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Abstract

Influential documents such as the synthesis reports produced by the Intergovernmental Panel on Climate Change (IPCC) in 2007 and 2014 and the Stern Review on the Economics of Climate Change in 2007 reignited a global effort to counter the effects of global warming and climate change. The United Nations has made climate change a focal point in all its major policy documents with most member countries following suit. South Africa is thus increasingly vulnerable to disasters induced by climate change. Millions of people living in rural areas are among the poorest and the most vulnerable in the country and have low resilience capacity to cope with disaster risks. This paper seeks to understand the economywide impact of climate change, evaluated using impacts emanating from agricultural productivity, water scarcity shocks and migration shocks.In our study we use a CGE model for South Africa to follow the request by IPCC (2014b:1243), which calls to analyse the consequences on socioeconomic vulnerable groups and on economic activities, and to develop decision-making tools to enable policy and other decisions based on the complexity of the world under climate change, taking into consideration socioeconomic attributes (e.g. gender and ethnicities).
Our analysis shows that different expressions of climate change impacts, shock the South African economy via different channels: via the sectors agriculture and water or via the labour market. We found that obvious indications on positive development of macro-economic indicators (i.e., increasing GDP, household income) cannot cover for negative impacts for the large part of the South African population (i.e., increasing unemployment and decreasing wages for the African workers).







