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n examining agricultural vulnerability to climate change in South Africa,
I we see that an important factor is the enormous existing socioeconomic dis-
parity in access to resources, poverty levels, and capacities to adapt. Recent
research results suggest that the South African farming sector is characterized
by medium-level exposure risk, coupled with medium to high levels of social
vulnerability (Gbetibouo and Ringler 2009).

South Africa is unique in southern Africa: from a climatological perspective,
it has a steep rainfall gradient from west to east, as well as three different rainfall
regimes; from a developmental perspective, it has a highly developed industrial
and commercial infrastructure. Agricultural production is mostly commercial,
with only 11 percent of the land arable—and much of that is located in margin-
ally viable areas. Less than 20 percent of the country’s production is from small-
scale agriculture.

Review of Current Trends

Economic and Demographic Indicators

Population

Figure 7.1 shows trends for the total and rural populations of South Africa
(left axis), as well as the share of the population that is urban (right axis). The
figure provides additional information concerning rates of population growth.
The graph shows that, although the total population is increasing steadily, the
rate of growth decreased around 2000. This finding is backed up by the num-
bers in Table 7.1. The period 2000-2008 shows much slower growth than in
previous periods, at 1.20 percent; this may be related to the fact that a popula-
tion census was not taken during that period, but it may also reflect the impact
of HIV/AIDS on mortality rates. Urban growth rates reflect increased trends
toward urbanization. Although rural informal agriculture may be in decline,
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FIGURE 7.1 Population trends in South Africa: Total population, rural population, and
percent urban, 1960-2008
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Source: World Development Indicators (World Bank 2009).

urban agriculture may be increasing. The latter holds little potential for com-
mercial production. Rural agriculture, when shifting from subsistence to com-
mercial, would generally use less labor and more mechanization along with
efficiencies of scale.

Figure 7.2 shows the geographic distribution of population in South Africa.

Income

Figure 7.3 shows trends in gross domestic product (GDP) per capita and the
proportion of GDP from agriculture. The decline in the contribution to GDP
from agriculture reflects the increasing contributions from other sectors in the

TABLE 7.1 Population growth rates in South Africa, 1960-2008 (percent)

Decade Total growth rate  Rural growth rate  Urban growth rate
1960-1969 2.4 21 2.6
1970-1979 2.2 2.1 2.3
1980-1989 25 1.8 3.2
1990-1999 2.2 1.1 341
2000-2008 1.2 0.0 2.0

Source: World Development Indicators (World Bank 2009).
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FIGURE 7.2 Population distribution in South Africa, 2000 (persons per square kilometer)
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FIGURE 7.3 Per capita GDP in South Africa (constant 2000 US$) and share of GDP from
agriculture (percent), 1960-2008
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economy. The overall increase in GDP per capita since 1990 should indicate a
growing improvement in personal well-being.

Vulnerability to Climate Change

Table 7.2 provides some data on indicators of a population’s vulnerability or
resiliency to economic shocks: level of education, literacy, and concentration
of labor in poorer or less dynamic sectors. The figures for South Africa appear
to indicate a healthy rate of literacy and education, but the values include a
significant number of non-school-age learners currently in the education sys-
tem. Similarly, although the adult literacy level appears high, it does not accu-
rately reflect existing adult education levels. Although 65 percent of whites
over 20 years old and 40 percent of ethnic Indians have completed at least high
school, this figure is only 14 percent for black South Africans and 17 percent
for the colored population.

Figure 7.4 shows two noneconomic correlates of poverty: life expectancy
and under-five mortality. Life expectancy has decreased since 1990, and child
mortality has also decreased. Figure 7.5 shows the HIV infection rate. This
has influenced life expectancy. A positive sign is the leveling off of the rate of
infection in the past decade.

Figure 7.6 shows the distribution of the population living on less than
$2 per day (the criterion for poverty). This indicator is based on actual income
and ignores social grants and remittances. It is measured according to magiste-
rial and provincial boundaries and does not reflect overall population density.
It gives a good indication of the locations of the poorest members of the pop-
ulation, who reside mostly in rural areas. The World Bank (2012) calculates
that 31.3 percent of the total population of South Africa was living on less
than $2 per day in 2009 (2009 data measured at 2005 prices).

TABLE 7.2 Education and labor statistics for South Africa, 2007

Indicator Year Value (percent)
Primary school enroliment (percent gross, three-year average) 2007 102.5
Secondary school enroliment (percent gross, three-year average) 2007 97.1
Adult literacy rate (percent) 2007 88.0
Percent employed in agriculture 2007 8.8
Percent with vulnerable employment (own farm or temporary labor) 2007 2.7

Source: World Development Indicators (World Bank 2009).
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FIGURE 7.4 Well-being indicators in South Africa, 1960-2008: Life expectancy and under-
five mortality rate
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FIGURE 7.5 Well-being indicators in South Africa: Prevalence of HIV infection, 1990-2008
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FIGURE 7.6 Poverty in South Africa, circa 2005 (percentage of population below US$2
per day)
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Note: Based on 2005 US$ (US dollars) and on purchasing power parity value.

Land Use Overview

Figure 7.7 shows the natural land cover and agricultural land use in South
Africa as of 2000. The natural land cover has been mostly replaced by field
crops, forests, and orchards where arable land is present; elsewhere, natural
vegetation is used for grazing.

