
Dube, Sikhalazo; Scholes, Robert J.; Nelson, Gerald C.; Mason-D'Croz, Daniel;
Palazzo, Amanda

Working Paper

South African food security and climate change:
Agriculture futures

Economics Discussion Papers, No. 2013-12

Provided in Cooperation with:
Kiel Institute for the World Economy – Leibniz Center for Research on Global Economic Challenges

Suggested Citation: Dube, Sikhalazo; Scholes, Robert J.; Nelson, Gerald C.; Mason-D'Croz, Daniel;
Palazzo, Amanda (2013) : South African food security and climate change: Agriculture futures,
Economics Discussion Papers, No. 2013-12, Kiel Institute for the World Economy (IfW), Kiel

This Version is available at:
https://hdl.handle.net/10419/69283

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  http://creativecommons.org/licenses/by/3.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/69283
http://creativecommons.org/licenses/by/3.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


© Author(s) 2013. Licensed under the Creative Commons License - Attribution 3.0

Discussion Paper
No.  2013-12 | February 11, 2013 |  http://www.economics-ejournal.org/economics/discussionpapers/2013-12

South African Food Security and Climate Change:
Agriculture Futures

Sikhalazo Dube, Robert J. Scholes, Gerald C. Nelson, Daniel Mason-
D’Croz, and Amanda Palazzo

Abstract
The projected changes in planted area, yield per area, net exports/imports and priced for five major
agricultural crops in South Africa were simulated using the projections of four Global Circulation
Models (GCMs) under three socio-economic scenarios. The GCM runs were those undertaken for
the IPCC fourth assessment report. They show consistent strong warming over the subcontinent, but
disagree with respect to future precipitation, from slight wetting (particularly on the eastern side) to
overall slight drying. The future crop yields were simulated using the DSSAT crop model suite. The
planted area, commodity prices and net exports were simulated using the IMPACT global food trade
model. The results indicate slightly rising to stable yields per unit area up to 2050, despite climate
change, largely due to the inbuilt assumption of ongoing agronomic and genetic improvements. The
planted area remains fairly constant in both location and size. As a result of increasing food demand,
net exports decline (i.e. imports increase) substantially, and so do prices due to simultaneous
increases in global demand. The effects on food security in South Africa, measured as average
calorific intake per person and malnutrition in children under the age of five, depends more on
the assumptions regarding population and GDP growth than on climate change, since the study
assumes that local shortages will be balanced by increased imports, if they are affordable. Thus
the vulnerability to food insecurity at family and national level increases in the future under all
but the most optimistic development scenarios, and is exacerbated by climate change, especially
through global-scale, market-related mechanisms. Policies to increase local agricultural production,
decrease its climate sensitivity and facilitate access to international markets are indicated, along
with efforts to reduce agricultural greenhouse gas emissions.
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Introduction 

 

South Africa remains committed to the ideals of the Millennium Development Goals 

agreed at the World Summit on Sustainable Development in Johannesburg 2002, 

and especially emphasizes those that relate to health and poverty alleviation. This is 

reflected in in government programs such as the Integrated Food Security and 

Nutrition Program which aims to eradicate hunger, malnutrition and food insecurity 

by 2015; the Household Food Production Program which provides food production 

packages and establishes vegetable gardens; and the Farmer Support Program 

which provides loans through the micro-agricultural financial institutions. Climate 

change poses a challenge to food security; mitigation and adaption strategies need 

to be identified and implemented to avert an increase in households that will fall 

below the poverty thresholds. The allocation of water for various national 

requirements is an area of tremendous debate. Most recently, there has been 

concern that large amounts of water for irrigation may be diverted to energy 

generation (coal-fired thermal power stations). Whilst this concern is valid, the 

amount of water that will be lost from irrigation will most likely remain low; at most 

2% of mean annual runoff from the affected basins. 

 

Understanding trends in agricultural production and trade, in relation to climate 

change and population growth is vital for national planning and the development of 

adaptation and mitigation strategies. This report sets out to highlighting some of the 

trends and scenarios. 

The first part of this paper is an overview of the current food security situation, the 

underlying natural resources available in South Africa and the drivers that led to the 

current state, focusing on income and population growth. The second part reviews 

the South Africa-specific outcomes of a set of scenarios for the future of global food 

security in the context of climate change. These country-specific outcomes are 

based on IMPACT model (Rosegrant et al. 2008) runs undertaken in July 2011. 

The Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change, Working Group 1, define climate as 'average weather'. Climate is usually 

described in terms of the mean and variability of temperature, precipitation and 

wind over a period of time, ranging from months to millions of years (the classical 

period is 30 years)” (Le Treut et al., 2007, pg.96). 

The increase of greenhouse gas concentrations in the atmosphere is raising 

average temperatures. The consequences include changes in precipitation 

patterns, more frequent extreme weather events, and shifting seasons. The 
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accelerating pace of climate change, combined with global population and 

income growth, threatens food security everywhere.  

Agriculture is vulnerable to climate change in a number of dimensions. Higher 

temperatures eventually reduce yields of crops and livestock and tend to encourage 

pathogen proliferation. Greater variation in precipitation increases the likelihood of 

short-run crop failures and long-run production declines. Although there might be 

gains in some crops in some regions of the world, the overall impacts of climate 

change on agriculture are expected to be negative above a global mean 

temperature rise of 2 ° C, threatening global food security. The impacts are  

 Direct, on crops and livestock productivity  

 Indirect, through the  availability and price of food on national and 

international markets  

 Indirect, via income from agricultural production both at the farm and 

country levels  

Regional impacts of climate change 

 

While the global trends in climate change are increasingly well known, great uncertainty 

remains about how climate change will play out in specific locations2. Figure 1 shows 

changes in average precipitation globally between 2000 and 2050 for four General 

Circulation Models (GCMs), each using the A1B scenario.  

