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Abstract 

Climate change poses significant challenges to country development and welfare across the globe with 
the effects of global warming leading to rising temperatures, increased frequency of extreme events and 
ac�ons to limit the rise in emissions requiring structural changes in economies. Africa is expected to be 
more nega�vely impacted by climate change due to their dependence on climate vulnerable sectors, 
limited ability to adapt, and mul�tude of equally important developmental objec�ves. Opportuni�es, 
however, also exist for many countries in Africa given expected popula�on increases, the need for new 
infrastructure development and the availability of abundant renewable and transi�on dependent 
resources. These climate induced changes in economies pose tangible risks to the financial sector and 
central banking func�ons of monetary policy and financial stability as they affect rela�ve price 
adjustments, changes in balance sheets and broader economic ac�vity. In this paper we explore how 
climate change affects economies within Africa and the implica�ons of such changes for central banking 
in the region. A case study of South Africa is used to illustrate how exis�ng models can be used to iden�fy 
the key risks stemming from climate change and linked with tradi�onal central banking models for 
monetary policy and fiscal stability assessment. 
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Introduc�on 
Climate change poses significant challenges to country development and welfare across the globe with 
the effects of global warming leading to rising temperatures, increased frequency of extreme events and 
ac�ons to limit the rise in emissions. Climate change risks have been generally grouped into two dis�nct 
categories, namely physical risks, and transi�on risks (TCFD, 2017).  

Physical risk refers to the physical impact of long-term changes in temperature and precipita�on (chronic 
physical risks), as well as the risks related to the increased frequency of extreme events (acute physical 
risks). Chronic physical risk impacts on the economy are therefore more likely to be felt in the medium to 
long-term as changes in climates compound over �me as temperatures rise or precipita�on declines. 
Chronic physical risks include water availability which has implica�ons for energy and agriculture 
produc�on, crop yields, health and produc�vity, and loss in biodiversity among others. Acute physical risks, 
while also having poten�al long-term impacts, also have short to medium impacts as the occurrence of an 
extreme event is uncertain, happens suddenly and can have large immediate impacts on for example 
produc�ve capital assets and infrastructure. Physical climate impacts in developing countries will be more 
severe due to their dependence on climate vulnerable sectors (e.g. agriculture and tourism), limited ability 
to adapt, and mul�tude of equally important developmental objec�ves. According to the IPCC most 
countries in Africa will be dispropor�onately affected by climate change experiencing higher temperatures 
earlier than wealthier northern hemisphere countries, with higher compounding risks from reduced food 
security due to increased water stress and shortened growing seasons, increased heat related mortality 
and labour produc�vity loss, and sea level rise related flooding which will significantly increase the 
financial burden related to infrastructure damage and repairs. Impacts are projected to be widespread 
and severe in the absence of sufficient mi�ga�on to limit global warming to 1.5oC (Trios et al., 2022). 

Transi�on risks refer to economic, social, technological, regulatory, and geopoli�cal risks that arise from 
the shi� to a low carbon economy. These risks are considered to be more imminent as policy 
implementa�on and changes in preference are already transpiring due to the lead �mes associated with 
the transi�on. A key transi�on for many countries will be shi�ing energy technologies from tradi�onal 
fossil fuels to cleaner alterna�ves such as renewable energy. Coupled with transi�on risks are also 
opportuni�es that result from the development of new markets for materials needed for clean 
technologies key to the transi�on but also other markets such as carbon trading. Transi�oning economies 
toward low carbon growth as well as increasing resilience to reduce the nega�ve impacts of physical 
climate change require significant investments in new technologies and sectors. 

Adam et al. (2023) reports a more recently developing third category of risk, namely liability risks. Liability 
risk, which is associated with physical and transi�on risk, refers specifically to legal liabili�es companies or 
individuals may face because of losses caused by physical and/or transi�on risks. This type of risk is largely 
faced by financial services firms, such as the insurance industry. Liability risk essen�ally asks the ques�on 
who is ul�mately responsible for the costs associated with physical and transi�on risks. 

The changes induced by climate change in both local and global economies and the shi�s in resources 
required have implica�ons for the financial sector and central banks. In this paper we explore how climate 
change affects economies within Africa and what the implica�ons of such changes are for central banking 



 

in the region. Understanding the impacts of climate change is a crucial first step to understanding the 
poten�al impacts of climate change for central bank func�ons. In this paper we use the example of South 
Africa to iden�fy the key risks stemming from climate change for monetary policy and fiscal stability.  

Climate change risks in Africa 
Physical risks are reported to be the primary risk across most of Africa given the faster change in clima�c 
condi�ons, exposure to climate vulnerable sectors, less advanced infrastructure, and low capacity to 
adapt. On average near-surface air temperatures across the con�nent increased by 0.3oC per decade in 
the 1991-2022 period, compared with the 0.2oC increase experienced in the 1961-1990 period and the 
global average increase of 0.2oC. Temperature increases differed across the con�nent, ranging between 
0.2oC per decade in Southern Africa and 0.4oC per decade in North Africa (WMO, 2023). Over the past 
three decades, Africa also experienced an increase in frequency and intensity of extreme events with 80 
such disasters being reported in 2022 alone. These events included heavy rainfall, floods, tropical cyclones, 
droughts, heatwaves, wildfires, and sandstorms. The economic damages resul�ng from these events are 
es�mated to be US$8.5 billion. GDP per capita in the region is reported to be 13.6% lower in the 1991-
2022 period because of climate change (Trisos et al. 2022). 

