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Executive Summary

1. General observations

Africa south of the Sahara is probably the most vulnerable region when it comes to the
impact and consequences of climate changes. Yet the African continent runs a serious
risk of being marginalized in the global dialogue on climate issues.

Africa contributes little to the global emissions of CO, and other greenhouse gases. The
major focus of the Framework Convention on Climate Change is on abatement and
mitigation of emissions rather than adaptation to the consequences of climate change,
and African states have therefore been slow to ratify the treaty and not as active in the
international negotiation process as states from other parts of the world. Curbing
“emissions if justifyably not a central African concern. Yet Africa's potential
vulnerability should demand attention from both African policy makers and other
decision makers. Africa's natural resource base is seriously threatened.

The two central guiding principles of African climate policy both on the part of
governments and of international institutions should be reducing vulnerability on
the one hand and increasing resilience on the other.

Decision makers should not use the remaining scientific uncertainty and the
acknowledged dearth of detailed information on African resource management as an
excuse for inaction. Not taking climate change into account could be a serious source
of mismanagement and fallacious planning. Both increase in temperature and
increasing variablility of climate are serious dangers in the future. Land degradation
policies as well as future energy development should be central concerns.

Any strategy for Africa should seek to minimize the potential conflicts among the
concerns and priorities for development, adaptation and abatement. '

Africa’s vulnerability to climatic changes relates to a number of factors, including 1)
the dependency on bio-fuel, 2) the importance of agriculture, 3) immobility, 4) poor
health services, 5) population growth, and 6) low material standards. In the case of
Africa, it is difficult to make clear distinctions between abatement and adaptation
measures. Social and economic development are necessary in order to prepare the
continent for adaptation.



2. African obligations and opportunities under the Climate
Convention

Forty-nine African states have signed the Climate Convention, but only 33 have
ratified so far (23.06.95). Ratification is important because- 1) it signifies the acceptance
of the principles of the convention and 2) ratification will be required for financial
support under the FCCC. '

The substantive obligation of all African Parties is a commitment to formulate a
climate policy and how it could be implemented. Developing countries shall report on
their inventories of GHG emissions, along with their plans and measures to meet. the
-convention’s objective within three years after the entry into force of the convention.
Least-developed countries may report at their own discretion.

Multilateral financing institutions should invest in data gathering on all levels to
enhance awareness and improve the possibility for responsible governance in
respect to natural resource management and environmental protection.

.- Joint Implementation (JI) can allow for cost effective implementation of the Climate
Convention, and provide funding for climate related projects for countries where
financial resources are scarce or lacking.

3. Modelling of climate change in Africa

_There are still substantial limitations in the ability. to provide accurate predictions of
. future climate in Africa. Confidence in regional model predictions is low and there are
substantial differences between the models. One can distinguish between three regions
when it comes to climatic changes in Africa: 1) Sahel region, 2) corresponding dry
regions south of the Equator in Zimbabwe, Botswana, Malawi, etc., and 3) the tropical
region centered around the Equator.

Major findings from IPCC -90 and -92 of relevance for Africa
Temperature. Expected increases in annual average surface temperature at the time of
CO, doubling:

- Northern subtropical region (including Sahel): 2°C (0.5-3.0°C),

- Tropical region: 1.5°C (0.5-2.5°C), and

- Southern subtropical region: 2°C (0.5-3.0°C).
Precipitation: Increase in surface temperature and increased radiative cooling of the
atmosphere due to doubling of CO, concentrations lead to increased evaporation at the
surface and increased intensity of convective precipitation (e.g. thunderstorms from
large cumulus towers).
Sea level rise: Thermal expansion is regarded as the most important process. Predictions
are a 20+10cm increase in sea level at the time of CO, doubling. IPCC-90 estimates up
to a 65cm increase in sea level in year 2100, but this number is likely to be decreased to
40-45cm in the new IPCC-95 report.

Observed trends. Since 1895, annual average temperatures has increased by 0.53°C over
continental Africa. The recent 25 year dry period in Sahel is the most substantial
change in observed precipitation in the global record. Explanations have been sought
in 1) land use changes, and 2) circulation changes caused by changing patterns of sea



surface temperatures (SST). If the drought represents the first sign of a global warming
remains however uncertain.

Current anthropogenic emissions of greenhouse gases (GHGs) in Africa. 1) Carbon dioxide
(CO,): The major source is land use change (~70%); the rest originates mainly from
industry and transportation. The African contribution of CO, was in 1990 estimated to
be about 7% of the world's total. 2) Methane (CH,): Emissions in Africa are about 7% of
the world’s total, with livestock being the main source. Industrial sources are oil and
gas production and coal mining. 3) Nitrous oxide (N,0) sources are mainly of natural
origin. 3) Chlorofluorocarbons (CFC): Africa’s share of global CFC emissions is
estimated at 3%.

4. Natural resource management

The uncertainties in predicting climate change impacts in Africa must be underlined,
and other human or natural influences may mitigate or exacerbate the effects. Natural
. variability in-Africa is also substantial, and ‘people are to.a large extent adapted to
changes. Still, predicted human-induced climatic changes are expected to occur very
rapidly, and little is known about the capability of the ecosystems - which forms the
basis for human existence - to adapt to such changes. It is also clear that impacts of
climate change will be unevenly distributed: groups with the highest present
.vulnerability, such as poor people and people living in marginal areas, will most likely
suffer most. Generally, changes in the frequency of extreme weather events would
probably have greater impact than changes in average conditions.

Agricultural Resources. The fertilizing effect of enhanced CO, level on plant growth is
well documented in laboratory studies, but disputed when it comes to complex “real-
world” systems. Other factors concerning climate change impacts on agriculture
include 1) Warmer climate and changes in rainfall may reduce the appropriability of
present crops. Already being a major problem today, loss of crop and livestock genetic
resources may threaten sustainable agricultural development and adaptations to
future changes. 2) Increased intensity of rainfall may increase soil erosion, nutrient
- leaching and crop damage, 3) Changes in timing and length of growing seasons may
lead to planning problems, 4) Loss of rainfall in marginal and vulnerable areas would
exacerbate drought and desiccation problems, increase risks for bushfire and put
forests at their dry margins at risk, and increase problems in animal husbandry, 5)
Some models predict a noticeable loss of food production in Africa, but regional
variations would probably be large, and local differences (such as in cropping systems)
will to a large extent determine how significant the climate change impacts will be. 6)
Sea level rise will put low lying agricultural areas at risk, and may render major rivers
unsuitable for irrigation.

Fish resources. Fish make up a significant part of the food supply in Africa, with a total
harvest potential estimated at 10.5 million tons. It is expected that global warming will,
varying with species, relocate fish populations. Freshwater populations in small rivers
and lakes are vulnerable due to restricted ability to move in response to changes. In
areas becoming drier, loss of habitat would also represent a threat. Fish populations
are generally very sensitive to even small changes in frequency of extreme events. For
the more mobile marine fish populations, relocation does not necessarily mean that
production and potential yields are lowered, but subsistence and small scale-fishermen



may suffer if institutional arrangements do not enable them to move within regions
and across boundaries.

Biodiversity. Impacts on biological diversity should be of particular concern, as the

welfare of human beings strongly depends on the existence-of biological systems and

processes. Biological diversity provides a wide range of goods and services, including

a genetic basis for agricultural development, and represents a heritage of unique
- species and ecosystems.

:Species will probably respond differentially.to climatic changes, .leading to new
aggregations and ecosystems. In ecological terms, the predicted changes will occur
over a short period of time. Migration is expected-to be the main adaptation strategy,
and adaptation success will be determined by the species’ ability to respond quickly
enough, as well as the suitability of the migration routes: Migration may be blocked by
natural or human imposed barriers, or the natural environment (e.g. soils) may be

- inappropriate. A large part of the natural biodiversity in Africa is confined to isolated

reserves surrounded by agricultural land. Small populations are particularly

vulnerable, and endemic species will be at risk of extinction. The changes would on the

: . ~other-hand favor species with high -dispersal rates, ability to colonize a wide range of

habitats and a high tolerance towards stress.

Water resources. Past droughts have shown that for marginal and vulnerable areas,
- even a small reduction in water supply is critical. Water scarcity has substantial health
-and -ecological consequenses. Even today, there is growing scarcity of water in many
African regions, and several countries rely on water originating outside their borders.
Sea level rises can be expected to lead to increased saltwater intrusion in the
groundwater. Desalinization is too costly for most countries. Hydro power generation
is also vulnerable to temperature increases and rainfall changes.

Social, political and economic impacts. Many authors mention the risk of getting more
“eco-refugees”. In addition to the social and health problems they may create, major
migrations would also increase political tensions. Economic impacts include costs of
climate-caused damages and costs of adapting to climate changes. In low-lying areas,
sea level rise may cause substantial losses of land for human habitation, which in river
deltas and urban centers will be aggravated by subsidence caused by extraction of
water and hydrocarbons.

5. African priorities

- African policy statements emphasize that contributions to Climate Change mitigation

efforts should not adversely affect their development targets. Few African countries
have national policies explicitly aimed at combatting climate change impacts, as they
are not required to develop such plans until 1997. African policies are expected to
concentrate on -combatting vulnerability. More specifically, this involves capacity
building in a number of areas, including formulation of national and regional
inventories and programmes, development of effective negotiation skills, developing
research capabilities, conducting cost-benefit analyses, and capacity building in the
area of technology assessment and transfer. Improvement in planning capacity and
governance would improve Africa’s resilience to eventual climate changes.

iv



Future energy scenarios. African countries should get support in taking advantage of
new technology for alternative energy resources, where no-regret options should be
given priority. It should be underlined that effective mitigation measures against
global warming must reinforce national economic policies and enhance the welfare of
households. Three different energy scenarios for Africa are discussed: 1) Stagnation, 2)
Growth based on fossil fuels, and 3) Sustainable growth. Scenario 1 is characterized by
slow economic development and rapid population growth. Scenarios 2 and 3 involve
high social and economic development and falling fertility rates. Scenario 2 is a fossil-
fuels based development, while scenario 3 provides large scale use of alternative
. energy sources and sustainable economic development. Economic development and
improved living standards, especially among women, are necessary to reduce
population growth. :

Abatement measures. Abatement measures may be carried out as part of a development
strategy. Such no-regret options may however need additional funding to be carried
out, since market failures and national constraints to the economy may make such
options too costly for African governments. One should focus on measures with
limited impacts on activities “outside” the market economy. The concern for climate
.. change could make the support of new technology in Africa more attractive, but one
should be aware that this may bias the countries’ preferences for projects.



Preface

The objective of this report is to prepare an initial statement on the problems of
- climate change in Africa, with the aim of contributing to the development of a
climate strategy for the Environmentally Sustainable Development Division of the
Africa Technical Department of the World Bank. Given the limited scope and
timeframe of this study, the paucity of reliable information, and the scientific
uncertainty inherent in the climate issue, the preliminary nature of the exercise must
be underlined.

A comprehensive climate strategy for Africa would need to take into account
existing national energy plans and general development strategies, as well as
national environmental action plans where they exist, and modify these in
accordance with the realities of climate change. Our recommendations reflect this
general view.

CICERO (Center for International Climate and Environmental Research, Oslo) is an
interdisciplinary institution specializing in global climate and environment issues.
This report was prepared by geophysicists, forestry specialists, resource specialists,
economists and policy scientists on our staff. Stein Hansen, Senior Research Fellow,
and Stein W. Bie, Director of NORAGRIC have given extensive comments on an
earlier draft and we thank them for their contributions.

Helga Hernes (PhD)
Director
CICERO
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Chapter 1
Recommendations

Relationship between global and national interests and priorities,
mutual reinforcement

The recommendations are mainly concentrated around two principal objectives:

1. To reduce present vulnerability
2. To increase resilience towards future changes

It is important to prepare the African continent for the effects of global warming,
which implies a strategy that is closely related to general political, social and
economic development both at the national and the local level. This does not mean
that African countries should neglect the call of the FCCC to participate in reducing
the growth of GHG emissions. Abatement may be important in a number of
situations, albeit more limited than in many other regions.

Few if any African countries have the institutional capacity to cope satisfactorily
with the issue of long term climate variability. It is therefore necessary to increase
preparedness, develop institutional capacity and research competence in order to
assist-countries to adapt to long term.climate changes. This can only succeed in a
macro policy environment that promotes sound and sustainable economic
development within existing environmental constraints. One of the most effective
measures of curbing GHG emissions in Africa would be to reduce population
growth. In addition, it would be particularly important to remove subsidies on fossil
energy, which would reduce economic waste, remove price distortions, and reduce
local pollution. Climate issues should always be included in structural adjustment
negotiations in Africa. Support to energy efficiency programs, development of viable
non-carbon forms of energy as well as less energy intensive technologies are
recommended.

National and global interests in climate change adaptation and mitigation can
reinforce rather than conflict with each other in most instances. (One exception to
this general rule is an increased reliance on coal as a potential source of new energy,
a complex issue especially relevant in Southern Africa).



Even though there is no time limit for when the least developed nations shall report
on inventories or action plans under the Climate Convention such inventories
should be encouraged and supported since they may well become important tools in
the planning process. '

Most of the recommended policies are national in scope and consist of no regret
options that should be undertaken regardless of climate concerns.

African vulnerability is caused by the continent’s overwhelming reliance on natural
resource based economies. The major anthropogenic source of carbon dioxide
emissions from Africa (about 70%) are from land degradation and land use changes.
Flexible and sustainable agricultural strategies that reduce the need for slash and
burn agriculture should therefore be given priority.

To increase resilience to climate change, development policies should focus on the
need for more diversified economies, local level adaptation measures, appropriate
technologies and improved governance.

Central to the issue of reducing vulnerability to climate change are a nation’s
population policies, family planning efforts, and educational policies (particularly
education for girls and women).

The mandate of the Global Environment Facility (GEF) is funding projects that
would not meet normal lending criteria which are based on consideration of national
costs and benefits rather than the global environment. In the case of cooperation
between funding of projects from IBRD or ODA resources and the supposedly new
and additional resources of the GEF, the general rule is that GEF should leverage
global environmental benefits from the regular development projects through
changes in projects design or technology. The GEF would thus cover the so called
“incremental costs”, yet these are difficult to extract.

The GEF has been chosen as the financial mechanism of the FCCC. The majority of
industrialized countries (the Annex I group), are of the opinion that their financial

global obligations towards developing countries are to be covered by the core fund
of GEF. :

Given the difficulties in the concept, the GEF should, in the area of climate change,
give priority to support national reporting and to mitigation projects. Mitigation
projects in Africa in the area of forest conservation be considered also with a view to
biodiversity interests. In the area of energy the focus should be on developing
renewable energy sources.

