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Executive Summary

African populations are widely expected to face particularly high impacts
of climate change, as a result of three conflating factors: higher than the global
average degree of change, particularly high levels of direct forest-dependency in
African populations, and a low degree of adaptive capacity due to widespread
poverty. These factors make it particularly important that forests in Africa are
managed carefuly, with appropriate consideration of the possible effects of
climate change.

The IPCC expects the increase in average temperatures in Africa to be
substantially higher than the global average change, which may place severe
pressures on the ability of forest ecosystems to continue to supply essential
ecosystem services. Precipitation expectations are more uncertain and varied,
with rises projected for some regions and falls for others. Accurate climate
forecasting in Africa is severely hampered by a poor network of maintained
climate monitoring stations, both historical and present.

Forests in Africa have been used by humans for many thousands of years,
and still supply much food, medicine and energy to local populations. In some
areas forests once thought to be completely virgin have been found in fact to be
in recovery from shifting agriculture from hundreds of years in the past. Although
this shows that recovery is possible, it is also true that clearing for small-scale
agriculture is the greatest cause of African deforestation. High levels of forest-
dependency among rural people make sustainable forest management a vital
necessity for human wellbeing. Planning and implementation of forest policies
are often restricted through incomplete or inaccurate forest statistics and an over-
reliance on secondary information sources. Forest governance must in many
places be improved, with a recognition that forest policies must be broadly
supported by local people if they are to be effective.

Africa has experienced much environmental change in the past, and many
communities have developed indigenous coping strategies. These strategies
may however be inadequate to deal with the speed and scale of projected
climate change. Poverty adds to anthropogenic pressures on forests; this is
particularly apparent in the need for fuelwood, charcoal and the expansion of
agricultural land.

Based on this report and the expert opinion of the African contributors, the
thematic policy workshop on 3-4 December 2009 in Vienna, Austria and
subsequent discussions developed the following key messages:

1) Although climate-change projections for Africa are highly variable, the
average increase in temperature on the continent is likely to be higher
than the average increase globally. There is a significant risk that the
adaptive capacity of many African forest ecosystems to provide vital
goods and ecosystem services will be exceeded.

2) People in Africa are disproportionately dependent on forest goods and
services and therefore are particularly vulnerable to the impacts of climate
change. Individuals, societies and institutions should be aware of the likely



3)

4)

5)

6)

7)

impacts of climate change on forests and forest-dependent people and put
strategies in place to adapt to them.

Improving the adaptive capacity of forest-dependent communities is
important in order to reduce their vulnerability to the effects of climate
change. Participatory approaches should be used to obtain a better
understanding of local knowledge and perceptions of climatic change and
to raise awareness about vulnerabilities and related adaptation measures.
Moreover, there is a need to develop and reorient educational systems
and programmes.

Climate change is adding to a range of other pressures — such as
agricultural expansion and the over-use of forests — on forest ecosystems
in Africa, some of which are currently more pressing than climate change.
Measures that reduce non-climatic pressures can help reduce the overall
vulnerability of forest ecosystems. Such measures, including forest
restoration and rehabilitation, can be implemented in an integrated
manner as part of sustainable forest management.

The development and implementation of adaptation measures as part of
sustainable forest management need to be underpinned by new modes of
governance that are sensitive to context, take a broad view of community
needs, and respond quickly to policy learning. Governance that enables
effective stakeholder and community participation, transparent and
accountable decision-making, secure land ownership and tenure, and the
equitable sharing of benefits and responsibilities needs to be promoted.

Climate-change adaptation planning in Africa is hampered by a lack of
information about current and future climate-related impacts and
vulnerabilities. Reliable projections of regional and local impacts require
investments in research and monitoring infrastructure and increased
support for early-warning systems and preparedness measures.

Forests can play an important role in achieving broader climate-change
adaptation goals but may be threatened by impacts from other sectors.
Strategies for adapting forests to climate change should be coordinated
with those of other sectors and integrated into national and regional
development programmes and strategies.
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1. Introduction

Forests cover nearly one-third of the earth’s surface and hold the majority
of its terrestrial species. They also account for almost half the terrestrial carbon
pool (Fischlin et al 2007) and thus play a significant role in regulating the earth’s
climate. Tropical forests are particularly important in the global carbon budget
because it has been estimated that they may contain as much carbon in their
vegetation and soils as temperate and boreal forests combined (Brown 1996).

Climatic changes have been attributed to the increased liberation of
greenhouse gases into the atmosphere. These gases include Carbon dioxide
(CO2), Methane, Nitrous oxide, Chlorofluorocarbons (CFC) and Sulphur
hexaflouride. Since the start of the industrial revolution, the emission of
greenhouse gases has greatly increased, which may be attributed to the
combustion of fossil fuels and tropical deforestation. The concentration of CO2 in
the atmosphere has increased substantially since the middle of the 19" century,
contributing to an increase in average global temperature of 0.74 + 0.18 °C over
the past 100 years (IPCC 2007).

Climatic change has negative impacts on rural zones as it affects all
aspects of human existence and food security, particularly through the impacts
on ecosystems (de Haen 2008). Forest loss and degradation is responsible for
the release of more carbon to the atmosphere than any other source in central
Africa (73% of total carbon is released through land use changes) (Gaston et al
1998). According to Food and Agriculture Organization’s Global Forest
Resources Assessment 2005 (FAO 2006), Africa in 2005 had over 635 million
hectares of forest, covering 21.4% of the land area. This forest area is estimated
to contain over 100 Gt (billion tonnes) of carbon (including in soils) which is
equivalent to around 160 tonnes of carbon per hectare. In the period 2000-05 an
average of 4 million hectares were lost per year (FAO 2009), mainly due to
conversion of forestland to small-scale permanent agriculture. FAO (2006)
estimates that carbon stocks in living biomass in African forests decreased by 1.4
Gt as a result. The Intergovernmental Panel on Climate Change (IPCC)
estimates that deforestation, forest degradation and other land use change
contribute 17.4% of global anthropogenic annual greenhouse gas (GHG)
emissions, mainly in tropical developing countries (Barker et al 2007). Nabuurs et
al (2007) estimate that deforestation was responsible for 5.8 Gt of carbon dioxide
equivalent (CO,-e) emissions per year throughout the 1990s. Most deforestation
is caused by the expansion of agriculture and urban and infrastructure
development.

The world’s climate system and forest ecosystems are inextricably linked
and as a consequence changes in either one of these systems inevitably trigger
a feedback in the other. The climate significantly determines vegetation patterns
globally and thus influences the distribution, structure and ecology of forests.
Conversely, forest ecosystems play crucial roles in climate regulation through
bio-physical and chemical processes that control fluxes of energy, water and
atmospheric constituents. Changes in climate alter the configuration of forest
ecosystems, and result in drastic upheavals in their compaosition, distribution and
productivity (Ravindranath et al 2006). These effects, induced by climate change,
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will aggravate the existing stresses that derive from non-climate factors. In turn,
this will have fundamental impacts on the viability of the livelihoods of millions of
forest-dependent people in Africa.

Need for this report

The International Union of Forest Research Organisations (IUFRO)
published in April 2009 the global assessment report on the ‘Adaptation of
Forests and People to Climate Change’ (Seppéla et al 2009a). That report
presents the state of information regarding the impacts of climate change on
forests, the socio-economic implications and the options for adaptation. However,
given the global scope of the assessment and the limited time available, it was
not possible to systematically analyse and compile information for particular
geographical regions. Although climate change is a global phenomenon, the
particular impacts of change and the appropriate adaptive responses are local,
and hence there is a need for adaptation reports to be tailored to regional areas.
Many studies have been undertaken on forest policies, management planning
and practices to help forests adapt to climate change, but recommendations
generated from those studies are often generic and mostly based on case
studies from temperate countries.

International deliberations on forests and climate change to date have
focused mainly on mitigation, giving less attention to the vital need for adaptation.
Climate change has had considerable effects on forest ecosystems over time
and will have increasing effects on them in the future. This will in turn have an
impact on forest goods and services with impacts for society, particularly forest
dependent people. The forest-dependent poor such as the pygmies of the central
African region, who often depend directly on forests for their livelihoods and for
meeting domestic energy, food and health needs, will be most vulnerable to such
stresses. Climatic change also has great effects on rural zones which are the
principal areas of food supply, thus threatening food security and human life.

Africa covers 20.4% of the earth’s land area and contains 14.8% of the
global population and 16%o0f the world’s forests. Nevertheless, there appears to
be a shortage of Africa-specific climate change research, and a lack of sufficient
African input into global discussions. This is despite the fact that Africa is
expected to face particularly high impacts from climate change (Collier et al
2008; de Haen 2008). While some countries have a body of available published
and grey scientific literature, adaptation planning is hampered by a lack of
information in many others (Kigenyi et al 2002).

During the period between 1993 and 2002 it was reported that over
136,000,000 people died or were affected by climate-induced disasters in Africa
as a whole (Osman-Elasha et al 2006a), indicating that traditional adaptation
measures may not be sufficient to face climate change (Tarhule and Lamb 2003;
Willems 2005). New methods of adaptation are required to face the current
climate change challenges.

This report provides the scientific background for the policy brief entitled
"Making African Forests Fit for Climate Change — A regional view of climate-
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change impacts on forests and people, and options for adaptation"'. We hope to

help in the development of sustainable forest management practices and
policies, which are essential for reducing the vulnerability of forests to climate
change. This report also serves to showcase the science that is being done in
Africa, and may help bring it to a wider audience. We also highlight those areas
(thematic and geographical) where further research is urgently required.

Structure of this report

This report follows a similar structure to the recently published report
‘Adaptation of Forests and People to Climate Change’ (Seppala et al 2009a), and
extracts and develops Africa-specific material from that report. Further detailed
information is derived from a pan-African group of scientists specially convened
for this report, and searches of both peer-reviewed and ‘grey’ scientific and policy
literature. Background documents to this report include Kigenyi et al (2002),
Osman-Elasha et al (2006a), Gutiérrez et al (2006), IPCC (2007), Eastaugh
(2008), and Katerere et al (2009).