Figure 2 shows the change in average maximum temperature.  A quick glance at these 

figures shows that substantial differences exist between models, particularly at regional 

scale. For example, in Figure 1 the CNRM-CM3 GCM predicts that Southern Africa will 

be wetter, while the other models have the same region getting drier. In South Africa, 

the CNRM-CM3 GCM has an increase in precipitation, while the CSIRO GCM, MIROC 

GCM and CSIRO-MK3 have a drier South Africa. In Figure 2, we see that all GCMs 

predict large temperature increases for South Africa. These figures illustrate 

qualitatively the range of potential climate outcomes using current modeling capabilities 

and provide an indication of the uncertainty in climate-change impacts. Policymakers 

                                                           
2
 To understand the significant uncertainty in how these effects play out over the surface of the earth it is useful to describe 

briefly the process by which the results depicted in the figures are derived. They start with global (or general) circulation 
models (GCMs) that model the physics and chemistry of the atmosphere and its interactions with oceans and the land surface. 
Several GCMs have been developed independently around the world. Next, integrated assessment models (IAMs) simulate the 
interactions between humans and their surroundings, including industrial activities, transportation, agriculture and other land 
uses and estimate the emissions of the various greenhouse gasses (carbon dioxide, methane and nitrous oxide are the most 
important). Several independent IAMs exist as well. The emissions simulation results of the IAMs are made available to the 
GCM models as inputs that alter atmospheric chemistry. The end result is a set of estimates of precipitation and temperature 
values around the globe often at 2 degree intervals (about 200 km at the equator) for most models. Periodically, the 
Intergovernmental Panel on Climate Change (IPCC) issues assessment reports on the state of our understanding of climate 
science and interactions with the oceans, land and human activities. 
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are not yet in a position to select specific solutions for specific locations – unless there 

is significant agreement between models. Rather, it is important to note general trends 

and to consider policies that are helpful and robust across the range of climate 

outcomes. 
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CNRM-CM3 GCM 

 
CSIRO-MK3 GCM 

Change in annual 
precipitation (millimeters) 

 

 
ECHAM5 GCM 

 
MIROC3.2 medium resolution GCM 

Figure 1. Changes in mean annual precipitation between 2000 and 2050 using the A1B scenario (mm per year). Source: 

IFPRI calculations based on downscaled climate data available at http://ccafs-climate.org.  

http://ccafs-climate.org/
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Figure 2. Changes in annual maximum temperature between 2000 and 2050 using the A1B scenario (°C). Source: IFPRI 

calculations based on downscaled climate data available at http://ccafs-climate.org/.  
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Agriculture, Food Security and South African Development 

 

South Africa continues to have a significant portion of its population under or 

malnourished. While poor nutrition was previously largely found in rural areas 

(Department of Agriculture, 2002); of late there has been an increase of food 

insecurity and malnourishment in urban areas (Frayne et.al 2009) as a 

consequence of rural to urban migration and depressed job markets. This is despite 

significant investments in agricultural production activities. The small-scale farming 

sector makes a limited contribution to the agriculture component of the economy, 

despite research showing the value of investments in the small-scale agriculture. 

Section 27 of South African’s constitution states that every citizen has, among other 
rights, the right to access to sufficient food and water, and that “the state must by 
legislation and other measures, within its available resources, avail to progressive 
realization of the right to sufficient food”.  
 
Food insecurity in southern Africa is exacerbated by the negative impacts of HIV-
AIDS on the ability of the active population to produce food. South Africa has an HIV 
rate of about 16%, reaching 29% among the 20-49 year age group. 
 
The projected changes in precipitation and increase in temperature will bring 
hamper food production. It is therefore imperative that all efforts are made to 
harness adaptive and mitigation strategies to improve the food security situation of 
the country. Government is already engaged with the revitalization of irrigation 
schemes and the training of agriculture personnel with emphasis to support of small-
scale agriculture producers and home gardening. There is also concerted effort to 
improve produce marketing and value addition. 

Review of the Current Situation 

A selection of key statistics is presented in this section highlighting some of the 

important changes in the South African economy on the last quarter of the 20th 

century and the beginning of the 21st century. 

 

Population 

 

South Africa continues to produce food largely for direct human consumption. In the 

livestock sector, despite being a large producer, South Africa is a net importer of 
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products such as meat and milk. Population, therefore, remains a key determinant 

of the demand for food. The increase in population particularly in the urban areas 

has resulted in an increase in food demand. Figure 3shows total and rural 

population and counts (left axis) and the share of urban population (right axis). The 

most striking observation is the drastic increase in population from about 1985, 

particularly the urban population. This population growth has continued to increase 

as the rural areas continue to be unattractive to job seekers. The post 1994 

population increase is more likely to be due to immigration from other African 

countries ravaged by wars and economic decline. This continued growth means an 

increase in food demand in the coming years because the urban food preferences 

and sources differ from those in rural areas. 