The IPCC (Trisos et al. 2022) projects con�nued increases in temperature across Africa with most countries 
expected to experience record high temperature climates earlier than wealthier countries further north. 
Rising temperatures, along with precipita�on uncertainty and increases in extreme events will lead to 
broader and more severe nega�ve impacts including lower economic growth, increased inequality and 
poverty, and reduced food produc�on. The physical impacts of climate change have direct impacts on key 
sectors in Africa. These include agriculture, energy, and tourism. 

Many countries in Africa are dependent on agriculture, par�cularly rainfed agriculture as a key economic 
ac�vity. The IPCC (Trisos et al. 2022) reports that agriculture produc�vity in Africa has decreased by more 
than 30% since 1961 because of climate change – more than any other region in the world. Es�mates 
indicate further declines in yields are expected with increasing water stress and shortening growing 
seasons also expected to nega�vely affect agriculture produc�on and food systems. Thomas et al. (2022) 
es�mates that in Southern Africa between 2020 and 2060, yields on rainfed maize – a key staple crop in 
many African countries – is likely to decrease by between 0.2% (low emissions) and 9.2% (high emissions) 
with the likelihood of extreme low-yield events increasing from 1-in-20-years to 1-in-3.5 years. Lower 
yields are also expected for other key crops such as dry beans, groundnuts, and soybeans. Enahoro et al. 
(2023) report significant crop area losses under climate change in West Africa that would result in an 
increased dependency on food imports. Specifically, suitable maize areas are es�mated to decrease from 
the current 90% to between 15% and 43% depending on the climate scenario. 

While most energy in Africa is s�ll dependent on coal, crude oil, and gas (more than 50% of total energy 
supply), hydropower is a key source of power in the region accoun�ng for just under 20% of total 
genera�on in 2021. In East and Southern African countries hydropower is a larger source of electricity 
genera�on. Es�mates by Arndt et al. (2019) which uses an uncertainty approach to assess the impact of 
climate change on runoff in the 5 major basins of the Zambeze River Valley indicate a decrease in runoff 
across most basins (mode) with poten�ally large declines in runoff (up to 50%) possible in the Kafue and 



 

Upper Zambezi basins. Increases in runoff are also possible in some basins. Changes in runoff have 
implica�ons for water alloca�ons for irriga�on and hydropower. In the case of hydropower, the results 
show likely losses in the case of Zambia and to a milder extent in Mozambique as well. The IEA highlight 
Morocco, Zambia, Zimbabwe, the Democra�c Republic of Congo, and Mozambique as key countries 
vulnerable to decreasing hydropower genera�on due to climate change. Increased frequency of extreme 
events such as drought also increases hydropower vulnerability in Africa. This has been illustrated in 
Malawi, Tanzania, Zambia, and Zimbabwe during the 2015/16 El Niño. Expansions in hydropower capacity 
to meet rising demand in the region would result in long term climate change vulnerability. Further 
research is needed to beter understand the impacts of climate change on the water-energy-food nexus in 
the region as a whole (Trisos et al. 2022). 

Africa is a key tourist des�na�on in the world because of its many biodiverse regions which inhibit several 
species of plant and animal life not found anywhere else in the world. As a result, tourism is an important 
economic ac�vity across most of Africa, contribu�ng around 8.5% to total GDP and employing nearly 9 
million workers (Trisos et al. 2022). Climate change through droughts, heat stress and flooding has 
nega�vely impacted the sector as it has disrupted wildlife migra�ons, decreased viewing opportuni�es, 
and damaged infrastructure. The IPCC projects further nega�ve impacts on nature-based tourism in the 
region due to climate change as temperatures con�nue to increase, precipita�on decreases and becomes 
more uncertain, and the frequency and severity of extreme events rise. Sea level increases are expected 
to reduce beach tourism in the future. 

Climate change, par�cularly extreme events, also affects broader economic ac�vity through the impacts 
on infrastructure and labour produc�vity for example. Infrastructure across many countries in Africa 
remains insufficient and inadequate, constraining economic growth and development in the region. 
Es�mates indicate that poor infrastructure in the region adds between 30-40% to the costs of goods traded 
between African countries. Climate change is expected to place pressure on exis�ng infrastructure, 
increasing the financial burden faced by many countries. The IPCC (Trisos et al. 2022) es�mates that 
without adapta�on, sea level rise would result in infrastructure damages of between USD 65- 87 billion by 
2050 (includes only 12 major coastal African ci�es), while costs of just maintaining exis�ng road 
infrastructure would reach USD 183.6 by 2100.  

Labour produc�vity is another key broad-based sector input that will be nega�vely affected under climate 
change. Climate change is expected to lead to higher temperatures in the region, increased extreme heat 
days as well as increased extreme events such as flooding. These changes will nega�vely affect health and 
hence produc�vity in the region. The impacts are expected to be larger because of outdoor work, buildings 
that can manage heat, less use of air condi�oning systems. The IPCC es�mates that increased climate-
induced heat stress will decrease working hours and capacity in the region with the largest declines being 
experienced in sub-Saharan Africa and in outdoor occupa�ons. Under a global warming scenario of 3%, 
labour capacity in agriculture is expected to decrease by between 30-50% in sub-Saharan Africa. In West 
Africa, labour produc�vity under the same global climate is expected to cost up to 8% of GDP. 
Manufacturing produc�vity across Africa is projected to decline under RCP8.5 by 0–15% by 2080–2099, 
with the largest effects in the DRC, Ethiopia, Somalia, Mozambique, and Malawi (Trisos et al. 2022).  

