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ABSTRACT

Climate change poses a serious threat to many countries, particularly to developing countries, which
often have large sections of the population without resources to adapt to changes in their
environment. One of the key ways in which climate change affects countries is its impact on agricultural
production. This paper extends the analysis by Cullis et al. (2015) by unpacking the impacts of climate
change on crops and regions across South Africa. Furthermore, it looks at the impact of climate change
on household food consumption and its implications for food security. The analysis suggests that, while
the impacts of climate change are likely to be negative, the size of impacts can be highly variable,
depending on the resulting climate. The largest range of vulnerability lies along the eastern coast of
the country, where there is also the greatest poverty. Other regions, such as the Western Cape, show
clear signs of declining production across the likely range of future potential climates, although some
of these threats can be addressed through adaptation. Shifting to irrigated agriculture offsets some of
the negative impacts on production but is insufficient to fully offset the decline in output. It also puts
agriculture into increasing competition with other sectors, such as municipal and industrial water
usage. Key crops, such as summer cereals, oilseeds and deciduous fruits, are negatively affected by
climate change. Climate change negatively affects household welfare both nationally and sub-
nationally, with certain parts of the country worse affected than others. Its impacts are through both
the effect on household incomes and through higher food prices, which negatively affect household
food consumption.
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1 INTRODUCTION

Climate change poses a serious threat to many countries, particularly developing countries, which
often have large populations and institutions without the resources to adapt to changes in their
environment. Changes in climatic conditions negatively affect people’s livelihoods through its impact
on agriculture and food security, but also through impacts on basic infrastructure such as roads, power
generation and water availability, which support economic activity. Over the past decade, the
frequency of disastrous climate-related events such as droughts, floods and fires has increased,
negatively affecting millions of people. To limit the impacts of changes in climate on economic activity
and livelihoods, policy planning and implementation is needed immediately.

Broadly, studies for South Africa show that climate change is expected to result in an increase in
temperatures and increased variability in precipitation. The median increase in temperature is
estimated to be between 1 and 3 degrees Celsius (°C) by 2050 under the RCP8.5 pathway. Lower
increases are expected in the southern and coastal regions, while an increase of as much as 3°C can be
expected in northern parts. Changes in rainfall are more uncertain than changes in temperature, but
increased rainfall is more likely across the central interior and east coast whilst increased drying is
expected in the western interior the north east, and the southwestern Cape winter rainfall region
(Engelbrecht et al. 2019). Cullis et al. (2015) produce similar findings, with temperature increases
ranging between 1.5 and 3 °C by 2050 and precipitation changes showing an increased likelihood of
drying conditions, with a median 3.6% reduction in average annual precipitation for all secondary
water catchments across the country. The latter, however, is more variable, with some models
indicating an increase in precipitation. Evaporation rates are likely to increase, with the national
average rising by 4.7%. Whilst studies confirm the negative impacts of climate change on the economy,
the range of these impacts is broad and varies depending on the climate models considered. The wide
range of outcomes is primarily a result of differences in precipitation projections (Calzadilla et al. 2015;
Ziervogel et al. 2014; Dube et al. 2013). This is highlighted in Cullis et al. (2015), who assesses the
impact of nearly 400 potential climate futures for South Africa.

While the national and sub-national, impacts of climate change in South Africa have been studied in
several papers (Mugambiwa and Tirivangasi 2017; Shisanya and Mafongoya 2016; Abidoye and
Odusola 2015; Calzadilla et al. 2015; Dube et al. 2013; Mnisi and Dlamini 2012; Schulze 2011), these
analyses have often been partial equilibrium studies, focusing on specific crops and regions, thus not
accounting for the indirect impacts on the rest of the economy and feedback effects between
economic agents. The climate channels considered have also been narrow and have largely focused on
the economic impacts of changes in crop yields. To date, Cullis et al. (2015) remains a leading effort in
assessing the potential impacts of climate change on the South African economy. The methodology
combines climate, biophysical, and economic models in a consistent and robust framework to assess
the impacts of key climate channels (namely infrastructure, water availability and crop yield) for a
larger number of potential climate outcomes. As such, the lessons derived from the analysis remain
important inputs in the development of climate adaptation policy.