  

Figure 3. Population Trends: Total Population, Rural Population, and Percent 
Urban, 1960-2008 Source: World Development Indicators (World Bank, 2009) 

 

Table 1 provides additional information on rates of population growth.  
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Table 1. Population Growth Rates, 1960-2008 (%) 

Decade  Total Growth Rate  Rural Growth Rate  Urban Growth Rate  

1960-1969 0.02 0.02 0.02 

1970-1979 0.02 0.02 0.02 

1980-1989 0.03 0.02 0.03 

1990-1999 0.02 0.01 0.00 

2000-2008 0.01 0.00 0.02 

Source: IFPRI calculations, based on World Development Indicators (World Bank, 

2009) 

Figure 4 shows the geographic distribution of population within South Africa, based 

on census data and other sources. It is clear from the figure that there is, generally, 

heavy concentration of South African population in urban centers and on the 

eastern, wetter, side. This distribution of the population means that the urban 

centers need food management strategies that link well with areas of food 

production. It further implies that the cost of food may increase as a result of the 

increased distances between sources of production and areas of demand. The arid 

parts of the Eastern Cape, Western Cape and Northern Cape, Free State, North 

West and Limpopo provinces remain largely sparsely populated. 
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Figure 4. Population distribution (persons per square kilometer) Source: IFPRI 

estimates from GRUMP for 2000.(Center for International Earth Science Information 

Network Columbia University 2004) 

Figure 5 shows population projections by the UN Population office through 2050. It 

is clear that by most projections the population of South Africa will continue to 

increase through 2050 
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Figure 5. Population scenarios for 2010 to 2050. Source: UN 
Population Projections (United Nations 2008). 

Income 

 

The income available to an individual is the single best indicator of their resilience to 

stresses. Figure 6 shows trends in GDP per capita and proportion of GDP from 

agriculture. The agricultural share is included both because its vulnerability to 

climate change impacts as well as an indicator of the level of development of the 

country. As development increases, the importance of agriculture in GDP tends to 

decline. South African is considered to be an industry-based economy. This is clear 

from Figure 6, where despite an increase in per capita GDP since the late 1960s the 

contribution of agriculture to the GDP has declined drastically. In 1970 agriculture’s 

share of GDP (excluding downstream activities such as food processing and retail) 

was about 8% but by 2010 it was only about 3%.  
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Figure 6. Per capita GDP (constant 2000 US$) and share of GDP 
from agriculture. Source: World Development Indicators (World Bank 
2009). 

Vulnerability 

 

Vulnerability is the lack of ability to recover from a stress. Poor people are 

vulnerable to many different kinds of stresses because they lack the financial 

resources to respond. In agriculture, poor people are particularly vulnerable to the 

stresses of an uncertain climate. In this report the focus is on income, both level and 

sources. At the national level, vulnerability arises in the interactions among 

population and income growth and the availability of natural and manufactured 

resources. National per capita income statistics reported above potentially conceal 

large variations across sectors or regions and within the sampled populations.  

Although the economy of South Africa has grown in the past decades it has, too a 

large extent, failed to create meaningful jobs that could assist in reducing the 

fraction of the population that is below the poverty line. Figure 7 shows the 

distribution of the proportion of the population living on less than $2.00 per day. The 

regional disparities become apparent. Clearly except for the Western Cape and 

Gauteng and parts of North West, Limpopo, KwaZulu-Natal and Mpumalanga, 

between 50 and 80 % of the inhabitants in less-urbanized and industrialized areas 

live on less than US$2 per day. 
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Figure 7. Poverty (percent below US$2 per day) Source: Wood et al. (2010) 

available at labs.harvestchoice.org/2010/08/poverty-maps 

Table 2provides some data on additional indicators of vulnerability and resiliency to 

economic shocks: the level education of the population, literacy, and concentration 

of labor in poorer or less dynamic sectors. Clearly the literacy rate in South Africa 

has increased significantly and the share of people employed in agriculture is low. 

 

Table 2. Education and labor statistics 

Indicator  Year  Value  

Primary school enrollment: Percent gross (3-year average) 2007 102.5 

Secondary school enrollment: Percent gross (3-year average) 2007 97.1 

Adult literacy rate 2007 88 

Percent employed in agriculture 2007 8.8 

Source: World Development Indicators (World Bank 2009). 

The outcomes of significant vulnerability include low life expectancy and high infant 

mortality. Figure 8 shows two non-economic correlates of poverty, life expectancy at 

http://labs.harvestchoice.org/2010/08/poverty-maps/
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birth and under-5 mortality. The life expectancy at birth for South Africans has 

decreased significantly to pre-1980 levels of about 50 years, largely due to HIV-

AIDS. On the other hand, there has been a decrease in under-5 mortality rate from 

over 100 babies per 1,000 to below 60 babies per 1,000.   

 

  

Figure 8. Well-Being Indicators: Life Expectancy at Birth and under 5 Mortality 
Rate; Source: World Development Indicators (World Bank, 2009) 

Review of Land Use and Agriculture 

 

Agricultural production is dependent on the availability of land that has sufficient 

water, soil resources and an adequate growing season.  

Land Use Overview 

 

As shown in Figure 9 South Africa’s resources are varied. Only a small portion 

(12%) of the total area of South Africa is suitable for crop production, concentrated 

in the east and central parts of the country (MacVicar, 1974). Livestock farming 

(including game), is the main agricultural activity in the more arid areas for most of 

South Africa. There are important areas for wheat and fruit production in the 

Western Cape and Northern provinces, often under irrigation. 
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Figure 9. Land cover in 2000. Source: Source: GLC2000 (JRC 2000). 

Figure 10 shows the locations of protected areas, including parks and reserves. 

These locations, besides protecting biodiversity and water resources, are also 

important for the tourism industry, which at 8% of the GDP, exceeds agriculture. Not 

shown is the area under private or communal wildlife-based management, 

estimated to be about twice the terrestrial area under state protection.  
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Figure 10. Protected areas (Source: World Database on Protected Areas (UNEP 

2009)). Water is from Global Lakes and Wetlands Database (WWF) (Lehner and 

Döll 2004).  