 



 

Ac�ons arising from climate change include the need to reduce emissions and build resilience through 
climate adapta�on. While many African countries are not large producers of emissions, emissions are 
expected to increase given current energy structures (primarily coal based), growing popula�ons and 
economic development. Africa however has significant renewable energy endowments which provide a 
clean energy alterna�ve to many countries in the region. Exis�ng low levels of sunk costs within the energy 
sector also reduce the risk or cost of stranded assets in many countries (Arndt et al. 2020), while the need 
for development and expansion in energy access provides an opportunity for considering decentralised 
power systems. Energy transi�ons in Africa also creates the poten�al for regional approaches which may 
assist in mee�ng energy needs while reducing emissions. 

Global pressures and the need to reduce emissions to limit the physical impacts from climate change has 
resulted in almost all countries in Africa having commited to reducing their emissions via their Na�onally 
Determined Contribu�ons. While emissions in many countries are not large, structural shi�s will s�ll be 
needed to move toward low carbon economic development. Transi�oning to low carbon economies and 
mee�ng Na�onally Determined Contribu�ons requires significant investments which cannot be fully 
financed by local governments. Significant risks exist with regards to being able to sufficiently atract such 
funding with the consequences of not be able to do so poten�ally including loss in market share as 
preferences shi� away from carbon intensive goods and services. Transi�on risks are higher in countries 
that depend on fossil fuel extrac�ve industries as primary energy inputs and sources of foreign revenue. 
Examples of such countries include South Africa (dependence on coal), Nigeria (crude oil), and Algeria 
(natural gas). Local and global energy transi�ons however do provide opportuni�es for new sector 
development for goods and services needed in the transi�on. 

Although men�oned briefly throughout the risk discussion above, it is important to note that the risks 
from climate change in Africa are both local as well as global. Global risks include commodity price 
vola�lity, trade and supply shocks, and policy changes in response to climate shocks and mi�ga�on 
ambi�on. Further research is needed to unpack the local and global risks of climate change in Africa and 
assess the impacts of these risks on macroeconomic growth, fiscal stability, and monetary policy. 
Macroeconomic assessments of transi�on and physical climate impacts in Africa are limited and further 
work is urgently needed to unpack these specifically at the na�onal level given that climate risks may be 
unique to country characteris�cs. 

Implica�ons for central banking 
Climate change directly affects central banking mandates through the risks imposed to financial and price 
stability in the economy as well as through the management of capital flows needed for climate transi�ons 
and adapta�on. This is illustrated in Figure 1 which describes the transmission pathways in which transi�on 
and physical risks affect the macro economy and the financial system via rela�ve price adjustments, 
changes in balance sheets and impacts on broader economic ac�vity, and how financial system impacts 
can have feedback effects on the economy. As illustrated, transi�on risks impact the structure of 
economies as shi�s in technologies require moving away from tradi�onal produc�on methods toward 
cleaner and more sustainable op�ons. Such shi�s have implica�ons for upstream sectors. A key example 
here is changes in energy technologies from fossil fuel based toward renewable based which will 
nega�vely affect the demand for and produc�on of fossil fuel extrac�on ac�vi�es. Fossil fuels extrac�on 



 

is a key source of ac�vity and revenue in many African countries. Decreasing domes�c demand would 
therefore affect economic growth and result in job and income losses. Demand will also be affected by 
changes in external demand as the rest of the world moves toward low carbon growth and preferences 
shi� toward greener goods and services. Shi�s in technologies will also impact asset valua�ons and could 
poten�ally lead to the stranding of assets which have implica�ons for company balance sheets. Impacts 
on company incomes and balance sheets weaken financial posi�ons and raise the risk of defaul�ng on 
credit obliga�ons. Similarly job and income losses also raise the risk of individual credit defaults. The 
transi�on to a low carbon economy can also impact prices through policy changes that introduce carbon 
prices, and increased investments needed for cleaner and more efficient technologies. Physical climate 
impacts can lead to short- and long-term risks to financial and price stability. In the long-term changes in 
climate change affects produc�vity and hence economic output and prices. A key example is the impact 
of climate change on food produc�on and prices with hoter and drier clima�c condi�ons in much of Africa 
leading to lower crop yields and increased dependence on food imports. In the short term, extreme 
weather events may lead to large price vola�lity because of capital destruc�on and economic disrup�ons 
experienced. Climate risks to financial and price stability extend beyond na�onal boundaries as countries 
are exposed to global climate impacts through trade. 