Encouragement should be given to projects which combine multiple national and
global benefits.



Operational priorities

African GHG emissions are low compared with emissions from other continents.
African countries are, however, threatened by severe impacts of future climate
change due to a fragile natural resource base, a weak economic foundation and a low
level of institutional preparedness. Programmes and projects related to climate
should first and foremost be aimed at addressing national development needs. Some
of these may also be globally beneficial and thus be candidates for GEF funding.

1. Increase knowledge of climate issues and risks

The general knowledge of climate issues, short term climate variability, likely
climate change impacts and possible “no regret” options to mitigate negative effects
are low. This may inter alia cause loss of opportunities to integrate mitigation or
adaptation measures at low cost in national economic strategies and development
planning. It is therefore suggested to:

11 Support north/south and south/south research cooperation and network
establishment in the field of climate change, (FCCC, Art. 5)

12  Support capacity building programmes and projects aimed at capacity
building among decision makers in government and industry on issues such as
possible climate change effects, possible response measures and opportunities.

1.3 Support public awareness, training programmes and viable schemes for
practical responses (FCCC, Art. 4 and 6)

2. General measures to limit emissions and help adapt to future climate change

African countries should participate in international initiatives meeting the
objectives of the FCCC to curb emissions. Even if priority must be given to national
development projects, projects that also yield global climate benefits should be
encouraged. An important consideration is the need to involve the finance and
planning ministries actively in the development of national climate policies-and
plans.

21 Support should be given to national and regional planning initiatives to
enable integration of climate considerations in national and regional development
plans. This would include plans for urban development; energy supply, distribution
and utilization; transport sector development; regional cooperation and institutional
building. In particular, consideration should be given to development of a
programme for the creation of a new format for energy planning, where energy
efficiency improvements are maximised, the utilization of viable non-carbon forms
of energy are captured and where less energy intensive technologies are considered.

22  Support should be given to systems for improved climate change predictions
and early warning systems and reliability of forecasts, and the practical utilization of
such data, perhaps in cooperation with UNEP, UNDP, WMO and FAO.



23  Support should be given to mapping of vulnerable areas and
national/regional assessments of climate change effects. This should be followed by
preparation for reduced impacts and mitigation.

24 Support should be provided for participation of African countries in
international coordinating activities where opportunities for cooperation and
assistance can be demonstrated.

2.5 Support to the preparation of national inventories (FCCC, Art. 4+12)

3. Measures to mitigate GHG emissions

When considering mitigation options in Africa, one should emphasize the need for
identifying cost-effective measures with multiple social, economic and
environmental benefits (“win-win” situations) in addition to changes in national
economic structures, mitigation measures may be grouped in three broad categories:

3.1 One should generally encourage fuel switching to energy sources with lower
carbon content. It is important not only to look at the capital costs of such
investments, but also be aware of the fact that emission reductions will involve a
number of other benefits besides reduction of global warming. These may include
reduced acid rain, reduced air pollution and health problems, and perhaps also
reduced fossil fuel dependency and reduced costs because of more efficient
equipment.

In southern Africa large investments in energy development are in the initial
planning stages. Such investments will be of vital importance for the level of GHG
emissions from this region in decades to come, and are in practical terms irreversible.
This region can boast both of rich sources of coal and of hydroelectric power. At the
same time there is a high potential for utilization of photovoltaics and other
renewable energy sources, suitable especially for rural areas.

Viable options seem to be present. As considerable financial resources are needed for
large scale investments, donors are probable sources of such funding. One should
therefore consider decisions related to Africa’s future energy scenario in light of their
climate impact.

a. Serious consideration should be given to the possibility of providing
incentives for countries or group of countries for choosing an environment
friendly energy future. Feasible cooperation with the GEF should be
considered.

b. Fossil fuel dependency is a serious problem for several African countries.
The price of fossil fuels has in many instances increased after an initial
investment has been made. Fuel switching might in many cases be a “no-
regret” opportunity, but may have institutional or other barriers for
implementation.

c. Further development of reliable and efficient energy systems and
technologies based on renewable sources such as photovoltaics, solar



thermal, solar heating, wind power, small hydroelectric and biomass for rural
Africa should be supported.

3.2  Consideration should be given to policies and measures to increase energy
efficiency and to energy conservation where that may be appropriate and beneficial
in a national setting. Waste or inefficient use of energy is not only costly, but often
also harmful to the environment. Such measures will to a large extent involve a
transition towards cleaner technologies (technologies which combine more energy
efficient- operations or processes and reduced pollutant production without
* necessarily entailing a change in the form of energy used).

3.3 In a consideration of options, it is important to figure out how the measures
might give incentives to local adoption and acceptance over time, thus having a
decisive importance for the success of a project. The identification of barriers to
energy efficiency improvements is perhaps one of the difficult, but promising areas
to attack in formulation of a mitigation policy. We would in this short paper only
draw attention to two types of barriers, those arising from imperfections in the
markets, and the institutional barriers preventing companies to act in a normal
manner.

34  The full cycle of energy production, conversion, transport, distribution and
consumption should receive attention to arrest sources of inefficiency, leakages etc.
Likewise, measures to capture methane gas drainage from coal mines, land fills etc.
should be identified. The introduction of new technologies should be encouraged.

3.5 As mentioned in paragraph 2.1 support should be given on planning for
meeting future energy demand and distribution. The issue of barriers to a rational,
cost-effective and environmentally sound behaviour should be given priority.

Thirdly, support should be given to enhance carbon sinks. This category covers
carbon fixation in biomass through reduced deforestation, reforestation schemes,
improved forest management, or changes in land use and agricultural management
practices.

36  Reforestation and improved forest management still have a significant
potential for increased storage of carbon.in Africa. Where population densities are
high, the introduction of agroforestry systems may cause less conflict with food .
production objectives and still contribute to increased sinks. Increased below ground
storage of carbon through the use of more rock phosphate is an interesting
possibility.

3.7 - Emission abatement may be of particular concern for the coal using industry
and power production in South Africa. Emission abatement technology should be
further developed.

3.8  Improved land use in vast areas of Africa may reduce carbon emissions,
perhaps particularly through reduced grassland and bush burning, and reduced
slash and burn agriculture.

3.9 As national governmental institution often have a limited control over local
land management, programmes which may give incentives to local communities to



take climate issues into consideration in land management decisions should be
encouraged.

310 Improved soil management practises may contribute considerably to
reducing vulnerability to climate impacts. Soil stability and integrity, productivity,
organic matter content, and water runoff control are among the determining factors.

4. Adaptation measures

As mentioned above, any strategies for adaptation to a climate change scenario must
be speculative, given the quality of data we have today. There are however, a
number of areas where we know that the preparedness for adaptation is weaker than
necessary, a conclusion which is confirmed after each severe drought in Africa. The
competence and capacity to deal with climate variability and the effects thereof
should therefore be strengthened. Increased resilience to climate change must also be
a priority focus. Support should be given to research in adaptive agriculture, climate
change resilient crops, better infrastructure in industry and agriculture, better
technology in agriculture, improved water management .technologies, and
environmental health.

Natural resources

4.1 Thermal agricultural crop limits may move from present ranges.
Development of crops and crop systems that are flexible and resilient towards
change, should therefore be a priority.

42  Biodiversity monitoring and conservation of crop genetic resources
preservation are therefore important adaptation measures, and policies that maintain
biodiversity through the maintenance and increase of conservation areas should be
supported.

43 Improved weather and climate change forecasting and early warning
systems, and improvement in the reliability of these forecasts, should be promoted in
cooperation with UNEP, WMO, UNDP and FAO.

44  Coastal protection, including forest and mangrove protection, river deltas,
-sand banks and coral reefs protection are among the important measures to protect

against extreme weather conditions.

45  Forests should also be protected or re-established where necessary for
watershed protection.

4.6  Concerns for potential sea level rise should be included in all coastal zone
plans, including harbour construction, oil terminals, sea lanes etc.

47 Extreme weather disaster preparedness should be supported, including
plans, equipment and institutional responsibility allocation.

10



Chapter 2
General background

African obligations and opportunities under the Climate Convention

Any presentation of the specifically African aspects of the convention must take as
its point of departure four of its basic principles:

1. that industrialized countries have accepted taking the lead in combatting climate
change, and the adverse effects of this change,

2. that developed countries will aid developing ones in meeting their commitments,

3. that measures under the convention may be carried out cooperatively between
interested parties, and

4. that development of their economies, rather than solving global environmental
problems will remain the major concern of African governments and that climate
concerns will therefore at most become an aspect of developmental policies and
strategies rather than a central concern.

The United Nations Framework Convention on Climate Change (FCCC) went into
force on March 24, 1994. Forty-nine African states have signed the Convention, but
only 33 have ratified so far (June 23, 1995). Ratification is important not only because
it signifies the acceptance of the convention text but also because it will probably be
decided at the first Conference of the Parties in Berlin that only those countries that
have ratified will be qualified for support under the FCCC.

The Framework Convention sets out principles and general commitments, (thus the
name framework convention) but has left precise obligations and specifications to
future protocols. Thus a two-step approach for response strategies to climate change
was adopted, and a great deal was left to future negotiations. The general aim of the
Convention is the “stabilization of greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference with the climate
system.”

Developed states are obliged to report on how they aim to return to their 1990 levels

of GHG emissions through national action plans. The Convention has two types of
commitments: general and specific. The general commitments obligate all countries
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that are parties to the FCCC to report on their inventories of GHG emissions, along
with their plans and measures to meet the objective of the convention. The
developed countries (Annex I countries) are obliged to report to the first meeting of
the Conference of the Parties, while the developing countries shall make their
communication on the above aspects within three years after the entry into force of
the convention. The least-developed countries may report at their own discretion.

The second type of commitments are only related to the industrialized countries and
present an objective for these countries to return, individually or jointly, by the end
of the decade to their 1990 levels of GHG emissions. The developing countries are
expected to abide by the general commitment of the Convention only to the extent
that they are financially supported by the industrialized countries.

One may perhaps distinguish between two types of financing objectives. One is the
support needed to develop the inventories and plans, and the other is to support
more substantive measures under the FCCC. The industrialized countries have
chosen the Global Environmental Facility (GEF) to constitute the financial
mechanism of the Convention.

With respect to technology transfer, the Convention does not specify the terms of
transfer, and there is no commitment concerning preferential and non-commercial
terms. The convention states that developed states “shall take all practical steps to
promote, facilitate and finance as appropriate the transfer of or access to
environmentally-sound -technologies,” and that the development of endogenous
capacities and technologies shall be supported.

From an African perspective, it is important to realize that the convention lists no
less than 9 different types of developing states and that all of these can be found in
Africa: small island countries; countries with low-lying coastal areas; countries with
arid and semi-arid areas, forested areas and areas liable to forest decay; countries
with areas prone to natural disasters; countries with areas liable to drought and
desertification; countries with high urban atmospheric pollution; land-locked
countries; countries with areas with fragile ecosystems, including mountainous
ecosystems; and least-developed countries. Some of these are overlapping
characteristics, and one country may easily fall into two or more of these categories,
thus exacerbating the problems connected to the impact of climate change. These
categories outline various types of vulnerability to climate change which are
specially relevant to Africa. The substantive obligation of all African Parties to the
convention is in effect a commitment to formulate a climate policy and an account of
how it could be implemented.

Most developed countries regard their contribution to the core fund of the GEF as
their funding obligation to the process. The cost effectiveness of projects funded
should be judged from a global rather than a national standpoint and funds should
cover the “incremental costs” needed for a national project to also provide global
climate benefits when possible. Although the term “agreed full incremental cost” is
established as the guiding principle for GEF funding, it is not easily defined. Several
projects have demonstrated the difficulty in making this concept operational. Within
the area of climate change, GEF funding might choose to focus on support for
development of national reports, while the financing of adaptation measures, which
in a strict sense are not global benefits, might be left to national funding with ODA
assistance. The intention is, however, that GEF projects should wherever possible
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also leverage environmental benefits from regular development projects through
changes in design or technology. From an African perspective, it was especially
important that projects in desertification and deforestation were added to the list of
eligible global problem areas, if they can be shown to relate to climate or other global
environmental problems.

The financial commitments of Annex II countries can provide opportunities for
sustainable development policies for developing countries. The ability of developing
states to meet their commitments is dependent on the availability of finances and of
technology provided by others (Article 4,7). The practical significance of the
Convention will in all probability depend on the availability of these funds. Future
negotiations will need to clarify what is meant by the phrase -“funds covering the.
agreed full incremental costs of implementing measures,” which obligate developed
states vis-a-vis developing ones (Article 4,3).

Another potential future source of financial resources is provided for within so-
called joint implementation (JI) activities (Article 4,2). The underlying idea in joint
implementation as a mechanism is that private investors and/or governments from
countries with high marginal costs for emission reduction can invest in-abatement
measures in another country in a more cost efficient manner. On the general level JI
can serve two purposes: 1. allow for cost effective implementation of the Climate
Convention, and 2. provide funding for climate related projects for countries where
financial resources are scarce or lacking. Cost effectiveness of measures is one of the
bearing principles of the Climate Convention. The concept is still controversial,
although projects would bring with them such benefits as technology transfers,
greater energy efficiency and private investments for development purposes. Joint
implementation projects should be very attractive for African countries or
companies. Although the criteria for JI have not been agreed upon it is likely that the
Conference of the Parties in April 1995 will adopt a formal pilot phase, although
such projects have already been carried out on a voluntary basis (Torvanger et al.
1994:6).

Modelling climate change in Africa

The development of computer models for simulating the global climate has taken great
steps forward during the last 10 years. The complexity of the climate system is,
however, immense, and there are still substantial limitations in the ability to provide
- accurate predictions of the future climate and to reproduce the climate of the past.

The climate models applied in the first IPCC (Intergovernmental Panel on Climate
Change) scientific assessment (IPCC 1990a) focused on the steady state effect of
doubling CO, concentrations (2xCO,) The rationale for choosing 2xCO, was mainly to
get a simple base for performing model intercomparisons that could improve
understanding of the climate system and how to model it. Consequently, the change in
radiative forcing driving the climatic change in the models was spatially
homogeneous. Based on the experience with these models, new versions have been
developed with improved parameterizations of cloud processes, ocean circulation, the
hydrological cycle and inclusion of such short-lived greenhouse gases (GHGs) as
ozone and anthropogenic aerosols (small particles/droplets suspended in the air). This
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has led to significant regional differences in the radiative forcing. In the 1992 IPCC
supplementary report, transient results (with time dependant increase of GHGs) from
four coupled atmospheric/ocean models were reported.