Figure 11 shows travel time maps to the larger cities, which provide potential 

markets for agricultural products. Policy makers need to keep in mind the 

importance of transport costs when considering potential for agricultural 

expansion; that is, if fertile but unused land is far from markets, it represents 

potential land for expansion only if transportation infrastructure is put in place, and 

if the land does not conflict  with conservation priorities seen in Figure 10. South 

Africa has a dense road network, thus travel time to major urban areas is 

generally low. This provides significant opportunity for the expansion of food 

supply industries. Travel time to cities with over 25, 000 people is generally short.  

Movements of goods to major urban center, particularly in the food producing 

areas of the east, central and northern parts of country, make it feasible to 

develop an agriculture value chain that is viable and can assist in meeting the 

demands for food. South Africa has a very strong air transportation and ports 

system that further provide opportunities in international trade.
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Figure 11. Travel time to urban areas. Source: Authors, based on several input layers, including CIESIN population points and World Gazetteer (Helders 

2005). Notes: The first map is travel time to cities of 500,000 or more people; the second map is travel time to cities of 100,000 or more; the third map is travel 

time to towns and cities of 50,000 or more; and fourth map is travel time to towns and cities of 25,000 or more people.
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Agriculture Overview 

 

Tables 3 to 5 show key agricultural commodities in terms of area harvested, 

value of the harvest, and food for people (this last item was ranked by weight) 

for the period 2006-2008. South Africa has about 22% of its land suitable for 

arable agriculture with only 12% considered as prime agricultural land 

(MacVicar, 1974). The rest of the country is suitable for extensive livestock and 

wildlife. Maize, wheat, sunflower and sugarcane occupy about 75% of the total 

harvested area of about 5.2 million hectares with maize contributing almost half 

of this area. Grapes top the list by value, accounting for 25% compared to 

maize’s 17% contribution, and followed by sugarcane, wheat and potatoes. 

 

Maize (21%) and wheat (11.5%) are the most consumed food commodities with 

beer (11.0%) at third place (Table 5). In general the large grains and cereals remain 

important food commodities in the South African agriculture sector. South Africa 

remains the largest maize producer in the SADC region. 

 

Table 3. Harvest area of leading agricultural commodities, average of 2006-2008 

Rank  Crop  % of total  Area harvested (000 
hectares) 

1 Maize 47.5 2,461 

2 Wheat 13.8 717 

3 Sunflower seed 8.7 451 

4 Sugar cane 8.1 422 

5 Soybeans 3.8 199 

6 Grapes 2.3 119 

7 Barley 1.5 78 

8 Sorghum 1.3 65 

9 Potatoes 1.1 58 

10 Beans, dry 1.0 50 

 Total 100.0 5,185 

Source: FAOSTAT (FAO 2010)  
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Table 4. Value of production for leading agricultural commodities, average of 

2006-2008 

Rank  Crop  % of total  Value of Production (million 
US$)  

1 Grapes 25.3 1,741 

2 Maize 17.6 1,216. 

3 Sugar cane 8.5 584 

4 Wheat 7.0 486 

5 Potatoes 6.5 451  

6 Oranges 4.5 307 

7 Apples 3.8 262 

8 Maize, green 3.1 211 

9 Sunflower seed 2.0 135 

10 Tomatoes 1.9 128 

 Total 100.0 6,890 

Source: FAOSTAT (FAO, 2010) 

Table 5. Consumption of leading food commodities by mass, average of 2003-

2006  

Rank  Crop  % of total  Food consumption (000 mt)  

1 Maize 21.8 4,952 

2 Wheat 11.5 2,615 

3 Beer 11.0 2,508 

4 Sugar (Raw Equivalent) 6.6 1,510 

5 Potatoes 5.8 1,318 

6 Vegetables, Other 5.5 1,258 

7 Poultry Meat 4.7 1,074 

8 Rice (Milled Equivalent) 3.3 747 

9 Beverages, Fermented 3.3 747 

 Total 100.0 22,748 

Source: FAOSTAT (FAO, 2010) 

Figure 12 to Figure 17 show the estimated yield and growing areas for key crops, 

maize, wheat, sugarcane and soybeans. These figures are based on the SPAM 

data set (Liangzhi You, Wood, and Wood-Sichra 2009), a plausible allocation of 

national and subnational data on crop area and yields. Water availability remains a 

major obstacle to the expansion of agriculture. Almost 50% of South Africa’s water 

is used for agriculture with about 1.3-million hectares under irrigation 
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Figure 12. 2000 Yield and harvest area density for main crops: irrigated maize. Source: SPAM Dataset (Liangzhi You, Wood, and 

Wood-Sichra 2009) 
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Figure 13. 2000 Yield and harvest area density for main crops: rainfed maize. Source: SPAM Dataset (Liangzhi You, Wood, and 

Wood-Sichra 2009) 
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Figure 14. 2000 Yield and harvest area density for main crops: irrigated groundnuts. Source: SPAM Dataset (Liangzhi You, 

Wood, and Wood-Sichra 2009) 
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Figure 15. 2000 Yield and harvest area density for main crops: irrigated sugarcane. Source: SPAM Dataset (Liangzhi You, Wood, 

and Wood-Sichra 2009) 
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Figure 16. 2000 Yield and harvest area density for main crops: irrigated soybeans 
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Figure 17. 2000 Yield and harvest area density for main crops: irrigated wheat. Source: SPAM Dataset (Liangzhi You, Wood, and 
Wood-Sichra 2009) 
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Scenarios for Adaptation 

 

To better understand the potential impact of climate change on South Africa’s food 

security a scenarios approach is used. The Millennium Ecosystem Assessment's 

Ecosystems and Human Well-being: Scenarios, Volume 2, Chapter 2 provides a 

useful definition: “Scenarios are plausible, challenging, and relevant stories about 

how the future might unfold, which can be told in both words and numbers. 

