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Abstract: Average temperature in Africa has been rising steadily from the baseline
of climatology prevailing during 1951–1980. The findings in this paper suggest that
real GDP growth would start declining for annual temperature higher than 0.7 °C.
About 45 African countries already registered annual temperature rise above 0.7 °C
in 2020 underscoring the seriousness of climate change induced risks for long term
growth. In addition, frequency of major natural disasters tends to exacerbate po-
litical instability and conflict. Combined, these shocks have a direct effect on the
sustainability of debt. Using a simple debt dynamics framework, the paper shows
that the debt-burden could increase 2.4 times due to climate change induced
shocks. In addition, modelling results show that carbon pricing could be an effec-
tive way of helping to meet the Nationally Determined Contributions. However,
carbon pricing would have negative impacts on energy-intensive industries and
increase the prices of the goods and services they provide. There will also be job
losses in these industries. The combined effect of these impacts could be reduction
in GDP growth and real incomes. It is recommended that part of the revenues
generated from the carbon tax could be used to address the negative impacts on
vulnerable groups.
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1 Introduction

There is no denying that we are at the cusp of experiencing climate change induced
catastrophe that could be irreversible. The time is ticking for any meaningful action
to make a difference. The transition to green energy sources is needed with urgency
and scale to stem the risk of climate change related shocks. Themain challenge is the
enormous cost to the world economy which for centuries has relied on energy
sources derived from fossil fuel, such as oil and gas, coal and others that polluted the
environment through the CO2 emissions. A recent publication of the International
Energy Agency estimated in its World Energy Outlook, 20211 that over US$30 trillion
is needed up to 2030 for a green transition to take place effectively across the globe.
Certainly, affordable technology in renewable energy sources is progressing rapidly,
making the outlook to green transition hopeful. On the other hand, energy prices are
rising despite diversified energy sources, partly due to ever rising energy demand,
and at the same time regulated energy markets largely driven by geo-political
considerations.

Although Africa has contributed only 3.8 % of total global emissions, it has borne
the brunt of climate change. Annually, Africa loses US$7–$15 billion due to climate
change (Adesina 2021). This figure is expected to rise to US$50 billion by 2040. The
$100 billion per year climate financing pledged at COP21 in Paris in 2015 has not yet
materialized. Going into COP26 in 2021, the African Group of Negotiators had pushed
for African climate mitigation and adaptation funding to be scaled up to US$1.3
trillion per year by 2030, to be split 50:50 between adaptation andmitigation funding.
This target was not achieved, although rich countries pledged to double adaptation
funding by 2025whichwould amount to about US$40 billion per year.While this is an
improvement on current funding levels, it is still insufficient to achieve an equal split
between adaptation andmitigation. The current financing levels fall short of Africa’s
needs by US$100–$127 billion per year from 2020 to 2030. Some African countries are
already spending more on climate adaptation than on health care and education.

Four out of five people in the world without energy access live in Sub-Saharan
Africa (SSA), impeding industrialization and development. Consequently, Africans
must balance the need to combat climate change with an urgency to develop the
continent’s economies to alleviate hunger and poverty, among other UN Sustainable
Development Goals. SDG7 – affordable and clean energy – remains out of reach for
half of Africa’s people and is key to unlocking the other 16 goals. Development of
transport and logistics, and technology infrastructure is also vital. The evidence
suggests that Africa contributes less than 3 % of total global greenhouse gas (GHG)

1 IEA: https://www.iea.org/reports/world-energy-outlook-2021/executive-summary.
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emissions yet suffers the most from climate change shocks. The main factors that
exposed African countries to climatic shocks include the source of livelihood, which
is predominantly fromagriculture that on the average employs over 55 %of thework
force and contributes close to 20 % of GDP.2 This suggests the low productivity
pervading the sector where over 95 % of farming relies on rain-fed agriculture and is
prone to extreme weather variability. As a result, seven of the 10 most vulnerable
countries to climate shock in the world are in Africa.

The AERC’s research3 in this area shows that higher temperatures, coupled with
reduced and/or variable rainfall, could lead to reduced agricultural output which
will be transmitted to domestic prices and inflation. This can happen in several ways.
First, the negative impact on agricultural productivity will contribute to food
shortages, causing food prices to rise when there is an excess of demand over supply.
This is more likely in countries where the foreign exchange reserve and fiscal space
is veryweak to establish buffer against severe drought,flood, or other sources of crop
failures including locust attacks such as experienced recently in the horn of Africa.

Second, climate shocks could translate into higher prices through trade as most
African countries depend on primary commodities for their exports. Export con-
tractions and likely import expansion could lead to weaking of exchange rate, hence
drive domestic prices upwards, especially in situations of fixed exchange rates re-
gimes. Finally, droughts in the horn of Africawill affect food prices and energy prices
due to dependence on hydroelectricity generation. A combination of food and energy
prices is a major supply shock on inflation. Monetary policy instruments in these
countries do not have supply side instruments to mitigate these effects. Without any
buffers on food or energy, these countries end up using demand side instruments to
dislodge the effects of a plateau of high prices and thus plunge the economy into a
short-term recession.