Figure 1 Impacts of transi�on and physical risk 

 

While the sec�on above describes the generalised risks of climate change to financial and price stability 
and central banking, the risks for Africa (and other developing countries) may be more unique and severe. 
This is due to the higher exposure of many African countries to climate shocks (discussed above), but also 
because of shallower financial markets, less developed regulatory frameworks, and more constrained 
fiscal posi�ons with already higher borrowing costs than in developed countries (Adam et al. 2023, Arndt 
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et al. 2020). The higher risk of climate shocks in the region means that the physical impacts of climate 
change will lead to larger and more compounding effects on the economy. These shocks will place 
addi�onal pressures on already constrained fiscal resources further limi�ng the ability for government 
financing of transi�on and adapta�on investments. Constrained government resources, along with 
shallow financial markets mean that a large share of financing for climate transi�ons and adapta�ons will 
need to come from abroad. Adam et al. (2023) reports that government financing can only account for 
10% of financing needed for transi�on and adapta�on financing. Central banks have an important role to 
play in both efficiently managing the flows of these funds as well as atrac�ng them by ensuring a stable 
macro economy and that risks from climate are incorporated and correctly priced. Correctly pricing risks 
will also ensure that resources are effec�vely allocated within countries and that markets, such as 
insurance, are included relevant informa�on.  Understanding the risks and opportuni�es induced by 
climate change are important for central banks to create enabling environments for investment whilst 
maintaining economic and financial stability. 

Frameworks for assessing climate risks 
The poten�al risks emana�ng from physical and transi�on climate risks to the financial sector and 
monetary policy has aroused the need for central banks to beter understand the impacts of climate 
change on the economy and financial sector. This is par�cularly important for countries in Africa where 
not only are climate impacts likely to be larger but financial markets and ins�tu�ons are less sophis�cated, 
fiscal, and monetary space is more constrained, infla�on is higher, and borrowing costs are larger. The 
large and unprecedented nature of climate change shocks, high level of uncertainty, and long-term horizon 
of climate impacts makes many tradi�onal central banking assessment tools by themselves less useful for 
climate foresight analysis and stress tes�ng. The development of appropriate risk assessment and 
management tools that link climate, real structural economic, financial sector and risk dynamics is 
therefore needed. Specifically, such assessment tools must be capable of (i) iden�fying country specific 
climate scenarios, (ii) assess the economic impacts of these scenarios, and (iii) translate these impacts to 
the financial sector to measure vulnerability and exposure (Anvari et al., 2022). 

One approach to improving central banking assessment frameworks is to link tradi�onal macroeconomic 
and financial stability models with frameworks designed to assess the physical and transi�on impacts of 
climate change. Country specific integrated assessment models that include computable general 
equilibrium models are useful frameworks for assessing the impacts of climate change as they unpack the 
impact of changes in temperature, precipita�on and weather on key channels affec�ng the economy by 
linking impacts through biophysical models such as crop yield, water supply and demand, energy, and 
infrastructure models. Such frameworks enable more accurate assessments of climate change impacts and 
iden�fica�on of risks as they include country specific characteris�cs and account for heterogenous within 
country impacts. Sector-specific biophysical models generally evaluate impacts at a granular level 
iden�fying key vulnerabili�es as well as poten�al adapta�on opportuni�es. Computable general 
equilibrium (CGE) models are well suited for assessing the economic impacts of climate change as they 
are structural models based on microeconomic theory and capture the func�oning of the real market 
economy in which the interac�ons of producers, households, government, and the rest of the world are 
mediated via prices and markets. CGE models include detailed supply side informa�on necessary for 



 

analysing climate change which is characterised by large supply side shocks. CGE models have been widely 
used to look at both the transi�on and physical risks of climate change (An et al., 2023) and for many 
African countries, models of key climate impact channels such as agriculture, infrastructure and water 
already exist (Arndt et al., 2020). Linking informa�on from such models with more tradi�onal 
macroeconomic and financial models will ensure that the country specific and appropriate costs and 
benefits are included in analysis and provides detailed informa�on for the financial sector to use in 
iden�fying and cos�ng their own risks to climate change. 

South African Case Study 

Framework for assessing climate risks in South Africa 

To assess the fiscal and monetary policy implica�ons of climate risk in South Africa, we employ a mul� 
model framework that links macroeconomic climate impact and transi�on analysis with tradi�onal 
macroeconomic modelling tools used by central banks. The modelling framework employed is illustrated 
in Figure 2 and uses the Network for Greening the Financial System (NGFS 2023) scenarios as a guide to 
the state of the global economy. Specifically, the NGFS Current Policy, Delayed Transi�on and Net Zero 
2050 scenarios are selected. Within each of the global scenarios specific scenarios are developed for South 
Africa to assess the economic impacts of physical and transi�on climate induced changes. Figure 3 
presents the change in temperatures experienced and the annual level of emissions produced in each 
scenario for South Africa. It is important to note that in the case of physical climate impacts, we only 
consider one possible climate future within each global scenario. This climate future is taken from the tail 
end of the distribu�on and represents a bad climate outcome. 

Figure 2 Modelling framework applied to South Africa. 

 

 



 

Figure 3 Temperature change (le�) and annual emissions (right) for South Africa by scenario 

 

The physical impacts of climate change are modelled using the SACReD (Systema�c Analysis for Climate 
Resilient Development) modelling framework. SACReD is a mul�-model framework that links global and 
na�onal changes in clima�c condi�ons to country specific biophysical models that captures the key 
channels through which climate change affect the economy. The outputs from these biophysical models 
are then linked to an economy-wide model for South Africa to quan�fy the impacts of physical climate 
changes (see DEA 2016 for a previous applica�on of SACReD to South Africa).  

The economic transi�on impacts associated with climate mi�ga�on are modelled in a linked energy-
economic model for the country, called SATIM-GE. SATIM-GE is a hard linked model that combines an 
engineering botom-up energy systems op�misa�on model with an economy-wide model (see Marquard 
et al., 2021). The use of such an approach for transi�on risk analysis ensures that country specific technical 
energy considera�ons are accounted for and that the economic impacts of changes in the energy system 
are consistently es�mated.  

The outcomes from the SACReD and SATIM-GE models provide outcomes of the macroeconomic impacts 
of climate change generally used by central banks as well as detailed impacts on sectors and households. 
Both the SACReD and SATIM-GE models however provide real side structural economic impact outcomes. 
Key outcomes from the model are therefore used to inform a South African NiGEM model to es�mate 
financial side indicators needed for central bank analysis. Detailed sector and household informa�on from 
SACReD and SATIM-GE are used to provide more informa�on on the specific changes in the economy that 
can assist financial sector ins�tu�ons in iden�fying and quan�fying their risks to climate change. The 
outputs from these models thus assist in conduc�ng both top-down and botom-up stress tes�ng exercises 
for South Africa. 

This framework provides a useful tool for climate change analysis as it models impacts at the na�onal and 
sub-na�onal level. This ensures that the appropriate and differen�ated shocks applicable specifically to 
South Africa are included rather than aggregated shocks when using global integrated assessment 
frameworks. The linking of expert models enables the inclusion of country specific characteris�cs as well 
as technical detail for considering the different implica�ons of physical and transi�on climate impacts. 
Linking models ensures that the strengths of individual models are retained while at the same �me 
enabling the assessment on the economy. In the case of the energy linked economic model, the hard link 



 

between the two models reduces shortcomings o�en presented in mi�ga�on analysis such as lack of 
engineering detail and feedback effects from behavioural changes. 

Climate risks in South Africa 

Climate change nega�vely affects real GDP. Cumula�vely the combined impact of transi�on and physical 
shocks to the economy reduce GDP by 8.8% and 11.1% in the Delayed Transi�on and Net Zero 2050 
scenarios. The larger cumula�ve decrease under Net Zero 2050 is due to the larger transi�on impact, while 
the physical climate impact between the two scenarios is similar. The similar physical climate impact is 
driven by the loss in capital associated with flooding which for the given climate future considered is worse 
for most of the modelled period under Net Zero 2050 than Delayed Transi�ons. The Delayed Transi�on 
scenario here does not include any impact on confidence as assumed by the NGFS. 

The Current Policies scenario includes a least cost plan for energy with no forced emissions decline. This 
is considered the reference case for energy produc�on in South Africa and as a result no transi�on cost is 
reported. The physical impact cost to GDP is 8.4% by 2050. This cost, however, excludes any changes in 
preferences for emissions intensive goods or services as well as carbon border tax adjustment measures 
(CBAM) which may be experienced. Merven et al. (forthcoming) es�mates the loss in GDP associated with 
the EU CBAM to be 0.9% by 2050. This however assumes that a CBAM of 85 Euro is only imposed by the 
EU on the six products currently noted (i.e. cement, iron and steel, aluminium, fer�liser, electricity, and 
hydrogen) over the period 2026 to 2050. A CBAM with fuller trade partner and product coverage is 
es�mated to reduce GDP by 9.3% by 2050. 

For the climate future selected, the results show that the physically induced climate impacts are larger 
than those emana�ng from the transi�on to a low carbon economy. The physical climate impact is largely 
driven by the loss in capital due to flooding which has broad economic impacts. The water availability and 
crop yield climate impact channels are smaller. Agriculture GDP decreases by between 7.0% and 7.9% 
under the climate scenarios analysed. The sector accounts for 2.8% of total GDP (StatsSA 2024). 

Table 1 Physical and transi�on climate impact on real sector GDP level rela�ve to no climate change, % 

 

Transi�oning to a lower carbon intensive economy requires significant increases in mi�ga�on effort 
(policies and measures). This is illustrated by the shadow carbon price (Figure 4) which increases from 
R37/ton CO2 in 2049 in Current Policy to R1 277 and R1 875 in Delayed Transi�ons and Net Zero 2050 
respec�vely. The transi�on impact is driven by the need for addi�onal investment to shi� the energy 

Delayed Transition Net Zero 2050 Current Policies Delayed Transition Net Zero 2050
Agriculture, fishing and forestry -2.0 -3.3 -7.9 -7.2 -7.0
Mining -10.1 -21.2 -8.1 -6.0 -6.3
Manufacturing -2.4 -5.7 -7.7 -5.9 -6.2
Electricity, gas and water 6.5 19.7 -7.9 -6.0 -6.2
Construction -5.9 -7.8 -8.0 -6.1 -6.4
Wholesale, trade and accommodation -2.8 -4.9 -7.8 -6.0 -6.2
Transport and communication -0.6 0.3 -7.7 -5.8 -6.1
Financial and business services -2.3 -4.5 -8.2 -6.2 -6.5
Community and other services -1.8 -3.3 -6.0 -4.5 -4.8
Total GDP -2.5 -4.5 -8.4 -6.4 -6.6

Transition Physical



 

system from coal and crude oil to renewable energy, crowding out investment in other sectors as the 
rela�ve price of capital increases. In the scenarios modelled here, we assume that mi�ga�on is locally 
funded. Figure 5 presents the cumula�ve level of investment needed in the power sector for each of the 
scenarios considered. Higher electricity prices also increase produc�on costs, resul�ng in decreased 
domes�c demand. 

