THE ECONOMICS OF CLIMATE CHANGE: SUMMARY1
• Climate variability already has significant economic costs in Africa. Periodic floods and droughts
(extreme events) cause major macro-economic costs and reductions in economic growth.
• Climate change is real and is being observed in Africa Temperatures have risen by almost a degree over
the last century, and there have been changes in the rainfall and extreme events.
• The rate of change will accelerate over the next 50 years. By 2050, temperatures in Africa are projected to
increase by a further 1.5 to 3ºC, along with changes in rainfall, extreme events and sea-level rise.
• Climate change is likely to lead to potentially large impacts and economic costs. These will be greater in
Africa than other regions, because of higher vulnerability and lower adaptive capacity. They could
threaten past development gains and constrain future economic progress and development.
• The economic costs of climate change are uncertain. However, economic models indicate that these costs
could be equivalent to an annual loss in GDP of 1.5 - 3% by 2030 in Africa.
• Costs include potential threats to coastal zones (sea-level rise), health burdens, energy demand, and in
some regions, increased risks to infrastructure, reduced water availability, reduced agricultural yields and
loss of ecosystem services.
• There is likely to be a strong distributional pattern of effects, with some regions in Africa affected more
than others, and some groups within countries particularly affected.
• In the longer-term (after 2050), the economic costs could be even more significant, with upper estimates
that would be unsustainable for a functioning economy. Such high impacts are beyond the limits of
adaptation. There is therefore a need for global mitigation, as well as adaptation.
• Adaptation can reduce the economic costs of climate change, but it can not remove them completely.
However, adaptation has a cost. The estimates of the costs of adaptation are still emerging and are still
very uncertain, but they provide a possible range for adaptation financing for Africa.
• The estimates of adaptation financing needs for Africa indicate a minimum of $1 – 2 billion per year by
2012 - 2015. Estimates of medium-term needs (2030) are typically in the range $2 - 10 billion per year
by 2030, though with higher values if humanitarian spend and the current adaptation deficit are included.
• There is a large need for adaptation finance for Africa, and entitlement to substantial funds must be
assured. However, this will require the development of effective mechanisms and institutions. There is a
need to agree on early next steps, including common negotiating positions, and a future focus.
• There are also existing financing mechanisms for encouraging low carbon development, which could

provide large investment flows ($billions/yr) for Africa and provide many wider benefits. However,
Africa has not been as successful as others in securing these. This could be addressed through reforms of
the current mechanisms such as the CDM and the appropriate design of the emerging new mechanisms.

• Given the scale of impacts, and the large finance flows involved, it essential that finance ministries get

involved in shaping the architecture of any future international deal, and of specific financing instruments
and funds, to ensure these work for Africa.
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How vulnerable is Africa today?
• Africa has high existing vulnerability. This arises from developmental challenges (including poverty,
complex governance, high population growth, a high burden of disease, etc.), high levels of current
ecosystem degradation and loss of natural resources, and existing extreme climates which lead to regular
extreme events. It also has low adaptive capacity – and a current adaptation deficit to the existing
climate.
• Climate variability already has significant economic costs in Africa, with periodic floods and droughts
already causing major macro-economic costs, long-term liabilities and reductions in economic growth.
For example, in East Africa, major periodic drought and flood years have been found to have economic
costs equivalent to almost 10 % or more of GDP, and because of their regular frequency, have long-term
impacts on growthi.

What climate conditions might be expected in the future?
• Climate change is now being observed and
measured globally and in Africa. Average global
temperatures have risen by almost 0.8ºC over the
last century, and slightly higher than this in
Africa, with a particularly sharp rise over last 50
years rise.

