East and North Africa 0.6 24
Sub Saharan Africa -3.7 19
Developing countries -2.6 17

Source: FAO 2004b
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Severa studies using data from periods between 1961 and the early to mid 1990s
report awidening gap between devel oped and devel oping countries due to
technological regression in developing countries while developed countries showed
technological progress (Krtger 2003, Trueblood & Coggins 2003, Arnade 1998,
Fulgitini & Perrin 1993,1997, 1998, 1999). Newer findings, using data from the
period 1980 to 2000, however, show little evidence of this technological regression
(Codli & Rao 2005, FAO 2004b).

Developing countries have increased their average growth rate from -2.6% during the
1960s and 1970s, to 1.7% in the 1980s and 1990s. Asiaand Sub-Saharan Africa, the
two continents performing the worst during the early period, are now showing solid
TFP growth rates of almost two percent per year. Coelli & Rao (2005) present TFP
growth rates for the 93 top agricultural producer countriesin the world over the 1980-
2000 period. Their findings show an overall annual TFP growth of 2.1%, a2.9%
growth ratein Asiaand 1.3% in Africa

Using individual country data Coelli & Rao (2005) found that those countries that
were well below the frontier in 1980 (with technical efficiency coefficients of 0.6 or
below) had a TFP growth rate of 3.6% during the later period. Thiswas in contrast to
alow 1.2% growth for those countries that were at the frontier in 1980. These
encouraging results indicate a degree of catch-up in productivity levels between high-
performing and low-performing countries.

6 Opportunitiesand challengesin thefuture.

6.1 Population growth

Global population growth has been the major driving force for growth in world food
demand and production. The population will continue to grow, but longer term
projections suggest that population growth may slow down by the middle of this
century. World population is expected to increase from the current 6.7 billion to 9.2
billion by 2050 (UN 2007). From 2050, world population will be increasing by 30
million per year.

Almost all of thisincreaseis expected to take place in devel oping countries, and
especially in the group of the 50 least developed countries. These countries may still
have inadequate consumption levels in 2050 and therefore there is significant scope
for further increases in demand for food even when popul ation growth slows down.

6.2 Growth in agricultural production slows down™.

World agriculture is expected to fall to 1.5 percent p.a. in the next two and a half
decades and on to 0.9 percent p.a. in the succeeding 20 years to 2050, compared with
2.1 percent per year since 1961. This slowdown reflects the lower population growth

19 Based on FAO 2006 &) World Agriculture: towards 2030/2050
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and the gradual achievement of medium-high levels of per capita consumptionin a
number of countries.

All the major commodity sectors (except for the milk sector) are expected to take part
in the deceleration of agricultural growth. The cereals sector has aready been in such
downward trend for some time now, and is expected to continue to have the lowest
growth rate of the major commodity sectors during the next 50 years.

6.3 Food security™

Historical trends towards increased food consumption per capitaas aworld average
and particularly in the devel oping countries will, according to FAO scenarios,
continue in the near future, but at a slower rate than in the past as more and more
countries approach medium-high levels. The average of the developing countries may
rise from today’ s 2650 kcal per person per day to 3070 kcal by 2050. By the middle
of the century more than 90 percent of the world population may live in countries
with more than 2700 kcal per day, up from 51 percent at present and only 4 percent
three decades ago. Asin the past, the great improvementsin China and afew other
populous countries will continue to carry a significant weight in these improvements.

However, not al countries are likely to achieve appropriate food consumption levels.
Thisis especialy the case for countries that already have high rates of
undernourishment, high population growth rates, poor prospects for rapid economic
growth and often meagre agricultural resources. Today 32 countries arein this
category with an average undernourishment rate of 42 percent. The population of
these poor countries is expected to increase from the current 580 million peopleto
1.39 hillion by 2050, and food consumption will under fairly optimistic assumptions
increase from the current 2000 kcal/person/day to 2450 kcal in the next 30 years.
Thisis still not enough for good nutrition in several of these countries. Hence the
conclusion that reducing undernourishment may be avery slow process in these
countries.

Despite the slow pace of progress in reducing the occurrence of undernourishment,
the FAO projections do imply considerable overall improvements. In the developing
countries the numbers well-fed could increase from 3.9 billion in 1999/01 (83 % of
the population) to 6.2 billion (93 %) in 2030 and to 7.2 billion (96 %) by 2050. The
problem of undernourishment will tend to become smaller in terms of both absolute
numbers affected and, even more, in terms of the proportion of the population.