This paper extends the analysis by Cullis et al. (2015), by unpacking the modelling effort to understand
the drivers of the change in agriculture GVA (gross value added) nationally and at the sub-national
level. In addition, the impact of climate changes on regional household welfare and food security is
also assessed. The paper is structured as follows: Section 2 presents a summarized version of the
methodology implemented by Cullis et al. and the scenarios considered in their analysis; Section 3
briefly describes the agricultural landscape in South Africa; Section 4 presents the analysis of results;
and Section 5 concludes with a discussion of the implications of the analysis for climate adaptation
policy in South Africa.



2 METHODOLOGY

The Systematic Assessment of Climate Resilient Development (SACRED) approach (Arndt 2011;
UNUWIDER 2012; Schlosser and Strzepek 2013), an integrated modelling framework which combines
the use of climate, country-specific biophysical and country-specific economic models, is used to
consistently assess the impact of climate change in the Southern African Development Community
region and in South Africa (see Figure 1). Three key channels of climate change are considered, namely
impact on road infrastructure, ability to meet water demand for municipal, industrial and agricultural
uses, and impact on agriculture crop yields. Impacts of climate change on temperature, precipitation
and evaporation are passed to the biophysical models, which provide inputs to the economic model
to assess the impacts on the economy (see Cullis et al. (2015) for further details).

The modelling framework considers the results of nearly 800 climate projections under two global
emissions scenarios (approaching 400 climates per scenario). The global emissions scenarios are
defined as an unconstrained emissions scenario where efforts to reduce emissions fail and emissions
continue to rise, and a Level 1 Stabilisation (L1S) scenario where greenhouse gas concentrations are
constrained to the level of 560 ppm by 2100, as defined by Webster et al. (2011). A three-step
procedure is used to develop a hybrid frequency distribution of future climates for South Africa:

e First, the Integrated Global Systems Model (IGSM) of MIT is deployed to develop nearly 400
future global climates for each global emissions scenario (Webster et al. 2011).

e While the IGSM determines climate change impacts by latitude band, it does not do so by
longitude band. To represent climates in South Africa, regional patterns of impact from 17
general circulation models of the earth and atmosphere (GCMs) from the Climate Model
Intercomparison Project (CMIP3, Meehl et al. 2007) is used to estimate climate impacts for
South Africa (Schlosser et al. 2012), resulting in 6800 climates (17*400) per global emissions
scenario.

e As this number of climates is too large for practical application, an intelligent sampling
procedure (Arndt et al. 2015) is deployed to select about 400 climates per global emissions
scenario. The procedure was also designed to give approximately equal weight to each of the
17 CMIP3 climate models, or about 23 climates per CMIP3 model.

A key finding from Cullis et al. (2015) is that climate change impacts vary substantially across climates
and regions. To represent this variation, we illustrate ranges of results by the 17 CMIP3 models
(referred to as climate model) and by the 19 water management areas (WMAs) in South Africa. Figure
2 shows the geographic distribution of the WMAs. In this paper we focus on the unconstrained global
emissions scenario.

The climate channels considered are modelled cumulatively. Two additional scenarios, one without
climate change and one including the world price effects of climate change (notably for agriculture and
fossil fuels) as defined by Palsev (2012) are also run with the latter representing the benchmark to
which climate change impacts are assessed. Table 1 presents the scenarios considered by Cullis et al
(2015). In this paper, we will focus on the full impact of climate change, namely scenario ‘Dry
agriculture/Total’.