The confidence in the predictions made by the climate models for regional climatic
changes has been low, as the differences between the models in the predictions of
regional climate change have been substantial. The figures 2.1 and 2.2 show calculated
changes at the time of CO, doubling in surface temperature and precipitation in Sahel
for the summer (growing) season for five coupled atmosphere/ocean climate models.
To improve predicting regional climate change, nested model techniques and statistical
‘downscaling methods have been developed. Both methods rely heavily on the quality
of the large scale flow pattern given by the global climate models. Applications of these
techniques to regions other than Africa shows promising results, but so far they have
not been applied to Africa. The nested model technique is probably best suited for
African studies. This is because the statistical downscaling requires meteorological
data from a dense net of observational sites over a sufficient period to provide a basis
for the statistical extrapolation of the large scale fields from the climate models.

African climate to a large extent is governed by the Hadley circulation, which causes
the convergence and rise of moist humid air in the tropics and subsidence of dry warm
air in the subtropical regions around 25° north and south. The inter-tropical
convergence zone (ITCZ) moves north during northern hemisphere summer and south
during northern winter, giving summer rain in the arid regions south of the Sahara
and north of the Kalahari. Using this knowledge, it is possible to dlstlngmsh between
three regions when it comes to climate changes in Africa. First is the Sahel region,
which is characterized by generally subsiding air motions and very limited
precipitation during summer (the growth season). Secondly comes the corresponding
dry regions south of the Equator in Zimbabwe, Botswana, Malawi, etc. Third, there is
the tropical region centered around the Equator. Regions with winter rain (the
Mediterranean coast and the southern parts of South Africa) are not discussed in this
report.

The IPCC-90 report focused on the Sahel region as one of the regions that received
special attention. The fully updated 1995 IPCC report will include the Sahel region as
one of the regions that will be studied in greater detail. So far, only figures giving the
direct results from five coupled atmosphere/ocean climate models are available (draft
discussion and analysis will be ready by summer 1995). Since 1990, the improvements
.of the models ‘have also resulted in a greater complexity in the models. In particular
has been the inclusion of tropospheric aerosols, which, in an African perspective,
mainly originate from organic and elemental carbon from biomass burning and add to
the difficulty in regional climate forecasting. Over surfaces with low reflectance of
solar radiation (low surface albedo), these small particles scatter the solar radiation
back to space and thus cool the surface. The lifetime of these particles is short and
therefore the effect will be regional. This in turn causes regional differences in radiative
forcing as opposed to the spatial homogeneous forcing from well-mixed GHGs (CO,,
CH, N,O, CFCs etc.). The spatial variance in the forcing is likely to give rise to
significant uncertainties in the regional climate estimates given by the climate models.

Changes in sea surface temperature (SST) patterns have been shown to have significant
effects on the African monsoon circulation, which is crucial in providing much of the
summer (the growing season) precipitation to the Sahel region (Druyan 1991). The
most recent model calculations of future climate change are based on transient
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Figure 2.1. Calculated change in temperature for June-August at the time of CO,
doubling in the atmosphere from 5 coupled atmosphere/ocean general circulation
models. Average of the 5 models is shown in the lower right panel.
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Figure 2.2. Calculated change in precipitation for June-August at the time of CO,
doubling in the atmosphere from 5 coupled atmosphere/ocean general circulation
models. Average of the 5 models is shown in the lower right panel.




increases of GHGs. As the oceans have large heat capacity, the temperature increase in
the oceans shows significant time-lag compared with increases over the continents.
Since IPCC-90, the major models have been improved to become coupled
ocean/atmosphere models. This degree of freedom is also likely to impose greater
differences between the predicted climate for a given increase in GHGs.

Sea surface temperature above 27°C, humid air, and a latitudinal distance from the
equator of at least 5° are necessary conditions for the formation of tropical cyclones.
Increased SST in the Indian Ocean can give increased occurrences of tropical cyclones
hitting Madagascar, Seychelles and possibly also the coast of eastern Africa 5°
north/south of the Equator. However, as the climate models presently are too coarse to
simulate tropical cyclones, there is no evidence from the models that they will increase
in number or intensity.

IPCC 1990 and 1992

The IPCC-90 report (together with the supplementary 1992 report, IPCC-92) provides
- the latest comprehensive scientific assessment of climate change. The major findings of
relevance for Africa are summarized below. It is our opinion that analysis of increased
changes in precipitation and soil moisture (IPCC 1990a), and changes in surface
temperature and sea level rise (IPCC 1992) are the best available at the moment. The
discussions and recommendations given later in this report are thus based on the
following results extracted from IPCC-90 and IPCC-92.

IPCC 1990

¢ The first IPCC report (IPCC 1990a) discusses equilibrium climate changes resulting
from a doubling of atmospheric concentrations of CO,.

¢ General agreement among models: Increase in surface temperature and increased
radiative cooling of the atmosphere due to doubling of CO, concentrations lead to
increased evaporation at the surface and increased intensity of convective
precipitation (e.g. thunderstorms from large cumulus towers).

* Focus on regional changes from preindustrial times to 2030 (applying the IPCC
“business as usual” scenario) with 3 high resolution climate models in 5 regions,
one of them being the Sahel region. Confidence in these estimates is low.

¢ In Sahel: Temperature increases of 1-2 'C both summer (JJA) and winter (DJF).
Precipitation decreases of 0-10% during winter, increases of 0-5% during summer.
Soil moisture increases 0-10% during winter and decreases of 0-10% during
summer.

e Large variability in precipitation and soil moisture changes even inside the Sahel
region for each model.

IPCC 1992

» The 1992 IPCC report presents results from transient calculations with four coupled
atmospheric/ocean climate models.

¢ Increased annual averaged surface temperature (DT) around the time of doubling of
CO, in the four models is presented.
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Northern subtropical region (arid region with summer rain, includes Sahel):
DT =2'C(0.5-3.0 C).

Tropical region: DT = 1.5 C (0.5-2.5 ‘C).

Southern subtropical region (arid region with summer rain): DT = 2 ‘C(0.5-3.0
0.

e Sea level rise: Transient model calculations generally give slower sea level rise than
equilibrium calculations due to the large heat capacity of the ocean. Thermal
expansion (the most important process) is thus much less than in equilibrium
calculations. The expected temperature rise during the next century is likely to
increase the precipitation in Antarctica, however it will still be in the form of snow.
The volume of the glaciers in Antarctica is thus expected to increase and lead to a
decrease in the sea level. Melting of mid-latitude mountain glaciers and possibly
parts of the Greenland ice-cap will contribute to sea level rise. Predictions are a
20+10cm increase in sea level at the time of CO, doubling (approximately year
2030). However, the increase in sea level is likely to go on for a long time (at least
another century), even if the climate forcing was stabilized after a CO, doubling.
IPCC-90 estimates up to a 65cm increase in sea level in year 2100. (This number is
likely to.be decreased to 40-45cm in the new IPCC-95 report (Bert Bolin, private
com.).)

In a longer perspective, a study with a simple model by Lapenis and Shabalova (1994)
suggests a positive feedback between soil parameters and precipitation. They find that
a 2°C warming of ocean surface waters could, after 1500 years, lead to an inland shift
of about 400 km in the transition between the vegetation zones. If this effect is real, and
if other processes not included in their simple model do not change their conclusion,
this could lead to significant reforestation in the monsoon areas of Africa (mainly the
sub-Saharan region of West-Africa).

Analysis of climate change in Africa

The observed trend in annual averaged temperature over continental Africa has been
+0.53 °C/100 years since 1895 (Jones and Briffa 1992). Compared with estimates of
future temperature increases, this is two to eight times less than the models predict for
the 21st. century. '

IPCC 1992

In IPCC-92, surface temperature observations have been used to obtain regional trends
in surface temperature (1980-1990 means vs. 1951-1980 means). In Western subtropical
Africa, an increase in temperature of 0.5-1.0 °C is observed during March-November,
while there is no significant change during the winter months. In the subtropical areas
south of the Equator there has been an increase of 0.25-1.0 °C during all seasons. In the
tropical regions of Africa the observations show a decrease in surface temperature of
0.25-0.75 °C, with no significant seasonal differences.

This observed pattern of surface temperature changes is consistent with a
strengthening of the Hadley circulation (subsidence over sub-tropical dry areas, and
ascent in the tropics) possibly due to heating at the surface and increased radiative
cooling in the upper troposphere due to increased levels of greenhouse gases.
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Droughts

The recent 25 year period, with annual precipitation 20-50% below normal (1931-1960
average) in the Sahel region, is the most substantial change in observed precipitation in
the global record of instrumental measurements (Olaniran 1991; Hulme 1992). Possible
explanations for the weakening of the summer monsoon circulation that causes the
droughts are land use changes and circulation changes caused by changing patterns of
SST. Land use changes, in particular deforestation, can give changes in the energy
balance of the atmosphere through increased albedo, reduced fluxes of humidity
(latent heat), and increased fluxes of sensible heat. Mylne and Rowntree (1992) found
in experiments with the UK Meteorological Office climate model that the potential
-impact on precipitation was significant, but not large enough to explain the observed
drought. Model experiments have shown that warm SSTs in the southern Atlantic
decrease the summer monsoon circulation and hence the precipitation in the Sahel
region. Some of the climate models predict that increased greenhouse warming,
through such a change in SSTs, could lead to droughts. However, the observed
drought is more severe than the model predicts for concentrations of GHGs at the
1970-1990 level, and some models do not simulate this effect at all. The question of the
- drought representing the first sign of a global warming therefore remains uncertain: -

A severe regional drought in southern Africa, with reductions in rainfall of 90% in
certain regions of southern Zimbabwe and southeastern Botswana, occurred during
the early 1990s. The drought was largely a result of the El Nifio/Southern Oscillation
(ENSO) phenomenon, which is a naturally occurring shift in the circulation of the
tropical Pacific. However, in a generally warmer climate the impact of these natural
variations is likely to be much more severe.

Current emissions of greenhouse gases in Africa

The contribution from Africa to current anthropogenic emissions of GHGs is low. The
African contribution of CO, in 1990 was estimated to be about 7% of the world’s total
anthropogenic emissions, if emissions from land use changes were included (WRI
1992). The African emissions of CO, from fossil fuel combustion in industrial processes
(including transportation) constitutes only 2-3% of the global emissions in this category
(Table 2.1). These numbers are in excellent agreement with emission estimates from
IEA (IEA-94). The major anthropogenic sources of CO, in Africa are presently from
land use changes (~70%), while industrial sources and transportation constitutes about
30%. Table 2.2 shows contributions to CO, emissions from land use changes from each
country. The African (1500 Mt/y) and South American (1800 Mt/y) emissions in this
category are of similar magnitude (23 and 28% of global emissions respectively).
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Table 2.1. CO, Emissions from industrial sources and land use change (1990). 10°
metric tons pr. year. Source: WRI 1992

Africa 270 260 52 45 24 1500 2150
North & | 1960 2620 1110 21 58 420 6180
Central
Am.
South 67 350 100 19 24 1800 2360
Am,
Asia | 3150 1950 390 67 260 2600 8410
Europe | 1970 1620 620 15 120 - 4350
USSR | 1330 1240 1130 38 69 - 3810
Oceania 150 100 40 0 4 12 303
World | 8760 8860 3470 205 560 6400 28200
Other greenhouse gases

The anthropogenic emissions of methane (CH,) in Africa is about 7% of the total
anthropogenic source globally, with livestock the main source on a continental scale
(WRI 1992). The two large industrial sources of methane are oil and gas production
(primarily Nigeria and Algeria) and coal mining (South Africa). African contributions
to emissions of nitrous oxide (N,O) probably make up a larger fraction than methane,
as tropical soils are major sources. This source is mainly of natural origin, and there is
- considerable uncertainty in the global source distribution of nitrous oxide, so the
African contribution to total emissions is difficult to assess. Emissions of
chlorofluorocarbons (CFCs) in Africa is about 3% of global emissions, and the effect on
climate is probably minor as their direct greenhouse effect is offset by a cooling due to
decreased ozone concentrations in the stratosphere. The emissions of CFCs are
‘controlled by the Montreal protocol to protect the ozone layer. In the future, non-
chlorine CFC-substitutes like HFCs (hydrofluorocarbons) applied in refrigerators,
could add significantly to the African emissions of greenhouse gases.
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Table 2.2. CO, emissions from Land Use Change (1990). 10° metric tons pr. year.

Source: WRI 1992. )X: not available
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Algeria X Djibouti X Mada- 120 Somalia 5.2

‘ gascar
Angola 33 Egypt X Malawi 58 South Africa | X
Benin 9.5 Eq. 1.8 Mali 7.7 Sudan 98

Guinea
Botswana | 2.6 Ethiopia 30 Mauritania | X Swaziland X
Burkina 17 Gabon 30 Maritius X Tanzania 21
Faso
Burundi 0.5 Gambia 19 Morocco X Togo 29
Cameroon | 60 Ghana 31 Mozam- 30 Tunisia X
bique

Cape X Guinea 37 Namibia X Uganda 10
Verde
Central 13 Guinea- 18 Niger 74 Zaire 130
African R. Bissau
Chad 15 Kenya 13 Nigeria 270 Zambia 27
Comoros. | X Lesotho X Rwanda 21 Zimbabwe 16
Congo 12 Liberia 39 Senegal 11
Cote 350 Libya X Sierra 4.6
d’'Ivoire Leone




Chapter 3
Natural resource management

According to present climate models, future climate change may be expected in
Africa, albeit with a low confidence level for the scientific estimates (Chapter 2).
Despite uncertainties, one may nevertheless predict certain likely changes to affect
natural resources on the African continent.

This section is based on a selection of recent studies which focus on the potential
impacts of climate change in Africa. These are, among others, 1) 8 country reports
and 4 regional reports presented at the African conference on Policy options and
Responses to Climate Change, held in Nairobi, December 5-8, 1994, 2) Hulme et al.
(1995), which summarizes current knowledge of potential impacts and recent case
studies, and 3) Reports from the IPCC Special Workshop on Article 2 of the United
Nations Framework Convention on Climate Change (IPCC 1994). The latter reports
contain the current state of knowledge on impacts of climate change in different
sectors, but do not relate specifically to Africa. A selection of case studies on climate
change is shown in figure 3.1 below.

The literature reflects the present uncertainties and lack of scientific knowledge, and,
at the same time, the serious concern among the African countries for what can
actually happen. These concerns are understandable, considering that Africa is
regarded as the continent which is most sensitive to climate change while
contributing the least to GHG emissions.