172 of the 362 references cited in this report are from reviewed scientific
journals (Table 1). Although this represents a solid body of evidence for the
discussion and conclusions of this report, over 50% of the citations here were
drawn from the ‘grey’ literature, in particular from NGO or Intergovernmental
reports. This does not necessarily diminish the validity of the information, but
care must be taken that citing grey literature does not simply propagate
unfounded assumptions or out of date paradigms. All references cited in this
document were examined in the original, except where these were unavailable to
the editor and are noted here as ‘cited in’ a verified reference.

Table 1. Reference sources

SOURCE NUMBER

Journal 172
Government/Intergovernmental 63
NGO report 46
Theses, Conference proceedings and 38
Technical reports

Books from commercial publishing houses 25
Corporate 6
Other 12
TOTAL 362

Biome classifications

The Global Assessment Report divides forests into four major biome
groups: boreal, temperate, subtropical and tropical. Boreal forests are not found

! The policy brief is available for download at the GFEP webpage www.iufro.org/science/gfep/



in Africa, and temperate and subtropical forests are only found in small parts of
South Africa (Gibbs-Russell 1987, cited in Seppéla et al 2009a) and will not be
considered in this report in any great detail. Note that the southern African
subtropical steppe areas are not classified as true forests (Seppala et al 2009a).
This report will follow the scheme used by the Forestry Research Network for
Sub-Saharan Africa (FORNESSA) and the International Union of Forest
Research Organisations’ Special Programme for Developing Countries in Blay et
al (2004) and broadly divide tropical forests into ‘humid’, ‘sub-humid’ and ‘dry’
sub-classes. Blay et al (2004) base their classification on an Aridity Index, which
is a simple measure of annual precipitation divided by evapotranspiration. An
aridity index greater than 1.0 is humid, between 0.5 and 1.0 is sub-humid, and
less than 0.5 is dry. Figure 1 is a fine-scale rendition of aridity index across
Africa.
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Figure 1. Main climate zones of Africa (developed by the Institute for World Forestry,
Johann Heinrich von Thinen-Institut, Hamburg, Germany 2010).

Climate change and sustainable development

In developing countries, climate change issues must be looked at with
regard to the need for sustainable development. This is not only a political
prerogative, but also goes to the practicality of any mitigation or adaptation
actions. Actions and policies driven by climate change in developed countries
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may not be affordable in developing nations, or may have unacceptable social
impacts, or may simply be unworkable. This is not to say that developing
countries cannot play their part in mitigation, or that adaptation is impossible. It is
however vital that adaptation and development are seen as complementary,
rather than as opposing goals (Peach-Brown 2009). Development is vital to
increase the adaptive capacity of African societies to climate change, and in that
context many past and ongoing sustainable development or forest rehabilitation
projects may justifiably be seen as supporting climate change adaptation.

Sustainable development was defined by the Brundtland report as
“development that meets the needs of the present without compromising the
ability of the future generations to meet their own needs” (WCED 1987). This
goal will be unobtainable without considering the impacts of climate change, and
actively supporting reduced vulnerability in developing communities (Osman
Elasha 2009).

Africa is the world’s lowest consumer of energy. Despite the continent
having about 15% of the world’s population and producing 7% of the world’s
commercial energy, it consumes only 3%, with more than half of its production
being exported (Davidson and Sokona 2002). The average electricity
consumption is the lowest in the world — about 578kWh/yr compared to a world
average of 2752 kW/year (IEA 2009). This low energy usage is a pointer to the
relative lack of economic development of many African communities, which has
direct implication for their vulnerability to climate change and to their reliance on
local natural resources. Sub-Saharan Africa is heavily dependent on biomass
energy for household cooking and other heating needs, with wood fuels
accounting for over 80% of primary energy demand (Table 2).

Table 2. Electricity consumption (Adapted from Davidson and Mehlwana n.d.)

Country JRural Population| Rural GDP/ | Biomass as
% Electricity Access] Capita % of total
2001 % Us$ 2001
Botswana 51 8 3 100 -
Ethiopia 84 0.7 100 93
Kenya 66 1.7 350 78
Mauritius 58 100 3830 -
South Africal 42 49 1960 17
Tanzania 67 1.0 270 92
Uganda 86 1.0 260 95
Zambia 60 2.0 320 78
Zimbabwe 64 19 480 67




African forests

African forests are extremely diverse, as would be expected in a continent
that spans 72 degrees of latitude and ranges in elevation from zero to 5895
metres above sea level. Africa’s tropical forests have been estimated to harbour
12 000 forest plant species, of which perhaps 6 400 (Beentje et al 1994 cited in
Poorter et al 2004) to 7 500 (Burgess and Clarke 2000) are endemic. Three
African nations are among the world’s 17 countries with ‘mega-biodiversity’, and
four forested areas are recognized as biodiversity hotspots: the Guinean Forest,
the Eastern Arc Mountain Forests, Madagascar and the Mediterranean Basin
Forests (Fazey et al 2005, based on data from Conservation International 2000).

White (1983) classified African vegetation into 20 phytochoria (floristic
regions), these being either regional or archipelagan centres of endemism or
extreme floristic impoverishment, or transitional zones. Figure 2 shows the
geographic distribution of these regions, and Table 3 gives a brief description of
each. Linder et al (2005) re-examined White (1983) in the light of new data and
analysis methods and recommended some adjustments, but White's (1983)
classification is still commonly used.

White's Vegetation Map of Africa -~
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Figure 2. African phytochoria (after White 1983).

Table 3. African Phytochoria (Adapted from White (1983), Kigenyi et al (2002) and TroFFCA
(n.d.)

Phytochorion Extent/Distribution Description Threats
I. Guinea- From Moist forest in Lowland rainforest and
Congolian Guinea through South swamp forest with very

Western Ghana and moist | diverse endemic flora

forests in Nigeria to the including Chlorophora,

Congolian forests in Holoptelea, Uapaca,

Central Africa Musanga and Elaeis

guineensis (oil palm)




Montane rainforest and
grassland (above 1000 m
altitude) with Olea
hochstetteri, Podocarpus
and llex spp.

II. Zambesian Largest major phytochorion | Contains richest and most | Cultivation
after Sahara. diverse flora in Africa. Charcoal burning
From central and southern | Dominated by Miombo Overgrazing
Tanzania, much of Zambia, | woodland. Resettlement
Zimbabwe, south central Dry evergreen forest with
Angola, Namibia, Caprivi around 1200mm rainfall.
strip, northern Botswana, Dry deciduous forest and
central Mozambique and scrub 600-900 mm rainfall.
South Africa (Mpumulanga | Swamp/riparian forest.
region). Mopane woodland.

[ll. Sudanian Northern Uganda above Woodlands with patches of | Cultivation
Lake Victoria mosaic. swamp forest. Grazing
Sudan south of Jabel Mara | Outlier Guinea-Congolian Fires

to Foothills of Ethiopian
Highlands.

Southern Mali, all the rest
of Burkina and northern
Ghana

affinities in extreme south-
western Sudan.

Rising to montane areas of
southern Sudan bordering
Uganda where forests
exist.

Woodland and dry forest,
with Celtis integrifolia,
Hymenocardia acida,
Lannea, Prosopis africana,
Mytragyna inermis, etc.

IV. Somalia-Masai

Large areas of east Africa
mainland.

Eastern and southern
Ethiopia (except
mountains).

Somalia, southeast Sudan.
Northeast Uganda.

Kenya, between the
Highlands and the coastal
belt.

Dryland areas of north and
central Tanzania south of
the Great Ruaha River
valley.

Mostly deciduous
bushland dominated by
Acacia and Commiphora
spp.

High rate of endemism
(50%).

High fauna population.

Over-grazing
(both domestic
and wildlife)
Charcoal burning
Increasing human
population
Extension of
agricultural
frontiers

V. Cape

VI. Karoo-Namib

VII. Mediterranean

VIII. Afromontane

On all mountains and high-
altitude sites.

Most are national parks
and forest reserves.
Over 4000 species, with
300 endemics.

Surrounded by
high population
densities
Fragmentation
Timber/firewood
exploitation
Conversion to
agricultural and
forest plantations

IX. Afroalpine

X.Guinea-Congolia/
Zambesia

Xl.Guinea-
Congolia/ Sudania

Central & south-eastern
Ghana

Mosaic of dry, peripheral,
semi-evergreen rainforest




and woodland or
secondary grassland

Xll. Lake Victoria

Uganda south of the Nile.
Western Kenya.
North western Tanzania

Lowland forests with
affinities to 5 distinct flora
converging from other
centres of endemism —
Guinea-Congolan spp.
Dominant.

Transitional lowland
forests (Kakamega with
afromontane spp.).
Swamp forests (Sango
bay and Minziro).

Agriculture (since
400 BC)

Timber harvesting
Urbanisation and
industrialisation
Human
population
Agricultural
encroachment
Charcoal burning

Xlll. Zanzibar-
Inhambane

Coastal belt 1° N to
Limpopo 25° S

Lowland moist forest
(lower parts of eastern
highlands of Tanzania,
coastal Mozambique and
Malawi and Zambia).
Mangroves — confined in
coastal zone from Somalia
to Mozambique.

Isolated on the Red Sea
coast of Djibouti and
Eritrea.

Undifferentiated forests on
wet and dry sites in Kenya
and northern Tanzania.

Cultivation
Fisheries and
tourism
Infrastructure
development
Charcoal burning

XIV. Kalahari-
Highveld

XV. Tongaland-
Pondoland

XVI. Sahel

Central Mali and northern
Burkina

Semi-desert grassland and
thorny shrubland (north) to
wooded grassland and
bushland (south), with
Acacia spp., Commiphora
africana, Balanites
aegyptiaca,
Euphorbiaceae, and
abundant dryland taxa

XVII. Sahara

Northern Mali

Certain plants
characteristic of wadis
(e.g. Tamarix) and of
shady, rocky, gravelly or
saline faces (e.g.
Cornulaca, Calligonum,
Fagonia)

XVIII.
Mediterranean/
Sahara

XIX. East Malagasy

XX. West Malagasy

The reliability of forest statistics for Africa is limited due in part to the
difficulty of collecting information and the often inconsistent reporting formats and
definitions used by different countries. The Food and Agriculture Organisation
(FAO) collates figures reported by national organizations, and an overview of the

extent of African forests is given inTable 4.