1. Introduction on Climate Change Effects in South Africa

Influential documents such as the synthesis reports produced by the Intergovernmental Panel on Climate Change (IPCC) in 2007 and 2014 and the Stern Review on the Economics of Climate Change in 2007 reignited a global effort to counter the effects of global warming and climate change. The United Nations has made climate change a focal point in all its major policy documents with most member countries following suit. Compared to its relative scarcity before in mainstream journals, an explosion of academic literature on the economic impacts of climate change has subsequently emerged, including various symposiums and dedicated issues (see for example, Climate Change. Journal of Economic Perspectives, 2009 & 2018).  
Recognising the merits of the ever-growing body of scientific evidence regarding climate change, the South African government has long been supportive of these efforts and has made several policy commitments in this regard. The South African government to date has taken several steps in response to climate changes issues facing the country which include (a) the National Climate Change Response: White Paper  2011, (b) Adaptation measures, e.g. (i) the National Water Resource Strategy, (ii) the Strategic plan for South African Agriculture, (iii) the National and Provincial Biodiversity Strategy, (iv) the Department of Health Strategic Plan, (v) the Development of Sustainable Human Settlements and (vi) the National Framework for Disaster Risk Management. (c) NDP: vision for 2030. The Department of Environmental Affairs’ (DEA) National Climate Response White Paper of 2011 formalised South Africa’s position and support for policy action to combat the various impacts of climate change. To this end, the DEA published its Long-Term Adaptation Scenarios (LTAS) report in 2013 to develop national and sub-national adaptation scenarios for South Africa under plausible climate conditions and development pathways. Consideration was given to a broad range of potential impact areas, including agriculture, water, health and migration. The Government’s National Development Plan of 2012 in combination with the country’s commitment to the United Nations’ Sustainable Development Goals further emphasised the need for a long-term transition to cleaner sources of energy, protection of water resources and other targets linked to the combat of climate change.
The most notable likely impact of climate change within South Africa has been the recent drought that hit the country during the 2015 to 2018 period. The Western Cape region was particularly hard hit, resulting in severe water shortages and subsequent agricultural losses. Food inflation spiked to over 12% in the midst of the drought in 2016, double that of CPI at the time. Agricultural output also plummeted in 2015 and 2016, with output levels yet to fully recover by 2019. Periods of high food inflation have been well-documented as disproportionately affecting the poor, making such events particularly important to mitigate against (StatsSA, 2018). Productivity losses in the agriculture sector as a result of climate-related events combined with the subsequent impact on the food sector are estimated to run into billions of Rands. Such events and its associated costs lend support to various research reports that have concluded that any short-run adjustment costs related to implementation of climate change mitigating policies will be dwarfed by the costs of inaction in the long-term (see for example, WWF, 2018). 
Just beyond South Africa’s north-eastern border, the impacts of climate change have been evident through an increasing frequency and severity of tropical cyclones in the region. In the case of Cyclones Eline in 2000 and Idai in 2019, massive loss of life and property was suffered in Mozambique, with neighbouring Malawi, Zimbabwe and South Africa also affected. What is noticeable of all major climate related weather events, such as the recent droughts in South Africa or floods in Mozambique, is that it simultaneously affects agriculture, water and human settlement patterns. National policies have historically been responsive to deal with adverse effects on local agriculture, water systems and internal migration. However, as highlighted in UN (2017) and the recent UN Global Compact for Safe, Orderly and Regular Migration, country-specific national policies have yet to catch up with how to deal with large-scale international migration, in particular climate driven migration. In the case of South Africa, climate-related events are not even listed as a specific reason for migration to or from South Africa in surveys, and its national population and migration policies hardly mention the role and impact of climate change at all. UN (2017) highlights the difficulty of tracking and analysing climate-driven migration. The report suggests that whilst people move for a variety of reasons, and even where climate-related hazards contribute to this decision, it is the underlying socioeconomics, cultural, political and environmental processes that either enable or constrain people’s ability to cope where they are or result in them moving. Analysis of climate-induced migration is subsequently hampered by this complexity and the interrelatedness of drivers of cross-border migration, with related data issues compounding challenges faced in this regard.
South Africa’s major policy documents recognise the importance of fighting climate change. However, actionable policies have not yet been fully integrated or implemented across all affected areas. The focus to date has mainly been on changing South Africa’s coal dominated electricity generation-mix through its Integrated Resource Plan (IRP). In order to reach its agreed upon National Determined Contribution (NDC) target for emissions reduction, the government plans an aggressive move towards cleaner and/or renewable forms of electricity generation and production. The recently introduced carbon tax (which had been postponed for several years) will add further incentive in this regard. Recognition of the role, nature and importance of the agriculture sector is given through broad tax exemptions. No explicit water and sanitation, or immigration policies have been implemented in response to the expected challenges climate change will provide. Policymakers have only recently begun to consider these implications and it may yet be many years until national policies are reflective of the demands of climate change.   
South Africa is thus increasingly vulnerable to disasters induced by climate change. Millions of people living in rural areas are among the poorest and the most vulnerable in the country and have low resilience capacity to cope with disaster risks. This paper seeks to understand the economywide impact of climate change, evaluated using impacts emanating from agricultural productivity, water scarcity shocks and migration shocks. The impact of climate change is addressed using a computable general equilibrium (CGE) model specifically designed for South Africa. After describing the methodology in Section 2, the paper discusses the scenarios in Section 3, followed by simulation results in Section 4. Section 5 concludes the paper.