Figure 4 Shadow carbon price (le�) and cumula�ve power sector investment (right)  

 

Emissions declines in South Africa are driven by declines in the energy sector, specifically power genera�on 
(see Figure 5). The power system shi�s from coal to renewable energy across scenarios, although in the 
Delayed Transi�on and Net Zero 2050 scenarios these shi�s are larger and occur earlier. The shi� to 
renewable energy enables mi�ga�on in other sectors such as transport and industry with clean electricity 
providing an alterna�ve fuel to coal and crude oil. This increases demand for electricity as the economy 
becomes more electrified. 

Figure 5 Emissions by IPCC sector (le�) and Power genera�on by technology (right) 

 

Climate impacts affect the structure of the economy. As illustrated in Table 1, the composi�on of sector 
GDP changes because of climate change with sectors affected differently by physical and transi�on climate 
changes. By 2050, physical climate most nega�vely affects the agriculture and finance sectors, reducing 
their shares in total GDP. Community and other services are also least affected by physical climate impacts. 
Transi�on impacts most nega�vely affect the mining and construc�on sectors with the sectors least 
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affected or posi�vely affected including electricity, transport, and community and other services. The 
mining sector is nega�vely affected by the decline in demand for coal, but also other mining sub-sectors 
which are nega�vely affected by the strengthening of the exchange rate as the import bill decreases due 
to declines in crude oil and petroleum product imports (as transport shi�s toward using more electricity), 
lower gas imports, as well as lower overall demand. Demand for petroleum fuels decreases tradi�onal 
transport technologies are replaced by electric, hydrogen, and hybrid op�ons. Refinery produc�on 
declines as domes�c produc�on becomes more expensive than imports - by 2034, domes�c produc�on 
decreases by half and by 2049 all domes�c produc�on ceases. Within manufacturing, the sectors most 
affected are non-energy sector related machinery, vehicles, and metal products. The development of new 
sectors, namely hydrogen and linked produc�on sectors such as fuel cells and electrolysers provide some 
support to manufacturing growth as does localisa�on although the later also increases demand for 
resources which nega�vely affects non-energy related produc�on. This is the case in construc�on where 
energy related construc�on ac�vity increases while non-energy related construc�on decreases. Electricity 
produc�on increases over the period as the economy becomes more electrified. 

Table 2 Physical and transi�on climate impact on employment rela�ve to no climate change, ‘000s 

 

Declines in ac�vity result in lower employment, household incomes and expenditure. Across the 
scenarios between 1.5 and 2 million fewer job opportuni�es are created due to physical climate impacts, 
while 700,000 and 1.5 million fewer jobs are created in Delayed Transi�on and Net Zero 2050 due to the 
impact of the transi�on. Job losses are concentrated in the Community and other services, Construc�on, 
and Wholesale, trade, and accommoda�on sectors. In terms of percent change in employment, the mining 
sector employs between 2% and 25% less workers rela�ve to no climate change. The sector, along with 
Community and other services, Construc�on, and Wholesale, trade, and accommoda�on, and 
manufacturing become smaller employers of labour rela�ve to no climate change. Addi�onal employment 
opportuni�es are however also created, specifically in the Agriculture, Electricity, and Transport and 
Communica�on sectors. In agriculture the employment opportuni�es are primarily driven by the physical 
climate impact as lower produc�on and rising global prices increases profitability in the sector and 
increased labour use compensates for climate induced yield produc�vity losses. Rising capital costs from 
increased infrastructure deprecia�on also results in a shi� toward more labour use in the sector. Increased 
employment in the Electricity sector is driven by the expansion of the sector as produc�on increases. 
Lower employment nega�vely affects household incomes and consump�on. Higher income households, 
who primarily receive their incomes from labour, capital, and enterprise income, experience larger 

Delayed Transition Net Zero 2050 Current Policies Delayed Transition Net Zero 2050
Agriculture, fishing and forestry 6 0 117 2 21
Mining -130 -260 -48 -14 -22
Manufacturing -95 -242 -81 -50 -55
Electricity, gas and water 39 51 -9 -4 -6
Construction -290 -347 -264 -190 -196
Wholesale, trade and accommodation -111 -255 -171 -125 -128
Transport and communication 41 46 -36 -19 -22
Financial and business services -26 -181 -81 -55 -58
Community and other services -148 -354 -1296 -979 -1012
Total -714 -1541 -1869 -1434 -1477

Transition Physical



 

declines in income than lower income households who receive the bulk of their incomes from transfers 
and lower skilled employment, the later sees smaller decreases in employment. Consump�on declines 
are largest for services such as Financial and business services, and Wholesale, trade, and accommoda�on. 
Agriculture and food consump�on is also nega�vely affected.  