Table 4. African forest statistics (adapted from FAO 2006)

Land area
Other Other land Inland | Total
Country/area Forest wooded with water jarea
land Total tree
cover

1000 ha ;ﬁ)r?(]; 1000 ha | 1000 ha ﬁgOO ﬁgOO 1000 ha
Angola 59104 474 |- 65566 |- 0 124 670
Botswana 11943 |21.1 |34791 |9939 - 1500 |58173
British Indian Ocean
Territory 3 325 o 5 : 0 8
Comoros 5 2.9 - 180 - n.s. 186
Kenya 3522 6.2 34920 |18472 ]10320 |1123 |58037
Lesotho 8 0.3 31 2 996 - - 3 035
Madagascar 12838 ]22.1 |17054 |28262 |- 550 58 704
Malawi 3402 36.2 |- 6 006 7 2440 |11 848
Mauritius 37 18.2 |15 151 - 1 204
Mayotte 5 14.7 |- 32 - 0 37
Mozambigue 19262 ]24.6 40919 18228 |- 1750 |80 159
Namibia 7 661 9.3 8 473 66 195 |- 100 82 429
Réunion 84 33.6 |55 111 18 1 251
Seychelles 40 88.9 |- 5 - 0 45
South Africa 9 203 7.6 21409 |90835 |- 462 121 909
Swaziland 541 31.5 |289 890 - 16 1736
Uganda 3627 18.4 ]1150 14933 |- 4394 24104
United Republic of
Tanzania 35257 |39.9 |4756 48 346 |- 6 150 |94 509
Zambia 42 452 |57.1 |3161 28726 |- 922 75 261
Zimbabwe 17540 ]145.3 |- 21145 |- 390 39 075
Total Eastern and Southern
Africa 226534 127.8 1167023 |421 024 |10 345 |19 799 ]834 380
Algeria 2277 1.0 1595 234 302 |- - 238174
Burkina Faso 6 794 29.0 |7427 9178 - 4000 |27400
Chad 11921 ]9.5 9152 104 847 |- 2 480 128 400
Djibouti 6 0.2 220 2092 - 2 2 320
Egypt 67 0.1 20 99 458 |- 600 100 145
Eritrea 1554 154 7257 1289 - 1660 11 760
Ethiopia 13000 J11.9 |44650 |51981 |- 799 110 430




Libyan Arab Jamahiriya 217 0.1 330 175 407 |- 0 175 954
Mali 12572 ]110.3 |16532 92916 |- 2000 124019
Mauritania 267 0.3 3110 99 145 - 30 102 552
Morocco 4 364 9.8 406 39 860 - 25 44 655
Niger 1266 1.0 3 740 121 664 |8 000 30 126 700
Somalia 7131 11.4 - 55 603 - 1032 63 766
Sudan 67 546 28.4 - 170054 |- 12981 250581
Tunisia 1056 6.8 170 14 310 2 207 825 16 361
Western Sahara 1011 3.8 - 25 589 - - 26 600
Total Northern Africa 131048 |8.6 94 609 1297 696 ]10207 |26464 |1549817
Benin 2 351 21.3 3959 4752 - 200 11 262
Burundi 152 5.9 722 1694 - 215 2783
Cameroon 21 245 45.6 14 758 10 537 - 1 004 47 544
Cape Verde 84 20.7 - 319 - 0 403
Central African Republic 22 755 36.5 10 122 29 421 - - 62 298
Ccongo 22 471 65.8 10 547 1132 - 50 34 200
Céte d'lvoire 10 405 32.7 2 626 18 769 379 446 32 246
Democratic Republic of the

Conao 133610 |58.9 83 277 9819 - 7 781 234 486
Equatorial Guinea 1632 58.2 31 1142 - 0 2 805
Gabon 21775 84.5 - 3992 - 1 000 26 767
Gambia 471 41.7 125 534 - 0 1130
Ghana 5517 24.2 0 17 237 - 1100 23 854
Guinea 6 724 27.4 5 850 11 998 - 14 24 586
Guinea-Bissau 2072 73.7 236 505 - 800 3612
Liberia 3154 32.7 0 6 478 179 1505 11137
Nigeria 11 089 12.2 5 495 74 493 220 1 300 92 377
Rwanda 480 19.5 61 1926 - 167 2634
Saint Helena 2 6.5 0 29 - 0 31

Sao Tome and Principe 27 28.4 29 40 10 0 96
Senegal 8 673 45.0 5001 5579 - 419 19 672
Sierra Leone 2 754 38.5 384 4024 - 12 7174
Togo 386 7.1 1246 3 807 - 240 5679
Total Western and Central

Africa 277829 441 |144 468 |208227 |788 16 253 | 646 776
Total Africa 635412 |21.4 406 100 ]1926946]21339 |62516 |3030974
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Humid forests

Tropical humid forests occur approximately between latitudes 10°N and
10°S and constitute almost 25% of the total area of global forests. FAO (1993)
defines tropical moist forests to include wet, moist evergreen and moist semi-
deciduous forests, woodlands and tree savannas in regions where mean annual
rainfall is over 1000 mm. Tropical moist forests include all forests within the
humid tropics where annual rainfall exceeds the amount of water lost through
evaporation and transpiration. There are about 70 countries located within the
humid tropical forest region worldwide, including 31 in Africa.

The African humid forest zone covers about 256 million hectares of sub-
Saharan Africa. The zone is characterized by an annual rainfall of 1400 mm to
more than 4000 mm. The length of the growing period (Pardey et al 2007) ranges
between 271 and 365 days per year. The zone largely encompasses locations in
West Africa (48 million ha) and Central Africa (202 million ha). The soils in this
zone have low cation exchange capacity and are of generally low fertility. The
rainforest of the Congo basin (Figure 3) which contains about 91% of Africa’s
remaining rainforests occurs in this zone (IITA 2000). This region is identified as
an important global centre of biodiversity and endemism. As a result of human-
induced disturbances, the current forest is composed of a mosaic of different
land use types, patches of secondary forest and fallow vegetation, and small
remnants of primary vegetation (Jagtap and Chan 2000).

- Littoral forest (0-300m) - Viioodiand / shrubland
- Lowland forest (300-1000 m) - Shrubland / grassland
- Sub-montane forest (1000-1800 mj [:] Grassland with sparse shrubs

- Mantane forest (1600 m} E Agriculture
- Swamp forest and mangrove - Swamp grassland
Forest-croplands Mosaic I aterbodies
[ Forest-savanna Mosaic B cites

I Cecidusus forest (Miomba)

Figure 3. The forests of Central Africa (CBFP 2006).
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The forests of the Congo Basin constitute the second largest area of
dense tropical rainforest in the world after the Amazonian rainforests. The Congo
Basin is a mosaic of moist tropical upland and swamp forests, parts of each type
being protected areas, under logging concessions, or used for subsistence
agriculture. Congo Basin forests stretch from the coast of the Gulf of Guinea in
the west to the mountains of the Albertine Rift in the east and cover about seven
degrees of latitude on either side of the equator. They are mostly within the
Guinea-Congo forest structure, where they constitute over 80% of the total area.
They also include the Afromontane forests found in the west of Cameroon and
the east of the Democratic Republic of Congo. According to the CBFP (2006)
these forests cover approximately 200 million hectares; however estimates of
their area vary considerably.

Along the Atlantic coast there is an irregular strip of evergreen forests
including clumps of hyper humid forests in northeastern Gabon and western
Cameroon, which receive more than 3000—-3500 mm of precipitation annually.
Approximately 100—-200 km from the coast on the mountain ranges (Monte Alén,
Monts de Cristal, Monts Doudou, etc.), there is also an irregular strip of forests
that are rich in Caesalpinids (flowering legumes) and, above an altitude of 650 m,
have submontane characteristics. Towards the north, this strip mixes with the
submontane and montane forests of Mount Cameroon and the highlands of
western Cameroon. Further to the east, most of the terra firma forests of the
Congo Basin consist of a mosaic of evergreen and semi-evergreen formations,
which are generally less rich in species. Among these formations are the
monodominant forests, of which the best known and most extensive are
Gilbertiodendron dewevrei. In the center of the Congo Basin there are 22 million
hectares of swamp forests or floodplain forests that exhibit less diversity, but a
substantial degree of plant endemism. In eastern Gabon and northern Republic
of Congo, there are also vast open-canopy Marantaceae forests. In the east of
the Congo Basin, the land rises to the mountains of the Albertine Rift with
submontane forests between 1000 and 1650 m and montane forests between
1650 and 3000—-3400 m. The northern and southern fringes of the forest block
consist of semi-deciduous forests that give way to a mosaic of savannahs and
gallery forests, less rich from a botanical point of view, but supporting high
populations of large mammals.

The rainforests of West Africa, also known as Upper Guinean forests,
cover about 10.9 million hectares, and stretch from Senegal to Togo. They are
separated from the rest of Africa’s rainforests by the Dahomey gap. The Upper
Guinean forests have been designated as one of the global biodiversity hotspots
(Myers et al 2000) and are known to contain a large number of species of both
fauna and flora. This forest zone straddles nine West African countries aligned
along the coast. It is estimated that the West African rainforest zone contains
2800 vascular forest plants species, of which 650 are endemic, and 400 species
considered rare (Poorter et al 2004).

Sub-humid forests

Mean annual rainfall ranges from 200 mm to 800 mm in the sub-humid
forest zone in Africa. The zone has a growing season of 151- 270 days. It
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stretches in a band across West and Central Africa and includes coastal
lowlands in eastern and southern Africa. The sub-humid zones of eastern and
southern Africa are climatically more favourable for agricultural production than in
West Africa (Jagtap and Chan 2000).

Dry forests

Africa has large areas of arid land (Table 5), some of which supports
forest ecosystems vital to the livelihood of millions of people. Dry forests are
characterised by an aridity index of less than 0.5; i.e. where annual
evapotranspiration is at least double the annual rainfall. These are usually areas
with an extended dry season, with all precipitation concentrated into a limited
time. Fire and drought are important ecosystem processes in these
environments, and changes in fire frequency can have fundamental effects on
the biomes (Swaine 1992).