Observed and projected temperature in Africa

• These changes can only be explained by
anthropogenic emissions (see figure to the rightii).
There have also been rises in sea level, and
changes in the pattern of rainfall, extreme rainfall
(floods) and droughts. These trends are very real
and are accelerating.
• The rate of change will increase over the next 50
years, probably by more than twice as much as
over the entire 20th century. By 2050, average
temperatures in Africa are projected to increase by
1.5 to 3ºC (see figure, rightii), and then continue
further upwards beyond this time. There are also
likely to be major changes in rainfall, in terms of
annual and seasonal trends, and changes and
possible intensification of extreme events related
to floods and droughts. While there is wide
variation amongst projections, the overall scale of
the changes is likely to be dramatic.
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Source: IPCC, WG1-AR4ii
The black line shows the observed (actual) changes in surface
temperature in Africa over the past century.
This measurement data is compared with the results of climate
models. The models match the pattern of observed values only when
greenhouse gas emissions (anthropogenic forcing) are included,
shown in pink. The extended pink line shows the future projections
of rising surface temperature in Africa over the next 50 years (A1B).
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What are the potential economic costs of climate change, within the current
outlook of development plans?
• Future climate change is likely to lead to potentially large impacts and economic costs. While these
effects occur globally, Africa is particularly at risk (vulnerable), due to the large number of areas prone to
existing floods and droughts, the number of regions that are already close to tolerance limits in terms of
heat or water availability, and low adaptive capacity.
• Africa-wide assessments of the economic costs of potential climate impacts are in progress. While they
are preliminary and further work is needed, the emerging message is clear: recent and future changes in
climate have dramatic net economic consequences.
• An indication of the potential scale of the economic costs of climate change in Africa can be derived from
global integrated assessment models (IAMs). These provide highly aggregated information on potential
economic costs using a framework that links emissions, climate change and impacts on the economy,
though they use simplified relationships to do this and are not able to capture all of the effects of climate
change. They usually include analysis of uncertainty reporting a central value and a range. They indicate
the potential scale of costs (see box), reporting that economic costs (central values) could be equivalent to
an annual loss in GDP of 1.5-3% by 2030 in Africa:
Integrated assessment models results of the economic costs of
climate change in Africa
• The PAGE model, used in the Stern review, estimatesiii that
climate change could lead to an equivalent annual loss in GDP
in Africa of just under 2% by 2040 (central mean value,
including market and non-market sectors, with no adaptation).
The upper value (95%) from the model is an estimated 4%
GDP annual loss by 2040.
• The FUND model, another global IAM, estimatesiv that
climate change could lead to an equivalent annual loss in GDP
in Africa of 2.7% by 2025 (central value, including market and
non-market sectors). The model reports large economic costs
from change in water resources, health impacts, and energy
costs for cooling, but some potential benefits for agriculture.
The effects vary strongly with region – as shown (right) in the
estimated values for each country in Africa from the FUND
model (national version) for the year 2030.
• Note these models reflect a partial coverage of the effects of
climate change, and neither captures extreme events (including
flooding), cross-sectoral links and socially contingent effects,
or the cumulative effects on adaptive capacity.

Annual Costs from Climate Change as
a Faction of GDP in Africa in 2030.
Source FUND national modelv.

• Assessment of sectoral bottom-up model results for Africa, at the continental, country or sub-national
scale, show concerns in relation to rising sea levels and storm surge risk in coastal zones, a greater
potential burden of health, a rise in potential demand for energy for cooling, and in some regions, possible
increases in risks to infrastructure from extreme events, declines in water resource availability, and yield
reductions for existing agricultural regimes. All of these involve significant economic costs. There are
also increasing threats to biodiversity and associated ecosystem services. Highlights of results from recent
and ongoing studies are shown in the figure below.

Examples of potential economic effects across Africa. Source Watkiss et alvi / GoogleEarth map
• These same studies show a strong distributional pattern of effects, shown in the annex. Some regions will
be particularly affected, notably those with existing hot and arid climates where these trends are
exacerbated by climate change. In other regions there will be both positive and negative effects, though
the balance of these will change over time. However, large net negative effects are anticipated for the
continent. Moreover, impacts will affect the poor most within Africa, compounding inequities in health
status and access to resources. These are likely to impact upon the ability of national governments to
meet strategic objectives, and hinder progress towards poverty alleviation, achievement of the
Millennium Development Goals, and pro-poor growth.

What are the potential economic costs on a longer time frame?
• Many short-term changes (to 2030 at least) are already locked in to the climate system, and they are likely
to occur irrespective of any short-term emission reductions. Adaptation will be needed to address them.
• Furthermore, in the absence of a future international agreement on mitigation (a successor to the Kyoto
Protocol), the economic costs of climate change will potentially rise much more sharply in the longer
term. These long-term and large scale effects are difficult to estimate, and have strong interactions with
development pathways as well as increasing uncertainty. Nevertheless, it is possible to explore the
potential scale of effects using the IAM results, shown below.
• The aggregated information from some IAMs
shows very sharp rises in economic costs under
a business as usual scenario. By 2100, the
PAGE modeliii estimates that climate change
will lead to an equivalent annual loss in GDP in
Africa of 10% by 2100 (central mean value,
including market and non-market sectors,
without adaptation), with an upper value (95%)
equivalent to an annual 25% GDP loss by 2100,
shown in the figure below.
• Even with the central estimate of future effects,
economic impacts of this magnitude are
unsustainable for a functioning economy: at the
upper level they are beyond the limits of
adaptation. There is therefore a need for global
mitigation, as well as adaptation.
•

Potential Economic costs of climate change in Africa.
Source: PAGE model (no adaptation)iii

Similarly, the results of the FUND modeliv (national version) show a large potential increase in economic
costs over time.