2. Methodology and Data
The original social accounting matrix used is from Davies and Thurlow (2013). For the purpose of this paper, using the National Accounts and the Labour Force Survey from Statistics South Africa, we disaggregated the labour force according to skills (skilled, semi-skilled and low skilled), population group (African, Coloured, Indian and White) and gender (male, female). For modelling, Gibson (2003) is followed for the trade parameters and low-bound export supply, while demand elasticities are obtained from Behar and Edwards (2004). Unemployment rates are drawn from the labour force survey report by StatsSA.  To evaluate the impacts of climate change on the South African economy and specifically on women, we use the PEP-1-t model by Decaluwé et al. (2013). However, several assumptions of this standard model are changed in order to better represent the South African economy.
We have structured our model according to a 5-level production process. At the first level, and for each activity, production is represented by a Leontief-type function. This means that there is therefore a perfect complementarity between value added and intermediate consumption. At the second level, we assume that composite labor can substitute for composite capital following a CES-type function (constant substitution elasticity). In line with the SAM, the objective is to highlight different categories of labour: according to skills (skilled, semi-skilled and unskilled), population groups (African, Coloured, Indian, White) and also including the gender dimension. Therefore, we assume that when a producer wants to hire a worker, he/she will choose between workers given their level of skills. A CES function represents this imperfect substitution between these three types of labour. Then, each type of labour is further disaggregated according to the population group (Level 4). Finally, at the fifth level, we included the gender dimension. 
In the same way, we assume that the assumption of full employment of the PEP 1-t model is not relevant in the South African case, given the very high level of unemployment that affects the country (27.6% in 2017 according to the OECD), and in particular for semi-skilled and unskilled labour.  Indeed, South Africa is faced with the problem of high unemployment. Following Blanchflower and Oswald (1995), we assume that there is an equilibrium wage rate compatible with the unemployment rate. The authors show the existence of an empirical relation linking wage rates and unemployment rates, also called ‘‘wage curve”. The relation shows a negative slope between unemployment rates and wage rates.
Kingdon and Knight (2006) econometrically estimated a wage curve for South Africa. They find the same result as Blanchflower and Oswald and, specifically, that a 10% increase in the unemployment rate leads to a 1% decrease in wages. We used the Kingdon and Knight results in our parameterisation of the wage curves. In terms of closure rules, we assume that the nominal exchange rate is the numeraire. Labour is mobile across sectors, whereas capital is sector-specific. 
As South Africa is a small country, world prices are assumed exogenous. However, South African exporters face a less than infinite foreign demand for exports. In order to increase their market share on the world market, exporters need to reduce their free on board (FOB) prices for exports. Factor supplies are fixed in the first period; the labor force subsequently grows at the same rate as the population and capital growth is modelled using an accumulation equation (Jung and Thorbecke (2001)). Transfers between institutions and government spending are fixed at the base year and then grow at the population rate. The rest of the world’s savings are modelled as a fixed proportion of GDP.

3. Background:  Expected/projected climate change impacts in South Africa 


1) Impact on the agricultural sector: 

The following scenarios are simulated;
- Decrease by 5% of the productivity of the sector
-Increase of world price for agriculture