Implica�ons for macro-financial economic indicators used in stress-tes�ng 

The results discussed above present the outputs from the structural economic modelling for South Africa. 
These outputs are used in the NiGEM model to es�mate the impact of climate change on key macro-
financial economic indicators used in stress-tes�ng (see Figure 6). In addi�on to the structural modelling 
outputs and assump�ons, the NiGEM model also includes an investment premium in 2030 and 2031 in 
the Delayed Transi�on scenario to account for the impact of policy uncertainty on investor confidence in 
the scenario. In all scenarios the impact of carbon revenue recycling based on emissions and the shadow 
carbon tax outputs from above are also included. It is important to note that the impact of the later in the 
NiGEM analysis is likely to be overes�mated as the shadow carbon tax is indica�ve of government policy 
intensity and changes in technology and consumer preferences needed to reduce emissions and not only 
the policy implementa�on of a carbon tax. The implica�ons of these differences result in the Delayed 
Transi�on scenario having the largest nega�ve impact on real GDP by 2050 and the Net Zero 2050 having 
the smallest average impact over the modelled period. NiGEM assumes ra�onal expecta�ons and follows 
a 2-pillar strategy in which both infla�on and GDP is targeted (NGFS 2023b). 

Climate change raises the risk of price instability. Infla�on is higher across all three climate scenarios, 
although the �ming and dura�on of the rise in price growth differs. Infla�onary pressures are driven by 
the transi�on, specifically the rise in the carbon tax rate. This can be clearly seen under the Net Zero 2050 
scenario where the marked increase in the carbon tax rate results in a large increase in infla�on. The 
physical impacts of climate change are found to have a small defla�onary impact due to their large 
nega�ve impact on domes�c demand and GDP. Again, it is important to note that in Current Policies we 
are only measuring the physical impact of climate change as no climate forced transi�on is being 
implemented. The risk of price instability is higher under the Delayed Transi�on scenario as indicated by 
the higher long term infla�on rate rela�ve to Net Zero 2050 and Current Policies.  

Higher infla�on leads to higher interest rates, raising the cost of borrowing and nega�vely affec�ng 
domes�c demand and GDP. The repurchase rate remains higher under climate change in both the Net 
Zero 2050 and Delayed Transi�on scenarios, although the steep ini�al increase under Net Zero 2050 is in 
response to the larger infla�on increase. Interest rates remain elevated rela�ve to Current Policies under 
the medium to long term due to con�nued infla�onary pressures. The demand and GDP impact under Net 
Zero 2050 is less severe than Current Policies and Delayed Transi�on as the recycling of carbon tax 
revenues offsets some of the nega�ve climate impact. Under the Net Zero 2050 scenario carbon tax 
revenues are assumed to be recycled via government investment and lower employment taxes. Under 
Delayed Transi�ons, carbon revenue recycling has a smaller offse�ng impact as revenues are assumed to 
only be recycled via lower employment taxes given the disorderly nature of the scenario design. 

Higher interest rates, lower incomes and losses in asset value increase the risk of credit defaults. While 
this paper does not assess the exposures to credit defaults in the financial and banking sector, the 



 

indicators below highlight the heightened poten�al for such an occurrence. Higher interest rates increase 
debt obliga�ons, while lower domes�c demand and economic ac�vity reduce available incomes. Loss in 
asset valua�ons, as illustrated for example by the decline in household prices, further reduces net worth 
and the poten�al to meet debt obliga�ons. This coupled with the narrowing interest margins banks could 
experience under higher interest rates raises risks for the banking sector. Higher interest rates also 
threaten the success of mi�ga�on efforts as it raises the cost of borrowing funds needed for clean energy 
adop�on, raising the cost of mi�ga�on. The results from the local models discussed above provide an 
indica�on of the sectors at risk from climate change. 

Figure 6 Summary of macro-financial economic indicators used in stress-tes�ng 

 

Discussion  
Climate change is expected to have large and unprecedented impacts on economies and economic 
structures, par�cularly in developing countries the global south. These impacts create risks to the financial 
sector and the mandates of central banks through their impacts on economic ac�vity, incomes, price 
stability and asset valua�ons. Understanding the vulnerability of the financial and banking system is 
necessary for central banks to deliver on price and macroeconomic stability. 

The complexity of climate change, however, requires the use and development of new tools or frameworks 
that enable analysis to account for changes in global environments but that focus on local impacts and 



 

outputs needed by central bankers for assessments of the health of the financial system and monetary 
policy.  

The assessment frameworks required need to be able to effec�vely model the impacts of climate change 
(both transi�on and physical risks), translate these impacts into indicators relevant for the financial sector 
and central banks, and be translatable as inputs into exis�ng frameworks used by these ins�tu�ons. 
Furthermore, necessary skills are needed to appropriately design and develop the climate scenarios 
considered such that they are relevant for the interests of central banks. This integra�on of different 
modelling elements and skills requires a mul�disciplinary approach to unpack the risks climate change 
poses to central banks. 

The case study for South Africa presents a poten�al framework for assessing climate change risks that 
could be replicated in other African countries rela�vely easily given the adaptability of the local framework 
and the existence of economy-wide models in many African developing countries. IFPRI models are for 
example available in about 20 African countries. The outputs from the South African analysis illustrate the 
level of detail that such modelling frameworks can provide. Such outputs can assist in company level 
analysis of climate change exposure and risk. Extending the analysis from single climate scenarios, as done 
in the South African case study, to mul�ple scenarios can improve in the assessment of climate change 
risks as the range of climate change uncertainty can be considered. 