Table 5. Area (1000 km?) per aridity zone by sub-region for Africa (adapted from Kigomo
2003)

Hyper-arid Arid Semi-arid Dry Sub-humid  Total
Sub-region % % % %
Northern Africa 4736 81 640 11 410 7 43 0 5829
Western Africa 2363 33 1 465 20 1278 18 514 7 5620
Central Africa 0 0 6 0 66 2 144 4 216
Eastern Africa 878 14 1670 27 1768 28 767 12 5083
Southern Africa 96 2 823 13 2579 42 924 15 4422
Africa Total 8072 27 4 604 16 6 100 21 2392 8 21170

Biomass production in dry forest is relatively low, which underlines the
importance of assuring sustainable usage and successful regeneration
(Johannson and Kaarakka 1992). In some areas the persistence of forests
depends on rigid controls over allowable wood removals (Lieberman and Li
1992).

The southern African forests are generally classified as dry-land tropical
forests, commonly known as ‘Miombo Woodlands'. There are patches of
temperate and sub-tropical forests in South Africa, but their occurrences are
insignificant. Miombo woodland is one of the most extensive dry forest vegetation
types in Africa, occurring in seven countries in eastern, central and southern
Africa: Angola, Malawi, Mozambique, Tanzania, Democratic Republic of Congo,
Zambia and Zimbabwe (White 1983). They occupy an area of about 2.7 million
square kilometres, almost equal to the combined land area of Mozambique,
Malawi, Zimbabwe, Tanzania and Zambia.

The miombo ecozone largely coincides with the flat to gently undulating
African (early tertiary) and post-African | (Miocene) planation surfaces that form
the Central African plateau. These woodlands constitute the largest more-or-less
contiguous block of deciduous tropical woodlands and dry forests in the world.
The natural range for miombo is from 5° to 25° latitude south (Campbell 1996).
Its extent is limited to the unimodal rainfall belt in areas whose rainfall ranges
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between 750 mm to 1400 mm falling between altitudes of 500 and 1500 m above
sea level. A lack of frost tolerance probably explains the southern limit and the
altitudinal limit of approximately 2000 m (Huntley 1982 cited in Lowore 1991).

Miombo woodland is dominated by the legume family Caesalpiniaceae
with the most important tree species being those of Brachystygia, either alone or
with Julbernardia, and Isoberlinia (White 1983; Malambo and Syampungani
2008). Dominant trees have short, slender boles and a flat-topped or umbrella
shaped crown. Mature, relatively undisturbed stands typically comprise of a 10—
20 m high single storey, partly closed canopy, a discontinuous understory of
broad-leafed shrubs and a continuous herbaceous layer of forbs, small sedges
and grasses (Campbell 1996).

White (1983) classified miombo woodland into wet and dry types. Wet
miombo is centred on eastern Angola, northern Zambia, south western Tanzania
and central Malawi in areas receiving more than 1000 mm rainfall per annum. In
wet miombo canopy height is usually greater than 15 m, reflecting the generally
deeper and moister soils which create favourable conditions for growth. The
vegetation is floristically rich and includes nearly all characteristic miombo
species. Dry miombo occurs in Zimbabwe, central Tanzania, and the southern
areas of Mozambique, Malawi and Zambia, in areas receiving less than 1000 mm
of rain annually. Canopy height in dry miombo is less than 15 m and the
vegetation is less diverse. Many of the dominant canopy tree species of the wet
miombo are either absent or local in occurrence.

Interspersed within the woodlands are broad, grassy depressions called
dambos. In these depressions seasonally waterlogged bottomlands can cover up
to 40% of the landscape in some areas (Whitlow 1989). Dambos are important
sites for cultivation and livestock grazing. The woodlands are very important to
the livelihoods of about 39 million people in these countries providing products
such as food, fibre, fuelwood and charcoal.
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Importance of forests in Africa

Importance of forests in general

Forests are indispensable for human wellbeing as they provide a broad
range of products, services and functions. They are important for environmental
equilibrium as they regulate local climate (rainfall), stabilize temperatures, and
are a vital source of energy. Forest ecosystems provide essential services that
are critical to the mitigation of the effects of climate change, land degradation,
conservation of wetlands, coastal areas and freshwater systems (Zaikowski
2007). As indicated by FAO (2006), the primary functions of forests globally
include production (34.1% of area), protection of soil and water (9.3%),
conservation of biodiversity (11.2%), multiple purposes (33.8%), and other
unknown functions (7.8%). Forest-dependent communities may however have
varying perceptions about the value of forests, which may differ from the
perceptions of broader national society or the international community.

It is estimated that 348 million hectares of forests around the world are
managed for protection purposes (FAO 2006). Accounting for about 80% of
global land-based above-ground carbon stocks, forests play crucial roles in the
global carbon cycle (Baccini et al 2008). It is estimated that forests in tropical
regions constitute a carbon sink of around 1.3 Pg per year (Pg = 10*°g) (Lewis et
al 2009).

Examples specific to Africa

Africa’s forest area is estimated to be 635 million hectares, corresponding
to about 16% of global forest area (FAO 2009). In sub-Saharan Africa these
forest resources are crucial national assets providing diverse goods and services
and are treasured for their immense contribution to people’s livelihood and
economic development. They provide ecological benefits including protection of
watersheds, soils, hills and sanctuaries, and serve as habitat for a myriad
species of flora and fauna. Local communities have a high dependence on forest
areas for farmland, foraging, food, hunting for meat, fodder, fuelwood, building
materials, herbal medicines, and household items. In addition, forest fringe
communities derive intangible benefits from the forests, including their values as
cultural symbols, ritual artefacts and sacred sites. These forests are particularly
important to the poor, serving as a ‘safety net’ and providing emergency
sustenance during crop failure, economic crisis and in conflict situations. Around
70-80% of Africans rely on traditional medicines, mostly derived from plants
(Cunningham 1993). Healthy forests are vital to achieving progress towards the
Millennium Development Goals (Cropper 2006).

Nkem et al (2008a) surveyed local populations in West Africa to determine
what people thought were the most important contributions of forests to local
societies (Table 6). Fodder supplies, non-timber forest products and traditional
medicines were considered the most important products, along with ecosystem
services (water supply protection).
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Table 6. Forest importance ranking example from Burkina Faso (adapted from Nkem et al
2008a)

Criteria
1-3

Sectors 1 ]2 ]3| Total | Googs and Services
Livestock fodder 4 |15]5]14 Fodder resource during dry season
Water 4 |15]15]14 Basins and rivers protection
Energy 513]5]13 Fuel wood
Health 514]5]14 Drugs for traditional medicine
Blodlversity conversation 41514 ]13 Fauna an flora
Human nutrition 41415]13 Fruits, seed, beans and some tree

leaves, roots, and bark
Non-timber forest products 514]5]14 Forest products
Agriculture 2|5]5]12 Fight against erosion, soil conversation
Fibres/wood 4111419 Handicraft wood, mats
Culture 3111]13]7 Habitat, rites, customs

Scores from 1 = very low to 5 = extremely high contribution to a particular criteria

Dry forests and woodlands may provide between one sixth and one
guarter of the total income stream to poor African communities (Shackleton et al
2007). Forests are used broadly in 3 ways: to supply basic needs, to allow scarce
cash resources to be preserved and as a buffer in hard times. 80% of rural
households use fuelwood as their primary energy source. Poor rural households
rely on environmental resources for around 40% of their income in Zimbabwe
(Cavendish 2000) and Ethiopia (Mamo et al 2007). Miombo woodlands in
particular are very important to the livelihoods of over 39 million people in the
countries of the region. In addition, woodlands have a service role in controlling
soil erosion, providing shade, modifying hydrological cycles and maintaining soil
fertility. Religious and cultural customs which relate to designated woodland
areas and certain species are vital to the spiritual well-being and effective
functioning of rural communities.

Timber and other forest products

Wood and non-wood forest products from African forests are highly valued
in view of their great impact on the socio-economic development of most African
countries (FAO 2007). Arnold and Townson (1998) estimate that perhaps 15
million people in sub-Saharan Africa derive at least part of their income from
forest product activities. Often it is the poorest groups in a community that are
most dependent on the forest.

Revenues from the forest sector are key components of African
economies. It is estimated that on average, forests account for 6% of Africa’s
GDP (NEPAD 2003). The contribution of the forest products sector to Africa’s
GDP was 1.5% in 2000; in monetary terms this amounts to about US$7.7 billion
(FAO 2007). Exports of timber products contribute more than 60% of GDP in
Central and Western Africa. In Ghana, the forest sector contributes about 6% of
GDP, while in Uganda this figure is as high as 23% (Kigenyi et al 2002). These
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statistics should be read with some caution, as different reports may be based on
different definitions. FAO (2007) also note the difficulties in estimating socio-
economic forest statistics in Africa due to the high contribution of the informal
sector.

The area allocated to logging in central Africa has increased significantly
over the last few decades. For the region as a whole, it amounted to 49.4 million
ha in 2004, equivalent to 36% of the total area of production forests and 27 % of
the total area of dense rainforests. In Equatorial Guinea, Gabon, the Central
African Republic (CAR) and the Republic of Congo, 77-93% of the production
forests have been allocated to logging. In the Democratic Republic of Congo
(DRC), these allocations only cover 18% of the production forests due to the fact
that many logging permits were cancelled in 2003. At the same time, production
has also risen considerably: it reached 8.5 million m? for the region as a whole in
2004. In terms of production, Gabon leads, followed by Cameroon and the
Republic of Congo. On average, 35% of production is exported as logs. In
Equatorial Guinea this proportion rises to 85%, but in Cameroon it is only 6%
following the severe legal restrictions on log exports I. In terms of absolute
volume, Gabon remains the main exporter of logs. On average, 19% of Central
African timber production is exported after it has undergone first-stage
processing. This percentage is lowest in Equatorial Guinea (5%) and highest in
Cameroon (32%). These figures are taken from Congo Basin Forest Partnership
statistics (Table 7), which may not exactly match other reports such as the
International Tropical Timber Organisation’s annual evaluation (ITTO 2006) or
the Food and Agriculture Organisation’s ‘State of the Forests’ report (Table 8). In
some cases the differences between these three sources are quite substantial,
with for example Cameroon’s annual timber production being variously reported
as 2375 thousand m®, 1750 thousand m® or 3211 m*,

Table 7. Statistics on industrial logging in Central Africa (adapted from CBFP 2006)

Country Total area | Area of | Areas Production | Log exports Transborder
of production allocated to exports
forests forests timber

production in
2004
ha ha % | ha % | m3 m3 % | m3 %

Cameroon | 19,639,000 12,000,000 61 | 5,400,000 45 1 2,375,000 141,000 6 758,000 32