In the following, natural resources are grouped under a few headings, and the
potential climate change impacts are discussed for each group. The potential climate
change impacts are discussed in relation to assumed variations in one or more of the
following components, depending upon availability of scientific evidence:

CO, level increase

Temperature increase

Rainfall increase or decrease

Frequency of extreme weather events (storms, floods, droughts)
Sea level rise

Changes in radiation and cloud cover
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Agricultural resources

Agriculture is the mainstay of the economies of African countries, contributing to
34% of the Gross Domestic Product (GDP), 40% of the exports and 60% of the
employment (Obasi 1994). Climate change will affect the agriculture sector mainly
through increased atmospheric CO, concentrations, altered weather patterns
(temperature and precipitation), and changes in cropping systems and markets
(Hulme et al. 1995). Possible impacts of sea level rise will also be discussed.

Cropping

Elevated CO, concentrations

Scientific studies and laboratory tests focusing on individual plant responses have
shown that enhanced CO, concentrations lead to accelerated rate of photosynthesis,
increased water use efficiency, increased above- and below-ground productivity,
and decreased stomatal conductance and transpiration. C, crops (such as wheat,
barley, rice and potatoes) seem to be more responsive than C, crops (maize, millet,
sorghum and sugarcane) (Allen-Diaz 1994). The total effect of the CO, fertilization is
however debated; it is uncertain to what extent experiments in controlled
environments are able to include the whole range of interactions affecting yield
output in real-world agriculture (cf. Hulme et al. 1995).

Sinha (1994) suggests that an increase in growth rate does not necessarily result in
increased grain yield. Rice plants were exposed to 900 ppm CO, before and after
heading at near-optimum temperature. The observed increase in yield was 28% and
11%, respectively, though the crop growth rate increased about 50%. An experiment
on winter wheat crops indicates that the effect of CO, fertilization may be offset by
increased temperature. The increase in yield caused by a doubling of CO, (between
14% and 36%) was offset by the reduction in yield caused by a rise of only 1°C
during grain growth (Semenov and Porter 1994). Furthermore, crops grown under
high CO, concentrations (in laboratory) have shown to be of lower food quality due
to high carbohydrate content and low nitrogen content (Kellogg and Schware 1981).

It has also been suggested, without further scientific evidence, that a potential
increase in productivity may be offset by the concomitant growth in weeds (Karekezi
and Majoro 1994), and that rapid biomass growth may provoke depletion of soil
nutrients and water, such that artificial fertilizers and irrigation would become
necessary (Claude et al. 1994).

Changes in temperature and precipitation

The anticipated increase in atmospheric CO, concentration will lead to a general
increase in temperature and a variable change in precipitation (Chapter 2). Drought
is the most important factor limiting agricultural and livestock production in the
drier regions of Africa (Nyabundi and Njoka 1991). Increased rainfall would thus be
welcome over the large expanses of semi-arid and arid regions. The model
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predictions indicate, however, that for the most part the present precipitation trends
will be enlarged, namely wetter and warmer in the tropics and drier and warmer in
the northern and southern parts of Africa. As pointed out in chapter 2, there may
however be great differences in the type, magnitude and direction of impacts on the
regional and local level.

Figure 3.1
A selection of global and regional” case studies
on climate change located in Sub-Saharan Africa
Starting date
Subject (length in months)  Location Author/Organizations
* Methodological Framework for 10/93 (28) Senegal, Zimbabwe UCCEE
National GHG Abatement Costing
Studies
» Country Case Studies on Sources 11/92 (28) Gambia, Nigeria, Senegal, = UNEP, GEF
and Sinks of GHGs, Phase | Tanzania, Uganda
¢ Country Case Studies on Sources 06/95 (18) Burkina Faso, Cameroon, UNEP, GEF
and Sinks of GHGs, Phase Il Seychelles
» Country Case Studies and Training  04/95 (18) Benin, Cameroon, Ethiopia, UNEP, GEF
Material on Climate Change Impacts Senegal, Uganda
and Adaptations Assessment, Phase |
o Training Programme to Promote the 07/93 (15) Zimbabwe UNITAR, Interim
Implementation of the UNFCC Secretariat of the
UNFCCC, UNDP, UNEP,
GEF
» Implications of Climate Change and (12) Kenya, Mauritius, Nigeria
Sea Level Rise-and Vulnerability
Assessment of Selected Coastlines
 Building Capacity in Sub-Saharan 04/94 (24) Ghana, Kenya, Mali, UNDP, GEF
Africa to Respond to the UNFCCC Zimbabwe
» Greenhouse Gas Mitigation in 10/94 Botswana, Tanzania, UCCEE
Southern Africa Zambia, Zimbabwe
«» Climate Change and vulnerable places Senegal, Zimbabwe, Kenya Downing (1992)
» Global Climate Change and
Agricultural Productivity in Southem South Africa, Lesotho, Schulze et al. (1993)
Africa Swaziland
« Climate Change Effects 1995 Burkina Faso UFCCEE, Govt. of Burkina
in Burkina Faso Faso, Govt. of Denmark
« Water resources in the Nile Basin Sudan, Ethiopia Conway (1993)
» Vulnerability of coastal cities to Tanzania, Nigeria, Chidi Ibe (1991)
sea level rise Gambia
* The possible impact of sea-level rise South Africa Hughes et al. (1993)

on the Diep/Ritviei system, Cape Town

Main sources: CC:INFO (1994), Hulme et al. (1995)

K Updated information on national case studies can be found in the Climate Change Information Exchange
Programme, CC:INFO.
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Where moisture is a limiting factor, a net increase in water availability will have a
positive effect on crop growth. However, elevated temperatures also increase soil
processes (mineralization) and decomposition rates. Increased rainfall may thus lead
to increased loss of soil organic matter (with corresponding negative effects on soil
structure) and loss of soil fertility through leaching of soil nutrients and soil erosion.
The overall effect is determined by the cropping system (including the extent of
ground cover), and the intensity and annual distribution of rainfall. Generally,
precipitation is expected to occur more in the form of convective (high intensity)
rainfall. Increased rainfall intensity commonly followed by floods will be destructive
to crops and result in increased soil erosion and nutrient leaching.

Due to increased temperatures, thermal crop limits will be moved from present
ranges. In the Sahel this move is expected to go south, extending the desert area, and
toward higher elevations. This would mean that present crops and cropping systems
become less appropriate to the environmental conditions, and a situation similar to
the concept of “drought follows the plow” could occur: In times of great population
pressure on land, new settlers attempt to grow crops in increasingly marginal lands
with the same cropping systems as in more fertile areas. The result is a decrease in
yields, not because of changes in climate but because of the inappropriate
agricultural practices (Glantz and Degefu 1991). This situation may also be
illustrative for Africa. It underlines the need for appropriate agricultural practices,
including the selection of crops and livestock that are adapted to local environmental
conditions. The importance of conserving the diversity of genetic resources should
therefore be a major concern. This will be discussed further in the biodiversity
section below.

However, the most significant effects of changes in temperature and precipitation in
Africa will probably be changes in the timing and length of the growing season and
increased moisture stress (Hulme et al. 1995). A crop like millet is particularly
sensitive to reduced rainfall during reproductive stages of growth (Sivakumar 1992).
The timing of rainfall events is also important for local decisions on when to till the
land and when to plant crops. It will also influence weeding and crop harvesting
pattern. Montieth (1991, cited by Rockstrom 1995) reports that in the semi-arid
Sudano-Sahelian region, the present problem of attaining livelihood security is not a
shortage of annual rainfall per se, but rather the large spatial and temporal
fluctuations in rainfall and the high rate of evaporation loss. As a consequence, the
irrigation potential in these regions is low. Irrigation in dryland areas is also
problematic due to the high energy consumption and salinization problems.
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Figure 3.2

Some experiences from past climatic fluctuations in Africa

Given the limited number of case studies on climate change in Africa, looking at past experiences may be a useful
approach to predicting potential future impacts.

Cameroon: the droughts of the seventies and eighties

Claude et al. (1994) outlines the main impacts of the droughts in the seventies and eighties (with emphasis on the

1982/83 drought):

1) Depletion of inland surface waters and water scarcity, resulting in prevalence of water-borne diseases such as
typhoid and cholera

2) Lowering of crop yields: In 1982/83, the overall loss in crop production was evaluated at 15-20%.

3) Animal breeding suffered from low production of feed from agricultural residues and shortage of water. Increases

- in animal diseases were also recorded as a result of the drought. In the North-West Province, where cattle rearing
is the main speciality, 10% loss of cattle was recorded, with low yields in beef production.

4) Migration and increased pressure on arable lands: Mountain dwellers have migrated towards the lowlands in
search of waters in the western plateaus. At the same time, intensification of grain.farmlands in the altitudes have
led to an increase in conflicts of land ownership. between farmers and grazers. The occupation of marginal lands
were intensified.

5) Disruption of the distribution and marketing of food

6) Difficulties for farmers to fulfill their financial engagements

Uganda, Rwanda and Kenya: Increase in malaria and plant pests due to warming?

In recent times it has been observed an increase in the incidences of malaria in the highlands of Kabale, Uganda, a
region where malaria was unknown 30 years ago. It is now believed, and yet to be confirmed by research; that the
apparent warming in the area has increased the habitat of the malaria mosquito in the region. Incidences of recent
droughts have also influenced the remarkable increase in plant pests, especially the cassava mosaic which has
effected most parts of Central, Eastern and Northern Uganda. (Excerpted from Otiti 1994).

Ecologist Michael Loevinsohn of the International Development Research Centre in New Dehli, India, has
linked a 1-degree-Celsius increase in the average temperature in 1987 to a 337% rise in the incidence of malaria that
year. The mountainous areas, in which malaria had been “rare or absent”, were found to be especially vulnerable. (The
Lancet 343:714, cited by Stone 1995). These data is reported to coincide with findings from other tropical countries,
including Costa Rica, Colombia, India and Kenya, showing that one of the prime carriers of the diseases dengue and
yellow fever, the Aedes aegypti mosquito, has extended its range higher into the mountains than before (Stone op.cit.).

Zimbabwe: the 1991/92 drought

The catastrophic drought of 1991/92, which probably was linked to an El Nifio/Southern Oscillation (ENSO) event,

offered valuable insight into Zimbabwe’s vulnerabilities to changes in climate. During the drought, temperature reached

record heights, rainfall fell to 40% of normal, the water table dropped by 100-200 m, ground water (including shallow
wells and boreholes) dried up, and numberless rivers, lakes, reservoirs, and their related ecosystems disappeared.

1) Water resources: People in remote areas often walked-10-15 km for their daily supplies, and rural services were
threatened with closure.

2) Agricultural system: the southern limit of grain production shifted northwards, and the national herd was reduced
by up to 50%. The drought recovery programme cost over Z$200 million (US$40 million).

3) Energy sector: Productivity in the Lake Kariba dam (where some 80% of the country’s energy comes from)
dropped to 40% of capacity. To maintain Zimbabwe's structural adjustment programme, power had to be imported
at great expense from Zaire, Zambia, and South Africa.

4) Forestry sector: Most of the rural population uses fuelwood and other biomass for its domestic energy needs. The
drought caused such harsh conditions that a number of indigenous and exotic tree species actually perished.

5) Human headlth: During the drought, new and drug-resistant strains of malaria and diarrhoea were reported in all
districts. Logistical problems plagued the delivery of essential drugs to rural clinics and hospitals.

6) Economic development: Diversion of funds to emergency relief weakened investment in the country’s industrial
reform programme.

The drought highlighted the vulnerability of various economic sectors, and thereby created widespread awareness

among policy-makers and the general public of the need to address the country’s dependence on climatic conditions.

(Excerpted from IUCC 1994).
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Droughts, desiccation and desertification

Drought is a period of two or more years with below-average rainfall, while
desiccation is the process of aridification resulting from a dry period lasting a decade
or more (Warren and Khogali 1992, cited by Hulme and Kelly 1993). Experiences
from past drought periods in vulnerable regions in Africa have shown a set of
impacts on the agricultural systems that may be multiplied by future climate
changes (See also figure 3.2). Among the effects of drought have been intensification
of existing farming systems, farming extending into unstable marginal lands, crop
destruction, declines in production, disruption of food distribution and marketing,
and problems in animal husbandry. Consequently, droughts increase the risks for
food shortage and economic problems for farmers, as well as conflicts about land
ownership between farmers and grazers. Temperature increases, coupled with
rainfall decreases, may also result in increased bushfire frequency, with long-term
negative impacts on organic soil matter and nitrogen availability in addition to a
potential for increasing GHG emissions.

The term desertification is defined as “land degradation in arid, semi-arid and dry
sub-humid areas resulting from a variety of factors, including climatic variations and
human activities” (UN Conference on Environment and Development, Rio 1992).
There is a complex link between drought, desiccation, desertification, and human-
induced climate change, illustrated by the figure below.

—— > Well-established links «===-=-=-=---> Plausible links
Land-cover Natural changes
Local . changes .. ] inclimate
factors : in Africa |3 ' system
; v
Management Desertification Desiccation The oceans
failure [~}
| "
External Greenhouse """ 1 Global-mean
factors gases warming

Note: Desertification is the result of resource management failure, the product of both local factors, such as
population pressure and inequity, and external factors , such as the state of the global economy, commodity
prices, and the burden of debt. Desertification is aggravated by climate change—desiccation—which may be the
result of natural mechanisms with the climate system, such as ocean-atmosphere feedback; by desertification
itself through, for example, surface-atmosphere interaction; or possibly by global-mean warming. Finally,
desertification contributes to global-mean warming through its effect on the sources and sinks of greenhouse
gases, such as carbon dioxide. Many uncertainties affect assessment of the relative role of these various factors.

Figure 3.3. The matrix of cause and effect surrounding desertification and the role of
climate change. Source: Hulme and Kelly (1993).
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There has been considerable debate about the extent of desertification in Africa (see
e.g. Nelson 1988, Warren and Agnew 1988). There is also great uncertainty
connected to the relative role of the factors in the figure (3.3) above.

As described in chapter 2, the link between sea surface temperature (SST) anomalies
and rainfall patterns is considered to be a major factor concerning the Sahelian
drought/desiccation (Folland et al. 1986; Hulme and Kelly 1993) and hence the
climatic factor in the desertification process. To what extent human-induced climate
change may affect this system is not clear. Kadomura (1993) points out that there
have been dramatic climatic changes in the Sudano-Sahelian region throughout
history, and these changes may contain possible keys to understanding the causes
for present land degradation and for predicting future climatic changes.