Figure 7.8 shows the locations of protected areas, including parks and
reserves. These locations provide important protection for fragile environ-
ments, which may also be important for the tourism industry. South Africa
enjoys the third-highest level of biodiversity in the world. Although the coun-
try covers only 2 percent of the world’s land area, nearly 10 percent of the
world’s plant species and 7 percent of its reptiles, birds, and mammals are
found there. South Africa’s marine life is similarly diverse, partly as a result of
the extreme contrast between the water masses on the east and west coasts.
Over 10,000 plant and animal species—almost 15 percent of the coastal
species known worldwide —are found in South African waters, with about
12 percent of these occurring nowhere else. By May 2008, about 5.9 percent
of South Africa’s land surface area was under formal conservation through
the system of national and provincial protected areas, whereas approximately
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FIGURE 7.7 Land cover and land use in South Africa, 2000
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FIGURE 7.7 Protected areas in South Africa, 2009
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Sources: Protected areas are from the World Database on Protected Areas (UNEP and IUCN 2009). Water bodies are from the
World Wildlife Fund’s Global Lakes and Wetlands Database (Lehner and D6ll 2004).

12 percent was under game farming and conservation management (South
Africa Government Communications 2009).

Figure 7.9 shows travel times to urban areas of various sizes, which are
potential markets for agricultural products as well as sources of agricultural
inputs and consumer goods for farm households. The maps do not accu-
rately convey the state of the roads or the terrain, which can be seriously
inhibiting factors when attempting to transport goods to markets. The most
remote area is the central Northern Cape Province, which has a population
density of about 1-2 persons per square kilometer and is the least suitable
for agriculture.
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FIGURE 7.9 Travel time to urban areas of various sizes in South Africa, circa 2000
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Agriculture Overview

About 8.5 million people are directly or indirectly dependent on agriculture
for employment and income. The total contribution of agriculture to the
economy increased from R38 billion (38 billion South African rand; US$1 ~
R7) in 2002 to R68 billion in 2008. South Africa’s dual agricultural economy
comprises a well-developed commercial sector, an increasingly significant
emerging sector, and a predominantly subsistence-oriented sector in the rural
areas. Agricultural activities range from intensive export production (fruit,
wine, and field crops) to mixed farming to cattle and sheep farming.

About 11 percent of South Africa’s surface area is available for crop pro-
duction, of which only 22 percent is high-potential arable land. About
1.5 percent of the country’s agricultural land (1.3 million hectares) is under
irrigation. About 81 percent of the total land area is farmed (crops and live-
stock included). However, only 70 percent of this area is suitable for grazing.
Overgrazing and erosion diminish the carrying capacity of the veld and lead to
land degradation. The most important limiting factor in agricultural produc-
tion is water availability. Almost 50 percent of South Africa’s available surface
water is used for agricultural purposes.

Primary commercial agriculture contributes about 3 percent to South
Africa’s GDP and about 7 percent to its formal employment. However, due to
strong backward and forward linkages to the economy, the agroindustrial sec-
tor is estimated to compose about 12 percent of GDP. Although the country
has the potential to be self-sufficient in virtually all major agricultural prod-
ucts, the rate of growth in exports has been slower than that of imports.

Despite the farming industry’s declining share in GDP, it remains vital to
the economy and to the development and stability of the southern African
region as a whole. Since 2005, agricultural exports have contributed, on aver-
age, about 7 percent of the total South African exports. Exports increased
from 5 percent of agricultural production in 1988 to 38 percent in 2007; how-
ever, the growth in imports of processed goods is increasing even faster.

Major import products include wheat, rice, oil cakes, vegetable oils, and
poultry meat. The estimated value of imports in 2008 was R38.4 billion,
whereas exports totaled R44.3 billion in the same year. The largest export
groups are wine, citrus, sugar, grapes, fruit juice, wool, and deciduous fruit,
such as apples, pears, and quinces. Other important export products are avoca-
dos, pineapples, groundnuts, preserved fruit and nuts, maize (when a surplus is
available), and hides and skins.

Owing to its geographic location, some parts of South Africa are prone
to drought. At present, the country’s agricultural sector experiences multiple
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stressors, including (but not limited to) variable rainfall, widespread poverty,
environmental degradation, uncertainties surrounding land transfer and trans-
formation, limited access to capital and markets, inadequate infrastructure
and technology, and HIV/AIDS. Climate change —superimposed on all these
other stressors—is anticipated to exacerbate these issues. With low adaptive
capacity, throughout the value chain the South African agricultural sector is
highly vulnerable to the effects of climate change and the anticipated increase
in climate variability.

The Fourth Assessment Report of the Intergovernmental Panel on Climate
Change states that “agricultural production and food security (including access
to food) in many African countries and regions are likely to be severely compro-
mised by climate change and climate variability” (Boko et al. 2007, 435). Because
most of the arable land in South Africa is rainfed, increasing rainfall variability—
widely projected under climate change conditions—would threaten the liveli-
hoods of people who depend on rainfed agriculture, increasing the percentage of
the population suffering from hunger and undernourishment.

Farmers, both subsistence and commercial, have developed varied strate-
gies to cope with the current climate variability in South Africa. These strat-
egies, however, may not be sufficient to cope with climatic changes of the
future (Boko et al. 2007). In an effort to address issues related to climate
change in the agricultural sector, the Department of Agriculture, Forestry, and
Fisheries has developed the Climate Change Sector Plan and Climate Change
Programme to ensure a sustainable, profitable agricultural sector. The plan is
a response to the South African National Climate Change Response Strategy
as well as the cabinet’s mandated action plans calling for individual plans for
all sectors. Research on the impact of climate change on agricultural produc-
tion is being supported to allow policymakers to better understand and plan
for likely impacts. Climate change vulnerability, mitigation, and adaptation are
three key concepts that are of critical importance to agriculture.