All models have limita�ons and space for further development and improvement. The limita�ons of 
current models for climate change and central bank analysis, including stress tes�ng, are highlighted in 
Anvari et al. (2022). The modelling framework presented here for South Africa tries to address some of 
these limita�ons (e.g. missing financial dynamics via linking local structural models with the NiGEM model) 
but further work is required.  

 

 

  



 

References 
Adam, C., Arndt, C., Detelinova, I., Harris, L. and Ranger, N. 2023. Climate Change and its impact on 

Macroeconomic and Financial Management. Background paper for MEFMI Governors Forum. 
Available on request. 

An, K., Zhang, S., Zhou, J. and Wang, C. 2023. How can computable general equilibrium models serve 
low-carbon policy? A systema�c review. Environ. Res. Let. 18 033002. 

Anvari, V., Arndt, C., Hartley, F., Makrelov, K., Strzepek, K., Thomas, T., Gabriel, S. and Merven, B. 2022. A 
climate change modelling framework for financial stress tes�ng in Southern Africa. South Africa 
Reserve Bank Working Paper Series, WP/22/09. Pretoria, South Africa. 

Arndt, C., Chinowsky, P., Fant, C. et al. 2019. Climate change and developing country growth: the cases of 
Malawi, Mozambique, and Zambia. Clima�c Change 154, 335–349. htps://doi.org/10.1007/s10584-
019-02428-3 

Arndt, C., Loewald, C. and Makrelov, K. 2020. ‘Climate change and its implica�ons for central banks in 
emerging and developing economies. South Africa Reserve Bank Working Paper Series, WP/20/04. 
Pretoria, South Africa. 

DEA [Department of Environmental Affairs]. 2016. The Economics of Adapta�on to Future Climates in 
South Africa – An integrated biophysical and economic analysis (ed. Munzhedzi, S.M., Khavhagali, 
C.P., Midgley G.M., de Abreu, P., Scorgie, S., Braun, M., Abdul, Z., Cullis, J., Arndt, C., De Jager, G. and 
Strzepek, K.). Long-Term Adapta�on Scenarios Flagship Research Programme. Pretoria. 

Enahoro, D., Mensah, C. and Gbegbelegbe, S. 2023. What do we know about the future of food, land, 
and water systems in West and Central Africa? CGIAR Ini�a�ve on Foresight. 
htps://www.cgiar.org/news-events/news/what-do-we-know-about-the-future-of-food-land-and-
water-systems-in-west-and-central-africa/ 

Marquard, A., Hartley, F., Merven, B., Burton, J., Hughes, A., Ireland, G.; et al. (2021). Technical Analysis 
to support the update of South Africa’s First NDC’s mi�ga�on target ranges (UCT 2021). University 
of Cape Town. Report. htps://doi.org/10.25375/uct.16691950.v2 

NGFS [Network for Greening the Financial System]. 2023. NGFS Scenarios for central banks and 
supervisors. November 2023. 
htps://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_b
anks_and_supervisors_phase_iv.pdf  

NGFS [Network for Greening the Financial System]. 2023b. NGFS Climate Scenarios, Technical 
Documenta�on V4.1. November 2023. 
htps://www.ngfs.net/sites/default/files/media/2024/01/16/ngfs_scenarios_technical_documenta�
on_phase_iv_2023.pdf  

StatsSA [Sta�s�cs South Africa]. 2024. P0441 - Gross Domes�c Product (GDP), 4th Quarter 2023. 
Sta�s�cs South Africa, Pretoria. 

https://doi.org/10.25375/uct.16691950.v2
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervisors_phase_iv.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervisors_phase_iv.pdf
https://www.ngfs.net/sites/default/files/media/2024/01/16/ngfs_scenarios_technical_documentation_phase_iv_2023.pdf
https://www.ngfs.net/sites/default/files/media/2024/01/16/ngfs_scenarios_technical_documentation_phase_iv_2023.pdf


 

Task Force on Climate-Related Financial Disclosures [TCFD]. 2017. Final Report: Recommenda�ons of the 
Task Force on Climate-related Financial Disclosures. 
htps://assets.bbhub.io/company/sites/60/2021/10/FINAL-2017-TCFD-Report.pdf 

Trisos, C.H., I.O. Adelekan, E. To�n, A. Ayanlade, J. Efitre, A. Gemeda, K. Kalaba, C. Lennard, C. Masao, Y. 
Mgaya, G. Ngaruiya, D. Olago, N.P. Simpson, and S. Zakieldeen, 2022: Africa. In: Climate Change 
2022: Impacts, Adapta�on and Vulnerability. Contribu�on of Working Group II to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, 
M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, 
A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 
1285–1455, doi:10.1017/9781009325844.011. 

World Meteorological Organiza�on [WMO]. 2023. State of the Climate in Africa 2022. Geneva, 
Switzerland. 


	Introduction
	Climate change risks in Africa
	Implications for central banking
	Frameworks for assessing climate risks
	South African Case Study
	Framework for assessing climate risks in South Africa
	Climate risks in South Africa
	Implications for macro-financial economic indicators used in stress-testing

	Discussion
	References