The effects of global warming and climate change on the agricultural sector of a country manifest itself through rising average temperatures and more volatile weather episodes such as prolonged and intense droughts and devastating floods. In South Africa, this has become particularly evident. The recent droughts as outlined above have been the most severe in memory and led to critical water shortages. With the Western Cape being one of the country’s premier agricultural and viticultural regions, the drought also contributed to significant food inflation during the period.     
Since the demise of Zimbabwe’s agricultural sector, South Africa has become the dominant source of agricultural output in the Southern African region, accounting for over a third of agricultural value added (IFPRI, 2016). Labour and land productivity in the agriculture sector in South Africa has risen significantly since the 1960s. For South Africa, specifically, labour productivity has risen faster than land productivity, with the fastest growth occurring since the 2000s with an average increase in total factor productivity of 2.5%.
The long-term effects of climate change on agriculture and related factor productivity has been difficult to measure. Despite the adoption of climate mitigating technologies and precision farming on many farms, it is clear that South Africa’s agricultural sector in general is still highly reliant on the environment. However, by looking at the impact of specific climate-related events such as the recent Western Cape droughts and Cyclone Idai destruction across Mozambique, we can compare the yields in climate affected seasons to non-affected normal seasons in order to isolate and measure the effects of specific weather episodes.
In the case of the Western Cape, agricultural and farming output levels dropped significantly across all subsectors, with economic losses estimated at close to R6bn and 30,000 jobs affected (WWF, 2018). At the height of the drought in 2016, food inflation in South Africa rose to 12% - double that of the CPI – this rise was attributed to the widespread drought South Africa experienced that year. Agricultural output in South Africa dropped by over 10% in 2016 with all agriculture-intensive provinces significantly affected. Whilst the rest of South Africa saw improved rainfall in subsequent seasons, the drought in the Western Cape extended until 2018 with historically low rainfall numbers for the region during this period.
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In CGE modelling the economic effects of climate change is typically implemented through a reduction in total factor productivity in the agricultural sector. That is, adverse climatic events such as droughts or floods cause a reduction in output for any given amount of inputs. During periods of abnormal climatic events, the differences in agricultural outputs relative to average outputs may be viewed as the impact of climate change. For example, during the 2002-2003 drought in Australia, summer and winter crop outputs were down 56 and 59 percent, respectively, compared to preceding seasons. This was determined to cause an overall drop in GDP of 1.6% during the drought period, with other key macro variables following this downward trend (Horridge et al. 2005). Kilimani et al. (2018) follow a similar methodology to measure the impact of a drought on the Ugandan economy. The results were, not surprisingly, similar in terms of the direction of movement in key variables. During the recent drought in the Western Cape, agricultural output for certain crops were similarly affected. However, since each climatic event is different in its exact magnitude and subsequent impact on agricultural productivity, the size of the shock must be calibrated accordingly. 
A further, more general, effect of climate change is that global food prices on average will ultimately increase. This global effect can be modelled with either a country-specific focus (see Abdella et al. 2013 for Ethiopia) or a global focus (see for example Anderson et al. 2013). Various country-specific aspects are shown to influence the local impact of a world agricultural price shock, however, the effects on key macroeconomic variables are always shown to be negative.
Given that there are no exact magnitudes in the literature regarding the long-term effect of climate change on agriculture, we model two distinct what-if scenarios to generate insight on the impact of climate change on agriculture. In the first scenario, we model the impact of a moderate decrease of 5 percent in total factor productivity of the agricultural sector due to climate related events. In addition to the two climate scenario directly affecting agriculture described above, the water sector itself will also be directly affected.

2) Impact on water: 

The following scenarios are simulated: 
-Decrease on the productivity
-Increase of the depreciation rate of capital for the sector

Water systems are likely to be severely strained during extreme climate events. Apart from a deterioration in total factor productivity, depreciation costs are also likely to increase significantly. The literature on the impact of climate change on water systems has been growing in recent years. IFPRI (2010) discusses a broad range of climate related scenarios and their respective impacts, whilst Nhamo (2018) interrogates the water-energy-food nexus and the risks related to climate change. The direct and indirect effects of compromised water systems are highlighted across the literature as potentially devastating to an economy, with significant negative spillover effects on vulnerable households. In order to model these effects, the direct impact of climate change in general or the specific climate event under consideration on the water sector must be quantified. 

3) Migration to SA 

The following scenario is simulated
- Increase of labour supply for Africans by 3% 

No literature exists quantifying the exact size of weather or climate-induced migration into South Africa from the rest of Africa. However, from anecdotal evidence, it is likely that climate events influence long-term migration patterns both directly and indirectly. Further research would be required to disentangle the effect of weather/climate relative to normal job-seeking reasons – the reason few jobs exist in certain location may be endogenous to severe climate events. Labour and migration statistics presented by StatsSA also do not explicitly list or track climate/weather events as a reason for immigration, hence it is not possible to quantify this effect without additional survey work or making assumptions/judgments. This difficulty was highlighted in UN (2017). Part of the UN Global Compact for Safe, Orderly and Regular Migration attempts to recognise climate change as a legitimate standalone reason for migration. 
During the period 2008 to 2011, South Africa received the highest amount of asylum claims in the world, peaking at over 220,000 in 2009. This was largely attributable to the economic and political fallout in neighbouring Zimbabwe during that time. (UNHCR, 2009; 2017). In recent years, concerns have grown about the inability of both local authorities and the UNHCR to accurately track refugee and asylum claims in the region, and its subsequent impact on policy formulation (Rademeyer, 2015). 
By the end of 2016, South Africa has a total population of concern of 309,000, including 91,000 new refugee application during the year and 262,000 pending cases. The majority of these applications were from SADC countries (UNHCR, 2017). StatsSA (2017) shows that during 2015, 3388 temporary residence permits for work were awarded to SADC nationals, some of which may be related to climate-induced economic reasons.
From a climate science and economics perspective, the inability of statistical agencies to distinguish between normal economic migration and climate-induced migration to South Africa from countries like Mozambique or Zimbabwe makes it difficult to ascertain the scope of the migration issue. Immigration to South Africa, including refugee and asylum claims, from Mozambique post Cyclone Erine in 2000 did not show any significant deviation from the trend.