Eq. 1,900,000 1,500,000 79 | 1,400,000 | 93 | 513,000 438,293 85 | 27,000 5

Guinea

Gabon 22,069,999 17,000,000 77 | 13,800,000 | 80 | 3,700,000 1,517,000 | 41 | 515,000 14

CAR 6,250,000 3,500,000 56 | 3,000,000 | 86 | 570,000 194,000 34 | 57,000 10

Republic 22,263,000 13,000,000 58 | 10,000,000 | 77 | 1,300,000 659,000 50 | 284,000 22

of Congo

DRC 108,339,000 | 90,000,000 | 83 | 16,000,000 | 18 | 90,000 58,000 64 | 15,000 17

Central 180,460,999 | 137,000,000 | 76 | 49,400,000 | 36 | 8,548,000 3,007,293 | 35 | 1,656,000 | 19

Africa
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Table 8. Removals of wood products 1990—2005 (adapted from FAO 2006)

1990 2000 2005
Country/area Total Total Total Ir?)?JLrj\iitvrviglod }ﬁ/gIOd % of‘

1000 1000 1000 1000 1000 T o

m30.b. m30.b. m30.b. m30.b. m30.b.
Angola 3,668 4,905 5,196 1,283 3,913 0.2
Botswana 792 851 881 132 749 0.4
British Indian Ocean Territory - - - - - -
Comoros 168 193 206 9 197 15.3
Kenya 21,385 24,900 26,658 2,402 24,256 9.5
Lesotho 1,771 2,227 2,455 - 2,455 -
Madagascar 7,246 9,973 7,031 598 6,433 0.3
Malawi 6,348 6,297 6,272 655 5,617 1.7
Mauritius 27 18 14 8 6 0.5
Mayotte - - - - - -
Mozambique 18,174 20,744 22,029 1,732 20,297 4.4
Namibia - - - - - -
Réunion - - 8 6 2 -
Seychelles 10 12 13 10 3 0.4
South Africa 15,521 17,000 17,741 17,491 250 2.8
Swaziland 1,814 1,024 1,024 380 644 53
Uganda 35,909 42,936 46,449 4,408 42,041 29.8
United Republic of Tanzania 23,846 26,637 28,033 2,833 25,200 2.2
Zambia 8,073 9,259 9,851 1,053 8,798 0.8
Zimbabwe 8,552 10,519 11,566 1,185 10,381 1.9
Total Eastern and Southern
Africa
Algeria 165 184 195 150 45 0.1
Burkina Faso 6,339 7,248 7,338 5 7,333 3.1
Chad 3,931 4,168 4,292 204 4,088 2.0
Djibouti - - - - - -
Egypt - - 240 120 120 3.0
Eritrea - 2,551 2,551 2 2,549 -
Ethiopia 85,841 103,188 111,861 2,982 108,879 39.3
Libyan Arab Jamahiriya - - - - - -
Mali 4,961 5,911 6,386 507 5,879 3.3
Mauritania 1,097 1,651 - - - -
Morocco 1,012 897 949 491 458 0.5
Niger 9,544 12,151 12,473 594 11,879 95.9
Somalia 7,437 10,703 12,334 132 12,202 7.9
Sudan 20,684 21,715 22,230 2,716 19,514 2.4
Tunisia 208 236 274 223 51 1.0
Western Sahara 14 23 23 12 10 0.1
Total Northern Africa
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Benin

Burundi 6,721 8,217 9,693 383 9,310 -
Cameroon 14,861 17,989 19,772 3,211 16,561 15
Cape Verde

Central African Republic 4,054 3,566 3,566 1,108 2,458 0.1
Congo 2,059 2,424 2,767 1,450 1,317 0.1
Céte d'lvoire 8,826 12,137 12,545 2,175 10,370 0.5
Democratic Republic of the Congo | 54,922 78,791 82,994 4,199 78,795 0.3
Equatorial Guinea 714 933 933 419 514 0.9
Gabon 2,198 3,550 4,227 3,600 627 0.1
Gambia 602 783 873 154 718 5.0
Ghana 16,078 24,999 29,458 1,205 28,253 9.2
Guinea 11,412 13,179 14,001 748 13,253 2.7
Guinea-Bissau 1,110 1,309 1,417 32 1,385 2.8
Liberia 5,048 5,610 5,918 5,918 1.2
Nigeria 63,756 79,002 86,627 13,916 72,711 6.3
Rwanda 3,114 7,789 10,429 226 10,203 11.9
Saint Helena -
Sao Tome and Principe 10 10 10 10 0.2
Senegal 4,696 5,131 5,110 10 5,100 1.6
Sierra Leone 5,534 6,212 6,551 137 6,414 -
Togo 7,054 6,332 3,320 3,012

Total Western and Central Africa

Total Africa

From an international perspective Africa’s contribution to the global timber
market is relatively small, and has changed little over the past several decades
(FAOSTAT 2008; Seppéala et al 2009a). Africa as a whole produces around 55
million cubic metres of wood products per year, for a projected producer surplus
of around 97 billion US$ (net present value) over the period 2000-2150
(Daigneault et al 2008). Economic estimates indicate that the timber output in the
African region could increase as a result of climate change by 5-14%, in the
period 2000-2050 and by a further 17-31% in the period 2050-2100 (Sohngen
et al 2001).

Forests supply a major percentage of energy needs in many African
countries (Amous 1999). It has been found that about 90% of the wood removals
in Africa are used for fuel, in contrast to less than 40% in the world at large (FAO
2007), and 70% of the population of Eastern and Southern Africa depend on
wood energy (Kigenyi et al 2002). Trade in charcoal is a major income source for
many households (Kambewa et al 2007). The number of people directly relying
on traditional wood energy is projected to rise from 583 million in 2000 to 823
million in 2030, which may place severe stresses on the resource (Nampinga
2008). In many countries in Africa woodfuels are unsustainably produced from
forests and woodlands and contribute substantially to deforestation and
degradation and CO, emissions. In Ghana annual woodfuel extraction (estimated
at 16 million m®) is about four times as much as timber extraction (3.7 million m3).
Woodfuel extraction accounts for about 68% of the annual 65 000 hectares of
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forest cover loss in Ghana per year (FAO 2006). Modelling by von Maltitz and
Scholes (1995) identified a number of regions in South Africa where fuelwood
consumption was likely to be unsustainable. Ardayfio-Schandorf (1996) gives a
number of examples of regions facing fuelwood deficits, including the Sudan
Sahel, Madagascar, urban centres such as Yaounde, Brazzaville and Kinshasa
and small mountainous southern countries such as Malawi and Swaziland.

Another significant benefit to many households is the collection and trade
of non-timber forest products (NTFPs). There is considerable economic
contribution from the production and sale of gums and resins, medicinal plants,
honey and beeswax, bush-meat etc. (Sunderland et al 1998), and the small-scale
trade in forest products (Shackleton et al 2007). Sudan, the world’s leading
producer of gums and resins, controls from 50% (Chikamai et al 2009) to 80%
(Abdel Nour 1997) of global production. In 2003, the annual export trade in
medicinal plants was estimated to be about US$60 million and US$4.4 million in
South Africa and Zambia respectively (FAO 2003d). Medicinal plants provide
foreign exchange of about US$2.9 million annually for Cameroon (Zaikowski
2007). Table 9 presents some main traded NTFPs in Africa. Although any
individual NTFP is usually economically less significant than timber, cumulatively
NTFPs can contribute more value per hectare than timber (depending on the
region). In Ghana trade in 10 species of NTFP is approximately US$89 million. If
we include bushmeat as a NTFP this value is significantly increased to over
US$400 million (Ntiamoah-Baidu 1997, cited in Atmadja 2004). An estimated one
million ton of bushmeat is consumed in the Congo basin, and such hunting
provides 30—-80% of the protein in forest communities’ diets (FAO 2004).

Table 9. Main NTFPs traded in some sub-Saharan African countries. Adapted and modified
from FAO (2001)

Sub-region

Main NTFP

Available national statistics

Eastern Africa

Exudates,
medicinal plants,
bee products

Eritrea: Export 9 tonnes of Acacia Senegal (gum Arabic) and 543
tonnes of Boswellia papyrifera (clibanum) in 1997

Ethiopia: 20 000 tonnes/annum honey production in 1976—1983
and annual production of gum arabic of 375 tonnes in 1988—1994

Tanzania: Export of 756 tonnes of Cinchona spp bark worth
US$258 000 in 1991

Western Africa

Edible plants,
medicinal
bushmeat, fodder

Burkina Faso: Annual export of 14 200 tonnes of Shea butter worth
US$2.4 million in 1984—1990

Guinea: Annual use of more than 100 million chewing sticks
(Lophira lanceolata)

Ghana: Annual bushmeat trade estimated $350 million

Liberia: Annual use of 100 000 tonnes of bushmeat for subsistence
purposes

Central Africa

Edible plants,
medicinal plants,
bush meat, rattan

Cameroon: Annual export of 600 tonnes of Gnetum spp leaves
worth US$2.9 million

Rwanda: Annual honey production of 23 000 tonnes in 1998

Southern
Africa

Edible plants,
medicinal bee
products, fodder

Namibia: annual export of Harpagolum prcumbens (devils claw)
valued at US$1.5—2 million in 1998
Zambia: Honey production of 90 tonnes and beeswax production of

29 tonnes valued at US$170 000 and US$74 000 respectively, in
1992
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The value of non-timber forest products is complex and difficult to
precisely determine (Adepoju and Salau 2007), although undoubtedly important
(Falconer 1990). In some cases the prevalence of NTFPs may be significantly
under-reported and given insufficient attention by policy-makers and managers
(Nkem et al 2007b; Shackleton 2009), although the FAO does try to determine
statistics on the production of various classes of NTFPs (Table 10). NTFPs are
particularly important to rural communities in terms of food and nutritional
requirements, medicines, fodder for livestock and related domestic requirements.
The demand for a number of NTFPs, especially those for food and medicines, is
increasing in urban centers and cities as people from rural communities migrate
but still desire to use these commodities. Gradually, influence spills over to other
communities in the cities thereby increasing the markets. The use of Dacryodes
edulis and Gnetum spp. from Central Africa for Africans in Europe and of Catha
edulis for Somalis in the diaspora has been mentioned (Chikamai and Tchatat
2005). By 1998 an estimated 105 tonnes of “bush plums” (Dacryodes edulis) and
100 tonnes of “eru” (Gnetum africanum and G. buchholzianum) had been
exported from Central African countries to Africans living in France and Belgium
(Tabuna 1999).