6.4 Increased energy prices™

Asthe availability of fossil fuels declines, the only renewable carbon resource large
enough to substitute for or replace fossil resources for the production of fuels and
electricity is biomass (MEA 2005). Recent high energy prices are now creating new
markets for products which can be used as biomass feedstocks for the production of
biofuels as substitutes for petroleum-based fuels. Brazil, after a period of shrinkage
during the 1990s when oil prices were low, has now reverted to using some 50 percent

1 Based on FAO 2006 a
12 Based on FAO (2006) World Agriculture: towards 2030/2050
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of its sugar cane output to produce fuel ethanol, both for domestic use and export.
Ethanol in Brazil is considered to be competitive vis-a-vis traditional fossil fuels at oil
prices of US$ 35-40 per barrel. Inthe USA a growing share of maize is used to
produce fuel ethanol (in this case with subsidies).

EU has atarget of a5.75 percent market share of biofuelsin the petrol and diesel
market by 2010. The use of vegetable oilsto produce biodiesel is expanding in certain
EU countries (again with subsidies). The latest projections of the European
Commision foresee that 1.5 million tonnes of grain and some 10 millions of oilseeds
may be used to produce bioenergy in 2012.

There is aso growing interest in countries with real or potentially abundant
production potential of suitable feedstocks (like palm oil for biodiesel in Malaysiaand
Indonesia, cassava and sugar cane for ethanol in Thailand) for producing biofuels,
both for domestic use and export. Africa, with its significant sugar cane production
potential is often cited as aregion that could profit from Brazil’ s experience and
technology, though obstaclesto realizing it (infrastructure, institutional etc) should
not be underestimated.

The competitiveness of biofuels may be further enhanced if the savings of greenhouse
gas emissions resulting from substituting ethanol for gasoline were to be monetized in
the form of tradable carbon credits (Certified Emission Reductions of greenhouse
gases) through the Clean Development Mechanism under the provisions of the Kyoto
Protocol.

If world agriculture is to become a major source of feedstocks for the biofuel industry,
this might have implications for food security if feedstocks become a competitor to
food, and for the environment if further deforestation takes place from the eventual
expansion of land under the feedstock crops.

6.5 Water shortages

It takes 1,000 litres of water to grow akilo of wheat, between 2,000 and 5,000 litresto
grow onekilo of rice, and 16,000 litres to grow the feed it takes to make one kg of
beef (Pearce 2006, MEA 2005). Agriculture accounts for 70 percent of all water use
in the world and as much as 95 percent in many devel oping countries, amost al of
thisisfor irrigating crops (MEA 2005, FAO2007). Per capita use of water has
decreased from about 700 to 600 cubic meters per year since 1980 (MEA 2005), and
water productivity in agriculture increased by at least 100 percent between 1961 and
2001 (FAO 2003), but total water useis still increasing and is expected to continue to
increase due to population growth, urban expansion and increasing industrialisation.

Today, more than 1.2 billion people live in areas of physical water scarcity
(Comprehensive Assessment of Water Management in Agriculture 2007) and by 2025
over 3 billion people are likely to experience water stress (UNDP HDR 2006). The
gap between available water supply and water demand is increasing in many parts of
the world, limiting future expansion of irrigation. In areas where water supply is
already limited, water scarcity islikely to be the most serious constraint on
development, especially in drought-prone areas (MEA 2005).
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In some water basins the water tables have been falling at an darming rate. In large
areas of Indiaand Chinaground water levels are falling by one to three meters a year
(WB 2006). This can lead to irreversible land subsidence, salt-water intrusion and
pollution of the water resource in addition to increased pumping costs. This presents
an important risk to world food production, as 10 percent of the world’sfood is
produced in areas experiencing groundwater depletion (WB 2006).

Areasthat are aready relatively dry, such as the Mediterranean basin and parts of
Southern Africaand South Americawill likely, due to climate change, experience
further decreases in water availability. Increases in the frequency of droughts and
floods due to climate change are projected to affect local production negatively,
especialy in subsistence sectors at low latitudes. Other regions, such as South Asia
and parts of Northern Europe are likely to experience increases in water availability
(IPCC 2007 b, Stern 2006).

If today’ s food production and environmental trends continue, we will probably have
to face crisesin many parts of the world (Comprehensive Assessment of Water
Management in Agriculture 2007). To avoid this we need to act to improve water use
in agriculture. The hope liesin closing the gap in agricultural productivity in parts of
the world through better water management and changes in production techniques,
including the use of new drought resistant crops.

6.6 Climate change.

Climate change is a serious and urgent issue. The earth has aready warmed by 0.7°C
since 1900, and based on current trends, average global temperatures could rise by 2—
3 °C within the next 50 years (Stern 2007) (or 2-4 °C by the end of the century
according to IPCC (2007 a)).