4. Results: 


The scenarios are compared to the BAU, which was built following the forecasts of GDP growth from the National Treasury in South Africa, representing the period 2015 to 2040. 
Researchers expect different climate change impact on the economic sectors in South Africa, which will result in direct or indirect negative impacts -- particularly on vulnerable gender (i.e. women) and population groups (i.e. mainly African, coloured) (IPCC 2014b). In our study, we simulate 4 selected climate change scenarios. In the first 3 scenarios, we shock selected economic drivers separately. This “partial” scenario simulation allows us to analyse first the impacts on the vulnerable agents via the different economic channels and the interdependencies between sectors and agents.
In the scenario “Agriculture” we assume that changed climatic conditions will reduce the productivity of agricultural production in South Africa by 5%. Furthermore, we expect the world prices for agricultural commodities to increase by 8% for import prices and by 4% for export prices.
In the scenario “Water” we assume the climatic changes will result into increased transpiration and evaporation. Thus, water resources fresh water resources will reduce and we expect a reduction in water supply and productivity.
In the scenario “Migration” we expect the immigration from neighbouring countries to South Africa. We assume that climate change will have negative impacts on the other countries’ economies other countries and that the low adaptation capacities will create migration. The migration will have a direct impact on the labour market and thus, will represent a different channel than the impacts from the production side in the scenarios “Agriculture” and “Water”.
In the “Combined” scenario we combine the single “partial” scenarios and we would expect for future if no adaptation measures will be initiated. Table 1 presents in keywords the simulated scenarios, their assumptions and the macroeconomic shock implemented in to the CGE model.
Table 1: Overview of partial climate change scenarios
	Scenario Name
	Assumption

	Agriculture
	Climatic change reduces the productivity of agricultural land and livestock production
Increase in agricultural commodity prices

	Water
	Reduced precipitation and increased evaporation and reduces available freshwater resources

	Migration
	People immigrate from countries whose economies are more severely impacted by climate change than the South African economy

	Combined
	Combine the scenarios Agriculture, Water and Mitigation




4.1 Macro economic impacts
Table 2 presents the macroeconomic impacts of the simulated climate change scenarios in the last period. The shock resulting from the climate change impact economy negatively in all scenarios, but in the scenario “Migration”.

Table 2: Impact on Selected Macro Economic Indicators (in % to the BAU)
	
	
	Agriculture
	Water
	Migration
	Combined

	
	