Desertification may also contribute to global warming, in two ways: 1) If vegetation
is removed on a permanent basis, the desertification process reduces potential
carbon sinks and increases CO, emissions. Emissions of other- GHGs may however
change in either directions (Hulme and Kelly 1992). Williams and Balling (1994)
suggests that the global degradation of drylands probably contributes less than 5 per
cent of the GHG forcing. However, these emissions may nonetheless be significant
on the regional or national scale, and slowing desertification could therefore offset
growth in other greenhouse gas emissions (Williams and Balling op.cit.; Hulme and
Kelly op.cit.). 2) Desertification is likely to cause reductions in surface soil moisture,
thereby making more energy available to increase air temperature. It has been noted
that desertified areas have been warming faster than non-desertified areas over the
past century (cf. Balling 1993), but it is debated how important this effect is on global
warming records (Balling 1991; Hulme and Kelly 1993).

It must be remembered that drylands are areas where people are adapted to large
temporal and spatial fluctuations, but where there is insufficient knowledge about
thresholds of the ecosystems to regional deficits in soil moisture, temperature
extremes and salinity (Williams and Balling 1994). However, the fragility of soils and
instability of water supply imply that dryland areas should receive particular
attention in climate change discussions.

Crop production and food supply

Globally, only small decreases in crop production may be -expected because of
climate change (Rosenzweig and Parry 1994). Still, the distribution of crop
production is likely to be uneven; Fischer et al. (1994) found that all studied
scenarios suggest a relative change in agriculture in favor of developed countries.
Developing countries, of which African countries are among the poorest, are
expected to receive a noticeable loss in agricultural production, increasing the
number of persons at risk of hunger. However, there are many uncertain factors,
including the magnitude and spatial characteristics of climate change, range and
efficiency of adaptation possibilities, the long-term aspects of technological change
and agricultural productivity, and future demographic trends (Fischer et al. op.cit.).

Pest damage

Many pests and diseases are controlled by climatic factors (cf. Hulme et al. 1995).
Generally, reduced rainfall is expected to decrease pest damage. Increases in
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Vegetation Change Predicted by the Modified Budyko Model
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Figure 3.4. The modified Budyko model map predictions for Africa. Source: Monserud
et al. (1993). 1a = Current climate. 1b = Climate change: This map is derived from a
double CO, climate scenario as predicted by the GFDL general circulation model. 1c =
Locations on the current climate map (la) that are changed (‘affected zones’) on the
GFDL climate change map (1b). The blank white locations are the same in both maps
(‘stable’). 1d = Locations on the climate change map (1b) that have changed (‘new
zones’) from the current climate map predictions (1a). The blank white locations are the

same in both maps (‘stable’).



rangelands and result in land use conflicts. Rangeland ecosystems are found to be
very sensitive to conventional tillage, and do not recover in predictable ways or time
frames from loss of organic matter and interruption of nutrient cycles (Allen-Diaz
1994).

Forestry

The impact of climate change on the forestry sector in Africa must be related to the
other stressors affecting the structure and composition of forest ecosystems. As for
plant species, the effect of CO, on forests is highly uncertain (Brown 1994). Increased
temperatures would probably be of significance mostly by exacerbating the severity
and duration of droughts for forests at the dry-margin of their range.

When considering forests in the tropical zone, Brown (op.cit.) emphasizes the effect
on the water balance. Particularly vulnerable could be the moist evergreen forests
(which contain the least drought-tolerant species), and forests already growing at the
limit of water availability, such as the dry forests and woodlands. In areas
experiencing warmer and drier climate, climate change would, as mentioned above,
lead to higher risks for forest fires and bushfires at the forest edge. Forest fires are
already a considerable problem in Africa. A sea level rise may lead to deforestation
of low-lying forest areas as well as the destruction of the mangrove forests. This will
be discussed further below. The forecasted increase in the frequency of extreme
weather events, such as storms, floods and droughts, may have severe impacts on
the coastal forest resources and coast stabilization.

The climate change models (GCMs) produce conflicting results about whether the
forested area in the tropics will shrink or expand. BIOME 1.0 projects an increase in
area suitable for tropical forests, while MAPPS shows little or no net change (Brown
1994). Monserud et al. (1993), using the modified Budyko model, concluded that
most vegetation classes in the tropics are expected to expand. Nearly all future
changes in vegetation were found to occur south of the Sahara. Any shift favoring
forest over savanna, or vice versa, will, according to the authors, op. cit.,, be
determined by the precipitation patterns accompanying global warming. See figure
3.4. Other process models, such as IMAGE 2.0, that incorporate additional effects of
humans (population growth with increasing pressure on forest.lands), suggests that,
by 2050, under a “business as usual” scenario, 50% of the present tropical forests will
be lost, with most loss occuring in tropical Africa (Brown op.cit.). Such a loss will
have significant implications for fuelwood production and supply, commercial
tropical hardwood production, and the considerable amount of other market and
non-market forest goods and services. Deforestation, if it leads to permanent land
use change, is also a significant source of CO, emissions, see chapter 4.
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Fish resources

Fish make up a significant part of the food supply in Africa. FAO (1993, cited by
Hersoug 1995) estimates the total fish harvest potential at around 10.5 millon tons;
7.8 million in saltwater and 2.7 million in fresh-water fisheries. In a densely
populated country such as Nigeria, as much as 1/3 of the protein supply comes from
fish (Hersoug 1995). Consequently, any fluctuation of the fish stock will impact on
planning and management. A reduction in fish stocks will have the greatest effect on
developing countries that are 1) heavily dependent on fisheries and 2) not able to
diversify easily into other activities. Examples of African countries with these
characteristics are Mauritania, Namibia and Somalia (Clarke 1993).

According to Everett (1994), the potential impacts of elevated temperatures on
coastal fisheries include: 1) A shift in centers of production and the composition of
fish species as ecosystems move geographically (polewards) and change internally.
Freshwater fish species, particularly in small, shallow rivers and lakes, will have
limited possibilities to adapt to the changes by migration. 2) Current ranges of
important commercial fish species may shift: Rapid changes due to physical forcing
favors smaller, low-priced opportunistic species that discharge large numbers of
eggs over long periods. Thus the economic values can be expected to fall until long-

- term stability is reestablished. 3) Where ecosystems shift position, national fisheries
will suffer if institutional mechanisms are not in place that enable fishermen to move
within and across present exclusive economic zone boundaries. Subsistence and
other small-scale fishermen (who dominate in Africa) will probably suffer
disproportionally from changes.

Temperature increases also lead to increased evaporation. If the increased
evaporation is not offset by an increase in rainfall, this will mean that lakes and
rivers and consequently fish habitats will shrink.

A rise in sea level may seriously affect fish- and crustacean-producing coastal
ecosystems. Mangroves, coastal wetlands, marshes and shallows may be lost or
relocated and subsequent increases in coastal erosion may occur, impacting on fish
stocks and replenishments (cf. Hulme et al. 1995).

If the climate becomes more variable, local fish populations may more often
experience extreme events such as those that produce lethal conditions for short
periods of time. Fishery yields are often heavily dependent on the occasional strong
year class (Richey 1994). Thus even small variations in the environment have shown
to have great impact on the abundance, distribution and availability of fish
populations (Glantz 1994c).

Glantz (op.cit.) regards model scenarios as inadequate and possibly misleading for
providing a basis for policy making at regional and local levels. Instead, the author
suggests that one should use a “forecasting by analogy” approach. By looking at
how societies have responded to climatic changes in the past, one could gain
valuable insight about societal strengths and weaknesses and tactical responses to
future disasters. The response strategy would hence be that societies evaluate and
strengthen their ability to cope with unexpected changes.
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Biodiversity resources

For African countries, biodiversity represents wealth with respect to the present and
potential future goods and services it may provide, including genetic variation and
varieties useful for development of the agricultural sector, forest products,
medicines, tourism income, and a heritage of unique species and ecosystems. The
convention on biological diversity (UNEP 1992c) aims at conservation and
sustainable use of biodiverse resources, as well as equitable sharing of the benefits.

“African ecosystems have always been subject to changes and are adapted to changes.
However, in terms of ecological adaptation processes, the present changes in the
natural environment are very rapid. Little is known about the different ecosystems’
thresholds to changes or extreme events from which they could no longer be able to
adapt. Climate change is one of many stress factors which may increase the risk for
reaching those limits, directly and indirectly leading to irreversible loss of species
and ecosystems. Globally, the current global decline in biodiversity may lead to one
of the great extinction events of Earth history (Raven 1994).

The potential biological responses of species and ecosystems to climate change are
reviewed by (among others) Gates (1993), Peters and Lovejoy (1992) and Kristiansen
(1993). The impacts of climate change on African ecosystems are complex and highly
uncertain, and one thus has to use general principles in order to assume possible
impacts. The uncertainties involved in plant responses to elevated CO,
concentrations were discussed above. The projected temperature increases are
relatively low in Africa compared with higher latitudes, but relatively little is known
about the African species’ physiological tolerances. Some scientists believe that
organisms inhabiting relatively unvarying environment (as opposed to temperate
climates) have a narrow tolerance range (Kristiansen 1993). The forecasted regional
precipitation changes may also lead to substantial disruptions. It is anticipated that
the changes in occurence of extreme events like droughts and floods will affect the
species distribution more than changes in average conditions per se (Walker 1991;
Peters 1992).

In addition to first order responses to changes in CO,, temperature and precipitation
patterns, second-order effects may occur. Many scientists share the view that each
species will respond differentially, affecting a number of intra- and interspecific
interactions and leading to a reshuffling of species into new aggregations .and
ecosystems. This occured during Pleistocene oscillations (Lovejoy and Peters 1994).

A possible outcome of climate change is latitudinal and longitudinal shifts in the
habitat suitability for plant and animal species. This is caused both by direct effects
on physiology, and indirect effects caused by other species which themselves are
affected by climate changes. Generally, adaptation to climate change occurs either
through evolution, acclimatization, or migration (DN 1994). Historic evidence
indicates that the major response to climate change has been migration (Kristiansen
1993). The principle impacts will be on plants, where the inherent ability to migrate
varies greatly between species. Animals are generally more mobile and have a more
rapid response time, but many animals depend on particular plants, and their
migration rate will thus be restricted by the migration rate of those plants.
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Thus, the critical factors for adaptation are 1) the rate of migration and 2) a suitable
migration environment. Problems arise when species are not able to migrate rapidly
enough, or migrations are blocked by either natural barriers (oceans, mountains) or
human imposed barriers such as urban settlements and wide stretches of agricultural
land (Lovejoy and Peters 1994). Furthermore, there might not be suitable habitats at
the places species are forced to move to. Species with strict habitat requirements will
be more vulnerable than species able to colonize a wide range of habitats.

A major part of the natural biodiversity in Africa is today confined to reserves and
national parks which may prove too small for the movements that will become
necessary. Hence, the challenge is to provide corridors along which species may
move, either in flat terrain or on mountain slopes. Concerning temperature increases,
corridors along altitudinal gradients are likely to be most practical, because they can
be relatively short compared with the longer distances necessary to accomodate
latitudinal shifting (Peters 1992). The problem, however, is that migration to higher
altitudes leads to a concomitant reduction in the total area of any habitat type
(Dobson et al. 1989, cited by Kristiansen 1993).

A diversity of domesticated crop and livestock genetic resources is a prerequisite for
sustainable agricultural development as well as adaptation to changing conditions.
Domesticated species have evolved from wild species and have adapted to local
conditions through selection, both natural and from the influence of farmers (Berg et
al. 1991). Crop and livestock genetic resources in Africa are threatened by a
combination of several factors such as persistent droughts, land degradation,
introduction of new varieties, and land use changes. Thus, climate change may be a
potential additional threat to crop and livestock biodiversity, while the current loss
of genetic resources may make it more difficult to adapt to any changes, including
climate change.

By using paleontological records, Magadza (1991) found that changes in
precipitation patterns in the African semi-arid savannahs in the past have created
corresponding changes in vegetation and animal communities. Western (1991) states
that a future precipitation increase in these areas would mean that wildlife reserves
and parks could be suitable for agriculture which in turn could compound the
already serious problem of encroachment on the national parks and reserves. A shift
from savannah grasslands to thick bushlands could occur if rainfall increases in the
arid regions where most of the wildlife reserves and national parks are located. This
will disrupt the existing ecosystem, as species are affected differentially. In case of an
overall drier climate, lands become more marginal, agricultural areas shrink, and
there will be increased pressure on remaining areas.

On islands and in the coastal zones, a sea level rise could threaten the ecosystems in
a similar manner as temperature rise: The inherent adaptation capability must be
able to keep up with the changes and there must be suitable migration routes. The
productive mangrove forests will be threatened by a sea level rise because migration
inland is often blocked by human habitation. Mangrove forests serve a number of
valuable functions: They sustain important fish habitats, provide coastal
stabilization, are important habitats for invertebrates and birds, and are valuable
sources of timber and fuel (Soulé 1986). Still, many places in Africa they have been
subject to pollution and excessive harvesting of timber and fuelwood, and are today
endangered ecosystems.
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As discussed above, fisheries and freshwater ecosystems could suffer from elevated
temperatures and changes in precipitation patterns. Especially endemic species in
lakes and rivers would be in danger. Marine ecosystems are expected to experience
less pronounced impacts due to the high mobility, large ranges, high fecundity, and
rapid growth rates of most marine organisms (Ray et al. 1992, cited by Kristiansen
1993). The effects on biodiversity are likely to be larger in coastal areas than in the
- open sea because near shore organisms are more constrained by the physical features
of the shore (Kristiansen op.cit.).

- Pollution, overharvesting and habitat degradation may reduce the ability for species
and ecosystems to adapt to climate changes. Small remaining populations resulting
from fragmentation means that fewer colonists can be sent out, and consequently
there are less probabilities for successful colonization of the new habitat. Many
tropical deep-forest birds do not cross even small unforested areas (Diamond 1975,
cited by Peters 1992). Healthy coral reefs may keep pace with a sea level rise of as
much as 1 centimeter a year (Haq 1994), which exceeds the rates for sea level rise
predicted by IPCC. At present, however, African coral reefs face multiple threats due
to population pressure, commercial exploitation and pollution, and as a result, the
growth rate may no longer be rapid enough (Haq op.cit.).

Water resources

Africa is experiencing a dramatic decline in water resources. By the end of the
century, the available amount of freshwater per inhabitant is estimated to be only
25% of that in 1950 (Obasi 1994). Falkenmark and Rockstrom (1993) separate genuine
and man-made water scarcity. Clark (1991) reports that the major problem is not the
total amount, but rather the distribution, as most of the water drains west into the
Atlantic. The current high-population growth in Africa will further increase the
demand for water at the same time as the supply situation is worsened. In densely
populated coastal areas, such as the Nile and Niger deltas, excessive water extraction
from aquifers has lowered the water table leading to intrusion of saltwater (Haq
1994). Pollution is another major problem. In addition, climate change may affect
both quantity and quality of the water resources.