Scenarios are not forecasts, projections, predictions, or recommendations. They are 

about envisioning future pathways and accounting for critical uncertainties” (Raskin 

et al. 2005). 

 

For this report, combinations of economic and demographic drivers have been 

selected that collectively result in three pathways – a baseline scenario that is 

“middle of the road”, a pessimistic scenario that chooses driver combinations that, 

while plausible, are likely to result in more negative outcomes for human well-being, 

and an optimistic scenario that is likely to result in improved outcomes relative to the 

baseline. These three overall scenarios are further qualified by four climate 

scenarios: plausible changes in climate conditions based on scenarios of 

greenhouse gas emissions. 

 

Biophysical Scenarios 

 

This section presents the climate scenarios used in the analysis and the crop 

physiological response to the changes in climate between 2000 and 2050. 

Climate Scenarios  

 

Table 6 shows global summary statistics for the selected GCMS and SRES 

scenarios from the IPCC4th assessment that make available average monthly 

minimum and maximum temperature, sorted from lowest to highest precipitation 

change. It also included the mean temperature and precipitation change for the 

complete ensemble of the GCMs reported by the 4th IPCC assessment (see 

www.ipcc.ch/publications_and_data/ar4/wg1/en/suppl/chapter10/Ch10_indivi-

maps.html for maps showing the individual GCM results and the ensemble means).  

It is clear from table 6 that there are general tendencies but also a large degree of 

uncertainty. At a global scale as temperature rises as does annual precipitation. A 

1°C increase in average temperature results in less than 1% increase in 

precipitation. Temperature increases of over 2°C result in 2-5% increase in 

precipitation; but the evaporative demand rises by a similar amount. Secondly, with 

http://www.ipcc.ch/publications_and_data/ar4/wg1/en/suppl/chapter10/Ch10_indivi-maps.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/suppl/chapter10/Ch10_indivi-maps.html
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identical GHG emissions, the GCM climate outputs differ substantially. The most 

extreme comparison is with the outcomes of the B1 scenario. The CSIRO GCM has 

almost no increase in average annual precipitation and the smallest temperature 

increase of the GCM/GHG scenario combinations. The MIROC GCM has the 

second largest increase in precipitation (with scenario B1) and one of the largest 

increases in average temperature.  

 

For scenario analysis, four climate scenarios that span a range of the GCM 

ensemble results were used. These also have the requisite monthly average 

minimum and maximum temperature data needed for the crop modeling analysis. 

The CSIRO A1B and B1 scenarios represent a dry and relatively cool future; the 

MIROC A1B and B1 scenario represent a wet and warmer future 

  

 

Table 6. GCM and SRES scenario global average changes, 2000–2050 

GCM SRES 
scenario 

Change between 2000 and 2050 in the annual averages 

  Precip  
(%) 

Precip 
(mm) 

MinTemp 
 (°C) 

MaxTemp 
(°C) 

CSIRO B1 0.0 0.1 1.2 1.0 

CSIRO A1B 0.7 4.8 1.6 1.4 

CSIRO A2 0.9 6.5 1.9 1.8 

ECH B1 1.6 11.6 2.1 1.9 

CNR B1 1.9 14.0 1.9 1.7 

ECH A2 2.1 15.0 2.4 2.2 

CNR A2 2.7 19.5 2.5 2.2 

ECH A1B 3.2 23.4 2.7 2.5 

MIROC A2 3.2 23.4 2.8 2.6 

CNR A1B 3.3 23.8 2.6 2.3 

MIROC B1 3.6 25.7 2.4 2.3 

MIROC A1B 4.7 33.8 3.0 2.8 

Multi-model ensemble mean 

 A1B 1.5  1.8 

 A2 1.3  1.7 

 B1 1.7  1.3 

Source: Authors’ calculations. Multi-model ensemble means come from IPCC et 

al. 2007: mean temperature increase, Table 10.5, and mean precipitation 

increase, Table S10.2. See Appendix 3 for details on the GCMs and scenarios. 

 

Note: In table 6 and elsewhere in the text, reference to a particular year for the 

climate realization such as 2000, 2050 is in fact a reference to mean values for the 

two decades around the year; for example the data described as 2050 are 

representative of the period 2041-2060. The data for the reference period labeled 
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“2000” in the table are for the period 1950-2000.. GCM-scenario combinations in 

bold are the ones used in the analysis. 

 

Figure 18 shows precipitation changes and Figure 19 shows temperature 

changes for South Africa under 4 downscaled climate models (CNRM, CSIRO, 

ECHAM, and MIROC) with the A1B scenario. It is important to understand that 

these results and analysis is that the climate scenarios include only changes in 

mean temperature and precipitation. It does not include any measures of 

variability. As climate change is likely to lead to more extreme events that would 

have negative effects on agriculture, such as droughts, the results reported here 

are underestimates of likely negative effects of climate change. Except for the 

CNRM, in general, all the other 3 GCM predict a negative change in precipitation 

for South Africa with the AIB scenario. The CRNM model predicts a slight 

increase in precipitation for the Northern and Eastern Cape regions of the 

country. 