Indigenous fruits in central Africa are obtained from two distinct
ecosystems; dry savannah and humid forests. Important fruits from the dry
savannah include Vitellaria paradoxa, Parkia biglobosa, Sclerocarya birrea,
Tamarindus indica and Ziziphus mauritania. Those from the humid forests are
Irvingia species, Garcinia cola, Baillonella toxisperma and Coula edulis. They are
important both for the subsistence requirements to supplement nutrition and also
sold as a source of income. Among the forest vegetables are Gnetum africanum
and G. bulccozianum from the humid zones of Central Africa. Additionally, there
are some forest plants whose roots are important as spice or condiment. They
include Mondia whytei from Central Africa (see Table 11).

Medicinal plants are other important NTFPs from forests and woodlands.
There are clear regional specificities for West and Central Africa (mostly from the
humid forests) and Eastern and Southern Africa (mostly from Savannah
woodlands and forests). Forests are also important for beekeeping in providing
nectar and pollen for honey and bees wax production. At the same time, bees
are important pollinators for some species.

NTFPs provide both social and economic benefits to the livelihoods of
rural communities. At the subsistence level, NTFPs normally address livelihood
strategies such as the secure provision of food, health care needs, concerns to
reduce risk factors etc. The demand for these types of services from the forest is
normally modest and is unlikely to constitute serious threats to sustainablility
(Chikamai and Tchatat 2005). Commercialisation of medicinal plants was
however observed to often impact negatively on the availability of forest and
woodland resources, since most of them are obtained from the wild and the plant
parts removed (roots and bark) are sometimes essential for the survival of the
plants. Examples of this problem include Prunus africana and Pausinystalia
jolimbe from Cameroon (Cunningham and Mbenkum 1993; Chikamai and
Tchatat 2005).
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Table 10. Recorded production

of non-timber forest products (adapted from FAO 2006)

Country/area

Plant

products

Animal products

Food

Fodder

Raw material for medicine
and aromatic products

Hides, skins and trophies
d aromatic products

and dves

Raw material for utensils,
crafts & construction
Ornamental plants

Other plant products
Living animals

\Wild honey and beeswax
Bush meat

Raw material for medicine

and dves

products

nroducts
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(units) | (units) | ()
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=

=

=

Anagola

 |=IRaw material for colourants
 |=|Raw maternal for colourants

+ |=[Other edible animal

 |=[Other non-edible animal

Botswana

British _Indian

comoros

Kenva

Lesotho

Madagascar

Malawi

Mauritius

Mayotte

Mozambigue

Namibia

| Réunion

Sevchelles

South Africa

 Swaziland

Uganda

United

Zambia

Zimbabwe

Total Eastern

Algeria

Burkina Faso

Chad

Diibouti

Eavpt

Eritrea

Ethiopia

Libvan  Arab

Mali

Mauritania

Morocco

Niger

Somalia

Sudan

Tunisia

Western

Total

Benin

Burundi

Cameroon

Cape Verde

Central African

conao

Cote d'lvoire

Democratic

Equatorial

Gabon

Gambia

Ghana

L Guinea

Guinea-Bissau

Liberia

Nigeria

Rwanda

Saint Helena

Sao Tome and

Sepegal

| Sierra Leone

Togo

Total Western

Total Africa
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Table 11. Important NTFP’s in the Congo Basin (Tabuna 1999)
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Other economic benefits

Forestry is a significant employer in many rural regions. The formal forest
sector in Africa employed 550 000 people in 2000 (FAO 2007). Even though
there is scarcity of data on employment in the informal sector, employment in this
sector is believed to outweigh that in the formal sector.

Ecotourism is an important industry in some African countries, and is
growing rapidly (Le Courrier 2002; Meduna et al 2009). In the Southern African
region, Scholes and Biggs (2004) estimated that nature-based tourism provides
over 3.6 billion US$ income to national economies, although 2.3 billion US$ of
this is in South Africa alone. Although the direct impact of tourism on Gross
Domestic Product in Sub-Saharan Africa is only around 2.2%, including the
broader indirect impact raises this figure to 6.7% (WTTC 2009).

Ecosystem services

Africa is rich in biodiversity, and is home to about 20% of all known plant
species, mammals, and birds in the world, as well as one-sixth of amphibians
and reptiles (Siegfried 1989, cited by Desanker 2003; WWF 2006). In particular,
the tropical forests in sub-Saharan Africa are noted as centres of unique
biodiversity (Cordeiro et al 2007). Three African nations are among the world’s
17 countries with ‘mega-biodiversity’, and four forested areas are recognized as
biodiversity hotspots: the Guinean Forest, the Eastern Arc Mountain Forests,
Madagascar and the Mediterranean Basin Forests (Fazey et al 2005, based on
data from Conservation International 2000). The Congo Basin is the second-
largest continuous expanse of tropical rainforest in the world, and accounts for
more than 60% of Africa’s biodiversity, and Central African forests contain the
most intact forest ecosystems left anywhere in Africa. The rainforests of central
Africa are significant both for the total number of species found there and for
endemic species. Unique to this region, intact forest communities of large
mammals are found such as gorillas, bonobos, bongos, mandrills, and forest
elephants. Regional centers of biodiversity and endemism include the Cameroon
highlands, the western equatorial forests of Cameroon and Gabon, coastal
mangroves, the Albertine Rift highlands, and the eastern lowland forests of the
Democratic Republic of Congo.

Forests are essential to fresh water management as they are often
significant components of the vegetation cover in the upper watersheds of major
rivers (Chikamai and Tchatat 2005). Because of high infiltration rates and
protective ground cover, they are important in reducing storm flows while
improving re-charge of under-ground aquifers as well as reducing the load of
nutrients and pollutants entering water bodies. Rapidly expanding poulations are
placing additional pressures on water supplies. In Africa the availability of water
per person decreased by 2.8 times between 1970 and1995 (Shiklomanov 1998).

Forests also play an important role as a sink for carbon dioxide through
the assimilation of carbon during photosynthesis and hence can be used to
mitigate global warming if proper mechanisms are put in place. The African old-
growth forest sink has been estimated at 0.34 PgC/a (Lewis et al 2009). The
rainforest of the Democratic Republic of Congo (DRC) alone is estimated to have
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about 23.7 Gt carbon (equivalent to 47.4 Gt of biomass) (Baccini et al 2008). The
miombo woodlands have great potential to either add to the growing carbon
dioxide content of the atmosphere, or help reduce it. In the event that substantial
areas of miombo are cleared for cereal crop agriculture, 6—10Pg of carbon could
be released, or if the woodlands were managed to maximise carbon storage, a
similar amount could be taken up (Scholes 1996). In both cases, about half of the
change in carbon stocks occurs in the soil, and the rest in the biomass.

Forests are thus critical for agriculture and food production. They supply
timber, wood for energy, construction materials and NTFPs, including food and
medicines. Other services include provision of shade, habitat functions, and
grazing, cultural and aesthetic values. Forests in the region have sizeable carbon
stocks and thus play an important function in global carbon dynamics.

Social services

Besides the tangible benefits of forests discussed above, there are also a
wide range of less physical (but still very important) aspects to consider that
relate to cultural and aesthetic functions of forests. Barany et al (2001) point out
the importance of non-timber forest benefits in the context of the struggle against
AIDS, and stress that the forest sector has a vital role to play. Seppala et al
(2009a) discuss the ‘social’ value of old trees, which are often important meeting
places in rural areas.

Ghana contains around 2000 sacred groves, ranging in size from single
trees to several hundred hectares (Decher 1997). Groves are protected by taboo
against fire as well as from exploitation, although sustainable use (including
timber harvesting) is permitted. In much of Africa trees are consider to have
religious and mystical functions. Tchouamo (1998) and many others (i.e. Decher
1997) have confirmed through research that without such beliefs many tree
species would have disappeared from overpopulated or ecologically fragile
zones. A comparison of two forest protected areas in Cameroon (Meleta State
Forest Reserve) and a sacred forest (Mbing Mekoup) showed that today villagers
have fully occupied the state forests but the sacred forest has been fully
conserved (Tchouamo 1998). The reasons here are based on historical beliefs
which link the latter to refuges of ancestral spirits or places for sacrifices, and
strategically as refuges for warriors. The sacred forests have important cultural
dimensions as they are reserved only for the initiated of the community for
prayers and benediction from the Gods. As tradition demands that each village in
the Bamiléké land has a sacred forest their protection is assured collectively or
individually and is the pride of every village or quarter. Although in many cases
these tribal attitudes are fading (Decher 1997), reinforcement of local community
responsibility for forest protection will increase the likelihood of successful forest
management.
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2. Past and future impacts and vulnerabilities

Climate changes

In the tropics, the primary driver of the general circulation is tropospheric
heating, which is achieved mainly through condensation of water vapour in deep
convective clouds. North of roughly 9°N the climate is marked by a single wet
season peaking in August, and one dry season extending from November to
March. Nearer to the equator there are two wet seasons, one peaking in March—
April and the other in October—November, separated by two drier seasons; the
short dry season in December and a longer from June to September. The
southern hemisphere shows a similar pattern to the north, but reversed.
Morishima and Akasaka (2010) Studied climate trends over Africa from 1979 to
2007, and found trends or step-changes that varied both geographically and
seasonally.

Africa is a continent characterized by a highly variable climate. Some key
limitations to knowledge regarding future African climate have been identified by
Hulme et al (2001), as the mostly poor representation of the climate variability of
El Nifio in the global climate models, and the absence in these models of any
representation of regional changes in land cover and dust and biomass aerosol
loadings. However, climate change models suggest that, in general terms, the
climate in Africa will become more variable. Since 1900 mean surface
temperature in Africa has increased by only 0.5°, yet by 2100 it could increase by
2—6°C (Hulme et al 2001).