Potential Annual Costs of Climate Change as a % of GDP in Africa over time.
Source FUND national model v

What are the costs and benefits of adaptation?
• Adaptation can reduce the economic costs of climate change, though it can not remove them completely.
However, adaptation is not free and evidence is only starting to emerge on the costs and benefits. These
estimates vary significantly, and there are few validated studies, inconsistent assumptions and incomplete
coverage. Nonetheless, they provide a possible range of the indicative adaptation financing for Africa,
for input to the discussion of the potential Adaptation Fund.
• The National Adaptation Programmes of Action in Africa identified urgent adaptation needs to avoid
impacts, particularly in the agricultural and the water sectors, but also for health, coastal zones and
extreme events. Estimates of the African NAPAs that cite costsvii are mostly in the range $5 million to
$20 million per country, and when added together they total over $300 million.
• Some estimates of the costs of adaptation are emerging. These usually apply top-down methods to
estimate the additional adaptation financing needs to make current investments ‘climate resilience’.
Using such an approach, the AfDB, WB and UNECAviii estimated an annual cost of US$ 2 – 7 billion for
Africa (around 0.5% of Africa’s GDP). Similarly, SEI estimated an annual cost of US $ 0.8 to 6.3 billion
per year by 2030ix. However, climate resilience is only one of several adaptation needs.
• Work by the SEI, presented at the African Ministerial Conference on Environment in 2008x, assessed the
potential costs of funding early priorities for assessing vulnerability, building capacity, and piloting
adaptation, as a precursor step to operational adaptation and climate resilience. It estimated these urgent
funding needs at a minimum of US$ 0.8 billion/year, rising to a minimum of $1.2 billion/year in 2012 and
$2.7 billion/year by 2030. These steps are additional to the funding of climate resilience.
• At this time, there is relatively little information on bottom-up estimates of the adaptation costs by sector
for Africa, and the analysis of the economic benefits of adaptation, the costs of adaptation, and residual
damages. Some estimates are starting to emerge in the coastal sector and these indicate costs of coastal
protection for Africa at $0.8 to 2 billion/year per 2030, assuming medium to high projections for SLRxi.
• Information is also available from the aggregated IAMs. The PAGE modeliii estimates that adaptation
could reduce the economic costs of climate change in Africa significantly, from 2% to 1% of GDP by
2040, and from 10% to 7% of GDP by 2100 under a business as usual scenario. Note that there are still
large residual damages even with adaptation in place. However, adaptation provides large net economic
benefits when compared to the estimated costs of adaptation in the model, with these adaptation costs
estimated at $4.5 billion per year (central value) in Africa from 2020 onwards.
• Based on this literature, estimates of the short-term adaptation financing needs for Africa are typically in
the range of $1 – 2 billion per year by the year 2012 - 2015. Estimates of the medium-term needs (2030)
are typically in the range $2 - 10 billion per year by 2030.
• Most of these estimates use a similar method (looking primarily at climate proofing investment flows)
and there are other estimates which include higher values. These have much greater emphasis on hard
adaptation for infrastructure and/or include increases in humanitarian spend. They also include studies
that include the costs of adapting infrastructure to address the current adaptation deficit, as well as to
future climate change.

Reported estimates of the costs of adaptation to climate change
• In looking at these funding levels, there will be a need to assess and prioritise action. Economics will play
a key role in such analysis, and in the assessment of early adaptation plans. However, our knowledge of
the future climate is still highly uncertain and decision making must bear this in mind.
• Following from this, there is a need to prioritise where early action is most effective. This can be
considered with a tiered approach. This starts with building capacity and raising awareness of climate
change – including in economics, finance and planning – as a necessary precursor to improving current
resilience, addressing the current ‘adaptation deficit’ and preparing for the future.. Early priorities should
also identify and implement win-win, no regrets or low cost options, justified by current climate
conditions, or based on projected climate change, but involving minimal cost. Finally, it should identify
areas where early planning is needed, even in the face of uncertainty. This would include for
investments, infrastructure or urban planning with long-life times and where lock-in is a risk, and cases
where there is the threat of irreversible effects or potential loss of options, and for major consequences.
• As and when the evidence of climate change and climate change impacts unfolds, other possible
adaptation options, which involve higher costs, can be considered. There is also a need to link these
adaptation measures with low carbon opportunities, to maximise the potential benefits.
• There is a need to agree on early next steps for progressing adaptation in Africa, including the effort over
the next 3 to 5 years. Such steps would include deepening the evidence, improving the information base,
and looking at investment costs with long life-times (infrastructure) with both public and private sectors.
• There is a need for African finance ministers to ensure future economic growth is climate resilient, to
address the scale of potential impacts outlined above. There is evidence that more flexible economies,
particularly those with competitive private sectors, are better able to cope with climate variability and
extremes, and to seek out and take advantage of opportunities. Many governments are already following
this path, by promoting competition, reducing costs to business, and providing public infrastructure.
• However, in the longer-term, this will also require economies to diversify away from those sectors or
activities which are most vulnerable to climate. This will need to include the promotion of manufacturing
and services, to create jobs to absorb a declining agricultural labour force.