As Africa envisages to build a climate shock resilient economy through industrial
policies and other strategies of automation, the energy demand is likely to accelerate
which requires a careful approach to mitigation and adaptation methods. Currently
over 80 % of Africa’s energy consumption is generated fromnatural gas, coal, and oil,
which are fossil-fuel based and contribute to greenhouse effects. The rest is
accounted for by hydro, solar PV, geothermal, solar thermal and biofuel that are
green and renewable sources of energy.4 In addition, close to 20 % of African
countries are exporters of oil on which their economy depends for foreign exchange
earnings, government revenue and employment. Hence, transitioning to green and

2 https://www.afdb.org/en/cop25/climate-change-africa.
3 Asafu-Adjaye, et al. (2022) “Macroeconomic consequences of climate change in Africa and policy
implications” AERC Working Paper.
4 https://www.statista.com/statistics/1275969/main-sources-of-electricity-generation-in-africa/.
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renewable energy sources will come at a heavy cost. It is also important to note that
Africa’s consumption of energy is the lowest in the world. The percentage of
households that have access to electricity is less than 40 % at the continental level,
with the situation even worse in rural areas. It is difficult to imagine rural trans-
formation without access to reliable and adequate energy.

Studies have shown that rural electrification in Africa is not an easy fit even
when there is strong government commitment. Most households cannot not afford to
be connected to the grid and even if they do through some government subsidizes,
they sparingly consume electricity because they cannot afford the bills, their income
flows are low and erratic. Themedian price of electricity in 2021 in Africa is over 30 %
higher than the world average. In some African countries, the difference is over
200 %. This simply suggests the need for a relatively cheaper and abundant source of
energy to realize Africa’s economic transformation. Certainly, many African coun-
tries have potential for hydro, wind, and solar energy because of the geography.

This study uses a combination of econometric modelling, debt dynamics anal-
ysis, and computable general equilibrium (CGE) modelling to explore the effects of
climate change on growth, debt, and sectoral output in Africa, and to address the
policy implications. The rest of the paper is organized as follows. Section 2 presents
the challenges of climate change and its effect on economic growth, political stability
and conflict and fiscal deficit. Section 3 uses the effect from reduced real GDP growth
and budget deficit to estimate debt trajectories. Section 4 explores the transition to
low-carbon economy, while Section 5 concludes.

2 Climate Risks and Shocks in Africa: Overview

2.1 Real per Capita GDP Growth and Rising Temperature in
Africa

One of the indicators of climate change that causes extreme weathers, such as
drought, flooding and other shocks is a rise in average temperature over time.
Figure 1 below presents trends in the change in average temperature for the period
1990–2021 from the baseline of climatology prevailing in the 1950s.

Average temperature has been rising rapidly and steadily in Africa crossing the
one-degree centigrade mark in 2010. If the situation continues untamed, the dis-
ruptions that could follow on the economy could be significant. We also note that
there is significant heterogeneity across countries in their exposure to rising tem-
perature. The literature that assesses the impact of climate change on real GDP
growth in Africa is limited, though growing. For example, Baarsch et al. (2020)

204 J. Asafu-Adjaye et al.



reported that due to unequal exposure to climate-induced shocks, long-term growth
in Africa could create different convergence clubs, further aggravating inequalities
in the continent.5 Their results suggest that up to 15 % of GDP per capita growth could
be lost due to climate induced risks. Also, Abidoye and Odusola (2015) found that for
the period 1960–2009, rise in temperature beyond 1 °C could lead to reduction in real

Figure 1: Average temperature change in degree centigrade in Africa. The annual temperature change
is computed from the climatology that prevailed during 1951–1980. Source: Authors’ computations
based on data from FAOSTAT.

5 The authors’ used levels instead of growth rates in specifying their model to capture the re-
lationships with temperature shock (deviations from historical mean). Other similar studies include
Felbermayr and Gröschl (2014) which used natural disasters as the dependent variables and its
impact on per capita GDP. Typical regressions based on the neo-classical growth model specify
annual per capita GDP growth (Barro 1991, 1996) as dependent variable. Equation (1) is specified in
this spirit where interest is on per capita GDP growth and annual change in temperature where the
focus is on first difference of the key variables that also allows for constant variance (stationarity) of
the dependent variable. The fixed-effect panel regression also captures the effect of temperature
change on annual per capita GDP growthwithin a country. The paper by Abidoye and Odusola (2015)
used annual GDP growth in the spirit of neoclassical growthmodel. The difference is the temperature
variable applied in their regression which is the long-term deviation (anomaly) from the trend as
Baarsch et al. (2020). In this paper it is the annual change in temperature that was used in the
regression model which could vary slowly but as shown in Figure 1 exhibited steady increase.
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GDP growth by about 0.67 percentage points. In this study, we update this literature
using the most recent data (1990–2021) and decomposing real GDP growth into
cyclical and long-term component. The linear model we estimated is specified as
follows:

git = α + βT it + θT2
it + γX it+ϑi + φt+εit (1)

Where git stands for real GDP growth, Tit for annual change in temperature from
baseline, and its square (Tit2) and Xit are control variables that include political
stability and quality of institutions. The error terms control for time-variant and
time-invariant unobserved factors. Equation (1) was estimated using a fixed-effects
panel data regression method and results are reported in Table 1 below.