Figure 19 shows changes in maximum temperature for the month with the 

highest mean daily maximum temperature. All the models predict an increase in 

normal annual maximum temperatures for South Africa with the major part of the 

country receiving temperature increases in the region of 1 to 2°C by 2050
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Figure 18. Changes in mean annual precipitation for South Africa between 2000 and 2050 using the A1B scenario (millimeters). Source: IFPRI calculations based 

on downscaled climate data available at http://ccafs-climate.org/  
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Figure 19. Changes in normal annual maximum temperature for South Africa between 2000 and 2050 using the A1B scenario (°C) 
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Crop Physiological Response to Climate Change 

 

The DSSAT crop modeling system (Jones et al. 2003) is used to simulate 

responses of five important crops (rice, wheat, maize, soybeans, and groundnuts) to 

climate, soil, and nutrient availability, at current locations based on the SPAM 

dataset of crop location and management techniques (Liang You and Wood 2006). 

In addition to temperature and precipitation, we also input soil data, assumptions 

about fertilizer use and planting month, and additional climate data such as days of 

sunlight each month. 

 

We then repeated the exercise for each of the 4 future scenarios for the year 

2050. For all locations, variety, soil and management practices were held 

constant. We then compared the future yield results from DSSAT to the 

current or baseline yield results from DSSAT.  

 

The results for maize, wheat, sugarcane, groundnuts and soybean for South 

Africa are reported on. These results are mapped in Figure 20 to Figure 25. 

The comparison is between the crop yields for 2050 with climate change 

compared to the yields with 2000 climate. For irrigated crops, climate change 

effects modeled in DSSAT are purely from temperature as sufficient water is 

assumed in the modeling. Water stress in irrigated crops is brought in through 

the water model component of the IMPACT model suite, which incorporates 

climate change effects on water availability. For South Africa, in basins where 

major coal powered thermal power stations are being commissioned, a 2% 

reduction in irrigation water was imposed.  

 

In general, a review of results in Figure 20 to Figure 25 reveals that the average 

direct yield effects from climate change are relatively small. Except for rainfed 

maize where there are gains between 5 and 25% predicted, and gain in rainfed 

groundnuts; the other crops show minor changes in average yield.   From a 

protein food security perspective, the projected increase in rainfed groundnut 

production is interesting, although groundnuts are currently a relatively minor crop 

in South Africa. 

 

 



32 
 

 

 

 

 

 

 

 

 

Figure 20. Yield change map under climate change scenarios: irrigated maize. Source: IFPRI calculations based on downscaled 
climate data and DSSAT model runs 
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Figure 21. Yield change map under climate change scenarios: rainfed maize. Source: IFPRI  
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Figure 22. Yield change map under climate change scenarios: irrigated groundnuts. Source: IFPRI  
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Figure 23. Yield change map under climate change scenarios: irrigated soybeans. Source: IFPRI  

 
CNRM-CM3 GCM 

 
CSIRO-MK3 GCM 

Legend for yield change 
figures 

 
 

 
ECHAM5 GCM 

 
MIROC3.2 medium resolution GCM 



36 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24. Yield change map under climate change scenarios: irrigated wheat. Source: IFPRI  
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Figure 25. Yield change map under climate change scenarios: rainfed groundnuts. Source: IFPRI 
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From biophysical scenarios to socioeconomic consequences: The IMPACT Model 

 

Figure 26 provides a diagram of the links among the three models used in this analysis: 

IFPRI’s IMPACT model (Cline 2008), a partial equilibrium agriculture model that emphasizes 

policy simulations; a hydrology model and an associated water-supply demand model 

incorporated into IMPACT; and the DSSAT crop modeling suite (Jones et al. 2003) that 

estimates yields of selected crops under varying management systems and climate change 

scenarios. The modeling methodology reconciles the limited spatial resolution of macro-level 

economic models that operate through equilibrium-driven relationships at a national level with 

detailed models of biophysical processes at high spatial resolution. The DSSAT system is 

used to simulate responses of five important crops (rice, wheat, maize, soybeans, and 

groundnuts) to climate, soil, and nutrient availability, at current locations based on the SPAM 

dataset of crop location and management techniques. This analysis is done at a spatial 

resolution of 15 arc minutes, or about 30 km at the equator. These results are aggregated up 

to the IMPACT model’s 281 spatial units, called food production units (FPUs).The FPUs are 

defined by political boundaries and major river basins.  
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Figure 26. The IMPACT modeling framework. Source: Nelson, et al, 2010. 
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Figure 27. The 281 FPUs in the IMPACT model. Source: Nelson et al. 2010 

  



40 
 

Income and Demographic Scenarios 

 

Differences in GDP and population growth define the overall scenarios analyzed here, with all 

other driver values remaining the same across the three scenarios.  

 

Table 7 documents the GDP and population growth choices for the three overall scenarios for this 

analysis. 

 
Table 7. GDP and population choices for the three overall scenarios 

Category Pessimistic  Baseline Optimistic 

GDP, 

constant 

2000 US$ 

Lowest of the four GDP 

growth rate scenarios from 

the Millennium Ecosystem 

Assessment GDP 

scenarios (Millennium 

Ecosystem Assessment 

2005) and the rate used in 

the baseline (next column) 

Based on rates 

from World Bank 

EACC study 

(Margulis 2010), 

updated for Sub-

Saharan Africa 

and South Asian 

countries 

Highest of the four 

GDP growth rates 

from the Millennium 

Ecosystem 

Assessment GDP 

scenarios and the 

rate used in the 

baseline (previous 

column) 

Population UN High variant, 2008 

revision 

UN medium 

variant, 2008 

revision 

UN low variant, 2008 

revision 

Source: Based on analysis conducted for Nelson et al. 2010. 