How does this link to low carbon growth and other finance opportunities?
• There are existing international financing mechanisms for encouraging low carbon development paths in

developing regions such as Africa, which potentially involve extremely large-scale flows for investment.

• The Clean Development Mechanism (CDM) currently represents the primary market for carbon finance,

followed by the secondary carbon market or Voluntary Carbon Market (VCM). In 2008, total low-carbon
investments in developing countries from these markets totalled $22 billionxii. However, it has been
difficult for Africa to access these funds to date, and the current project-based approaches place high
transaction costs on small countries. Nevertheless, following a low carbon development pathway could
provide significant economic opportunities for Africa, and is strongly in its own self-interest.

• These low carbon trajectories are particularly important to maximise the planned development across

Africa, to ensure future growth avoids getting ‘locked’ in to high emissions, and to allow maximum
potential for capturing financing opportunities now and in the future. Examples of existing and
commissioned studies are shown below for East Africa, and demonstrate the practical opportunities and
benefits. There is also a need for major energy investment and instruments to better help Africa exploit
these least cost and low carbon options.

Examples of existing low carbon growth projects in East Africa (underway or commissioned)xiii

• There is the potential to implement no regret (win-win) measures across many areas of economic activity,

which are available at low cost now, and can improve economic efficiency, as well as delivering low
carbon and development objectives.

• In many cases low carbon energy investments have similar marginal costs to fossil alternatives, which are

further enhanced by the potential for carbon credits. They also provide important co-benefits from
reducing energy imports, enhancing energy security, improving air quality and health, reducing pressures
on natural resources, and improving adaptation capability by exploiting synergies.

• There is also a large and untapped potential for low carbon - pro-poor economic growth projects, which
can achieve poverty reduction and emission benefits through low carbon energy access programmes.
• In advancing all of these areas, there is an important role for domestic policy (taxation, regulatory,
incentives etc) to encourage low carbon technology development, diffusion and deployment. This also
includes the reform of fossil fuel subsidies and low electricity tariffs.
• Curbing deforestation is also part of this low carbon pathway, and is now the subject of potential new
financing flows (reducing emissions from deforestation and forest degradation in developing countries
(REDD)) and also provides protection of natural habitats and ecosystem services.
• There is a need to consider the linkages between adaptation and these low carbon pathways, and exploit

the opportunities that arise from considering them together.

What next? How do we move forward?
• There is a need for regional and trans-boundary cooperation and approaches to exploit linkages and
address the scale of climate change challenges. Given the scale of these impacts, it is also important for
Finance Ministers to start including climate change (and potential impacts) in central and sectoral
economic planning.
• There is a large need for adaptation finance for Africa. Entitlement to substantial funds (e.g. through the
Adaptation Fund) must be assured, but effective mechanisms and institutions for access and effective use
must be developed.
• While there is very large potential flow from low carbon financing, Africa has not been as successful as
others in securing current finance flows. Flows could be increased through reforms of the current
mechanisms such as the Clean Development Mechanism (CDM), and the appropriate design of the
emerging new mechanisms.
• In both adaptation and low carbon financing, Africa needs to put pressure on the international
negotiations for a deal that works for the continent. Prospects for influencing this negotiation would be
strengthened with common negotiation positions.
• Given the scale of impacts, and the large finance flows potentially involved, it essential that finance
ministries get involved in shaping architecture of any future deal. It is also imperative for these ministries
to make an input on specific financing instruments, to ensure any financing architecture works for Africa.
• These mechanisms and negotiating positions are discussed further in other briefing papers as part of this
series.

Annex: Examples of potential regional effects from Climate Change in Africa

Source Watkiss et al (SEI) vi
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