According to the table, real GDP growth responds negatively to a rise in tem-
perature beyond a certain level. Most importantly, climate shock generally is highly
correlated with the cyclical component of GDP growth rather than the long-term
trend, which suggests that part of the volatility observed in growth emanates from
climate-induced shocks. Column 2 of Table 1 suggests that a 0.7 °C rise in annual
temperature could lead 2 percentage points decline in real GDP growth, undermining
positive shocks, such as commodity price booms, and amplifying negative shocks. It
may have to be noted that the relationship between rise in temperature and real GDP
growth reinforce each other, hence identification of the causation requires speci-
fying structural econometric model. To reduce some potential endogeneity issues,

Table : Effect of temperature change on real per capita GDP growth in Africa, –.

Dependent variable

Explanatory variables Real per capita
GDP growth

Cyclical real per capita
GDP growth

Long term real per
capita GDP growth

Lag change in temperature . .** .
(.) (.) −.

Squared lag change in temperature −. −.** −.
(−.) (−.) (−.)

Constant . . .
(.) (.) (.)

Political economy controls Yes Yes Yes
Country and year fixed effects Yes Yes Yes
Number of countries   

Observations   

Overall R-square . . .
Within R-square . . .
Between R-square . . .

. Real GDP growth is decomposed into cyclical and long-term component using the Kalman filter. . Temperature data
reflects annual change in degrees from the baseline of climatology prevailing during –. Political economy
control factors include: rule of law, political stability and macroeconomic stability (inflation). From column  and , real
GDP growth would start declining for annual temperature changes starting at . °C. . t-statistics in parentheses:
*p < ., **p < ., ***p < ..
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the regression reported in Table 1 used one year-lagged annual change in temper-
ature in degree centigrade. Theworking hypothesis is that rising temperature causes
extreme weather such as drought, floods and other forms of natural disasters that
could disrupt livelihoods and affect economic activities (Table 2).

In addition, as a robustness test to the results reported in Table 1, a linear
dynamic panel model was estimated where per capita GDP growth is assumed to
exhibit state dependence. The two-step system Generalized Method of Moments
(GMM) was used to control for potential endogeneity between the unobserved time-
invariant error terms and per capita GDP growth. Internal instruments (lagged
annual temperature change and its square, quality of institutions and year dummies)
were used to address endogeneity issues. The results suggest that the overidentifying
restrictions of instruments is valid only for the cyclical component of per capita GDP
growth, and invalid for per capita GDP growth and long-term per capita GDP growth.
Furthermore, the results indicate that annual changes in temperature impacts per
capita GDP growth negatively at higher degree of warming confirming the result
reported in Table 1. Similarly, no significant correlation was observed between per
capita GDP growth and long-term per capita GDP growth on the hand and annual
change in the average temperature on the other. It can be noted that the negative
coefficient associated with the lagged dependent variables (per capita GDP growth
and long-term per capita GDP growth) may suggest the possibility of convergence
within African economies (initially low-income countries growing faster than high
income countries). Also, the positive coefficient associatedwith the cyclical per capita
GDP growth suggests the propagation and persistence of shocks over time. In sum-
mary, there is strong association between cyclical component of per capita GDP
growth and rising temperature.

Figure 2 clearly shows that in 2020 nearly 45 countries in Africa experienced
annual temperature rise above the threshold of 0.7 °C. Computations show that the

Table : Effect of annual temperature change on growth: system GMM estimation.

Explanatory variables Per capita
GDP growth

Cyclical real per
capita GDP growth

Long term real per
capita GDP growth

Lagged per capita GDP growth −. . −.
(−.)** (.)*** (−.)***

Lagged temperature . . .
(−.) (.) −.

Lagged temperature squared −. −. −.
(−.) (−.)** (−.)

Sargan’s overidentification test . . .
Number of observations   

Table reports the Arellano-Bond two step (system) GMMestimation and controls for heteroscedastic errors. t-statistics in
parentheses: *p < ., **p < ., ***p < ..
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annual average trend has been 0.03 °C on the average andAfrica is expected to hit 1.8-
°C rise in average change in temperature by 2030.

It is also feasible to identify an indirect channel. Natural disasters tend also to
increase competitions for resources, such aswater and fertile land among communities,
creating conditions for political instability and conflict. In this regard, the risk of climate-
change induced risk poses a significant threat to the long-term development of Africa.

Figure 3 presents the correlation between the number ofmajor natural disasters
recorded in Africa every year since the 1990s and incidence of conflict and political
instability. Countries that suffered frequent natural disasters also exhibited high
incidence of violence and political instability. This is an important channel through
which economic activity could be disrupted by climate change induced natural di-
sasters. Preliminary correlations showed that a 1 % increase in per capita CO2

emissions is correlated with around 0.75 % increase in natural disasters further
solidifying the link between natural disasters and climate change.

In addition, the correlation between a country’s emission of CO2 per capita and
annual temperature change is positive and significant (Figure 3). This is indicative of
reinforcing processes where higher CO2 emissions go hand in hand with rise in the
average temperature which has detrimental effect on long-term growth beyond a
certain threshold (Figure 4).

Figure 2: Average annual change in temperature by country in Africa: 2020. The figure presents by
country annual change in average temperature in 2020 andmarks the threshold of 0.7 °C beyond which
real GDP growth starts to decline.
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Figure 3: Number of major natural disasters and political instability/conflict in Africa. Source: Authors’
computations based on data from World Development Indicators.