Food production is particularly sensitive to climate change, since crop yields depend
in large part on climate conditions such as temperature and rainfall patterns. There are
still large uncertainties as to when, how and where climate change will affect
agriculture production and food security. But recent research (i.e. Stern 2007 and
IPCC 2007 a and b) has suggested that the impacts will derive primarily from:

e Higher temperatures. It isvirtually certain®® that temperatures over most land
areas will increase. We will have fewer cold days and nights, and more frequent
hot days and nights. This might lead to increased yields and larger agricultural
areasin colder environments where the planting season will become longer and
more favorable for crop production. But in warmer environments, and especially
in arid and semi-arid areas higher temperatures and increased evaporation will
lead to decreased yields.

e Morefrequent heat waves. We will very likely™® experience more frequent warm
spells and heat waves. Increased heat stress will lead to reduced yields in warmer
regions. Heat waves will also cause more frequent fires.

13 Description of likelihood of occurrence/outcome in | PCC documents:
Virtually certain means > 99% probability
Very likely means 90 to 99% probability
Likely means 66 to 90% probability
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» Droughts. Areas affected by droughts and frequencies of droughts will likely™®
increase. Asaresult we will experience more land degradation, lower yields, crop
damage and failure, and increased livestock deaths.

e Heavy precipitation events. The frequency of heavy precipitation events will
very likely™ increase over most areas. Thiswill cause increased soil erosion,
damage to crops, and inability to cultivate land due to water logging of soils and
possible floods.

e Tropical cyclones. It islikely™ that we will encounter more frequent disruptions
in food production due to severe extreme events such as tropical typhones and
hurricanes.

e High sealevels. Increased incidence of extreme high sealevelsislikely™. Asa
result agricultural production in coastal and low land areas (such as highly
populated areas of Bangladesh) will be threatened by saltwater intrusion of
irrigation water.

e Pestsand diseases. Higher average temperatures and fewer cold waves and frost
days may foster larger pest populations and could extend the range of some pests
and disease vectors, and favor the more rapid buildup of their populations to
damaging levels. Even though no attempt has been made to quantify losses, they
could be appreciable in terms of lower yields and higher production costs
(Bruinsma 2003).

It is generally agreed that agricultural impacts will be more adversein tropical areas
than in temperate areas (Stern 2007, IPCC 2007, Parry et al 2004, Parry et al 2005,
Fischer et al 2005), and that climate change effects will likely widen the gap between
developed and developing countries. Low levels of warming in temperate areas (US,
Europe, Australia and some parts of China) may improve the conditions for crop
growth by extending the growing season and/or opening up new areas for agriculture.
But further warming will have increasingly negative impacts, as damaging
temperature thresholds are reached more often and as water shortages limit crop
growth in semi-arid regions such as Australia, Southern Europe and Western USA
(Stern 2007, IPCC 2007 a).

The impact of climate change on agriculture depends crucially on the size of the
“carbon fertilization” effect (Stern 2007). Since carbon dioxide is abasic building
block for plant growth, rising concentration in the atmosphere may enhance theinitia
benefits of warming and even offset reductionsin yield due to heat and water stress.
Much effort has been put into modeling the links between climate change and crop
growth to project future changesin crop yields and food supply across the globe
(Parry et al 2005, Fischer et al 2005). These models, and projections by the IPCC,
suggest that reduced crop yields due to increased temperatures and decreased soil
moisture will be offset by the direct fertilization effect of rising carbon dioxide
concentration.

Research based on the full realization of the carbon fertilization effect suggests that
total crop yields may even rise when averaged across the globe, even though most
scenarios exerted a slight to moderate (0 to — 5%) negative impact on simulated world
crop yields (Parry et al 2004, Parry et al 2005). These studies were based on
information about crop responses to elevated carbon dioxide obtained from studiesin
greenhouses and laboratory controlled-environment chambers. However, newer
analysis from crops grown in more readlistic field conditions suggests that the carbon
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fertilization effect islikely to be less than half that typically included in the crop
models (Long et al 2006, Long et al 2005). When aweak carbon fertilization effect is
used in the models, global cereal production declinesby 5 % for a2 °C increasein
temperature and 10 % for a4 °C increase (Stern 2007).

The effects of climate change on agriculture will also, of course, depend on the degree
of adaptation, which again will be determined by income levels, market structure,
farming type, etc (Stern 2006).

6.6.1 Impacts on food security.

The impacts of climate change will not be evenly distributed. “The poorest countries
and people will suffer earliest and most” (Stern 2007). Since crop productivity is
expected to decrease at |lower latitudes, even for small local temperature increases (1-
2 °C), therisk of hunger will aso increase (IPCC 2007 b). The impacts will be
strongest across Africa and Western Asia, where models show that yields of the most
common crops may fall by 25-35 % under the weak carbon fertilization scenario or
15-20% under the strong carbon fertilization scenario once temperature rises by 3-4
°C (Stern 2007).

The projected number of people affected by climate change depends to alarge degree
upon the development pathway. In apathway characterized by relatively low per
capitaincome and large population growth, the projected number of people affected is
considerably greater than under pathways with higher per capitaincome and lower
population growth (Parry et al 2005, IPCC 2007 b). Thisdifferenceislargely
explained by differences in vulnerability, and not by differences in changes of

climate.

7 Conclusions

Total agricultural output expanded by almost 170 percent globally since 1961, an
average increase of 2.2% per year, always keeping ahead of global population growth
rates. Much of this growth originated in devel oping countries (3.4 — 3.8 percent p.a.).
But many of the least developed countries, particularly in sub-Saharan Africa,
continue to experience low agricultural productivity, rising food deficits and high
levels of hunger and poverty. The recent success in accelerating growth in some Sub-
Saharan African countries gives hope for the future. The growth in these poor
countries must be sustained, and extended to the neighbouring countries that have not
yet participated in this growth.

The world made significant progress in raising food consumption per capita. In

devel oping countries consumption increased from an average of 2100 kcal/person/day
in 1970 to amost 2700 kcal/person/day today. The proportion of hungry people was
reduced from 37% to 17% over the same period. But there are still more than 850
million undernourished people worldwide. In sub-Saharan Africa, the worst hit
continent, over one third of the population is chronically undernourished.

The composition of agricultural production and consumption has changed
considerably over the last 45 years. Growth in per capita cereal consumption
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stagnated, while income growth and urbanization led to increased demand for
livestock, oil crops and horticultural products. Meat production tripled between 1980
and today, and livestock production now accounts for almost 40 percent of the total
value of agricultural production.

Real pricesfor agricultural commodities declined by approximately two percent per
year since 1961, but the rate of decline varied. Traditional commodities such as raw
materias, tropical beverages, oil crops and cereals experienced the steepest decline.
Thefall in prices was least severe for non-traditional commaodities such as
horticultural and animal products. Some devel oping countries managed to take
advantage of these trends by shifting production and trade into higher-value non-
traditional products. The least developed countries, however, increased their
dependence on traditional export crops. Over the last four decades, their agricultural
exports earnings fell by more than 40 percent, and they have changed from being net
exporters to significant net importers of agricultural commodities.

Historically, area expansion was an important source of crop production growth.
However, further opportunities for area expansion are now exhausted except in Latin
America & Caribbean and some parts of sub-Saharan Africawhere rural population
densities are still low. Increases in cropping intensity may offer a solution to the
problem of how to expand area despite high rural population densities. This will
require expansion of irrigation, for which thereis still some scope, particularly in
Latin America and Sub-Saharan Africa

Except for Sub-Saharan Africa where area expansion has continued to be a substantial
source of growth, yield growth has been the major source of increase in crop
production over the last 45 years. Countries with high popul ation densities tend to be
the ones with high land productivity and vice versa. Many middle income countries
with well devel oped markets and infrastructure have both high labour and land
productivity.

The use of inputs such as fertilizer, modern varieties, tractors and irrigation are other
determinants of yield growth. While modern varietiesincreasingly seemto play a
more important rolein yield growth, growth in the use of the other inputs appears to
be levelling off, at very low levelsin Africa

Research on Total Factor Productivity (TFP) is pointing in the same direction. Output
growth during the 1960s and 1970s was mainly aresult of increased input use, and
TFP growth rates were negative for most developing regions. It is encouraging to note
that TFP growth rates have become positive in the 1981-2000 period. Even Asiaand
Sub-Saharan Africa were showing solid TFP growth rates for this period. Increased
growth in TFP might offer the only feasible solution to the problem of ensuring
continued productivity growth. Thiswill require investmentsin research and
development as well asinstitutiona reforms and infrastructure development.

World agriculture faces many future challenges. One major challenge isto accelerate
production growth in poor agriculture based countries, especially in Sub-Saharan
Africa. Additional challenges will include satisfying increasing global demands for
food, including that for animal products, sustaining the natural resource base (soil,
water, air and biodiversity), coping with water shortages, climate change and
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vulnerability, and navigating the potential conflict between devoting land to animal
food and biofuels relative to direct human food.
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Appendix A: List of cropsincluded in the crop production index

Wheat
Rice
Maize
Barley
Millet
Sorghum
Other cereds
Potatoes
Sweet potatoes
10. Cassava
11. Other roots
12. Plantains
13. Best

14. Sugarcane
15. Pulses

16. Vegetables
17. Bananas
18. Citrus

19. Fruits

20. Qilcrops
21. Rapeseed
22. Pamail
23. Soybeans
24. Groundnuts
25. Sunflower seed
26. Sesame
27. Coconut
28. Cocoa

29. Coffee

30. Teas

31. Tobacco
32. Seed cotton
33. Fibres

34. Rubber

35. Fodder
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