Future climate is dependant on a host of possible physical, social and
economic factors. To address the influences of different possible economic
futures, the IPCC (2007) developed a range of possible scenarios whereby the
CO, content of the atmosphere differs according to various models of global
development. Scenarios mentioned in this report are the A1B (low population
growth, rapid economic growth, energy sources balanced between fossil and
non-fossil sources) and B1 (low population growth, transition to information and
services economy, clean technologies).

Temperature trends

Temperature has a very weak latitudinal gradient in the tropics, especially
at the surface, and it is precipitation that shows the greatest variability (Brncic et
al 2007). From several decades of research, there is now a reasonable scientific
understanding of several parts of the African climate system, including southern
Africa, the Sahel and to a lesser extent East Africa, although there is still an
incomplete understanding of climatic changes in the Central African convective
region. Hulme et al (2001) studied African climate patterns from 1900 to 1995,
and found increases and decreases in both temperature and precipitation trends,
depending on the geographic region (Figure 4). Unganai (1996) found an
average daytime temperature rise of 0.8°C in the sixty years prior to 1993, and a
fall in precipitation of 10% from 1900.
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Figure 4. Main linear trends in annual temperature (°C century™) and annual rainfall (%
century™), calculated over the period 1901-95 from the New et al. (1999, 2000) date set.
Date were filtered with a 10-point Gaussian filter before being subject to regression
analysis (Hulme et al 2001).

It has been observed that mean annual temperatures in Africa have been
rising steadily, and an increase of about 0.5°C was recorded during the 20th
century (Hulme et al 2001). Climate models project a median temperature
increase of between 3°C and 4°C across the entire continent by the end of this
century (Christensen et al 2007). These increases are about 1.5 times the global
mean response. The IPCC expects warming to be greater in Africa than the
global average, with warming being greatest in the drier, sub-tropical regions
(Figure 5). The interior of semi-arid margins of the Sahara and central southern
Africa are expected to be the warmest. Global temperatures have increased by
over 0.5°C since the nineteenth century, but a relatively higher rate of warming of
approximately 0.7°C has been observed during the present century in southern
African countries (Desanker et al 2001). Observational records show that this
warming occurred at the rate of about 0.05°C per decade with slightly greater
warming in the June—November seasons than in December—May (Hulme et al
2001). Maximum temperatures in Libya however showed a downward trend from
1951 to 1999, although minimums increased (El-Kenawy et al 2009), and Christy
et al (2009) simialarly found no significant trend in maximum temperatures in
Eastern Africa, but a rise in minimums. Kruger and Shongwe (2004) show that
most high-value meterological stations in South Africa display warming trends in
both maximum and minimum temperatures. These variations show that
generalisations at the continental scale must be made with caution.
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Figure 5. Temperature anomalies with respect to 1901 to 1950 for four African land regions
for 1906 to 2005 (black line) and as simulated (red envelope) by MMD models incorporating
known forcings; and as projected for 2001 to 2100 by MMD models for the A1B scenario
(orange envelope). The bars at the end of the orange envelope represent the range of
projected changes for 2091 to 2100 for the B1 scenario (blue), the A1B scenario (orange)
and the A2 scenario (red). The black line is dashed where observations are present for
less than 50% of the area in the decade concerned. Subregions: West Africa (WAF), East
Africa (EAF), South Africa (SAF), Saharan Africa (SAH). Climate Change 2007: The
Physical Science Basis. Working Group | contribution to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, Figure 11.1. P. 868. Cambridge University
Press, Cambridge, UK (Christensen et al 2007).

Preciptitation trends

Rainfall in much of Africa is highly variable from year-to-year and floods
and droughts have always occurred from time-to-time. Some of the observed
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extreme climatic events that occurred in the region include recurrent flooding in
some countries in southern and west Africa; even communities located in dry
areas have been affected by floods. The years 2000 and 2001 witnessed a huge
flooding event in Mozambique, particularly along the Limpopo, Save and
Zambezi valleys. In 2000, floods resulted in half a million people made homeless
and 700 losing their lives. The floods had a devastating effect on livelihoods,
destroying agricultural crops, disrupting electricity supplies and demolishing basic
infrastructure such as roads, homes and bridges (Christie and Hanlon 2001). The
last twenty years, however, have seen a trend towards reduced rainfall in many
southern African countries and, during the early 1990s a number of serious
droughts occurred (Funk et al 2008). Droughts in the region are often
synonymous with famines. The 1980s witnessed very severe famines associated
with the famous drought of 1984-85 that hit sub-Saharan Africa, causing many
casualties, and much hardship. In South Africa, natural disasters, including
droughts, are predicted to occur more frequently under changed climatic
conditions (Dynacon and Wiechers Environmental Consultancy 2000). These
repeated drought cycles are reducing the ability of the society to cope with
droughts by providing less recovery and preparation time between events (Adger
and Brook 2002).

Fauchereau et al (2003) studied precipitation changes in southern Africa
and found no trend towards wetter or drier conditions, but a marked increase in
rainfall variability. Giannini et al (2008) identified two mechanisms liable to
influence changes in African rainfall of the recent past and future; moisture
supply mechanism and a stabilization mechanism, and indicated that competition
between them in a warming world may explain the uncertainties in projections of
African rainfall into the next century.

Rainfall is projected to decrease in western and winter rainfall areas of
southern Africa, but to increase in the east (Figure 6). Projections for the Sahel
and the Guinea coast are uncertain, as the global climate models are unreliable
in this region. Decreased rainfall is projected throughout southern Africa,
however increases are expected in eastern Africa while in West Africa decreased
rainfall is expected (Eriksen et al 2007). Reduced streamflows and groundwater
limitations are already being noticed in parts of Ghana (Gyampoh et al 2008).
Run off reductions of 43.7% and 44.1% have been recorded for the River Pra
and the River Tano respectively over a 20 year period (Gyau-Boakye and
Tumbulto 2006), although the authors attribute this to a combination of climatic
and land use issues and increased groundwater extraction.

Annual DJF JJA
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Figure 6. Precipitation changes over Africa from the MMD-A1B simulations. Annual
mean, DJF and JJA precipitation change between 1980 to 1999 and 2080 to 2099, averaged
over 21 models. Climate Change 2007: The Physical Science Basis. Working Group |
contribution to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change, University Press, Cambridge, UK (Christensen et al 2007).

Drought

Two thirds of Africa is desert or drylands, and desertification has its
greatest impact in this continent (Figure 7). Desertification in southern Africa is
strongly linked to poverty, since poor people have little choice but to over-exploit
the land. Extensive agriculture in the drylands of southern Africa and the heavy
dependence of rural people on natural resources for subsistence has largely
contributed to land degradation and desertification. This situation may be further
aggravated by the impacts of climatic variations, e.g. a decrease in precipitation
and increasing temperature.
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Figure 7. Drought events in Africa 1970 — 2004 (UNECA 2008).

Global Circulation Models predict a 15 to 62% decrease in rainfall over
southern Africa in the next 50 years (Hulme et al 2001). However some studies
have indicated that these general trends may include hidden variations within the
regions and countries, e.g. southern Africa may be drier in general terms, but
some countries of the region may become wetter than the average (Hulme et al
2001).
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According to Nicholson (2001) the major climatic change that has occurred
in Africa in recent times has been a protracted decline in rainfall in the semi-arid
regions of West Africa. In parts of the Sahel the reduction was as much as 20 to
40%, although Prince et al (1998) suggest that rainfall use efficiency in the Sahel
is actually increasing. There are suggestions that wet-season reliability in
Cameroon is decreasing (Peach-Brown 2009), but this does not yet appear to
have been formally demonstrated. Parts of Ethiopia that already had insecure
water supplies have faced a declining trend since 1997 (Funk et al 2005).

The Sahel represents the southern edge of the Sahara desert, extending
at least 4500km from Cape Verde through Senegal, Mauritania, Mali, Burkina
Faso, Niger and Chad. The region is characterised by strong climatic variations
and an irregular rainfall that ranges between 200mm to 600mm with coefficiency
variation ranging from 15 to 30% (Fox and Rockstrom 2003). The Sahel is highly
vulnerable to climate change due to its geographic location and the strong
dependence of its population on rainfed agriculture. Rainfall variability, land
degradation and diversification are some of the factors that make life particularly
difficult for the rural communities in this region.

Some models of future climate change suggest precipitation changes that
may ultimately lead to a more humid regime in the Sahel and parts of the Sahara
(Brooks 2004). This suggestion is based on observations since the late 1990s of
an amelioration of the regional climate, and abundant rainfall throughout much of
the Sahel and in parts of the Sahara in 2003. Similar results are obtained by
Claussen et al (2003), who reported a potential increase of vegetation cover of
up to 10% of the Saharan area per decade as a result of increased CO,
concentrations. Increased CO, concentrations trigger increased rainfall which is
then sustained through vegetation-atmosphere feedbacks. Maynard et al (2002)
also suggested a wetter regime in the Sahel in the future. Liu et al (2002)
examined the impact of a one percent increase in atmospheric CO, per year for
80 years, using models that produce realistic climatological representations of
the present-day Sahara, and found that the Sahara shifts northwards in a number
of models. However, slight increases of rainfall are unlikely to reverse the
situation since hotter climate means that evapotranspiration will be more
intensely exacerbating the already arid conditions.

Modelling and climate projections

Climate projections for Africa are inhibited by a lack of reliable data for
much of the continent (IRl 2006b; Osman-Elasha et al 2006b) and an incomplete
understanding of the mechanisms that control climate. This lack of knowledge
may severely hamper adaptation planning (Amwata et al 2008). The African
climate observing system is in a worse state than that of any other populated
continent and is deteriorating (Washington et al 2004). Compared to many parts
of the world the scientific understanding of the African climate system as a whole
is poor, particularly in areas such as the Congo Basin. Some few meteorological
centers in Africa are however making efforts to provide information on climate
forecast.
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Many impact assessment reports and adaptation studies conducted for
southern Africa, such as those for the purpose of national communications to the
United Nations Framework Convention on Climate Change (UNFCCC), represent
so-called ‘first generation’ studies. These provide results that show how different
sectors, systems and communities might be impacted by climate change. In
these studies, southern African countries depended on generated climate
scenarios based on inputs from general circulation models (GCMs), which are
generally designed in developed countries. Global GCMs provide coarse climate
prediction with low resolution and a very broad scale (300 km?). The task of
developing reliable predictions of future climate change in southern Africa is
difficult because of the complexity of the African climate coupled with the lack of
accurate baseline data on current climate (needed to feed into models of future
climate) (DFID 2004a). While global climate models simulate changes to
southern African climate resulting from increased greenhouse gas
concentrations, two potentially important drivers of southern African climate
variability, namely the El Niflo/Southern Oscillation and land cover changes are
not well represented in the models (Hulme et al 2001).