	Sim1
	Sim2
	Sim3
	Sim4

	GDPreal
	Gross Domestic Product
	-0,284
	-0,045
	0,302
	-0,031

	YH
	Household Income
	0,050
	-0,004
	0,085
	0,130

	PIXCON
	Consumer Price Index
	0,410
	0,048
	-0,149
	0,311

	CTH_REAL
	Household real consumption
	-0,357
	-0,052
	0,233
	-0,179




In the first scenario, the agricultural sector is affected by a decrease in its productivity and a price effect: world prices are increasing. This price effect has two implications for the South African economy: on one hand, imported agricultural commodities are relatively more expensive, while South African producers are encouraged to export their agricultural products. These combined effects (price + productivity) lead to a sharp decrease of the agricultural sector production (see Table 3). The price of agricultural products is rising sharply and this is affecting other sectors through their intermediate consumption. Facing an increase in their production costs, sectors will lay off workers leading to an increase in the unemployment rate for most of the labour categories. Overall, households’ real consumption decreases. 
In the second scenario, the mechanisms are quite similar as we assume that the shock affects the water sector and is then spread to other sectors through the intermediate consumptions. Here the mining and the food sectors are particularly hit by the increase in the price of water. In the third scenario, the increase in the labour supply increases the unemployment rate for all the labour categories and provides as well extra workers for the different sectors. This increase in the workforce puts downward pressure on the wage rate so that companies can absorb some of this new labour force. With more manpower, production in the sectors increases and prices decrease, leading to a decrease in the CPI. Nominal income is decreasing for households, but given the decrease in the CPI, real income (and consumption) increases. Finally, the last scenario, which combines the three previous ones, shows a decrease in the long-term GDP growth rate, an increase in prices and a decrease in real household consumption.
4.2 Sectoral impacts in the long run: 
As previously mentioned, the climate change impacts are spread from one sector to the other through the intermediate consumption, due to intersectoral linkages between the different activities. Indeed, in the first scenario, the decline in agricultural production combined with an increase in the price of agricultural products leads to an increase in production costs, particularly for the food and textile sectors. Consequently, these sectors will free up workers and reduce their production. We observe the same mechanism in the second scenario. In the third scenario, however, a different dynamic is observed: the increase in the labour force in the sectors of activity leads to a demand for additional inputs that the various sectors can only offer if they produce more by employing more. However, note that though production is increasing in all the sectors, it is not enough to absorb the migrants and therefore the unemployment rates for the African, whatever the skill level, is increasing.  Finally, the last scenario shows that production in most sectors is decreasing. 

Table 3: Impact on industries in percentage of the BAU in the long run
	
	Agriculture
	Water
	Migration
	Combined

	AGRI
	-1,50
	-0,04
	0,27
	-1,28

	MIN
	-0,25
	-0,07
	0,36
	0,04

	FOOD
	-0,79
	-0,04
	0,20
	-0,63

	TEXT
	-0,89
	-0,04
	0,36
	-0,58

	PETR
	-0,29
	-0,05
	0,34
	-0,01

	ONM
	-0,05
	-0,04
	0,30
	0,21

	MIRO
	-0,20
	-0,05
	0,36
	0,11

	EMCH
	-0,14
	-0,04
	0,38
	0,19

	RMED
	-0,08
	-0,03
	0,40
	0,29

	TRAN
	-0,18
	-0,04
	0,36
	0,14

	FURM
	0,29
	-0,02
	0,24
	0,51

	ELEC
	-0,27
	-0,04
	0,29
	-0,03

	WATR
	-0,22
	-1,41
	0,23
	-1,41

	CONS
	-0,06
	-0,03
	0,31
	0,21

	HOTL
	-0,36
	-0,04
	0,30
	-0,10

	COMM
	-0,21
	-0,03
	0,28
	0,04

	TRFINAL
	-0,26
	-0,04
	0,29
	-0,02

	BUSI
	-0,20
	-0,03
	0,34
	0,11

	ADM
	-0,12
	-0,02
	0,29
	0,15

	HEAL
	-0,18
	-0,03
	0,25
	0,04

	OSRV
	-0,29
	-0,03
	0,28
	-0,04



5 Conclusions
In our study we use a CGE model for South Africa to follow the request by IPCC (2014b:1243), which calls to analyse the consequences on socioeconomic vulnerable groups and on economic activities, and to develop decision-making tools to enable policy and other decisions based on the complexity of the world under climate change, taking into consideration socioeconomic attributes (e.g. gender and ethnicities).
Our analysis shows that different expressions of climate change impacts, shock the South African economy via different channels: via the sectors agriculture and water or via the labour market. We found that obvious indications on positive development of macro-economic indicators (i.e., increasing GDP, household income) cannot cover for negative impacts for the large part of the South African population (i.e., increasing unemployment and decreasing wages for the African workers).
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