Table 7 shows current and scenario annual growth rates for different regional groupings as well 

as for South Africa and Table 8 Illustrates the path of per-capita income growth for South Africa 

under these scenarios. In all scenarios, South Africa’s income growth exceeds those of the 

developed group of countries and most developing countries. 
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Table 8. Average scenario per capita GDP growth rates (percent per year) 

Category 1990–2000 2010–2050 

  Pessimistic Baseline Optimistic 

South Africa 1.64 1.18 2.75 4.12 

Developed 2.7 0.74 2.17 2.56 

Developing 3.9 2.09 3.86 5.00 

 Low-income developing 4.7 2.60 3.60 4.94 

 Middle-income developing 3.8 2.21 4.01 5.11 

World 2.9 0.86 2.49 3.22 

Source: World Development Indicators for 1990–2000 and authors’ calculations for 2010–2050. 

Figure 28 graphs the three GDP per capita scenario pathways, the result of combining the three 

GDP projections with the three population projections of Figure 28 from the United Nations 

Population office. The "optimistic scenario" combines high GDP with low population. The 

"baseline scenario" combines the medium GDP projection with the medium population projection. 

Finally, the "pessimistic scenario" combines the low GDP projection with the high population 

projection. 

 

Figure 28. GDP Per Capita Scenarios; Source: Based on IMPACT results of July 2011, 
computed from World Bank and United Nations population estimates (2008 revision).  

Note that the scenarios used apply to all countries; that is, in the optimistic scenario, every 

country in the world is assumed to experience high GDP growth and low population growth.  
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The GDP per capita scenario results for South Africa and the U.S. can be seen in Table . In the 

pessimistic scenario, U.S. per capita income increases less than 2 times while in the optimistic 

scenario, it almost triples between 2010 and 2050. The South African per capita income triples in 

the pessimistic scenario and increases almost 12 times in the optimistic scenario. However, 

despite South Africa’s much more rapid growth than in the U.S. its per capita income in 2050 is 

still only one-fifth of that in the U.S. 

 

Table 9. South Africa and U.S. Per Capita Income Scenario Outcomes for 2010, 2030, and 

2050 (2000US$ per person) 

Scenario Per Capita Income 

 2010 2030 2050 

Pessimistic    

 South Africa  4,441 5,006 7,202 

 U.S.  37,504 51,132 58,291 

Baseline 

 South Africa 5,105 8,128 15,740 

 U.S. 37,723 56,517 88,841 

Optimistic 

 South Africa 5,621 11,623 30,457 

 U.S. 39,218 67,531 101,853 

 

Crop-specific Agricultural Vulnerability Scenarios 

 

Figure 29 to 34 South Africa's wheat production is projected under all scenarios to 

increase despite a constant area under wheat production. The major divergence is seen 

in the projected net export. Under the optimistic scenario imports will increase 

significantly since this assumes affordability) while there is a projected decrease in 

imports under the pessimistic scenario, where affordability in the global market is low 

(Figure 34). 

 

The following figures show simulation results from the IMPACT model for maize, wheat, 

groundnut, sorghum, soybeans and sugarcane. Each crop has five graphs: one each showing 

production, yield, area, net exports, and world price. 

 

Several of the figures below use box-and-whisker plots to present the effects of the climate 

change scenarios in the context of each of the economic and demographic scenarios. Each box 

has 3 lines. The top line represents the 75th percentile, the middle line is the median, and the 

bottom line is the 25th percentile.3 

 

                                                           
3
 These graphs were generated using Stata with Tukey's (Tukey 1977) formula for setting the whisker values. If the interquartile range (IQR) is 

defined as the difference between the 75th and 25th percentiles, the top whisker is equal to the 75th percentile plus 1.5 times the IQR. The bottom 
whisker is equal to the 25th percentile minus 1.5 times the IQR (StataCorp 2009). 
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South Africa maize production is projected to increase slightly from 2010 to 2050 under all 

scenarios, despite a projected decrease in area under cultivation from 2 800 000 hectares to 

about 2 100 000 hectares by 2050. Despite an increase in projected maize price during the same 

period net imports of maize to South Africa are projected to increase from about 20% of 

consumption to (in these graphs, exports have a positive sign and imports a negative sign  to 

about 50% of consumption (Figure 29) – a national food security concern.   
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Net Exports 

 
Prices 

 

Figure 29. Scenario outcomes for maize area, yield, production, net exports, and prices. 

Source: Based on IMPACT results of July 2011. 
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Groundnuts, whilst nutritionally rich, do not form a major dietary component for South Africa. 

Groundnuts are an important source of vegetable oil. Ground nut production is projected to 

increase from about 75 000 mt in 2010 to about 130 000 mt by 2050. The area under groundnut 

production is projected to increase by over 20% during the same period (Figure 30). Groundnuts 

yield, however, does not increase significantly with increase in area under cultivation.  
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Figure 30. Scenario outcomes for groundnuts area, yield, production, net exports, and prices. 

Source: Based on IMPACT results of July 2011. 
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Price and yield of Sorghum are projected to increase from 2010 to 2050, while net export 

decreases (i.e. imports increase, from about a quarter to half of consumption) and area under 

cultivation remains constant. Increases in production and yield do not lead to net export of the 

crop (Figure 31). Sorghum is important largely for stock feed and human consumption particularly 

in the rural Northern parts of the country. It can serve as a substitute for maize and tends to be 

more drought tolerant than maize. 
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Figure 31. Scenario outcomes for sorghum area, yield, production, net exports, and prices. 