Regardless of any impacts of climate change in South Africa, agriculture
is already affected by droughts, floods, cyclones, and veld fires, among other
natural hazards. The losses resulting from these impacts can be minimized
by strengthening the early warning system for all natural hazards. The system
communicates early warning information in the form of monthly advisories
and daily extreme weather warnings to the sector for disaster risk reduction,
mitigation, and preparedness in accordance with the Disaster Management
Act 0of 2002 (Republic of South Africa, Presidency 2003). Climate variability
means that drought episodes are fairly regular and are interspersed with flood-
ing episodes, resulting in lower average agricultural yields.
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TABLE 7.3 Value of production of leading agricultural commodities in
South Africa, 2000 and 2008 (millions of US$)

Production

Commodity 2000 2008

Total 8,455 15,855
Indigenous cattle meat 1,284 1,580
Indigenous chicken meat 954 1,135
Maize 919 1,004
Grapes 674 831
Cows’ milk, whole, fresh 646 771
Sugarcane 495 425
Hen eggs, in shell 241 37
Wheat 363 320
Indigenous pig meat 105 299
Oranges 205 267
Potatoes 214 264
Apples 164 221
Sunflower seed 133 205
Indigenous sheep meat 105 167
Tomatoes 95 128
Pears 87 95
Onions, dry 60 91
Wool, greasy 88 75
Groundnuts 60 74
Peaches and nectarines 79 73

Source: FAOSTAT (FAO 2010).
Note: US$ = US dollars.

Table 7.3 shows key agricultural commodities in terms of their monetary
value. The value of maize as a crop is eclipsed only by the value of protein in
the form of poultry. Sugarcane and wheat are the other rainfed crops that show
high values; irrigated crops such as fruits and vegetables are also significant.
Most livestock are fed either from natural pastures or from grains, increasing
the monetary value of the latter in the food chain.

Figure 7.10 shows that the contributions of animal products, horticultural
products, and field crops to the total gross value of agricultural production are
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FIGURE 7.10 Value of production of agricultural commodities by type in South Africa,
2007/2008-2011/2012
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51.3 percent, 25.7 percent, and 23.0 percent, respectively. The poultry meat
industry made the largest contribution, at 18.2 percent, followed by cattle and
calves slaughtered, at 11.2 percent, and maize, at 10.9 percent.

The consumption expenditure on food for the year 2009/10 shows a
2.29 percent increase over the previous year at R338,875 million compared
to R331,300 million (Figure 7.11). The steadily increasing demand for meat
reflects a growing trend; the increasing grain requirement for feed coincides
with a recent decrease in human grain consumption.

FIGURE 7.11 Gross value of food consumption expenditure in South Africa, 2007/2008—

2011/2012
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Maize

Maize (Zea mays L.) is South Africa’s most important field and grain crop
(Figure 7.12). Approximately 10-16 kilograms of grain are produced for
every millimeter of rainfall or irrigation water “consumed” by the maize plant;
in essence, this means that each maize plant will have used around 250 liters
of water by maturity (Du Plessis 2003). Maize is the staple food for most of
South Africa’s people. The crop provides the basic household requirements of
subsistence and emerging farmers, and any excess production is sold to supple-
ment household income (Republic of South Africa, NDA 2005). The maize
industry is also an important foreign exchange earner through exports of maize
and maize products. The consumption requirement of maize for South Africa
is around 8.7 million tons per year—around 4.8 million tons for white maize
and around 3.9 million tons for yellow maize—as it is the most important
feed ingredient in the beef, dairy, and poultry industries.

FIGURE 7.12 Yield (metric tons per hectare) and harvest area density (hectares) for maize
in South Africa, 2005
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Sources: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.
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Maize is produced in South Africa by around 9,000 commercial farmers
and provides direct employment to a workforce of around 130,000. In addi-
tion, tens of thousands of people are employed in the various industries relying
on maize as a raw material (mainly for milling and stock feeds). Maize is gener-
ally planted from October to December, depending on regional and seasonal
rainfall and temperature patterns— for example, as soon as sufficient soil mois-
ture has accumulated (about 25 millimeters over a five-day period) or when
soil temperatures are high enough for germination (when minimum tem-
peratures of 10°~15°C have been maintained for a week) (Republic of South
Africa, NDA 2005).

As a warm-weather crop, maize requires daily mean temperatures above
22°C: the ideal is a January mean between 19° and 24°C. The maximum tem-
perature that can be reached before heat-related yield reductions are incurred
is around 32°C. Frost can damage maize at all growth stages, and generally a
frostfree period of 120-140 days is required to prevent damage. Maize can
be produced in areas with a mean annual precipitation as low as 350 milli-
meters, but ideal rainfall levels are 450—-600 millimeters during the growing
season (Republic of South Africa, NDA 2005). Sustained production depends
on an even distribution of rainfall throughout the growing season (Republic
of South Africa, NDA 2005), but rainfall is particularly critical during the
flowering season, when soil water stress reduces yields more than during other
growth phases.

In the decade 1995/1996-2004/2005, maize yields in South Africa fluc-
tuated between 2.16 and 3.04 tons per hectare, depending primarily on cli-
matic conditions. Under irrigation, yields average 6.05 tons per hectare, with
the highest yields in the Northern Cape (6.76 tons per hectare), Free State
(6.31 tons per hectare), and Mpumalanga Provinces (6.27 tons per hectare)
(Statistics South Africa 2002; Schulze and Walker 2007). It seems that the
total area planted with maize is slowly decreasing, whereas it seems that pro-
duction is increasing (Figures 7.13 and 7.14). This reflects the increasing effi-
ciency and technological advances within the industry as well as the (mostly)
favorable climatic conditions over the past decade.