Key assumptions included in the model include perfectly competitive markets; full sub-national
employment with labour able to freely move between sectors; and nationally mobile capital.
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Figure 1: SACRED Framework
Source: Cullis et al. (2015)

Table 1: Climate models modelled in SACRED for South Africa

Scenario name Description

Baseline This presents the business as usual path for South Africa without annual weather or
climate shocks or changes in world prices. No climate change is assumed.

World prices World prices changes to 2050 as projected by Paltsev (2012) are imposed as derived from
the unconstrained global emissions scenario.

Roads World prices plus additional costs for rehabilitating and maintaining existing road
infrastructure networks. Increased road infrastructure spending negatively impacts
productivity. This result is captured by reducing the growth in TFP in accordance with
existing literature on the links between transport and economywide productivity growth.

Irrigation Roads plus the impact of climate change on the availability of water by water
management area.

Dry agriculture/Total Irrigation plus climate change temperature and precipitation impacts on the productivity
of dryland agriculture.

Source: Cullis et al. (2015)



3 AGRICULTURE IN SOUTH AFRICA

Agricultural GDP in South Africa depends on three key crops, namely sugarcane, summer cereals such
as maize, and deciduous fruits such as grapes, pome fruits, and stone fruits. These crops account for
roughly two thirds of total agricultural value added. They are primarily produced in specific regions of
South Africa. Sugarcane is largely produced in water management area (WMA) 11 (Mvoti to
Umzimkulu), but also in WMAs 5, 6 and 7 (KwaZulu Natal and Mpumalanga). Summer cereals are
primarily produced in WMAs 8, 9 and 10 (Free State and North West), with WMA 4 (Mpumalanga) also
producing a significant portion. Deciduous fruits are largely produced in WMAs 17, 18 and 19 (Western
Cape), although WMA 14 (Northern Cape) also produces significant amounts. This geographical
landscape of production therefore identifies KwaZulu-Natal, Free State, North West, Mpumalanga, and
Western Cape as key regions for agriculture production. Approximately 80% of South African crop
production is rainfed, with irrigated crops accounting for only 20%. For key crops and regions, rainfed
agriculture is the primary activity. Negative climate impacts in these areas would therefore have a
significant impact on total agricultural production.

While the agricultural sector accounts for a relatively small direct share of GVA (~2%) and employment
(~5%), the sector’s contribution to value added and employment is larger when considering links to
food processing. This is particularly true for agriculture and food processing exports, which together
account for 6% of total exports. South Africa is a net agriculture and food exporter. Agriculture plays a
different role in people’s livelihoods depending on where they are situated. Figure 2 illustrates the
importance of agriculture and food processing in different parts of South Africa for three key crops. In
10 of the 19 WMAs presented, agriculture and food processing accounts for more than 10% of regional
GDP. These regions are also key growers of summer cereals, sugarcane and deciduous fruits.
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4 RESULTS

4.1 Total gross domestic product

Figure 3 presents the range of average GDP impacts for the 17 climate models considered by region
and for the whole of South Africa. The results show that, at a national level, all climate model scenarios
result in a negative impact on real GDP, ranging between -0.1% and -2.3%, with a median impact of
-1.5%. For most regions, the impacts on GDP are consistently negative. However, there are climate
scenarios in which there are positive effects on regional GDP — the provinces of Mpumalanga
(specifically WMA 5), KwaZulu-Natal (WMAs 6, 7 and 11), Free State (WMA 9) and North West
(WMA 10) are these exceptions — but these occur in fewer than a quarter of the climate models
considered. The variations in GDP impact in these regions, particularly in Mpumalanga and KwaZulu-
Natal (areas with high poverty and food insecurity rates), are also broad, as indicated by the whiskers
of the box plot, with larger than mean national GDP declines a possibility. The Western Cape region
(WMAs 16, 17, 18 and 19) is likely to experience one of the largest declines in GDP, with most climate
models showing a decrease in GDP larger than the median national impact. The province is responsible
for 15% of total GDP (StatsSA 2019).
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Figure 3: Regional real GDP estimates (2045-2050), deviation from no climate change scenario

4.2 Agriculture crop value added

The mean impacts of climate change on crop production by climate model is presented in Figure 4. As
discussed in Cullis et al. (2015), the switch from dryland to irrigated agriculture is a key endogenous
adaptation channel that takes place to mitigate the negative impact of climate change. This is clearly
illustrated by the increase in irrigated crop production across most climate models. The increase in
irrigated crop production partly compensates for the decline in rainfed yields but is not, in most cases,
able to fully offset the declines experienced in rainfed agriculture. As a result, net agricultural
production declines across most climate models.

For some crops, such as citrus, deciduous fruits, vegetables and other horticulture, the impacts of
climate change are highly likely to be negative, with very little variability seen across the climate
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models. Other crops, such as sugarcane, oilseeds and summer cereals, illustrate large ranges of
variability. Sugarcane is highly sensitive and shows the largest variation. Rainfed summer cereal
production, the largest agricultural activity in South Africa and a major food staple, is highly likely to
decrease with a median decline of -13.6%.

In climates where favourable precipitation offsets negative effects of higher temperatures, dryland
crop yields rise, leading to an increase in dryland production of these crops. The decrease in
substitution of irrigation for rainfed crops frees up irrigated water to be used by crops for which rainfed
agriculture is not an option in South Africa, i.e. deciduous and citrus fruits, vegetables and other
horticulture. Under such climate models, production of these crops continues to grow. This occurs,
however, in fewer climate models, as indicated by the small positive whiskers in Figure 4.
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Figure 4: Crop gross value added

For most climate models, lower agricultural production results in a decline in exports of agriculture
commodities and food (see Figure 5), and an increase in imported crops, particularly winter and
summer cereals, and oil seeds. Key export crops, namely deciduous and citrus fruits and oilseeds,
decrease. Consequently, the combination of higher imports and lower exports of agriculture and food
commodities leads to a deterioration in South Africa’s food trade balance, making the country a net
food importer (it is currently a net food exporter).
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4.3 Agriculture crop value added by region

As in many parts of the world, different crops are primarily produced in different regions of the
country, where the climate best suits them. As a result, climate change impacts on regional agricultural
production within South Africa differs. Figure 6 presents the impact on total crop GVA (both field crops
and horticulture) by region and for the whole of South Africa. Nationally the impact of climate change
on GVA by crop ranges between -7.7% and 37.1%, with a median impact of -1.4%. The variation in
impacts across regions and climate model scenarios is larger than for total GDP, with the potential for
more regions to experience a positive crop GVA impact, although the likely impact remains negative
for most regions.
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Variations in impacts are particularly large in KwaZulu-Natal (WMAs 6, 7 and 11), which is a key
sugarcane producer and key contributor to agricultural value added (~25% in 2018, according to
StatsSA (2019)). Under favourable climates, rainfed sugarcane yield increases in KwaZulu-Natal are
large, whilst under unfavourable conditions, the sharp rise in sugarcane prices (in response to
decreasing yields) causes a shift to irrigated production as there is no substitute for the crop demand.
This explains some of the variability seen in Mpumalanga (WMA 5) and the Eastern Cape (WMA 12) as
these regions are key irrigated sugarcane producers. The change in sugarcane prices range between
-11% and 23% (median: 9%) relative to the no climate change scenario. The rise in irrigated sugarcane
production, however, causes a shift in resources away from other crops (see Appendix) and activities.
Cullis et al. (2015) highlight a (small) decrease in non-agricultural activity because of the shift in
resources toward agricultural production due to rising crop prices.