Source: Based on IMPACT results of July 2011. 
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Under all scenarios soybeans production is expected to remain largely constant, with yields 

increasing slightly from about 1500 mt/ha in 2010 to about 1800 mt/ha in 2050. Area under 

soybeans is expected to decrease slightly during the same period. Net imports will increase 

dramatically while prices for the commodity will increase by almost 60% during the same period 

(Figure 32) 
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Figure 32. Scenario outcomes for soybeans area, yield, production, net exports, and prices. 

Source: Based on IMPACT results of July 2011. 
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Sugarcane production is projected to increase gradually as does the area under sugarcane 

production. Net export of sugar is projected to increase from 1000000mt in 2010 to 2 500 000 mt 

by 2050. Under all scenarios there is general increase in the price of sugar (Figure 33). The dual 

role of sugarcane i.e. as food and source of fuel may be responsible for some of the increases in 

exports and prices.  
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Figure 33. Scenario outcomes for sugarcane area, yield, production, net exports, and prices. 

Source: Based on IMPACT results of July 2011. 
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South Africa's wheat production is projected under all scenarios to increase despite a constant 

area under wheat production. The major divergence is seen in the projected net export. Under the 

optimistic scenario imports will increase significantly since this assumes affordability) while there 

is a projected decrease in imports under the pessimistic scenario, where affordability in the global 

market is low (Figure 34). 
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Figure 34. Scenario outcomes for wheat area, yield, production, net exports, and prices. 

Source: Based on IMPACT results of July 2011. 
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Human Vulnerability Scenarios Outcomes 

 

Figure 35 and Figure 36 show scenario outcomes for the average daily kilocalories per capita 

and the number of malnourished children under five respectively. The story is much the same 

in both figures in qualitative terms. The baseline and optimistic scenarios show increases in 

calorie availability; the pessimistic scenario has a decline, from about 3,000 kilocalories per 

day in 2010 to 2,600 kilocalories per day in 2050 (which is below the nutritional guideline). 

Climate change has relatively little effect within an overall scenario.  

 

 

Figure 35. Average daily kilocalories availability under multiple income and climate scenarios 
(kilocalories per person per day) Source: Based on IMPACT results of July 2011. 

In general under all scenarios there is an increase in numbers until about 2020, followed by a 

decrease which is faster under the optimistic scenario. As expected, the baseline and optimistic 

scenarios do best in reducing malnourished children. In the optimistic scenario the count drops 

close to zero, while with the baseline it falls from about 1.0 million children in 2010 to about 0.7 

million in 2050. The pessimistic scenario is also the least desirable from the perspective of 

reducing malnourished children. After a slow decline to just below 1.2 million by the mid-2040s, 

the decline stops and the number increases slightly.  

 

As the box and whiskers plots indicate, within a particular overall scenarios climate change has 

relatively little impact on the number of malnourished children. The range in 2050 from the 

different climate scenarios is typically less than 1 million children malnourished. The reason, as 

we discuss below, is the ability of South Africa to import and/or export depending on how climate 

change affects production domestically and abroad. 
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Figure 35. Number of malnourished children under 5 years of age under multiple income and 
climate scenarios. Source: Based on IMPACT results of July 2011. 

Agriculture and Greenhouse Gas Mitigation 

Agricultural Emissions History 

Figure 37 shows historic emissions by sector. Clearly the energy sector dominates and 

agriculture is relatively small as a GHG emitter in South Africa. Total emissions have increased 

steadily since 1990 but agriculture’s contribution has remained constant over this period. The 

total emissions are a cause for concern and government has voluntary decided to reduce 

emissions by 15% by 2030. Within the agriculture sector a number of opportunities exist and are 

being explored to reduce GHG emissions.  

Researchers are exploring and farmers are implementing technologies such as conservation 

tillage with the view of reducing the amounts of fertilizer application and disturbance of the soil. 

These technologies have potential to reduce GHG emissions. Conservation agriculture has the 

potential to reduce carbon loses to the atmosphere. 
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In the livestock sector research and technologies to control emissions are being investigated. 

These include feed and feeding strategies and management of manure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36. GHG Emissions (CO2, CH4, N2O, PFCs, HFCs, SF6) in South Africa by sector 

Source: Climate Analysis Indicators Tool (CAIT) Version 8.0. (World Resource Institute 2011) 
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Conclusions 

Climate change poses a challenge to food security in South Africa. Mitigation and adaption 

strategies need to be identified and implemented to avert an increase in households that will fall 

below the poverty and nutrition thresholds.  

 

Except for CNRM-CM3, all the other GCMs predict (in the AR4 runs that were available for this 

analysis) that South Africa will get drier during the first half of the 21st century. All GCMs predict 

large temperature increases for South Africa. In general GCMs predict a constrained agriculture 

environment for South Africa to 2050. 

 

In general, the projected future changes in average are relatively small despite climate change, 

since they are partly offset by assumptions of continued productivity gain due to crop genetics 

and agronomic practices. Rainfed maize is an exception, where gains of between 5 and 25% 

are projected. This is encouraging as maize forms a staple food for the majority of South 

Africans. However, if the maize is diverted either to animal consumption or biofuels, the result 

could still be a decrease in availability for human consumption.  

 

In this analysis climate change has a much smaller impact on the number of malnourished 

children than the impact of socio-economic development scenarios. The reason is the assumed 

ability of South Africa to import food depending on how climate change affects production 

domestically and abroad. 

 

Despite the relatively small contribution by agriculture to the national greenhouse gas budget, it 

remains important for agriculture in South Africa to explore technologies and innovations that will 

reduce GHG emissions. 

 

It is vital that policies are put in place that will ensure the availability of imports of vital 

commodities should climate change result in local deficits, and to allow easy and efficient exports 

in the event of a surplus. 
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