Water for agriculture and domestic supply

Increased CO, levels may increase the efficiency of water use by crops and
vegetation, as noted above. Temperature increases will however add to both
potential and actual evapotranspiration, which may be critical for regions and
ecosystems already stressed by water scarcity. In the Sahel region, around 50% of the
rainfall is “lost” to the atmosphere through evapotranspiration (Rockstrém 1995).
The demand side must also be considered. Increased demand for water is a natural
consequence of temperature increase.

In areas where precipitation is decreased or where the increase is less than increased

evapotranspiration demands due to higher temperatures, dams and lakes used to
irrigate crops and supply urban areas will shrink.
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In dry areas such as the Sahelian zone, runoff is very sensitive to precipitation. A
study from Senegal, Niger and Shari River basins showed an increase in runoff of 30-
50% due to an increase in precipitation of 20-30% and similarly 15-59% decrease in
runoff due to 9-24% increase in annual precipitation (Sircoulon 1987, cited by Lins et
al. 1991).

A lowering of groundwater recharge will affect the groundwater table and the
population’s water supply, especially shallow wells. Desalinization is very costly
and very energy consuming, and is thus beyond many African countries’ capability.
Decreased water availability could also increase pollution levels, with possibly
serious sanitary and ecological consequences.

The fact that many African countries depend on shared water resources makes them
vulnerable to any changes in river flows. Gleick (1992) points out that political
rivalry over water is likely to grow as scarcity increases. In Egypt, Botswana and
Sudan the share of water originating outside their borders is 97%, 94% and 77%,
respectively (Gleick op.cit.). Only small changes in rainfall, and to a lesser extent
temperature, may have major impacts on the timing and amount of runoff and in
turn water supply to rivers.

In those parts of Africa where most of the rainfall is dependent on the monsoon flow
(western and eastern Africa), an increase in frequency and severity of storms is
anticipated, along with an increase in rainfall amount and intensity (Obasi 1994). The
probable effect of this is an increase in floods. The gain in water availability could
give local benefits, but these may well be outweighed by the damages caused by
increased erosion and flooding (e.g. damage to human settlements, crop damage,
loss of soil fertility, spread of water-borne diseases), exacerbated by the lack of flood
forecasting and warning systems in most African countries.

Sea level rise, in combination with subsidence due to excessive withdrawals of
aquifer water and hydrocarbons, will also provoke the intrusion of salty and
brackish water into river deltas and groundwater, thus lowering fresh water
supplies for coastal regions and islands. In Africa, this is a major concern for the
Niger and Nile delta, with potentially significant socio-economic implications.

Hydro power dams

The potential for hydro-electricity production would also be affected by climate
change. Evaporation from hydro power dams and basins is a major problem today,
and any increase in temperatures may aggravate this effect. A decrease in rainfall
will naturally have an adverse effect on the water supply to hydro power
installations. The Kossou dam in Céte d'Ivoire and the Aswan dam in Egypt
illustrate this: Both were constructed on the basis of rainfall observations before the
drought in the Sahel began in 1968-70, and both have experienced severe problems.
For the Aswan dam, only the exeptional rainfall which caused catastrophic floods in
Khartoum in August 1988 saved the dam from closing (Sircoulon 1991).

Although an increase in rainfall may offset the evaporation effect and even increase
the potential for electricity production, it is also probable that an increase in rainfall
amounts and intensity will lead to more erosion and consequently increased
sedimentation in the basins. Climate changes leading to greater intra- and
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interannual fluctuations in water volumes will also have negative effects on natural
water management and hydroelectric schemes.

Social, political and economic impacts

Climate change may have significant indirect effects, but considering the great
uncertainties involved, “downstream” predictions of climate change impacts on
social, political and economic sectors should be treated with caution. In this section,
emphasis is put on potential direct impacts of climate change.

Sea level rise and extreme weather events

The potential damage of sea level rise will depend upon- 1) the number of
inhabitants in the affected area, 2) the amount of coastal land used for agriculture
and mariculture, ‘and 3) the extent of coastal infrastructure, including urban
development, industries, ports, tourist facilities, sea defences and tidal controls, cf.
Clarke (1993).

A joint study by UNEP and Delft Hydraulics of The Netherlands identified Egypt,
Senegal, Nigeria, Kenya and Mozambique among the countries most vulnerable to
sea-level rise in terms of the extent of the potential impacts and the countries’ ability
to prevent or minimize them (UNEP /Delft Hydraulics 1989, cited by Clarke 1993). In
addition, sea level rise may pose a significant threat to the small island states, some
of which are coral reefs and atolls (Haq 1994).

A global sea level rise is likely to be modified by regional characteristics and vertical
land movements. In densely populated river deltas and coastal urban centers in
Africa the global rise in sea level may be combined with local subsidence, which is
commonly accelerated due to excessive withdrawals of aquifer water and
hydrocarbons. The total relative sea level rise could lead to significant losses of land
available for human habitation, as well as the earlier mentioned reduction in fishing
and agricultural potential, and biodiversity losses. A study- from the Nile delta in
Egypt projects a total relative sea-level increase of more than 1 meter, which is
estimated to inundate as much as 15 percent of productive land that produces 13
percent of Egypt’'s GDP (Haq 1994). Saltwater intrusion in aquifers represents a
serious threat to the water supply for growing populations. These estimates are
based on little or no further increase in the rates of local subsidence or eustatic sea
level increase. A study from the Niger delta in Nigeria shows similar figures: a
relative sea level rise of over 1 meter could force up to 80% of the delta’s population
to seek higher ground (Haq op.cit.). In both cases the situation is worsened by
reduced fresh-water flow due to damming upstream.

The impacts from an increased frequency of extreme weather events, such as
droughts and floods, have been discussed above. The damage caused to the natural
resources sectors is likely to be followed by an increase in the numbers of “eco-
refugees”, as well as high economic costs due to damage to infrastructure and
construction of storm-resistant facilities.



Any changes in the ecosystems which reduce biodiversity could have a significant
impact on the potential for an increased tourism industry in Africa. Changes caused
by a rise in sea level or increases in extreme weather events will likely alter beach
structures and hence the attractiveness of the coastal zone for tourist activities
(Hulme et al. 1995).

Human health

Health impacts has up to now been a “curious blind spot” in global warming
studies, but there are indications that this field will receive more attention in the time
to come (Stone 1995). Impacts on food supply and water quality, as discussed earlier
in this chapter, will of course influence on human health. Moreover, as noted in
figure 3.2 above, there are research findings in Africa that link higher temperatures
and droughts to increased frequency of common diseases. The present scientific
consensus, published in the draft of the Health Impacts chapter for the IPCC Second
Assessment report, is summarized by McMichael (1994):

“Generally, it is stated that sustained human health at an acceptable level depends on

the stability of the biosphere’s protective and productive natural systems.
Disturbance of these and of dependent ecological relationships by changes in the
climate would therefore pose risks to human health.

Any increase in frequency of heatwaves would cause a significant increase in the
number of heat-related diseases or deaths, even in populations undergoing
acclimatization. Furthermore, net increases in the geographic distribution of “vector”
organisms of infectious diseases (e.g. malarial mosquitos, schistosome-spreading
snails) and changes in life-cycle dynamics of vector and infectious parasites would
increase the potential transmission of these vector-borne diseases.

Other climate-induced health impacts could include exacerbation of respiratory
disorders, deaths and injuries from extreme weather events, enhanced transmission
of contagious diseases (e.g. cholera), and increases in food shortages (on a regional
basis). Climate change may also influence the viability, range, and activity of disease
pathogens and food-consuming pests. Moreover, climate changes may (as
mentioned above) reduce biodiversity, and may alter predator-prey relationships.

Vulnerability to climate-related impacts would differ due to natural, technical and
social resources of the populations. For example, the impact of a climate-related
increase in exposure to infectious agents would depend on prior contact, general
biological resilience, population density, and patterns of interpersonal contact.
Adaptive options include improved 1) monitoring of health-risk indicators, 2)
environmental management, 3) disaster preparedness, 4) protective technology, 5)
public education directed at personal behaviors, and 6) appropriate professional
training.
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Chapter 4
African priorities

African policies to meet the threat of climate change

African priorities are clearly related to general development and this has been stated
at all climate conferences held in Africa: the 1990 Nairobi Declaration which was
based on a conference held by ACTS and the Woods Hole Research Center; the
Victoria Falls Conference of 1993, and the ACTS/SEI conference held in Nairobi
december 1994. The statement of this last conference sets forth the following:
“Although African countries are willing to contribute to international efforts to
mitigate Climate Change, this should not deviate them from pursuing their
development targets”. African priorities will in terms of the climate question be
concentrated on capacity building in the following areas: formulating national and
regional inventories and programmes; developing effective negotiation skills;
conduct research; formulate national policies, conduct cost-benefit analyses; build
capacity in the area of technology assessment and transfer.

As is to be expected few if any African countries have national policies explicitly
aimed at combatting the consequences of climate change. They are according to the
convention not required to develop such plans until 1997. They are, however,
eligible under the convention for support for the development of inventories climate
policies and plans, and a number of countries are using this access to funding.
Several countries have single legal acts and chapters under other policies and pieces
of legislation that have relevance to climate issues.

A useful review of African climate policies would need to involve an evaluation of
existing development strategies and plans, especially energy and forest management
plans, and their indirect consequences for climate change concerns. Such a review
would reveal the future and potential relevance of policies for climate change, but is
not within the confines of this limited study.

Almost all of Africa, but especially the Sahel, is very vulnerable to the potential
impacts of climate change. African countries’ dependence on natural resources and
systems make them vulnerable to natural disasters such as floods, droughts, violent
storms and rising sea levels. The 1994 Nairobi conference recommended therefore
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that “The issues of vulnerability and adaptation to the adverse effects of climate
change and variability retain a legitimate position as global obligations under the
Convention.”

Some African countries have begun to formulate options and possible strategies to
mitigate climate change. Yet given the dearth of reliable information on a number of
sectors and areas, it will be some time before African countries will be able to meet
their reporting commitments -under the convention, and thus devise development
strategies consonant with the objectives of the convention.

Given that Africa, despite its size, on the one hand contributes only about 7%
percentage of the world’s total emissions, and Africa’s potential vulnerability on the
other hand, it is to be expected that African policies will concentrate on combatting
that vulnerability. Energy efficiency gains could substantially contribute to
mitigating effects of climate change just as they are in other parts of the world.
Energy efficient development strategies would thus be beneficial from the
perspective of mitigation, and be an important aspect of general development. The
great challenge will be to devise energy policies that are both environmentally sound
and consistent with development priorities.

To date, African priorities are focused on poverty alleviation, improvement in
‘agricultural performance, food security, ensuring political stability, strengthening
local - capacity and human resources, and improve educational facilities. It should,
however, be pointed out, that most of these priorities are not reflected in African
budgets at this point in time. None of these priorites need be in conflict with global
environmental aims, as a matter of fact, all of them may contribute significantly to
the improvement of present environmental degradation tendencies in Africa.

The ability to meet the threat of climate change depends both on the existence of
institutional infrastructures and on natural ecosystems. Even though African
countries today put great emphasis on their vulnerability, there is no doubt that a
general improvement in planning capacity and governance would improve their
resilience to eventual climate changes. Investment in human resources and capacity
building on all levels will thus have beneficial effects on countries ability to handle
global issues as well.

Future energy scenarios

In an analysis of different energy scenarios and also of mitigation and adaptation
measures, an extraordinary long time perspective is necessary. A doubling of the
concentrations of carbon dioxide in the atmosphere might be a reality in the middle
or the end of the next century. The level of development in Africa at that time is
impossible to estimate with any degree of reasonable probability. The fact that
development has shown limited progress in most of Africa during the last decades,
does not give factual evidence to assume that this will be typical of Africa in the next

century.
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An outline of the energy sector in Africa today

Traditional fuels such as firewood, animal and plant waste, and charcoal are the
most common energy sources in Africa and are primarily used for cooking, food
preservation, and heating. Modern commercial sources of energy are mainly
consumed by industrial and transport sectors in urban areas. Electricity is generally
not supplied to households in the rural areas, while the electrification rate in the
urban areas was about 38 percent in 1990 (IENPD 1994).

Supply often meets or exceeds demand in rural areas, given the low density of the
rural population and the large stock of available low-grade woody biomass. The
collection of wood in the rural areas for household use is therefore usually a
sustainable activity which does not lead to deforestation. The traditional use of
woodfuels in the rural areas is nevertheless often inefficient, and poorly designed
stoves also cause harmful indoor air pollution. Woodfuels used by households in
rural areas usually bypass the market place, and are collected directly by the
households. The total use of this energy source is therefore difficult to estimate and
often not included in international statistics.

While woodfuels are the main energy source for cooking, households in the rural
areas spend considerable amounts of money on kerosene and dry-cell batteries to
satisfy their lighting and radio needs." Photovoltaic cells are becoming increasingly
competitive in rural areas, and are appropriate for households not connected to an
electricity grid (Yager and Salvador 1994).

Households in the urban areas are more energy intensive than rural areas. Higher
incomes and more common access to grid-based electricity makes it possible for
households in urban areas to enjoy a wider choice of fuels. However, only relatively
well-to-do consumers can afford to use LPG, electricity and kerosene on a
substantial scale. Charcoal is therefore the most common energy source in the urban
areas.

Harvesting of woodfuels, production of charcoal and the transportation of the fuels
“to urban areas are important sources of employment, but are often the cause of
depletion of forests. The efficiency in traditional charcoaling production is very low,
but may however be increased significantly by small investments in improved
technology and training of unskilled charcoalers.

The burning of woodfuels does not lead to accumulation of carbon dioxide in the
atmosphere as long as it does not cause deforestation. Africa is therefore so far, as
discussed in Chapter 2, a relatively modest contributor to global warming. The
continent’s emissions of carbon dioxide from fossil fuels are small due to the low
level of industrialized production and motorized transport. More than 40 percent of
the African emissions of carbon dioxide from fossil fuels originates in South Africa.
In contrast to the rest of the world, land degradation in Africa constitutes a more

' Liquid Petroleum Gas
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important contribution to the greenhouse heating effect than emissions from the use
of fossil fuels”.

On the basis of an anticipated demographic and economic development, one may
construct greenhouse gas emissions projections for Africa. The value of such
projections are however limited because of the uncertainty about the political,
technological, economic and demographic development in the region. It is likely
that, parallel to a possible economic development in Africa, the emissions of carbon
dioxide from fossil fuels may increase relative to emissions of methane which is
closely related to agricultural activities.