The Vaal region in the Free State and North West (WMAs 8, 9 and 10) is the primary producer of rainfed
summer cereals and oilseeds and accounts for 18% of total agricultural GVA (StatsSA 2019). Whilst
negative rainfed yield impacts on summer cereals and oilseeds also result in higher prices, shifting
production from rainfed to irrigated, irrigated production volumes are quite small, and insufficient to
compensate for the rainfed value loss. For nearly 80% of climate models, production within these
regions decreases, with median declines of -6.7%, -22.3% and -25.1% experienced in WMAs 8, 9 and
10 respectively.

Figure 7 below presents the mean change in agricultural crop GVA by WMA (represented by dots) for
each climate model. The shaded area indicates models under which national agricultural crop GVA is
positive. When national agricultural outcomes are positive, this does not suggest a broadly favourable
climatic profile for the country. Instead, positive agricultural GDP is concentrated in the highly variable
WMASs shown in Figure 6 (i.e. WMAs 5, 6,7, 11, and 12).
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4.4 Regional welfare impacts

Whilst many studies have found South Africa to be a food secure nation, they have also highlighted
the high levels of insecurity of food at the household level, with households in rural areas identified as
particularly affected (Pereira et al. 2014; Altman et al. 2009; FAO 2008, Hart and Aliber 2009; Hendriks
2005; Knueppel et al. 2009; De Cock 2012). According to StatsSA (2019) more than 20% of households
reported having inadequate or severely inadequate access to food in 2017. By province, the Northern
Cape, North West, Eastern Cape and KwaZulu-Natal have the largest share of food-insecure
households, whilst the Northern Cape, Mpumalanga and North West reported the most severe food
access inadequacy rates — double that of the national rate. The country also experiences higher rates
of hunger, including in children under the age of five. Food insecurity is linked to the high levels of
inequality and high unemployment rates (Rudolph 2012). Food security is therefore more an issue of
access than availability of food (Bonti-Ankomah 2001).

Figure 8 below presents the impacts of climate change on household welfare, which is represented by
the change in real household consumption. As illustrated, total household welfare is lower under all
climate models relative to the no climate case. This suggests that, in addition to food availability,
households are challenged by lower income and purchasing power. This result is driven by the decrease
in national activity, which affects wages and prices. Variation in consumption is largest for food (which
here also includes agricultural crops), with most climate models indicating a decrease in household
food consumption and hence potential increase in insecurity. Climate change threatens both the
availability of food, through its impact on crop yields and the increased need for imports, and the
ability to access food, through the rise in food prices.
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Figure 9 below presents the impact on household real food consumption by region. While the impacts
on households differ between regions, most climate models negatively affect household food
consumption. Households in KwaZulu-Natal (WMAs 6 and 7) experience higher variability in potential
impacts, although some climate models do suggest an increase in food consumed. These climate
models align to those in which sugarcane crop production increases under climate change. Households
in the Western Cape (WMAs 17 and 18) could potentially be the hardest hit by climate change, with
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real food consumption declines of more than 3% experienced under the harshest climate models. In
the Olifants-Doorn region (WMA 17), 22% of household income is derived from wages in agriculture.
The negative results illustrate the vulnerability in agriculture-dependent households to changes in
production.

Households in the Vaal region (WMAs 8, 9 and 10) are also some of the most negatively affected, with
median impacts on par with those expected for the Western Cape. While all households are negatively
affected by climate change, those in the poorest 20% of the population are vulnerable to larger
negative impacts than those in the wealthiest 20% (see Figure 10).
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5 DISCUSSION

This paper extends the analysis of Cullis et al. (2015) by unpacking the impacts of climate change on
crops and regions in South Africa. Furthermore, it looks at the impact of climate change on household
food consumption and its implications for food security. The analysis suggests that, while the impacts
of climate change are likely to be negative in South Africa, the size of impacts can be highly variable
depending on the climate scenario that transpires. The largest range of vulnerability lies along the
eastern coast, where there is substantial rainfed sugarcane production, which is highly vulnerable to
rising temperatures and drying conditions. By headcount, regions along the eastern coast also have
the highest poverty ratios (World Bank Group 2018). Whilst a shift to irrigated agriculture offsets some
of the negative impacts on sugarcane production, it does so at the expense of other crops in the region
and is also insufficient to fully offset the impacts. Climate-induced lower rainfed sugarcane yields also
shift production to regions where irrigated production is possible. This is seen by the increase in
irrigated production in WMAs 5, 6 and 7. The decline in key crops like summer and winter cereals as
well as deciduous fruits has a negative impact on production in regions where these are produced,
namely the Free State, North West and Western Cape provinces, but also negatively affects South
Africa’s agricultural trade balance, making the country more dependent on external sources of,
particularly, summer and winter cereals.

The Western Cape shows a consistent negative impact across climate models, with all indicating
significant drying. This is significant given that produce from the Western Cape is a significant
contributor to export earnings. In this regard, consideration also needs to be given as to how climate
change might impact other regions of production in the world - ones which may be even harder hit
than South Africa, and with less potential for adaptation. Some of these climate change risks can be
mitigated though effective investment in adaptation options, such as the raising of the Clanwilliam
Dam and better management of existing systems such as the Western Cape water supply system. The
benefits of investing in conservation agriculture techniques and new tools, such as Fruitlook, that assist
in improving water use efficiency have also shown benefits, even during the recent drought.

A key finding from the analysis is the shift of resources into agriculture, particularly high-value crops.
The rise in prices of certain crops pulls resources into producing them and away from other crops. This
was particularly found in sugarcane regions — sugarcane experiences the largest price increases across
most climate models. In adapting to climate change, a strategy must be developed to ensure that crops
produced align with national policy goals that ensure food security as opposed to food sovereignty (i.e.
producing own food as opposed to the ability to purchase it on the global or regional market). Easing
conditions for imports is also necessary to ensure that deficits can be met with foreign products,
including imports of sugar, which is currently a protected industry. Rising temperatures and limits on
water available for irrigation (from drying conditions and increasing competition for water for urban
and industrial needs) reduce the number of agriculture adaptation options available (Cullis and Phillips
2019). Increased trade therefore becomes a key adaptation tool to ensure food sovereignty
(Engelbrecht et al. 2019).

Whilst the results show an endogenous adaptation to irrigated agriculture, that shift is insufficient to
offset declines in production. Calzadilla et al. (2014) find a similar result from their modelling, and
report that a doubling in irrigated agriculture in South Africa would not offset the losses to GDP
experienced. A shift to irrigated agriculture alone is therefore not an effective strategy to cope fully
with the impacts of climate change. It also puts agriculture into conflict with other water-dependent
sectors, including both municipalities and industry, which have higher returns.

Climate change negatively affects household welfare both nationally and sub-nationally, with some
parts of the country more affected than others. The impacts of climate change are through both the
effect on household incomes and higher food prices, which negatively affect household food
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consumption. The analysis shows that, while all households are negatively affected by climate change,
households in the first quartile are more vulnerable to larger shocks. Given South Africa’s significant
rate of food insecurity, particularly in rural areas, strategies must be developed to help protect these
households from the negative impacts of climate change. These will involve not only physical
interventions to improve agriculture production though, for example, introducing more conservation
agriculture techniques and support, but also means for alternative income-generating activities that
are less climate-dependent but provide money to buy food. While not covered in this paper, an
additional key concern of climate change, particularly for poor households, is the increased risk of
floods and droughts as well as infectious diseases and migration. Engelbrecht et al. (2019) expect an
increase in extreme rainfall days (20 mm of rain within 24 hours over a 64 square kilometre area) as
well as a rise in more hot days (temperatures greater than 34 °C). The latter raises the risk of heat
stress, affecting health, with more than 27% of settlements in the country described as being at
extreme or high risk to heat stress. Engelbrecht et al. propose adaptation responses such as improved
access to water and the provision of cooling options to reduce the impact of heat stress on highly
vulnerable rural communities.
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