Figure 4: Bin-scattered diagram on the correlation of annual temperature change and CO2 per capita
emissions in Africa. Figure 4 controls for economic structure (share of manufacturing and agriculture in
GDP), energy consumption and political economy factors.
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3 Climate Shocks on Debt Trajectories

3.1 Methodology: Understanding Debt Dynamics

In this section, a simple debt dynamics model is used to motivate the discussion on
designing an optimal debt management strategy. Consider the following well known
definition of debt dynamics:6

Dt = (1 + r)Dt−1 − PBt (2)

Where Dt is total debt stock in either local or international currency, r is the average
interest rate on the debt, and PBt is total primary balance of the government budget
that require current financing. Deficits in government budget add to the debt stock,
while surpluses reduce it. Dividing through by GDPt, and rearranging we get:

dt = 1 + r
1 + g

dt−1 − pbt (3)

Where g is growth in nominal GDP and small letters indicate same variables as share
of GDP.

Equation (3) is basically an identity, but the dynamic specification provides rich
information on conditions for the stability of debt overtime. In addition, some of the
drivers of debt, particularly that of external debt have interesting features that allow
decisionmakers to plan and understand better the path of debt. For instance, interest
rate, especially for external debt is quasi-exogenous. Some of which could be
concessional as often the case is and beyond the control of the policy makers. On the
other hand, the cost of borrowings from the capital market tends to be influenced by
credit rating agencies whose assessment of the country’s credit worthiness depends
on factors that considers global economic conditions as well as the opportunities
afforded and perception of risks in the country, hence partly endogenous. GDP
growth rate is endogenous shaped by economic fundamentals, institutions, and
policy except for transitory shocks. Government budget is policy driven where
spending and revenue mobilizations are shaped by public administration, and
intertemporal consumption preferences of the government, including the discount
rate for current spending. Impatient and short-sighted governments tend to accu-
mulate debt rapidly compared with those that have long-term perspectives.

6 Equation (2) presents an inter-temporal budget constraint for government budget and has been the
basis of numerous analytical works to determine the ‘maximumdebt carrying capacity’ of a country.
Further details of this analytics could be found in Rankin and Roffia (2003), Jarmuzek andMiao (2013)
and Abiad and Ostry (2005).
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Hence, even though the decision to borrow is ultimately dependent on policy
makers, not everything is under their control when it comes to the speed of debt
accumulation and implications to the overall economy.

From Equation (3), some characterization of the dynamics of debt can be made.
For example, if the economy grows (gt) at the same pace as the cost of borrowing (rt),
then, debt burden grows by the full amount of the government budget deficit. The
only way debt can be contained is if the government budget experiences a surplus or
the budget is fully balanced (zero budget deficit). If the economy grows faster than
cost of borrowing, or interest rate on the loan, then, the country can continue to run
budget deficits without experiencing explosive debt trajectory. If the economy grows
much less than the interest rate, then, debt burden increases explosively, and the
country needs to run a budget surplus not to buckle under the burden. Hence,
economic contraction, caused for instance by significant shocks such as COVID-19 can
aggravate debt-burden beyond the short-term. The solution therefore to the differ-
ence equation (2) that determines the time path of debt at any period t is given by:

dt = βt[d0(1 − β) + pb]
1 − β

− pb
1 − β

(4)

Where β = 1+r
1+g

Equation (4) suggests that debt level at period t is determined by pre-specified or
pre-determined values involving average borrowing cost (r); projected, desired, or
historical trend in GDP growth (g) and initial stock of debt (d0). We also note that for
debt-dynamics to converge, it is necessary for g > r or β < 1. For β = 1, debt grows out of
control, hence β≠1. Equation (4) also can be used to solve for the equilibrium or
‘steady-state’ of debt.

Analytically, steady-state debt level or ‘equilibrium’ debt level is defined as a
point where dt = dt−1 = d* and is a function of “historical” or “desired” levels of GDP
growth (say obtained from growth strategies) and primary balance. At this equilib-
rium level, debt remains unchanged over time and can be regarded as ‘stable’. In
terms of Equation (4) it means the first term on the right-hand side converges to zero.
This equilibrium or steady-state debt level hence is given by Equation (5):

d* = − 1 + g
g − r

× pb (5)

In this set up, the primary balance plays a critical role in whether a country ‘exits’
debt in the long-term and become a net creditor. For example, if the growth rate of
the economy in steady state is higher than the average interest rate paid on funds
borrowed, then the country can afford to run into budget deficit without buckling
under the burden of rising debt. In addition, if the government runs a budget surplus
in the long-term, then clearly the economy can exit debt and become a net creditor.
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Equation (5) has abstracted from two important dimensions that could signifi-
cantly influence the behaviour of the steady state debt level. First is themovement of
foreign exchange rate and domestic prices which influence significantly future debt-
servicing, hence sustainability of debt. External debt denominated in foreign cur-
rency will increase if the local currency depreciates in the course of time. On the
other hand, inflation reduces the debt-burden for domestic debt (see details in the
footnote).7 The second important point Equation (5) abstracted is the permanent and
transitory shocks that may affect interest rates, GDP growth and primary balance.
The steady-state debt is determined by the expected values of the shocks as given in
Equation (6).