Development and sustainability

To accentuate the importance of promoting economic development as the most
meaningful mitigation measure against global warming in Africa, table 4.1 gives
figures for three different energy scenarios for the continent in the long-term. The
highest priority in the climate policy in Africa today is to avoid the course that
scenario 1 represents. Falling fertility rates and demographic transition will be a
result of economic development. In a global warming perspective, it is important
that the transition starts as soon as possible because the momentum of high
population growth is difficult to change.

- So far, econometric studies show positive correlations between economic growth and
rising emissions of carbon dioxide (Shafik 1994). Nevertheless, enhanced economic
growth in Africa, together with rapid population growth, does not necessarily
require a corresponding rise in future emissions of carbon dioxide. The difference
between scenario 2 and 3, is the use of energy sources. There is a vast economic
literature that focuses on the large substitution possibilities, especially in the long
run (Cavendish and Anderson 1994). Crucial factors that are decisive in the choice of
scenarios here are public policy and availability and competitiveness of alternative
energy technology.

Population growth and demographic transition

The future emissions of greenhouse gases in.Africa must be seen in the context of the
demographic situation on the continent. Africa is expected to continue to have the
most rapid population increase: According to World Population Projections (UN
1992), the population of Africa will stabilize at 3.2 billion in 2150, nearly five times its
1990 population size of about 640 million. As a consequence of this rapid growth,
Africa’s share of world population will increase from 12 percent in 1990 to 23 percent
in 2050.

The demographic development in Africa is the most uncertain element in the long-
term population growth projections of the world (UN 1992). According to the

2 According to World Resource Institute, 1992. There is considerable scientific debate regarding the
accuracy of these estimates. New knowledge about deforestation and desertification in Africa might
change this picture.
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medium-fertility assumption, the world’s population will reach 11.5 billion in 2150°.
This assumption is especially sensitive to the estimated fertility rates in Africa, cf.
table 4.2.

The rapidly growing population in Africa will constitute a force towards higher
emissions of greenhouse gases. Nevertheless, one should not overemphasize the
concern of population growth. There are no linearities in the relationship between
GNP per capita and greenhouse gas emissions per capita.

Since 1950, fertility rates have declined substantially all over the world, except in
Africa, where the total fertility rate is still above six births per woman. Since 1980,
the total fertility rate has also declined in some countries in Africa, but in several of
the low income countries the fertility rate has actually increased after 1980.
Improved living standards are necessary to reduce the fertility rates and thereby
reduce population growth. Especially improved levels of education and better health
among women are essential. As is emphasized in the World Development Report
1992, there is no conflict between the need for economic development in Africa and a
sustainable environmental policy where mitigation measures against the greenhouse
effect will play an important role.

Future energy supply and demand

The investments in energy systems that probably will increase in decades to come
will have long lasting consequences for the greenhouse gas emissions from the
continent. At an early stage in the process the costs of substitution are lower. The
challenge is first of all to secure that the relevant decision makers are aware of the
no-regret options which the renewable energy, perhaps especially solar energy,
represent. In the context of table 4.1, it is important to secure that development with
the characteristics of scenario 3 is favored over scenario 2.

Recent technological developments have created new possibilities for choosing
renewable- energy sources. The most promising future energy technologies are
photovoltaic cells, high temperature solar thermal collectors, and in some cases wind
turbines. The fact that households usually have no access to an electricity grid,
because of the dispersed rural population, solar power (photovoltaic cells) is
especially suited to African rural areas. This may be particularly true when solar
energy systems are used in connection with other energy supply systems that
together create a reliable ‘stand alone system’. ' '

In Africa, hydropower to some extent represents another important low emission
energy source for the future, especially in central Africa. Only a small part of the
total exploitable hydropower potential in Africa has been harnessed. One should
nevertheless be aware of the social and environmental problems (deforestation and
disturbance of river basins, fauna and flora) in connection with the exploitation of
hydro power in Africa. Forests and agricultural land might be lost and farmers

’ These projections do not fully take into account the increasing death rates due to the AIDS epidemic.
The social and economic impacts of the epidemic might, however, delay the demographic transition. In
total, the AIDS epidemic therefore probably will not represent a very significant force towards lower
population growth.
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might be forced to move. The exploitation of hydro power is usually more area-
demanding than solar power (Anderson and Ahmed 1993).

Basic scenario

Slow economic

A successful development policy. Emphasis

management and
deforestation

institutions are not able to
revise land tenure systems,
or to yield any other -
protection to natural
resources. Agricultural
practices are not developing
efficiently. High population
growth gives a rising
demand for woodfuels and
puts pressure on scarce and
often vulnerable resources.

characteristics development. This causes on the education and health of women.
fertility to stay high Accelerating economic growth and rapidly
(delayed demographic falling fertility rates (a rapid demographic
transition). Slow transition).
transformation of traditional
societies.
Population High growth rate, 3.0 - 5.2 Rapidly falling fertility rate, slow
billion in 2100 ' population growth. 1.6 - 3.0 billion in 2100.
Energy Basically woodfuels and Large investments Large investments
charcoal used in households | in energy supply, in energy supply to
for cooking. Gradual mainly based on a great extent based
introduction of other energy | fossil fuels on renewable
sources. energy sources
Land Weak governmental Strong governmental institutions are able to

introduce and secure property rights and in
other ways make societies take care of their
resources in a sustainable way.

Vulnerability

High. The traditional

Lower. Modern societies are less vulnerable

societies are highly to climate changes, because they are in

vulnerable to climate continuous change and are therefore able to

changes. adapt to changes in the environment: See
also Chapter 5, section “Adaptation
measures”, "

GHG emissions | When development is High but declining | Low emissions due
delayed, the high population growth | to low population
population growth makes it | provides growth and the use
more difficult to initiate opportunities for of non-fossil fuels in
effective abatement abatement energy production.
measures. measures.

Total High due to a large High due to the use | Low due to low

contribution to population and natural of fossil fuels, but population, the use

the global resources degradation. not necessarily of renewable
warming higher than in sources of energy,
Scenario 1 because and proper land
of lower population | management.
and good land
management.
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Table 4.2. Estimated and projected population in Africa
1990-2150. Different fertility assumptions. Millions.

ed ig
1990 642 644 644 640
2000 867 881 881 847
2025 1597 1807 1807 1375
2050 2265 2891 2896 1675
2075 2727 3904 4043 1717
2100 2931 4652 5158 1549
2125 3021 5186 6369 1358
2150 3090 5640 7819 1181

Source: Long-range World Population Prospects, UN 1992.

Conclusions

Economic development is essential for the reduction of the fertility rate. And the
development of the fertility rate decides whether there will be around 1.6 or more
than 5 billion Africans demanding energy in 2100, a result that will influence
greenhouse gas emissions. It is, however, imaginable that new technologies will
have made fossil fuels less important at that time. Nevertheless, land use changes
and degradation will continue to cause unacceptable greenhouse gas emissions in
Africa for a long time to come.

When economic development in Africa accelerates, it is probably inevitable that the
emissions of greenhouse gases increase. There are, however, rapid and promising
developments in technology for using alternative energy resources, and it is
important that the African countries get support in taking advantage of these new
technologies.

Mitigation measures against global warming in low-income African countries should
be quite different from the mitigation measures in the more developed countries in
other regions of .the world. In the developed countries, greenhouse gas emissions are
high and necessary mitigation measures that have to be taken will, from a national
point of view, to some extent create inefficient economic behavior that reduces
welfare.

The low-income African countries’ contribution to the greenhouse effect is mainly
connected to deforestation and agricultural practices. Mitigation measures in African
low-income countries should therefore concentrate on improved natural resource
management and population growth control. Because deforestation activities to a
great extent are inefficient economic activities due to market failures, the short-run
mitigation measures will not reduce welfare in the low-income African countries
affected by deforestation and desertification.



Measures towards forcing the demographic transition might be cost-effective
mitigation measures in the low-income countries in Africa. Such policies should not
be in conflict with national interests, as the high population growth is causing a lot
of other problems. While effective mitigation measures against greenhouse gas
emissions in the developed countries most probably will mean some reductions in
welfare, the mitigation measures in the low-income countries in Africa in contrast
will reinforce qualified national policies.

To be more specific, while the mitigation measures in the developed countries will
concentrate on changing established production structures and consumption
patterns, the mitigation measures in Africa, generally speaking, should concentrate
on combatting poverty forcing economic growth. World Development Report 1992
for instance underlines that improving education for girls may be the most
important long-term environmental policy measure in the low-income countries in
Africa. Educated women have fewer children, and their children tend to be healthier
and better educated. Improving education for girls could therefore be an important
contribution to bringing the low-income countries in Africa into the third stage in
the demographic transition and thus, in the long-term, be a mitigation measure
against global warming.

It is likely that even the least-developed countries in Africa will at some stage
experience accelerating economic growth. If fossil fuel at that time still is the
dominant energy source, such growth will induce rising emissions of greenhouse
gases. But on the other side, such a development will probably bring the countries
into the third stage in the demographic transition. It is important to take seriously
that effective mitigation measures against global warming in Africa must reinforce a
national economic policy which enhance the welfare of households.
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Chapter 5
Response strategies

Abatement measures

It is assumed that all countries, and developing countries in particular, have access
to so-called no-regret measures. These are measures that reduce the emissions of
greenhouse gases, or enhance sinks, and are expected to give a positive net economic
benefit as well. In other words, these are measures that should be carried out
regardless of the concern for climate change. United Nations Environment Program
(UNEP 1994a) suggests that no-regret options in Egypt may contribute to a 50
percent reduction in their emissions of CO, The corresponding estimate for
Zimbabwe is nearly 30 percent, the bulk of which stems from more efficient
household stoves. If more efficient stoves is a no-regret option, it is likely that a
significant reduction in emissions of greenhouse gases can be carried out as no-
regret options for the whole of Africa. This indicates that abatement measures may
be carried out as part of a development strategy, or at least that they may be initiated
with marginal funding and as part of the prioritized national development
strategies, irrespective of the GEF.

The question arises, however, of why these no-regret options have not been carried
out already. In the case of Africa, there are a number of reasons of high relevance for
the design of an abatement strategy. The two most important are: ’

(i) It is highly questionable whether all advantages and disadvantages of a measure
can be adequately assessed in terms of benefits and costs. Since the “market” is far
from being perfect in most of the economies, prices fail to reflect the real value of a
measure. To remove people in subsistence economies from their area in order to
build a dam, for instance, may seem like a no-regret option: After having moved,
they have to integrate into the economy somehow, and may thereby increase the
national product at “no cost”. In spite of the measured positive economic effect, the
negative welfare effect is indisputable (“hidden cost”). More generally, the effects of
measures are not equally evaluated among those affected, because the valuation of
effect reflects the welfare of some people better than that of others. This problem of
incidence is present in all economies, but it is probably more significant in most
African countries than elsewhere.



(ii) There are national constraints to the economy which are not reflected in prices,
such as access to the international credits market. If a country fails to obtain credits
for investing in no-regret measures, it is of little help to believe that the project
would have yielded a net positive economic benefit. A limitation on loans will lead
to a rejection of many expected no-regret options. Climate measures constitute only a
minor part of potential measures, thus, if a country receives extra loans which they
are free to use for any purpose, it is not evident that the no-regret option for climate
effects will be chosen. Moreover, extra loans are often conditioned upon economic
reforms. Those measures that may support such reforms may therefore be given

priority.

This suggests that apparent no-regret options to abate climate change may need
additional funding in order to be carried out, e.g. as a joint agreement with
industrialized countries that need “emission-credits”. In such cases, measures for
which the “hidden costs” are expected to be low, or at least transparent, should be
given priority. Thus one should focus on measures that have limited impacts on
activities “outside” the market economy, such as the introduction of new
technologies in economic production activities. Projects that aim at replacing existing
facilities in order to reduce emissions of greenhouse gases will often have impassable
“hidden costs”. The importance of such costs will usually be less when comparing
different alternatives in a development process, for instance to choose between
alternative investment options.

A main explanation for the rejection of developing countries in the international
credits market is clearly uncertainty, often related to political risks. However, the
economic risk of e.g. investments may also be significant inter alia because the
economic outcome may be dependent on the ability to operate new technology.
Therefore, hesitance towards further loans can partly be regarded as a risk premium.
In some cases the concern about climate effects of measures may change the
evaluation of the total uncertainty of the project. The reduction in emissions in terms
of enhanced sinks from a forestation program, for instance, may be assessed with
reasonable accuracy, although the economic outcome of the program is uncertain. In
such cases, the attention to climate effects could cause no-regret climate projects to
advance in the queue of potential projects.

In this context, particular concern should be given to the comparison between
alternatives with high investments and low operating costs and alternatives with
low investments and high operating costs. High investments mean that capital costs
may accrue for a number of years, regardless of the economic success of the project.
With low investments, the cost of closing down in order to avoid a huge economic
loss is lower. The investor thereby runs a smaller risk. For financial reasons,
therefore, the latter should be chosen. For environmental reasons, however, the first
one may be more attractive. If the “abatement effect” is more or less certain, it may
be beneficial to pay the “risk premium” for the economic prospects as a cost of
mitigation. Thus, the concern for climate change may make the support of new
technology in Africa more attractive.

A policy in industrialized countries that aims at supporting no-regret projects may
bias developing countries’ preferences for projects by enhancing the probability of
getting a project with positive climate effects funded. By neglecting its own
preferences for other positive side effects, the developing country may require a
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higher funding than necessary for carrying out the project. This calls for the use of
incentive contracts when funding climate measures. Incentive contracts aim at
preventing agent countries from exaggerating their needs.

Adaptation measures

The effects of an increasing concentration of greenhouse gases in the atmosphere are
highly uncertain, both regarding the kinds of effects and their strength. To outline a
strategy for adaptation must therefore to some extent be speculative. As pointed out
in Section 2, however, it is likely that climate change can result in more extreme
weather conditions, such as a higher frequency of droughts and local changes in the
precipitation patterns. This makes Africa vulnerable to climate change, as even small
changes in these factors may have significant impacts. The vulnerability relates to
many different factors:

The dependency on bio-fuel constitutes a main problem for energy management in
Africa. The problem is clearly reinforced if climate change leads to deforestation.
Thus, increasing the range of substitution possibilities for the energy consumption of
households will also provide an adaptation measure. The reason for the dependency
on fuelwood is, however, that it is an open access good. Substitutes will have to be
bought in a market. The ability to extend the range of possibilities thus requires a
transition towards a money economy in many rural areas.

The importance of agriculture. As pointed out in Section 3, agriculture contributes 34
percent of the total GDP in Africa and employs about 60 percent of its population.
According to the World Bank (1994c), its contribution to GDP is well above 50
percent in many countries. For different reasons, relatively small climatic changes
may have large effects on farming capacity and thereby affect a lot of people. To
create new sources of income as a result of a development strategy might therefore
serve as an effective assurance against the negative impacts of climate change.