Wheat

The Western Cape and Free State Provinces typically produce three quar-

ters of the South African wheat crop (Figure 7.15). Approximately 85 per-
cent of the total wheat area is cultivated under rainfed conditions, whereas
the other 15 percent is irrigated. Most wheat produced in the Western Cape is
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FIGURE 7.13 Area planted with maize, South Africa, 1993/1994-2010/2011 (thousands

of hectares)
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FIGURE 7.14 Maize production, South Africa, 1993/1994-2010/2011 (thousands of

metric tons)
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FIGURE 7.15 Yield (metric tons per hectare) and harvest area density (hectares) for wheat
in South Africa, 2005
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.

under rainfall conditions; the southwestern part of the Western Cape is one of
the most important wheat-producing regions in South Africa. Unsteady and
erratic rainfall in the Western Cape often produces wide variations in wheat
yields and quality. Accordingly, South Africa could produce a surplus of wheat
during years with very good rainfall, but it experiences shortages of wheat in
most years. The planted areas are decreasing (Figure 7.16), and, though yields
are increasing, total production cannot cope with increased demand.

Critics say that the shortage of wheat supply is due to a combination of fac-
tors, primarily the government’s decision to open up the domestic market to
global forces. But transport and infrastructure problems also make it costly
for farmers to use the railways to export their product. In any case, South
Africa may face a growing food crisis if a decline in domestic wheat production
threatens to escalate food prices.
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FIGURE 7.16 Area planted, production, and yields for wheat in South Africa, 1990/1991—

2010/2011
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Sugar

South Africa is ranked 13th in the world as a producer of sugarcane
(Saccharum officinarum) (South Africa Government Communications 2005).
The sugar industry in South Africa employs 85,000 people directly as well

as 265,000 indirectly (for example, in the fertilizer, fuel, chemical, transport,
food, and services sectors); an additional 1 million jobs are dependent on the
sugar industry. The industry contributes approximately R2.0 billion annually
to foreign exchange earnings. Sugarcane makes up approximately 15 percent
of the gross value of the country’s agricultural production and approximately
4.5 percent of its total agricultural production by tonnage. Sugarcane is

grown by nearly 50,000 registered producers: 2,000 large-scale growers (aver-
age farm size 165 hectares) produce about 78 percent of the total crop; about
47,000 small-scale growers farm 2.0-2.5 hectares, on average, and produce

12 percent of the total crop. The remaining 10 percent is produced by mill-
ing companies with their own estates (Republic of South Africa, DAFF 2011).
Annual production varies from 19-23 million tons, depending largely on cli-
matic conditions. From this tonnage, around 2,500,000 tons of sugar is pro-
duced per season, of which half is marketed in South Africa and the remainder
exported to markets in Africa, the Middle East, North America, and Asia.
Some 95 percent of the sugarcane crop is fertilized, accounting for 18 percent
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FIGURE 7.17 Yield (kilograms per hectare) and harvest area density (hectares) for
sugarcane in South Africa, 2005
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Source: SPAM (Spatial Production Allocation Model) (You and Wood 2006; You, Wood, and Wood-Sichra 2006, 2009).
Note: ha = hectare; MT/ha = metric tons per hectare.

of the fertilizer used in the country (FAO 2005a). The average cane yield is
51 tons per hectare per year (FAO 2005a). Dryland yields, however, vary con-
siderably from year to year (Figure 7.17) (Schulze, Hull, and Maharaj 2007).

Irrigation
The total runoff per year from South African rivers is estimated at approximately
51,100 million cubic meters, but because of variable flow and high evaporation,
only 30,000 million cubic meters can be economically used. The total potential
groundwater delivery is estimated at 12,000 million cubic meters, of which only
5,400 million cubic meters can be readily retrieved. The estimated total water
used in South Africa during 2000 was 22,500 million cubic meters.

The irrigation sector uses approximately 50 percent of the total water con-
sumed. Groundwater irrigates 24 percent of the irrigable area, whereas surface
water (from rain, rivers, dams, and canals) irrigates 76 percent. South Africa
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TABLE 7.4 Distribution of irrigated area in South Africa, by province, 1999 (hectares)

Commercial irrigation, Commercial irrigation, Area equipped for
Province permanent temporary irrigation, total
South Africa, total 416,753 1,081,257 1,498,010
Eastern 11,070 179,995 191,065
Free State 46 68,764 68,810
Gauteng 18 16,330 16,348
KwaZulu-Natal 2,747 131,974 134,722
Mpumalanga 18,498 116,977 135,475
North West 706 114,094 114,801
Northern Cape 34,759 130,181 164,940
Northern 58,704 160,617 219,321
Western Cape 290,204 162,325 452,529

Source: FAO (2005b).

has three major rivers—the Vaal, Orange, and Limpopo —and many irriga-
tion schemes have been developed on or near these rivers or their tributaries.
Approximately 1.5 million hectares are under irrigation, amounting to 7.2 per-
cent of the total arable land in South Africa. Table 7.4 summarizes the amount
of irrigation available by province.

Scenarios for the Future

Economic and Demographic Indicators

Population

Figure 7.18 shows population projections by the UN Population Division
through 2050. The low variant reflects an increase in HIV/AIDS-related
deaths, as well as a reduction in the population growth rate. The medium vari-
ant is most likely, showing a small annual increase over the next 40 years.

Income

Figure 7.19 shows the three scenarios for GDP per capita used for this study.
These result from combining three World Bank GDP projections with the
three population projections of Figure 7.18, from United Nations population
statistics: the optimistic scenario combines high GDP with low population,
the baseline scenario combines the medium GDP projection with the medium
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FIGURE 7.18 Population projections for South Africa, 2010-2050
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Source: UNPOP (2009).

FIGURE 7.19 Gross domestic product (GDP) per capita in South Africa, future scenarios,
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Note: US$ = US dollars.
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population projection, and the pessimistic scenario combines the low GDP
projection with the high population projection.

The worst-case scenario would assume negative trends in South Africa’s
political, economic, and health situations, combined with rapid population
growth. The baseline scenario assumes constant growth rates for GDP and
population and is more likely. The optimistic scenario reflects constant GDP
growth along with a declining rate of population growth.

Biophysical Analysis

Climate Models

The latest downscaled scenarios from the Climate Systems Analysis Group
were examined to find trends in the potential change in precipitation
through 2050 (Republic of South Africa, DST 2011). The study uses nine
general circulation models (GCMs) downscaled to a 25-kilometer grid reso-
lution over South Africa. Note that downscaling is especially important for
South Africa because the GCMs that are not downscaled fail to adequately
capture the detailed spatial gradients and strong topographical forcing that
are important determinants of South Africa’s climate. The downscaled
applications in the study focused on scenario SRES A2, a moderately high-
emission scenario that envisions a heterogeneous world with an increasing
global population and regionally oriented economic growth.’

The study shows that the models are in general agreement for September
through November, with much of the country, particularly the eastern half,
projected to become wetter (there is a range of wetness projected, with 10 mil-
limeters of rain per month the approximate median). December through
February is projected to be drier, particularly in the northeast, though the
models are far from unanimous. Finally, the other quarterly projections show
little change, on average, though they tend to lean toward predicting that it
will be slightly wetter, with March through May predicted to be wetter toward
the center of the country and June through August predicted to be wetter
toward the east. We also note that in all quarters the lower southwestern coast
of the Western Cape is projected to receive less rainfall.

Figure 7.20 shows changes in mean daily maximum temperature for the
warmest month, with each map representing the outcome of a different GCM

1 SRES s the Special Report on Emissions Scenarios, a report by the Intergovernmental Panel on
Climate Change (IPCC 2000).
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FIGURE 7.20 Change in monthly mean maximum daily temperature in South Africa for the
warmest month, 2000-2050, A1B scenario (°C)
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Source: Authors’ calculations based on Jones, Thornton, and Heinke (2009).

Notes: A1B = greenhouse gas emissions scenario that assumes fast economic growth, a population that peaks midcentury,
and the development of new and efficient technologies, along with a balanced use of energy sources; CNRM-CM3 = National
Meteorological Research Center—Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth Scien-
tific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate,
developed by the University of Tokyo Center for Climate System Research.
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(four GCMs were used).” Of the four GCMs, the ECHAM 5 model predicts
the hottest future, with the temperatures of at least half the country projected
to increase by over 2.5°C and some areas well over 3°C. The coolest future is

found in the projection of the CSRIO Mark 3 GCM, with most of the coun-

try seeing an increase of less than 2°C.

Climate Summary

Temperatures across the country have increased in the historical past and are
seen to be increasing throughout the 21st century. The warming is expected
to be greatest in the interior of the country and less along the coast. Assuming
a moderate to high level of growth in greenhouse gas concentrations, by mid-
century the coast is likely to warm by around 1°C and the interior by around
3°C.

Rainfall changes are expected to be regionally complex, especially in areas
of strong topographical variation. In general, several trends emerge from the
models. There are indications that the east coast will be wetter in summer and
the west coast drier; the southwest of the country will experience drier con-
ditions in both summer and winter. The west—east pattern of precipitation
seems stable across the range of models and is physically consistent with the
circulation changes; nevertheless, there is notable uncertainty about the mag-
nitude of the response. There are indications that rainfall intensity is likely
to increase—that is, even without an increase in total rainfall, the intensity
is likely to be greater when it does rain. Evaporation is likely to increase due
to higher temperatures. This is likely to increase the drought potential (as
defined by the response of available soil moisture and available free water)—
possibly even if the total rainfall of a region increases.

Crop Models

We used the Decision Support Software for Agrotechnology Transfer crop
model to compute yields under current temperature and precipitation regimes
and compare them to those for the year 2050 using the temperatures and pre-
cipitation levels projected. The output for key crops is mapped in Figures 7.21
(maize) and 7.22 (wheat).

2 CNRM-CM3 is National Meteorological Research Center—Climate Model 3. CSIRO is a cli-
mate model developed at the Australia Commonwealth Scientific and Industrial Research
Organisation. ECHAM 5 is a fifth-generation climate model developed at the Max Planck
Institute for Meteorology in Hamburg. MIROC is the Model for Interdisciplinary Research on
Climate, developed at the University of Tokyo Center for Climate System Research.
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FIGURE 7.21 Yield change under climate change: Rainfed maize in South Africa, 2000—
2050, A1B scenario
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Source: Authors’ calculations based on Jones, Thornton, and Heinke (2009).

Notes: A1B = greenhouse gas emissions scenario that assumes fast economic growth, a population that peaks midcentury,
and the development of new and efficient technologies, along with a balanced use of energy sources; CNRM-CM3 = National
Meteorological Research Center—Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth Scien-
tific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate,
developed by the University of Tokyo Center for Climate System Research.
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FIGURE 7.22 Yield change under climate change: Rainfed wheat in South Africa (excluding
Western Cape), 2000-2050, A1B scenario
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Source: Authors’ calculations based on Jones, Thornton, and Heinke (2009).

Notes: A1B = greenhouse gas emissions scenario that assumes fast economic growth, a population that peaks midcentury,
and the development of new and efficient technologies, along with a balanced use of energy sources; CNRM-CM3 = National
Meteorological Research Center—Climate Model 3; CSIRO = climate model developed at the Australia Commonwealth Scien-
tific and Industrial Research Organisation; ECHAM 5 = fifth-generation climate model developed at the Max Planck Institute
for Meteorology (Hamburg); GCM = general circulation model; MIROC = Model for Interdisciplinary Research on Climate,
developed by the University of Tokyo Center for Climate System Research.
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For maize, the areas that are projected to suffer significant losses are located
in the medium- to high-yielding areas, and thus climate change would have
fundamental impacts on food production. The possibly improved yields will
be in areas that are currently marginal. Three of the four GCMs show areas of
significant yield increases in North West Province. All models show significant
losses in Free State. However, there are some areas in Free State that will be
able to grow maize that have not been able to under the current climate. Some
such areas also exist in Eastern Cape. These areas are likely ones that were pre-
viously too cold to grow maize.

Three out of four GCMs show large areas of increased wheat yield in
Free State and Mpumalanga. However, in scenarios showing likely decreases
in rainfall, yields are seriously under threat in the Western Cape region.
Unfortunately, we failed to assess the yield changes in the Western Cape in our
crop model.

Agricultural Outcomes

Figures 7.23 and 7.24 show simulation results from the International Model
for Policy Analysis of Agricultural Commodities and Trade (IMPACT) asso-
ciated with key agricultural crops in South Africa. Each featured crop has five
graphs: production, yield, area, net exports, and world price. The simulations
represent the three GDP and population scenarios—each modeled with the
four GCMs—hence the box-and-whisker plots indicating the range of out-
comes under different climate change models (25th percentile, median, and
75th percentile).

These maps show a continued trend of smaller planting areas for maize,
with higher yields and total production at first but after 2035 succumb-
ing to the decline in planted area. Exports are projected to increase through
2020 and afterward to decline to the point that South Africa will become
a net importer of maize. It is cause for concern that total production is
shown to decline—more dramatically if the scenario’s increases in yield do
not materialize. Thus climate change is seen to have an anticipated impact
on the security of the country’s maize supply, especially during years of
extreme weather.

The model did not compute yield changes for wheat in the Western Cape,
but it appears likely that any increases in production will be offset by expected
losses in this region due to increased temperatures and lower levels of rainfall.
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FIGURE 7.23 Impact of changes in GDP and population on maize in South Africa,
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The increase in the world price will insulate South Africa against external pres-
sure as long as domestic production is adequate to supply the demand, which
seems unlikely given the divergence of production and consumption since
2001 (Figure 7.25).

Sugarcane appears to be the most resilient of the field crops to climate
change (Figure 7.26). The crop’s yield and area are both projected to increase,
though its yield will increase by a higher percentage, and production will
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FIGURE 7.24 Impact of changes in GDP and population on wheat in South Africa,
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increase. Sugarcane farmers normally burn off the bagasse after harvest; this
dangerous practice has to be carefully monitored to prevent runaway fires that
can damage productive crops. Increases in temperature stand to increase this
risk, as well the risk of veld fires, which may also damage sugar plantations.
Increased rainfall, especially if more intense, may leave fields soggy or flooded.
This will make it very difficult for machinery to access the crops for harvesting

on both sloped and level ground.
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FIGURE 7.25 Trends in wheat production and area planted in South Africa, 1970/1971-
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Source: USDA, FAS (2012).

Vulnerability to Climate Change
In addition to agricultural predictions, IMPACT also produces scenarios of
the number of malnourished children under the age of five, as well as the avail-
able kilocalories per capita. Figure 7.27 shows the impact of future GDP and
population scenarios on the number of malnourished children under age five
in South Africa; Figure 7.28 shows the share of these children. After increases
in the short term, levels drop off in all scenarios. In the baseline case, the num-
ber of malnourished children drops below the current level by 2035 (and by
2030 under the optimistic scenario). This outcome assumes the improved dis-
tribution and availability of food and an increase in food security (or in wel-
fare infrastructure).

Figure 7.29 shows the kilocalories per capita available in South Africa.
Because no dramatic increase in available nutrients is projected, the decline
in malnourished children may be driven instead by a decline in the birth rate,
resulting in fewer children under age five as a percentage of the population.
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Impact of changes in GDP and population on sugarcane in South Africa,
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It is of concern that the pessimistic scenario shows a 20 percent reduction
in kilocalories per capita. This reflects the negative impact of the large pro-
jected staple price increases, whereas GDP per capita in this scenario increases

only modestly.
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FIGURE 7.27 Number of malnourished children under five years of age in South Africa in
multiple income and climate scenarios, 2010-2050
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Note: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate
scenarios.

FIGURE 7.28 Share of malnourished children under five years of age in South Africa in
multiple income and climate scenarios, 2010-2050
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Note: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate
scenarios.
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FIGURE 7.29 Kilocalories per capita in South Africa in multiple income and climate
scenarios, 2010-2050
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Note: The box and whiskers plot for each socioeconomic scenario shows the range of effects from the four future climate
scenarios.

Conclusions and Policy Recommendations
In this chapter we have used statistical information from various sectors and
aspects of the South African society, economy, and natural environment to assess
the vulnerability of the country’s agriculture to the impacts of climate change.
The chapter represents a useful, though not comprehensive, source of informa-
tion for analysis by interested stakeholders, sector role players, and policymakers.

Agricultural production in South Africa is mainly commercial and thus
less vulnerable to the impacts of climate change than other parts of the region,
because adapting to climate change is, in most cases, worth the extra invest-
ment required. Resilience is a function of economic well-being; in a wealth-
ier country, the government has more resources to assess vulnerabilities and to
create and implement adaptive mechanisms, thereby increasing the resilience
of even the poorest citizens.

The most vulnerable sector in agriculture was found to be that of poor
farmers, including subsistence and even emerging farmers. These produc-
ers are more dependent than others on weather and climate conditions on a
daily basis to provide them with basic foodstuffs and enable them to achieve a
degree of food security. However, commercial agriculture provides the food for
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the majority of South Africans; here, too, shifts in climate patterns, growing
regions, and market prices would have a major influence on plantings, yields,
and total production.

It is clear that climate change will have two major impacts. First, average tem-
peratures will increase. Higher minimum temperatures will have impacts on
cold storage, frost frequency, and pest life cycles but will have the advantage of
opening up areas to the cultivation of specific crops where it was previously too
cold. Higher maximum temperatures will cause more extremely hot days, with
increased evaporation, more days of soils drying out, and increased refrigera-
tion requirements for fresh produce. In general, every day of 2050 is likely to be,
on average, 2°C warmer than at current temperature levels. This will have severe
impacts on seasonal cycles, suitable growing areas, and the way crops grow.

Second, the nature of rainfall patterns within seasons will change in both
intensity and frequency. This will affect runoff, water availability, the length
of dry spells, and the replenishment of groundwater. Agriculture will need to
adapt to changes in the areas suitable for specific crops. Especially vulnerable
will be crops that require longer-term investments in, for example, orchards,
vineyards, and irrigation systems.

The future of agriculture in South Africa can be made more resilient by
a more secure supply of water, specifically through irrigation. However, the
country has few rivers and thus few opportunities for dam building. Increased
temperatures will mean generally drier conditions. Groundwater will need to
be replenished through rainfall and will be under increasing demand, not only
from all forms of agriculture but also from the domestic, industrial, and min-
ing sectors.

In the case of rangelands, the main threat to grazing will be from the effects
on trees of CO, fertilization, which will increase the size of the root systems of
trees and shrubs. On the other hand, Scheiter and Higgins (2009) point out
that temperature-driven factors might favor grasses.

The implications of climate change for policy are enormous. More than
ever, planning, management, and conservation of water resources will become
vital for the sustainability of agriculture. The demands on fresh water for min-
ing and industry, as well as for domestic use, must be tempered with the use
of recycled, gray, or even brown water sources. Agriculture is generally already
using water efficiently because it represents a significant input cost; more judi-
cious uses can still be encouraged by wise application of tariffs and allocations.

In addition, the expansion of agriculture for previously disadvantaged
groups needs to be well planned, accompanied by sufficient support to allow
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the growth of sustainable farming units and an increase in well-being for all
farmers. Increased urbanization will leave fewer people working on the land,
but this is a manageable outcome. Experience has shown that agriculture can
be very efficient with a core of committed and knowledgeable farmers.

For highly vulnerable regions, such as KwaZulu-Natal, Limpopo, and the
Eastern Cape, it will be essential to develop policies that do the following:

o Encourage the effective management of environmental resources (soil,
water, and natural vegetation) through holistic and sustainable agricul-
tural practices.

e Stimulate agricultural intensification and diversification. Marginal agri-
culture should be avoided and alternative livelihood incomes sought in

degraded areas.

e In the small-scale sector, facilitate increased access to markets and partici-
pation in them.

e Develop rural infrastructure to uplift desperately poor and vulnerable com-
munities, especially because these are the most highly vulnerable to cli-
mate change.

The main recommendation of this chapter is that decisionmakers, poli-
cymakers, and water users be educated regarding the implications of cli-
mate change on agriculture. Specific vulnerabilities need to be identified and
addressed through adaptation frameworks and actions in order to build resil-
ience and guarantee food security for the country. Because vulnerability to cli-
mate change is highly variable according to region, policymakers should tailor
policies to local conditions (Gbetibouo and Ringler 2009).

References

Bartholome, E., and A. S. Belward. 2005. “GLC2000: A New Approach to Global Land Cover
Mapping from Earth Observation Data.” International Journal of Remote Sensing 26 (9):
1959-1977.

Boko, M., I. Niang, A. Nyong, C. Vogel, A. Githeko, M. Medany, B. Osman-Elasha, R. Tabo, and P.
Yanda. 2007. “Climate Change 2007: Impacts, Adaptation, and Vulnerability.” In Conzribution
of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change, edited by M. L. Parry, O. F. Canziani, J. P. Palutikof; P. J. van der Linden, and C. E.
Hanson. Cambridge: Cambridge University Press.



210 CHAPTER7

CIESIN (Center for International Earth Science Information Network), Columbia University, [IFPRI
(International Food Policy Research Institute), World Bank, and CIAT (Centro Internacional
de Agricultura Tropical). 2004. Global Rural-Urban Mapping Project (GRUMP), Alpha Version:
Population Density Grids. Palisades, NY, US: Socioeconomic Data and Applications Center
(SEDAC), Columbia University. http://sedac.ciesin.columbia.edu/gpw.

Du Plessis, J. 2003. Maize Production. Potchefstroom, South Africa: Directorate Agricultural
Information Services, Department of Agriculture in cooperation with ARC Grain
Crops Institute.

FAO (Food and Agriculture Organization of the United Nations). 2005a. Fertilizer Use by Crop in
South Africa. Rome. Accessed February 22, 2012. www.fao.org/docrep/008/j5509¢/j5509¢00
hem.,

———.2005b. AQUASTAT Country Profile: South Africa. Rome. Accessed March 17, 2012. www
fao.org/ag/agl/aglw/AQUASTAT/countries/index.stm, 28/02/2006. The particular table
used is located at www.fao.org/nr/water/aquastat/irrigationmap/zaf/index.stm#table.

———.2010. FAOSTAT. Accessed December 22, 2010. http://faostat.fao.org/site/573/default
.aspx#ancor.

Gbetibouo, G. A., and C. Ringler. 2009. Mapping South African Farming Sector Vulnerability to
Climate Change and Variability: A Sub-national Assessment. IFPRI Discussion Paper 00885.
Washington, DC: International Food Policy Research Institute.

Grain SA. 2010. “NOK mielies: Oppervlakte, produksie, opbrengs per provinsie” (CEC Maize: Area
Planted, Production, Yield per Province). Excel spreadsheet. Accessed November 21, 2010.
www.grainsa.co.za/pages/industry-reports/production-reports.

IPCC (Intergovernmental Panel on Climate Change). 2000. “Emission Scenarios: Summary for
Policy Makers.” Accessed February 23, 2011. www.grida.no/climate/ipcc/spmpdf/sres-e.pdf.

Jones, P. G., P. K. Thornton, and J. Heinke. 2009. Generating Characteristic Daily Weather Data Using
Downscaled Climate Model Data from the IPCC’s Fourth Assessment. Project report. Nairobi,
Kenya: International Livestock Research Institute.

Lehner, B., and P. Déll. 2004. “Development and Validation of a Global Database of Lakes,
Reservoirs, and Wetlands.” Journal of Hydrology 296 (1-4): 1-22.

Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-being: Synthesis. Washington,
DC: Island Press. http://www.maweb.org/en/Global.aspx.

Nelson, G. C., M. W. Rosegrant, A. Palazzo, I. Gray, C. Ingersoll, R. Robertson, S. Tokgoz, et al.
2010. Food Security, Farming, and Climate Change to 2050: Scenarios, Results, Policy Options.
Washington, DC: International Food Policy Research Institute.

Republic of South Africa, DAFF (Department of Agriculture, Forestry, and Fisheries). 2011. A4 Profile
of the South African Sugar Market Value Chain. Pretoria.



SOUTH AFRICA 211

———.2013. Abstract of Agricultural Statistics. Pretoria.

Republic of South Africa, DST (Department of Science and Technology). 2011. South African Risk
and Vulnerabilivy Atlas. Accessed March 15, 2012. www.sarva.org.za/download/sarva_atlas.pdf.

Republic of South Africa, NDA (National Department of Agriculture). 2005. “Maize Profile.”

Pretoria. Accessed March 1, 2012. www.nda.agric.za/docs/FactSheet/maize.htm.

Republic of South Africa, Presidency. 2003. Disaster Management Act. No. 57 of 2002. Pretoria.
Accessed May 2, 2012. www.info.gov.za/view/DownloadFileAction?id=68094.

Scheiter, Simon, and Steven I. Higgins. 2009. “Impacts of Climate Change on the Vegetation of
Africa: An Adaptive Dynamic Vegetation Modelling Approach.” Global Change Biology 15 (9):
2224-2246.

Schulze, R. E., ed. 2007. South African Atlas of Climatology and Agrohydrology. WRC Report
1489/1/06. Pretoria, Republic of South Africa: Water Rescarch Commission.

Schulze, R. E., P. J. Hull, and M. Maharaj. 2007. “Sugarcane Yield Estimation.” In South Afvican Atlas
of Climatology and Agrobydrology, edited by R. E. Schulze. WRC Report 1489/1/06, Section
16.2. Pretoria, Republic of South Africa: Water Research Commission.

Schulze, R. E., and N. J. Walker. 2007. “Maize Yield Estimation.” In South African Atlas of
Climatology and Agrohydrology, edited by R. E. Schulze. WRC Report 1489/1/06, Section
16.2. Pretoria, Republic of South Africa: Water Research Commission.

South Africa Government Communications. 2005. South Africa Yearbook 2004/05, 12th ed. Pretoria.

———.2009. South Africa Yearbook 2008/09. Pretoria. www.gcis.gov.za/resource.

Statistics South Africa. 2002. Report on the Survey of Large and Small Scale Agriculture. Pretoria.

UNEP (United Nations Environment Programme) and IUCN (International Union for the
Conservation of Nature). 2009. World Database on Protected Areas (WDPA): Annual Release
2009. Accessed 2009. www.wdpa.org/protectedplanet.aspx.

UNPOP (United Nations Department of Economic and Social Affairs—Population Division). 2009.
World Population Prospects: The 2008 Revision. New York. http://esa.un.org/unpd/wpp/.

USDA, FAS (U.S. Department of Agriculture, Foreign Agricultural Service). 2012. “South Africa,
Republic of, Grain and Feed Annual.” GAIN Report, February 16. Accessed May 5, 2012.
http://gain.fas.usda.gov/Recent%20GAIN%20Publications/Grain%20and%20Feed%
20Annual_Pretoria_South%20Africa%20-%20Republic%200f_2-16-2012.pdf.

Wood, S., G. Hyman, U. Deichmann, E. Barona, R. Tenorio, Z. Guo, S. Castano, O. Rivera, E. Diaz, and
J. Marin. 2010. “Sub-national Poverty Maps for the Developing World Using International Poverty
Lines: Preliminary Data Release.” Accessed May 6, 2010. http://povertymap.info (password
protected). Some also available at heep://labs.harvestchoice.org/2010/08/poverty-maps/.

World Bank. 2009. World Development Indicators. Washington, DC.



212 CHAPTER7

———.2010. The Costs of Agricultural Adaptation to Climate Change. Washington, DC.

———.2012. World Development Indictors. Washington, DC. http://data.worldbank.org/indicator/
SL.POV.2DAY.

You, L., and S. Wood. 2006. “An Entropy Approach to Spatial Disaggregation of Agricultural
Production.” Agricultural Systems 90 (1-3): 329-347.

You, L., S. Wood, and U. Wood-Sichra. 2006. “Generating Global Crop Distribution Maps: From
Census to Grid.” Paper presented at the International Association of Agricultural Economists

Conference in Brisbane, Australia, August 11-18.

———.2009. “Generating Plausible Crop Distribution and Performance Maps for Sub-Saharan
Africa Using a Spatially Disaggregated Data Fusion and Optimization Approach.” Agricultural
Systems 99 (2-3): 126-140.