E(d*) = − p + E(εpt )
(g − r + E(εrt − εgt ))

(6)

Using Equations (4) and (5), policy makers can build scenarios on the steady-state
debt under certain assumptions on long-term or equilibrium values of primary

7 Source: African Development Bank 2019, “The state and dynamics of debt in Africa”. Let both
foreign and domestic debt are given in respective shares α* = EtD*

t
Dt

and 1−α*, and taking into account
nominal foreign i* and domestic i interest rates, exchange rates Et, and domestic inflation πt+1, debt
growth can be decomposed according to the following equation:.

dt+1 = Dt+1
Y t+1

= Dt+1
Y t(1 + gt+1)(1 + πt+1) =

(Et+1D*
t+1 + ˜Dt+1)

Y t(1 + gt+1)(1 + πt+1)

=
(Et+1D*

t(1 + i*) + D̃t(1 + i))
Y t(1 + gt+1)(1 + πt+1)

=
(EtD*

t(Et+1/Et
) + D̃t) + EtD*

t(Et+1/Et
)i* + iD̃t + PDt+1

Y t(1 + gt+1)(1 + πt+1)

dt+1 − dt ≈ dt
(α*i* × Et+1

Et
+ (1 − α*)i))

(1 + gt+1)(1 + πt+1) + dt

α*(Et+1−Et
Et

)
(1 + gt+1)(1 + πt+1) − dt( gt+1(1 + gt+1)

+ πt+1(1 + gt+1)(1 + πt+1)) + pdt+1

In addition to the role of primary deficits, debt increases to the extent that domestic and foreign
nominal interest payments, weighted by the respective shares of domestic and external debt, plus the
contribution of exchange rate depreciation to the adjustment of the stock of external debt, exceed the
sumof the contribution of domestic inflation and domestic real growth to the reduction in the stock of
debt.
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balance and GDP growth rates. Figure 3 below illustrates that the steady-state debt-
burden declines with GDP growth and increases with government budget deficit.
Some of the lessons we could infer from Figure 3 is that the implications of GDP
growth on steady-state debt level is non-linear. For example, protecting steady-state
GDP growth from falling below 5 % is very helpful in reducing the steady-state debt
level. On the other hand, faster growth above 7 % is less impactful on the steady-state
debt level which implies better fiscal space even when running higher deficits.
Similarly, variations in long-term primary balance deficit could affect the steady-
state debt significantly. The faster the economy grows, then the lesser the impacts of
primary balance deficit on steady-state debt burden. In addition, we can use Equa-
tions (4) and (5) to compute the time it takes for a country to reach the steady-state
debt level from an initial debt stock. This is very useful for purposes of management
of debt within a certain planning horizon.

As one would expect, Figure 5 shows that the higher the level of steady-state debt,
the longer it takes to fully pay the debt from some initial level (in the example we took
the initial external debt to GDP ratio of 57 % which corresponds to that prevailed in
Africa around 2020). On the right-hand side of the y-axis, Figure 4 mirrors the corre-
sponding growth rate in GDP that is assumed to prevail for the computed steady-state
debt-GDP ratio and the number of years it takes to fully pay the debt. In this case, the

Figure 5: Debt burden and real GDP growth for alternative levels of budget deficit.
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lower the GDP growth (the higher the steady-state debt-GDP ratio), the longer also it
takes for a country to clear its debt. But the repayment years are not determined by the
borrowing country. Often concessional loans stipulate a repayment period of 25 years,
or 30 years, and non-concessional ones are ofmuch shorter duration, often 7–10 years.
Hence, decisionmakers need to consider the ‘reasonable’ and ‘affordable’ steady-state
debt-GDP ratio that is consistent with the stipulated repayment rate. For example, a
country could afford to run a debt-GDP ratio of 150 % for a 30-year loan by growing at a
modest rate of 4 % during this period. Faster growth means that the country could
afford to run larger deficits and still manage to pay off its debt. For shorter term loans,
such as that to be paid in about 10 years, the steady-state debt-GDP ratio could reach up
to 70% provided the economy grows at 7 % and so forth (Figure 6).

3.2 Climate Change and the Debt Burden in Africa

Using the above insights and results from Table 1, it is possible to assess the potential
impact of climate-induced shocks on debt trajectories in Africa. As noted, a rise in
temperature beyond 30 °C could cost Africa 2 percentage point decline in real GDP
growth. Similarly, the elasticity of budget deficit to real GDP growth computed from
our data is around 0.3 percentage points as a share of GDP. Figure 7 presents robust
and positive correlation between real GDP growth andfiscal deficit in Africa showing
that growth losses would worsen fiscal deficit and vice versa.

Putting these facts together it is possible to evaluate the maximum debt burden
beyond which a country could become insolvent. To give the order of magnitude, first
we evaluate the debt-carrying capacity of African economy based on long-term growth

Figure 6: Even when debt is sustainable, it would take years to clear arrears with sluggish growth.
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achieved in the “good times”, which stood around 5% (2000–2013). The average budget
deficit (primary) during this periodwas around 2.8% of GDP. Noting thatmost African
countries benefited for many years from concessional loans, real interest rate varied
between 1% and 2%. Taking the lower bound of 1 % real interest rate, the implied
‘optimal’ debt-burden would be around 73% of GDP. Now taking the shift in real GDP
growth caused by climate change induced shocks and the budget deficit together, the
debt-GDP ratio would increase to 175% of GDP. Such a scenario suggest how unat-
tended climate change risk could easily increase the debt burden and underminefiscal
space badly needed for taking measures to contain greenhouse gas emissions.

4 Transition to a Low-Carbon Economy: Cost and
Benefits

This section analyses what the transition to a low-carbon pathway means for
Africa. The discussion starts with an analysis of historical trends of energy use
and sources to assess how far Africa has been adjusting its sources of energy over
the past decade and the potential for renewable energy. Next, we discuss the
opportunities and challenges associated with the impending trading on a global
carbon market. Following that we discuss what the Just Energy Transition means
for Africa, including an assessment of the costs of transitioning to low-carbon
pathways.

Figure 7: Correlation between fiscal deficit and real GDP growth in Africa. The scatter diagram controls
for political stability and institutional quality.
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4.1 Trends in Emissions and Energy Production

Figure 8 shows that Africa emissions are relatively low compared to other countries
and regions. For example, in 2019 emissions for the largest emitter on the continent,
South Africa, was 226MtCO2 compared to 5,256MtCO2 for the US and 10,490MtCO2 for
China. Africa’s emissions are low due to the lower level of economic activity
compared to other regions and because most of the population lacks access to
electricity and clean cooking solutions.

Currently, Africa produces only 4 % of global GDP and about 6 % of global en-
ergy. However, Africa’s population could grow significantly in the future and, by
2100, more than a quarter of the world’s population could be living on the continent.
This could put upward pressure on global emissions depending on the energy
transition pathways that countries choose. However, African countries have
signalled their intensions to contribute to lowering global emissions. Following the
2015 United Nations Climate Change Conference, COP23, in Paris, all 54 African
countries have signed the Paris Agreement and submitted ambitious Nationally
Determined Contributions (NDCs), while most of them have ratified their NDCs.

Figure 9 shows trends in energy production by source for Africa in the period
2010 to 2019 for natural gas, crude oil, hydro, solar PV, and wind. The data show a
meteoric rise in the production of energy from renewables such as solar and wind.
Over the past decade, the take up of solar PV has increased by 20-fold while that of
wind energy has increased by nearly seven-fold. On the other hand, production of
crude oil fell by 19 % in this period. These results show that, to some extent, African
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Figure 8: Carbon dioxide emissions for selected countries, 1960–2020. Source: Andrew and Peters
(2021).
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countries have gone cleaner. And judging from their NDCs, many of them have
shown ambitions to embrace a low-carbon economy. We discuss below that the
transition may not be as easy and that challenges will have to be addressed.

Africa has abundant supplies of renewable energy that could be leveraged in the
global carbon market. According to the International Renewable Energy Agency,
Africa’s total energy potential for CSP, PV, and wind energy is about 1,585 Petawatt
hours (PWh) per year, broken down as follows: CSP, 479 PWh; PV, 640 PWh; and
wind, 460 PWh (see Figure 8). For both CSP and PV, East Africa has the highest
potential (176 PWh for CSP and 220 PWh for PV), followed by Southern Africa
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(150 PWh for CSP and 160 PWh for PV). North Africa has potential of about 100 PWh
for both CSP and PV. West Africa is endowed with good PV potential (104 PWh) but
limited CSP potential (30 PWh) because of less direct irradiation and higher “solar
fluctuations” (IRENA 2014). Central Africa has relatively low potential for either CSP
or PV compared with the other regions (Figure 10).

4.2 Carbon Trading

Africa currently accounts for around 2 % of trading in the international carbon
market. South Africa andNorth Africa get the bulk of CleanDevelopmentMechanism
(CDM) funds under the Kyoto Protocol. In June 2021, Gabon became the first African
country to receive climate finance of up to $150 million over 10 years. During COP26,
countries reached agreement on Article 6 of the 2015 Paris Agreement to pave the
way for the establishment of a regulated international carbonmarket. It is likely that
modalities and timelines will be announced at COP27. Africa needs to be ready to be a
significant player in this global market given its massive carbon stocks. Many
countries around the world currently have energy efficiency and renewable policies
and over 50 national or sub-national governments have implemented carbon pricing
(World Bank 2019) in the formof carbon taxation or emissions trading schemes (ETS).
A few African countries have shown interest in using carbon pricing to meet their
NDCs. South Africa was the first to introduce a carbon tax in 2019 and other countries
such as Kenya, Ethiopia, Egypt, and Côte d’Ivoire are considering schemes involving
an ETS or carbon tax.

The main challenges of implementing carbon pricing (whether ETS or carbon
tax) schemes in Africa include the fact that they can be administratively
burdensome and subject to their design, can require a complex architecture of
institutions. This is particularly the case for the ETS, making carbon tax systems
relatively preferable from an implementation perspective. Such systems also
require enforcement capacity, again something that is a challenge for several
African countries. At a minimum, and subject to the design of the carbon pricing
instrument, countries would most likely require a comprehensive monitoring/
estimation and reporting framework for the emissions or inputs/outputs on
which the price is imposed, a system that many African countries are still in the
process of developing. Furthermore, although these schemes have the potential to
generate revenue, they can also have regressive effects, particularly on low-
income households, if not well designed.
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4.3 The Just Energy Transition

The idea of a Just Transition is premised on the fact that the shift to low- or zero-
carbon economies must be a shared global responsibility with the benefits being
distributed fairly and that some communities should not be worse off as a result. In
the case of SSA, most of the population do not have access to electricity and clean
cooking solutions and must rely on biomass for household thermal energy. Going
into COP27, Africa will make a strong case for natural gas to be part of its Just Energy
Transition systems. This is because, to improve energy access, Africa cannot rely
entirely on renewables due to their intermittency. Africa needs to combine renew-
ables with natural gas to assure stability and energy security, as well as to improve
access and affordability. Given Africa’s energy profile shown in Figure 6 above, even
if Africa triples the use of gas-to-power, it will contribute less than 1 % to global
carbon emissions.

Another aspect of the Just Energy Transition is the cost involved. Estimates of
adaptation and mitigation costs in the NDCs are just the direct costs. They do not
include the ‘adjustment’ or indirect costs of transitioning to low carbon pathways.
For example, they do not include the costs of job losses in carbon-intensive sectors
and possible stranded assets. A recent study byMcKinsey estimates the cost of the net
zero transition to be equivalent to 6.8 % of global GDP in 2021, rising to 8.8 % from
2026 to 2030 (McKinsey Global Institute 2022). It also estimates that 200 million jobs
could be created, but 185 million direct and indirect jobs could be lost. In the case of
Africa, countries would need to invest 1.5 times or more compared to advanced
economies as a share of GDP today to support economic development and build low-
carbon infrastructure to enable a shift to net-zero greenhouse gas emissions. In
developing regions, expenditures on energy and land would form a substantially
larger share of national GDP: about 10 % in Africa, India and some other Asian
countries, and Latin America.

To get some further indication of the indirect costs of the low-carbon energy
transition for African countries, we estimated the macroeconomic and sectoral im-
pacts of using carbon pricing as an instrument to achieve the NDCs. We used South
Africa, Nigeria, and Egypt, who are among the high African emitters, as examples.
For this analysis, we used the GTAP-E model developed by Burniaux and Truong
(2002) and revised by McDougall and Golub (2007), together with the GTAP-E Data-
base Version 10.

South Africa’s carbon tax is envisioned to be a fuel input tax, based on the carbon
content of the fuel used, andwill cover all stationary direct greenhouse gas emissions
from both fuel combustion and non-energy industrial process emissions, amounting
to approximately 80 % of total emissions. The tax was implemented on 1st June 2019
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at a rate of R120 (US$7.46) per tonne CO2e. On January 1, 2022, the finance minister
announced an increase to R144 (US$9) per tonne CO2e. To uphold SouthAfrica’s NDCs,
the rate will increase each year by at least US$1 until it reaches US$20. Since Nigeria
and Egypt have not yet announced carbon pricing policies, we applied a tax of US$9
as South Africa has just done. We also run another simulation with a higher tax of
US$$20 per tonne CO2e to investigate the effects of a further escalation of the tax.

Table 3 shows that the carbon tax leads a contraction in the GDP of Nigeria
(−0.10 %) and South Africa (−0.58 %) but has a small positive effect (0.03 %) on that of
Egypt.

The tax leads to rises in the prices of energy-intensive products and services such
coal, gas, and electricity (see Table 5), which causes private consumption expenditure
to decline in all three countries. This in turn leads to declines in real income
(measured by equivalent variation) of US$44 million, US$805 million, and US$125
million, respectively, for Nigeria, South Africa, and Egypt.

On the external side, Table 4 shows that exports increase faster than imports,
resulting in trade balances of US$357 million, US$2,888 million, and US$305 million,

Table : Macroeconomic impacts of a US$ per tonne carbon tax.

Variable Nigeria South Africa Egypt

GDP (% change) −. −. .
Private consumption (% change) −. −. −.
Exports (% change) . . .
Imports (% change) −. −. −.
Terms of trade (% change) −. −. −.
Trade balance (US$ mil.) . ,. .
CO emissions (% change) −. −. −.
Welfare (based on EV, US$ mil.) −. −. −.

Source: GTAP-E model simulations.

Table : Sectoral impacts of a US$ per tonne carbon tax (% change from base level).

Sector Nigeria South Africa Egypt

Agriculture . . .
Coal −. −. −.
Oil . . .
Gas −. −. −.
Oil products −. −. −.
Electricity −. −. −.
Energy-intensive industries −. −. −.
Other industries & services −. −. .

Source: GTAP-E model simulations.
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respectively, for Nigeria, South Africa, and Egypt. The results indicate that CO2

emissions fall by 13 % in South Africa, by 7 % in Egypt, and by 3 % in Nigeria (see
Table 3), which suggest that carbon pricing could be an effective means of reducing
emissions to meet the NDCs.

Table 4 shows that the tax results in improvements in the outputs of the agri-
culture and oil sectors, which result in declines in their prices as shown in Table 5. On
the other hand, there are contractions in the outputs of coal, gas, and energy-
intensive industries and services.

The results for a carbon tax of US$20 per tonne are shown in Table 6. It can be
seen that whereas there is not much change in Egypt’s GDP, those of Nigeria and
South Africa decline by 0.25 % and 1.29 %, respectively. Private consumption declines
by similar amounts in Nigeria and South Africa, while it increases slightly by 0.04 %
in Egypt. As was the case in the previous scenario, a carbon tax is advantageous for
the external sector. A carbon tax of US$20 per tonne carbon tax leads to an increase
in exports and decline in imports, resulting in a doubling of the trade balance in all

Table : Macroeconomic impacts of a US$ per tonne carbon tax.

Variable Nigeria South Africa Egypt

GDP (% change) −. −. .
Private consumption (% change) −. −. .
Exports (% change) . . .
Imports (% change) −. −. −.
Terms of trade (% change) −. −. −.
Trade balance (US$ mil.) . ,. .
CO emissions (% change) −. −. −.
Welfare (based on EV, US$ mil.) −. −,. −.

Source: GTAP-E model simulations.

Table : Impacts of a US$ carbon tax on product prices (% change from base level).

Product Nigeria South Africa Egypt

Agriculture −. −. −.
Coal . . .
Oil −. −. −.
Gas . . .
Oil products . . .
Electricity . . .
Energy-intensive industries . . .
Other industries & services −. −. −.

Source: GTAP-E model simulations.
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three countries. The US$20 carbon tax also results in faster progress towards
achieving the NDCs as CO2 emissions decline by about 24 %, 13 % and 6 %, respec-
tively, in South Africa, Nigeria, and Egypt. However, the US$20 carbon tax intensifies
the adverse welfare impacts on households due to the rapid rise in the price of
utilities and products of carbon-intensive industries. In this scenario, welfare based
on equivalent variation declines by US$2,107 million in South Africa, US$385 million
in Egypt and by US$131 million in Nigeria.

The foregoing results have two key implications for the design of carbon pricing
schemes in Africa. First, the fall in the output of energy-intensive sectors will lead to
job losses (not measured here). Therefore, there would be a need for retraining of
workers for employment in other sectors. Second, the increased price of electricity
and energy-intensive goods will have a greater impact on low-income households.
The share of the income of low-income households spent on electricity and energy-
intensive goods would be greater (given that electricity consumption is relatively
price inelastic), leading to much more adverse effects on their welfare. Therefore,
part of the revenues generated from the carbon tax could be used to address the
negative impacts on these groups.

5 Conclusions and Policy Implications

5.1 Conclusions

Although Africa contributes less than 3 % of total global GHGs, it suffers the most
from climate change shocks. Our preliminary findings suggest that Africa’s real GDP
growth could decline by about 2 percentage points for a temperature change above
1.8 °C. Projections by the Intergovernmental Panel on Climate Change (IPCC) indicate
that the frequency and intensity of climate-related events such as natural disasters
(i.e. droughts and floods) will increase in the coming decades. In this paper, we have
shown that this could exacerbate political instability and conflict. These shocks
combined could have a direct effect on government fiscal position and subsequently
on sustainability of debt. For example, a 1 % decline in real GDP growth couldworsen
the budget deficit by 0.3 percentage points, and this could increase the debt-burden
by 2.4 times.

All African countries have signed the Paris Agreement and have submitted their
NDCs that contain targets for emissions reductions. Our modelling results indicate
that carbon pricing could be an effective way of meeting the NDCs. However, carbon
pricing (e.g. a carbon tax) would have negative impacts on energy-intensive in-
dustries and increase the prices of the goods and services they provide. There will
also be job losses in these industries. The combined effect of these impacts could be

222 J. Asafu-Adjaye et al.



reduction in GDP growth and real incomes. From themodelling results, we infer that
carbon pricing can have regressive effects, particularly on low-income households, if
not well designed.

5.2 Policy Implications

The study results have several implications for policy makers. First, Africa has sig-
nificant stocks of renewable natural resources that could be leveraged in a future
global carbon market to speed up economic transformation and improve the well-
being of the people. However, significant foreign investment and technology is
required to make this a reality. To attract the needed investment, African govern-
ments should develop a stable regulatory and policy environment and establish
competitive pricing to promote mini-grid solutions and standalone systems.

Second, participation in international carbon markets and offset schemes (e.g.
REDD+, CDM) requires a credible system for measuring, reporting, and verifying
emissions. However, many African countries have been unable to accurately mea-
sure and report the carbon sequestered in their forests. At COP27, Africa needs to
push for more capacity building and technical assistance. Furthermore, improve-
ments need to be made in forest governance and land tenure. In general, forest
governance in Africa suffers from poor institutional capacity and performance and
insecure or weak land and forest tenure by local communities. Less than 2 % of
Africa’s forests are estimated to be legally owned or designated for use by local
communities (Allen 2011). Land tenure reforms are urgently needed to enable
indigenous and local communities to claim property rights in forest land to benefit
from payments from carbon trading and offset schemes.

Third, in the transition to low-carbon pathways, the world would need African
resources. Although accounting for a small proportion of current global resources,
Africa has a significant proportion of untapped mineral reserves: 30 % of bauxite,
60 % of manganese, 75 % of phosphates, 85 % of platinum, 30 % of titanium and 60 %
of cobalt. There is therefore the need to ensure that sustainable techniques are used,
and fair employment practices are enforced.

Finally, several countries such as Burkina Faso, Côte d’Ivoire, Nigeria, Rwanda,
and Senegal have expressed an interest in advancing carbon pricing at a domestic
level. There is also interest in carbon pricing at the regional level. For example, two
new regional groups, the West African Alliance on Carbon Markets and Climate
Finance (WAA), and the East African Alliance on Carbon Markets and Climate
Finance (EAA), have expressed an interest in regional carbon pricing initiatives. This
could lead to the implementation of a regional carbon tax or ETS. However, this
would require significant regional collaboration and leadership. For example,
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regional collaborationwould be required to amend and enhance legal frameworks to
facilitate implementation and administration of the scheme. There would also be the
need to build capacity and expertise to assess carbon pricing options and implement
the mechanisms.
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