Mobility. The vulnerability of the people increases by the fact that many of them have
no alternatives to rural farming. There is usually no alternative for them to move to
other areas in order to start up farming there, and because of the lack of education
there are small chances of getting work in other sectors. To make them less
vulnerable to climate change, therefore, one may prepare for mobility, first and
foremost through education.

Physical health.Vulnerability to climate changes also relates to the health of people.
Better health makes people more resistent to short-term fluctuations in weather
conditions. Climate change may also affect health, for instance by further limitations
to the supply of drinking water. Thus, health policy is also adaptation policy and
vice versa.

Population growth. As pointed out in Section 4, a description of the African future is
highly dependent on population growth. A high birth rate will not only imply that
Africa’s contribution to climate change will increase, it may also drastically increase
the vulnerability of the people. It imposes a heavier burden on already heavily
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exploited resources, and thereby restricts the ability to achieve social and economic
development.

Material standards. Material damages caused by e.g. extreme weather conditions can
be reduced significantly by better material standards, such as better houses, etc.
Better material standards may similiarly save lives. It is therefore important to see
general development as an important, perhaps the most important, means to adapt
to climate change.

These examples show that one cannot make clear distinctions between abatement
and adaptation measures in the case of Africa, and that social and economic
. development are necessary in order to prepare the continent for adaptation. The
effects of development, adaptation, and abatement may also support each other,
although they may be in conflict in certain cases. The overall response strategy for
Africa, therefore, would be to sort out measures and design them in such a way as to
minimize the potential conflicts among the concerns and priorities for development,
adaptation and abatement. This may imply a country-wise examination of
development plans to figure out whether the concern for climate change may change
the priorities or design of development measures. There are two general issues that
may be of importance. Firstly, the attention to adaptation suggests that measures to
be taken should be directed against the most vulnerable people. This may be in
conflict with those who argue that development policy in general should aim at
supporting potential “locomotives” in the economy. Secondly, it was shown that the
concern for climate change might change the over-all uncertainty of measures. In
particular, measures that require relatively large investments may turn out to be
more attractive if the expected benefits from the abatement and adaptation points of
view are taken into account.

The ability to deal with adaptation and abatement measures

The ability to cope with a changing climate depends both on political and socio-
economic conditions as well as on natural ecosystems. African countries must bear
the costs of adapting to climate change as well as cover the economic losses which
incur once efficient adaptation has occured. As was pointed out above, African
countries will put great emphasis on their vulnerability rather that their
contributions to emission. This attitude is prevalent because their capacity to
implement large-scale adaptation measures, such as introducing drought resistant
- species-or making coastal zone infrastructure investments, may be limited.

To illustrate the close relation between development, adaptation and abatement
measures, the impacts of three potential measures will be discussed below. The
discussion below might be viewed as a very general input to an action impact
matrix, as suggested by Munasinghe (1993). Technological improvements are
expected to be carried out mainly for development purposes. To make Africa less
dependent on biomass fuels is mainly regarded as an adaptation measure, and a
forestation policy is taken to be mainly an abatement measure.

a) Technological improvements in a broad sense include a variety of measures, such as
supporting new machinery, building infrastructure and introducing new methods
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e.g. in agriculture. Common to these measures is that the introduction of new
technology requires education, and their success is thereby dependent on the success
of the education programs. Introduction of new technology usually aims at economic

growth. The social and economic impacts of technological improvements depend on
the kind of measure.

Apart from the fact that economic growth in itself makes a country less vulnerable to
climate change, the adaptation aspect -of introducing new technologies is of
particular importance within agriculture. The possible effects of climate change is
dependent on how easy it is for the farmers to adapt to new ecological surroundings.
Whether the introduction of new technologies and methods in agriculture facilitates
or obstructs the ability to adapt is not always clear. More intensive farming may
impoverish the soil, thereby making people more vulnerable to climatic change.
However, an ecological sustainable development strategy within agriculture will
support adaptation.

Rijbersmann and Scwart (1990) suggest that, compared with a “business as usual”
scenario for Africa, a scenario that combines a low share of coal consumption, a
modest increase in population and a halt in deforestation will reduce the expected
increase in global temperature by only 1/10 around year 2025.

- Africa possesses a-considerable potential for solar and hydro power whose further
development might be encouraged. These are typical examples of measures with
high investment costs and with uncertain economic outcomes. The alternative to
hydro plants are plants based on fossil fuels where investments are lower, but costs
are higher to operate them. From the point of view of economic risk management,
therefore, the fossil fuel alternative is advantageous. However, in a total evaluation,
the environmental effects should be taken into account, and thus favors the
utilization of renewable energy sources. Hydro power projects may, however, have
considerable “hidden costs” because of water regulation.

Energy supply in Africa divides naturally into Southern and Northern Africa.
Northern Africa posesses large amounts of natural gas. Exporting gas to e.g. Europe
at low prices may initiate substitution from coal and oil to gas in Europe and thereby
have a positive environmental effect on local pollutants as well as emissions of
‘climate gases. The global-effect of higher gas exports may be positive although the
emissions from the exporting countries may increase if they boost extraction of
petroleum. A similiar effect of higher coal exports from South Africa may be
obtained because the emissions from South African coal is lower than much of the
domestically extracted coal in other parts of the world. In both cases, however, there
is a “leakage” effect due to the fact that the world price of energy may decrease as a
result.

b) Lower dependency on biomass fuels is attained by increasing the energy efficiency in
households and by making alternatives to biomass available. The possibilities of
energy management in Africa are clearly restricted because of poverty and the
pattern of energy use in households. Biomass represents between 80 and 95 percent
of total energy consumption in most of the countries south of Sahara. Moreover, the
household sector consume between 75 and 90 percent of total energy consumption.

This pattern of energy use means that deforestation and soil erosion have impacts on
the supply of energy. To reduce dependency on biofuels is therefore an adaptation
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measure. Means to enhance energy efficiency include introducing more efficient
stoves and making substitution possibilities available to the households, for instance
by solar power or applying more efficient methods for the production of charcoal.
An additional benefit from such a strategy relates to the reduction of local pollutants.
A main problem of using economic measures, or in changing energy technology
within the household sector in Africa, is that it is required that the households have
financial means to buy new equipment.

This problem also applies to the potential for increasing the use of electricity, which
could increase energy efficiency and expand substitution possibilities. In order to
enhance the use of electricity, for instance, development of a transmission and
distribution system is needed. This implies rather significant public investments and
social and economic changes. To develop a modern energy supply system should
therefore be regarded only as a long-term development strategy for which
adaptation to climate change is only a part of the motivation.

c) Reforestation programs are important abatement measures through sequestration of
carbon, and may be promoted in rural areas by a more efficient extension service and
better land management e.g. by establishing clear property rights.

As mentioned, afforestation may also contribute to lowering the vulnerability to
climate change by safeguarding biodiversity, ensuring supplies of fuelwood, and
building materials. Deforestation reduces the carbon sinks and is thereby forcing
global warming.

Conclusions

Measures to encourage economic and social development on the one hand and
abatement and adaptation to climate change on the other may often support each
other. In a response strategy, one should emphasize an integrated evaluation of
alternatives in order to avoid choices that seem advantageous from one perspective,
but imply extra costs from another.

In some cases, however, conflicts between development, abatement and adaptation
occur. Since Africa’s contribution to the problem of global warming is limited,
abatement measures have limited effects on the problem. It is important to prepare
the African continent for the effects of global warming, a strategy that is closely
related to social and economic development. There may be conflicts between these
two aspects as well, but in most cases these can be overcome.
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Contact person: Stephen Karekezi, Network Facilitator (Kenya), or Prof. Ansu Datta,
AFREPREN Coordinator, NIR, University of Botswana, Phone +267-35634/5, Telex
2429 BD, Fax +267-357573 '

African Centre for Technological Studies (ACTS)
P.O.Box 45917, Nairobi,

Kenya

Tel: 254 (2) 565173/569986

Fax: 254 (2) 569989

E-mail: acts@elci.gn.apc.org.

AGRHYMET
Niamey,
Niger

Centre for Energy, Environment, Science and Technology (CEEST)
1372 Karome Road, Oysterbay

P.O.Box 5511, Dar es Salaam,

Tanzania

Tel: 255-51-67567

Fax: 255-51-66079

Contact person: Professor Mark J. Mwandosya

Centre for Southern African Studies (CSAS)
University of the Western Cape,

Private Bag X17, Bellville 7535

South Africa

Tel: 27 21 959 3040

Fax: 27 21 959 3041

Contact person: Peter Vale, Director, Western Cape

Climate Network Africa (CNA)
P.O. BOX 76406, Nairobi

Kenya

Tel & Fax: +254-2-729447
E-mail: cna@elci.gn.apc.org
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Council for Scientific and Industrial Research (CSIR)
P.O.Box 395, Pretoria, 0001, South Africa
Telephone : +27 12 841-2911 (International) (012) 841-2911 (Local)
Technical enquiries : +27 12 841-2000 (International) (012) 841-2000 (Local) Pretoria,
Internet: http:/ /crux.csir.co.za/csir/csir.html
gopher.mikom.csir.co.za

ECA/WMO African Centre for Meteorological Application and Development
(ACMAD)

Niamey,

Niger

Established by:
Economic Commission for Africa (ECA)
P.O.Box 3001, Addis Ababa
Ethiopia
Tel: (251-1) 51-7200
Fax: (251-1) 51-4416

Energy for Development Research Centre (EDRC)
Energy Research Institute
University of Cape Town,
Private Bag, Rondesbosch 7700,
South Africa
Tel: 27 21 6503230
Fax: 27 21 6502830
Contact person: Clive van Horen
Internet (University of Cape Town):
http:/ /www.uct.ac.za/
Environment & Geographical Science (ENGEO) Department:
http:/ /hickory.egs.uct.ac.za/

Environmental Development Action in the Third World/Energy Programme
(ENDA)

P.O.Box 3370, 54 rue Carnot, Dakar,

Senegal

Tel: 221 22-5983 or -2496

Fax: 221 22 2695

E-mail: energy@endadak.gn.apc.org

Telex: 51456 enda tm sg

Contact person: Mr. Youba SOKONA, Energy Department

Group for Environmental Monitoring

49 Pim Street

P.O.Box 511, Newtown Johannesburg

South Africa

Tel: 27 11 8385449/8387702 (Mr. Peter Ngobese)
Fax: 27 11 8387613

Intergovernmental Authority of Drought and Development (IGADD)
Djibouti,
Djibouti
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Southern Centre for Energy and Environment
31 Frank Johnson Avenue, Eastlea, Harare,
Zimbabwe

Tel: 263 4 737351

Fax: 263 4 739341

Contact person: Dr. Ruzvidzo Shakespare Maya

United Nations Environment Programme (UNEP)

P.O.Box 30552, Nairobi

Kenya

Tel: (254-2)62-1234

Fax: (254-2)22-6886/22-6890

Telex: 22068 unep ke

Contact person: Ms. Renate CHRIST, Environmental Affairs Officer, Climate Unit,
direct E-Mail: christ.unep@un.org

WMO African Regional Centre for Meteorological Research and Training
Nairobi,
Kenya

WMO Drought Monitoring Centres
Nairobi, Kenya and
Harare, Zimbabwe

Zambia Centre for Energy, Environment and Engineering (ZCEE)
P.O.Box 36079, Lusaka

Zambia

Tel: 260 1 227681/8

Fax: 260 1 236244

Contact person: Professor Francis D. Yamba, Director

Zimbabwe Environmental Research Organization (ZERO)
P.O.Box 5338

44 Edmonds Avenue

Belvedere, Harare

Zimbabwe

Tel: 263 4 791333

Fax: 263 4 732858

Contact person: Dr. Yemi Katerere
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Updated list of African countries which ratified the Convention, in

chronological order. 23 June 1995.

PN R W=

9.
10

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33

Mauritius

Seychelles
Guinea
Zambia
Algeria’
Tunisia
Burkina Faso
Uganda
Zimbabwe
. Sudan
Mauritania
Botswana
Ethiopia
Malawi
Chad
Gambia
Benin
Nigeria
Kenya
Senegal
Cameroon
Comoros
Céte d'Ivoire
Egypt
Mali

Zaire
Lesotho
Togo

Cape Verde
Eritrea
Namibia

. Sierra Leone

Central Afr. Republic

10 Jun 92
10 Jun 92
12 Jun 92
11 Jun 92
13 Jun 92
13 Jun 92
12 Jun 92
13 Jun 92
12 Jun 92
09 Jun 92
12 Jun 92
12 Jun 92
10 Jun 92
10 Jun 92
12 Jun 92
12 Jun 92
13 Jun 92
13 Jun 92
12 Jun 92
13 Jun 92
14 Jun 92
11 Jun 92
10 Jun 92
09 Jun 92
22 Sep 92
11 Jun 92
11 Jun 92
12 Jun 92
13 Jun 92
12 Jun 92

12 Jun 92
11 Feb 93

04 Sep 92(R)
22 Sep 92(R)
07 May 93(R)
28 May 93(R)
09 Jun 93(R)
15 Jul 93(R)
02 Sep 93(R)
08 Sep 93(R)
03 Nov 92(R)
19 Nov 93(R)
20 Jan 94(R)
27 Jan 94(R)
05 Apr 94(R)
21 Apr 94(R)
07 Jun 94(R)
10 Jun 94(R)
30 Jun 94(R)
29 Aug 94(R)
30 Aug 94(R)
17 Oct 94(R)
19 Oct 97(R)
31 Oct 94(R)
29 Nov 94(R)
05 Dec 94(R)
28 Dec 94(R)
01 Jan 95(R)
07 Feb 95(R)
08 Mar 95(At)
10 Mar 95(R)
29 Mar 95(R)
24 Apr 95 (Ac)
16 May 95(R)
22 Jun 95(R)

21 Mar 94
21 Mar 94
21 Mar 94
21 Mar 94
21 Mar 94
21 Mar 94
21 Mar 94
21 Mar 94
21 Mar 94
21 Mar 94
20 Apr 94
27 Apr %4
04 Jul 94
20 Jul 94
05 Sep 94
08 Sep 94
28 Sep 94
27 Nov 94
28 Nov 94
15 Jan 95
17 Jan 95
29 Jan 95
27 Feb 94
05 Mar 95
28 Mar 95
09 April 95
08 May 95
06 Jun 95
08 Jun 95
27 Jun 95
23 Jul 95
14 Aug 95
20 Sep 95

Source: United Nations (UN), Framework Convention on Climate Change - Interim
secretariat, Geneva, Switzerland.