GCM-based climate change scenarios are generally consistent in
predicting temperature rise across southern Africa, but show considerable
uncertainty about both the magnitude and direction of changes in precipitation
(IRl 2006). Appropriate use of a range of such scenarios combined with analysis
of trends in historic data can contribute to the understanding of future trends and
uncertainties that are crucial for long-term planning horizons. The results of these
studies suggests that these scenarios could provide important information which
can give a good indication of future climate change and that the use of Global
Climate Change models could provide for long-term climate risk assessments at
a general level (DFID 2004b).

Ghana model projections

In Ghana, which lies south of the Sahel region in the humid forest zone,
climate change scenarios constructed for two major forest zones (the semi-
deciduous forest and evergreen rainforest) indicated that the projected mean
annual rainfall values in the semi-deciduous forest zone will decline by 2.8%,
10.9% and 18.6% in years 2020, 2050 and 2080, respectively. Over the same
period, it is projected that the evergreen rainforest forest zone will experience
reductions in mean annual rainfall values by 3.1%, 12.1% and 20.2%
respectively (EPA 2008). Increases in mean annual temperature of up to 5.4°C
and 3.9°C have been projected for the semi- —deciduous and evergreen
rainforest zones in Ghana by 2080 (EPA 2008). These forest areas represent the
most economic and diverse of all the forest types in Ghana. They are the centres
of major timber and non-timber forest resources, and contain valuable genetic
materials. Model projections indicate that the average minimum temperature is
projected to increase by 2.5°C in the Sudan Savannah, Guinea Savannah and
the semi-deciduous Rainforest zones by the year 2100.

For the transition High Forest Zones, the minimum temperature is
projected to increase by 3°C and 2°C, respectively, by the year 2100. Projections
on rainfall suggest that by the year 2100 the mean annual rainfall would be
reduced by 170 mm in the Sudan Savanna Zone, 74 mm in the Guinea Savanna
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Zone and 99 mm in the Semi-Deciduous Forest Zone, respectively (EPA 2000).
Nicholson (2001) discusses the changing climate conditions in Africa over the
past two centuries and records a drying trend in semi-arid areas of West Africa,
although she also notes that extended dry periods are not unusual in these
areas. In contrast to these expected declines, the High Forest Zone was
projected to increase in mean annual rainfall by 1105 mm within the same period
(EPA 2000), but later modelling presented by Agyemang-Bonsu (2009) shows
rising temperatures and falling precipitation expected for all Ghanaian ecozones
(Figures 8, 9).

Mean Temperature Yariation for all Climatic Zones in the
Scenario Years (2020, 2050, 2080)
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Figure 8. Temperature scenarios for Climatic zones in Ghana (Agyemang-Bonsu (2009).
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Figure 9. Precipitation scenarios for Ghana (Agyemang-Bonsu (2009).

Impact projections

Climate change impacts for the continent are generally based on
predictions from global circulation models. However, these model outputs are
often considered limited in their predictions due to the coarse resolution of
GCMs. Often, downscaled climate models at finer spatial and temporal
resolutions are desired. Nevertheless, outputs from the existing models remain
useful, and offer valuable information for managing climate change impacts.
Regional climate models are needed to provide fine-scale climate information for
impact studies, particularly in areas characterized by a diverse and
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heterogeneous land surface. Compared to many parts of the world, scientific
understanding of the African climate system as a whole is low, and variations in
capacity exist among different African regions (Washington et al 2004).

Some efforts are being undertaken, and Regional Circulation Models
(RCMs) with a higher resolution (typically 50 km?) are currently being developed
for smaller areas and for shorter time scales (approximately 20 years). These
regional models are capable of providing more useful information needed by
planners and policy makers. The UK Department for Environment, Food and
Rural Affairs (DEFRA) funds the development of the Hadley Centre’s Regional
Climate Model and the UK Department for International Development (DFID) has
supported the development of the PC version of the Hadley Centre’s model
‘PRECIS’ designed for use by local meteorological offices or research institutes.
To-date, it has been run for the Indian subcontinent and southern Africa (DFID
2004b).

Delire et al (2008) use the IBIS model (Foley et al 1996) to simulate
vegetation cover in Central and West Africa to 2080 with HADCRUT under the
IPCC’s A1F1 and ECH with the B2 scenario, and find a general reduction over
the region (Table 12, Figure 10), with the exception of a slight increase around
Lake Chad under the ECHB2 scenario. Wildfire frequency is projected to
increase. It must be noted however that due to a lack of data Delire et al (2008)
held CO; levels constant at 350 ppm in their simulation, and thus ignore any
possible CO, effects (see Jolly and Haxeltine 1997).

Tablel2: Area covered by vegetation, average NPP (net primary productivity) and LAI (leaf
area index) of vegetation types as simulated by IBIS forced with present-day CRU TS2.1
dataset (control and the ECHB2 and HADA1F climate anomalies for the 2080s (after Delire
et al 2008).

Area NNP Total LA

Km? (kg C m2yr-
Vegetations Control | ECH | HADA | Control | ECH | HADA | Control | ECH | HADA
types B2 1F B2 1F B2 1F
Tropical 2,12 1,86 | 1,34 | 1,06 0,96 10,88 |7,85 7,08 | 6,52
evergreen
forest/woodland
Tropical 0,96 0,91 10,65 0,91 0,76 10,69 |6,7 5,62 | 5,07
deciduous
forest/woodland
Savanna 1,02 1,26 | 0,97 |0,66 0,65 10,62 |5,03 5,33 | 5,25
Grassland/steppe | 1,49 181|227 ]0,3 0,32 10,33 |2,06 2,26 | 2,61
Open shrubland | 0,42 0,28 10,59 0,06 0,06 | 0,06 |0,76 0,77 10,68
Desert 0,10 0,02 10,32 0,02 0,02 10,01 ]0,28 037 |0,27
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Figure 10. Simulated and observed distribution of vegetation/land cover types a) simulated
by IBIS forced with the present-day CRU TS2.1 climate, b) same as a) but corrected by
Ramankutty and Foley (1998) cropland dataset c) derived from satellite observations
(Global Land Cover 2000—GLC200, Mayaux et al., 2003), d) simulated by IBIS forced with
the ECHB2 anomalies for the end of the 21st century, e) simulated by IBIS forced with the
HADAL1F anomalies for the end of the 21st century. 4 c¢) (Delire et al 2008)

Climate models often poorly represent some aspects of African
climatology: notably the movement of the inter-tropical convergence zone
(Hudson and Jones 2002; Wu et al 2003; Richter and Xie 2008) and the historic
changes in Sahelian rainfall (Lau et al 2006), and thus regional projections must
be taken with caution. Hulme et al (2001) produced climate projections for the
African continent for the 21%' century at a scale of 5°, but intermodel variability
was often wide in many areas. Other downscaling efforts include Hewitson and
Crane’s (2006) study of precipitation in South Africa and Jones and Thornton’s
(2000) gridded daily weather software (MARKSIM). Wilby (2007) asserts that
Africa’s climate science is in its infancy and remains the least developed on the
globe, and Giannini et al (2008) concluded that, at this stage, “a detailed
downscaled analysis [of African climate] is premature”. Nevertheless, these
regional climate models are urgently needed to facilitate adaptation planning
(Osman-Elasha et al 2006b). According to Ziervogel and Zermoglio (2009) very
few regional to sub-regional climate change scenarios based on regional climate
models are available for Africa. They argued that the much needed regional
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climate models and downscaled GCMs are inadequate in Africa, although there
are a number of organizations on the continent engaged in climate work.

Differing climate projections and model uncertainties present serious
challenges to determining potential changes to the niches of species that are
only adapted to particular forest ecosystems. Even though projections on the
likely shifts in species distribution and changes in productivity are not available,
the implications can be disconcerting. It is known that some key tree species
(both timber and non-timber) are endemic to limited forest areas and survive only
under those conditions.

Forest responses to climatic and anthropogenic influences

Homo sapiens sapiens is thought to have evolved in Africa, and so the
separation between ‘natural’ and ‘man-made’ influences is perhaps somewhat
moot. This section will briefly examine the formative influences on African forests,
and as far as is possible separate those effects that may be attributed to climatic
changes over the past century. As found in many other parts of the world, it is
often difficult to separate climatic influences on forests from the results of prior
anthropogenic influences (Although see Seaquist et al [2009] for a study of
human/climate influences in recent vegetation changes in the Sahel). Although
structurally many central African rainforests appear pristine, studies have shown
that some forests overlie extensive evidence of prehistoric clearance in the form
of pottery, charcoal and palm nut layers, or even iron furnaces (White and Oates
1999). Brncic et al (2007) studied historical influences (climatic and cultural) on
the composition of Congo rainforest, and found that although Central Equatorial
African forests have been resistant to climatic and disturbance events, forest
compositions have changed significantly over the past 3300 years in response to
climate influences and fire regimes. Close examination of the regeneration
requirements of mature trees in such areas reveals that many species are likely
to have only regenerated following large-scale disturbance (van Gemerden et al
2003). The composition of modern day forests still often reflects past human
activities. Justice et al (2001) make the point that “one of the most studied ‘climax
forest’ trees in tropical Africa turns out to be a fallow field and savanna colonizer*
and highlight “the important role that human land-use has and continues to play
in shaping the structure and composition of the forest in the region “.

Palaeographic

African biomes have undergone significant changes over the past 20 000
years, in response to changes in temperature, precipitation, humidity or
atmospheric CO, content (Olago 2001). The majority of the area presently under
forest within the Congo Basin is of relatively recent origin (Maley 1996). During
the last global ice age (~20 000-15 000 BP), rainfall declined throughout the
region and forests were restricted to remnant patches that constituted refuges for
obligate forest species. Only after the ice began to recede (8000 BP) did rainfall
increase in the Basin and forest once again invade the savannas and re-
dominate the landscape. Prior to and since this time, human foragers have
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hunted forest wildlife, gathered non-timber forest products, and occasionally
felled trees to gather honey. