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Introduction 

• Understanding the economic impacts of climate change is necessary for informing 
long term planning and policy making 

– Overall growth, employment and welfare; Regional development and activity; Vulnerable groups 
and regions 

– Policies that minimise negative impacts - need significant time leads to be implemented and take 
effective 

 
• Assesses macro and socio economic impacts of climate change by 2050 

– Collaboration between Economic Policy Unit (National Treasury) and World Institute for 
Development Economics Research (UN University) 

– Long-Term Adaptation Scenarios: Dynamic Computable General Equilibrium Model (DCGE) - final 
block of integrated modelling framework therefore draws on inputs from other studies 

– Two global climate scenarios (no emissions constraint; ~480ppm by 2100) with 367 possible 
climate futures 

 
• Detailed crop-based DCGE model based on South African water management areas 

– 2002 Social accounting matrix (SAM); 2000/2005 water accounts 
– Recursive dynamic 
– Regional and sectoral disaggregation provides relevant detail on the spatial and 

industrial characteristics of the economy 
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ppm: parts per million

2002 Social accounting matrix (SAM) and 2000/2005 water accounts
26 types of activities, including 11 agricultural sub-sectors, five of which are further divided between dryland and irrigated cultivation
activities are distributed across each of South Africa’s 19 water management areas
7 factors of production (3 labour types; capital; land; agriculture water; municipal and industrial water) are identified and are disaggregated by water management area
regional and sectoral disaggregation provides relevant detail on the spatial and industrial characteristics of the economy, and will affect model results

Recursive dynamic
model updated in each period using the solution values of the preceding period
capital investment in period t is driven by savings from period t-1
allows structural changes to economy to accumulate over time
 
Assumptions
shares of investment and government expenditure remain relatively unchanged
no fiscal rule and flexible exchange rate
economy functions at the natural rate of employment; existing capital is locked into sector but capital can be increased with new investment; water can be redistributed within but across water management areas




Characteristics of the South African economy 

Services largest contributor to growth 
and employment followed by 
Manufacturing 
• Agriculture: strong links; large 

employer; food security 
• Most cultivated land in South Africa 

is used for dryland farming 
 

Cropping and water use 
characteristics differ → regions 
affected in varying degrees 
• Vaal region: 52.3% of cultivated 

land; largest producer of cereals and 
grains 

• Olifants/Doorn, Breede and Berg 
areas: 83% of deciduous fruit 
production; use 22% of irrigation 
water supply. 

 

Poverty acute in provinces with larger 
rural populations dependent on 
dryland agriculture 
• e.g. Mzimvubu-Keiskamma 
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19 water management areas

World commodity prices
Consistent with unconstrained emissions scenario

Road infrastructure
Costs to maintain the same road network

Water supplies 
Affects agriculture, industry and households

Dryland agriculture
Crop yield deviations

Simulations are cumulative









Climate Change Impact Channels 

• 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. 

Baseline 

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

World Prices 

• 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 economy-wide productivity 
growth.  

Road Infrastructure 

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

Irrigation 

• Irrigation plus climate change temperature and precipitation impacts on the 
productivity of dryland agriculture.  

Dryland Agriculture 
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Under the constrained scenario the variation of possible climate outcomes is lower than under the unconstrained scenario, as measures to contain emissions prevent some extreme outcomes from occurring.  
Declines are also experienced in other sectors of the economy. The median outcome by 2050 shows that real non-agriculture GVA falls by 1.39 and 1.37 per cent under the unconstrained and constrained scenarios respectively. The implications for employment are found to be mild. 
 
. Adverse changes in climate conditions results in the faster deterioration of road infrastructure. In order to maintain the quality and productivity of existing road infrastructure more frequent rehabilitation and maintenance will be required. Cullis et al. (2014) estimates that under the unconstrained scenario this would raise government roads maintenance and repair spending by additional R0.7 billion in 2020, rising  to R19 billion by 2100. Under the constrained scenario the required increases are smaller, with maintenance cost  rising more moderately to R6 billion by 2100. In addition to this direct cost, climate change impacts on roads also impose an opportunity cost as government spending is diverted away from other priorities.
 
 
The impact of water availability for industrial and agriculture use is much smaller due to South Africa’s well-developed water transfer system, aided by climate change induced increases in precipitation and runoff in many zones. As a result there is a limited effect on the ability of water supply to meet demand, particularly for urban areas and industry. In fact, an expected increase in irrigated agriculture suggests endogenous adaptation, in which irrigated agriculture becomes more attractive than dry-land, which suffers from lower productivity due to climate uncertainty.
 
 
The aggregate impacts of climate change, however, disguise substantial variations at the sector and regional level. This is particularly true for agriculture, where impacts are large and highly variable across climate futures and regions. The impact of climate change on agricultural value added in Inkomati, for example, ranges between -15.4 and 54.4 per cent in 2050, while the impact on agricultural value added in the Berg region ranges between only -3.4 and 0.4 per cent. It is important to consider these regional differences and variability when responding to climate change, particularly since the results illustrate undesirable positive correlations between zones of high uncertainty in long run economic outcomes and areas with substantial poverty. We find that regions with large rural and poor households, such as Mvoti-Umzimkulu and Mzimvubu-Keiskamma, have wide variations of climate impacts on dry-land agriculture, the main in-kind income source for many of these households in the areas. Changes in agriculture GVA ranges between -34 and 26 per cent in Mvoti-Umzimkulu and -21 and 29 per cent in Mzimvubu-Keiskamma. Dry-land agriculture accounts for 81 and 77 per cent of total agriculture activity in these areas; and 85 and 92 per cent of income from agricultural employment. 
Report No.6 for the Long Term Adaptation Scenarios Flagship Research Program.
The net present value (NPV) of GVA in this case refers to the cumulative loses in GVA in 2012 prices as a result of changes in temperature and precipitation.




Small annual real GDP and employment 
declines with agriculture most affected 



But costs increases over time, particularly in 
net present value (NPV) terms 

• In terms of NPV of losses, the total value of GDP losses induced by climate change is noteworthy. 
• Total discounted GDP losses:   

 Roads: -US$1.5 to -US$55.1bn (median: -US$16bn) 
 Including irrigation: -US$2.7 to -US$58.2bn (-US$17bn) 
 Total scenario (more variable, 96% of climates show losses) : -US$93 to +US$31bn (-US$37bn)  
→ nearly 10% of 2012 GDP 

• GDP losses by decade in the final scenario. As  might be expected, the estimated impact on GDP 
becomes more negative and the distribution wider in successive decades. The likelihood of positive NPV 
outcomes also falls dramatically, from 22% in the 2010s to 4% in the 2040s. 
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 In sum, a window of opportunity exists to prepare to confront the challenges posed by climate change. In two or three decades time, the challenges posed by climate change are likely to be much more profound, especially in the absence of global mitigation policy. 




In summary 

• The impacts of climate change on overall economic growth are predominately negative, although not 
large, especially over the next 10-20 years.  

• The impact however becomes more pronounced over time (particularly post 2050) with the cumulative 
cost to the economy rising, particularly in NPV terms. By 2050 the cumulative cost is estimated to be 
US$37bn or 10 per cent of 2012 GDP. 

• There are significant regional differences and high levels of climate change uncertainty. This uncertainty 
declines marginally under the global constrained emissions scenario. 

• Agriculture is the most negatively affected sector. The dependence of many regions with high poverty 
rates on agriculture in general and dryland farming in particular generates an undesirable positive 
correlation between zones of high variability and areas with substantial poverty. 

• The results identify two primary areas of adaptation:  
– On-going maintenance and possible improvement of the existing water transfer system through 

investment or institutional/policy reform. On aggregate, climate change has a small impact on the 
ability to meet water demand, because of South Africa’s well-functioning water transfer network. A 
decline in the productivity of this network would increase the costs associated with climate change.  

– Upgrading of road and other transport infrastructure to make them less susceptible to changes in 
temperature and rainfall. Cullis et al. (2014) shows that the initial cost of adaptation for road 
infrastructure is relatively small if started early. 

– Others include making water use more efficient and measures to help move factors of production 
from low value to high value uses. 

• Adaptation strategies have to be looked at in combination with mitigation measures, as both are required 
to achieve the greatest benefits. 
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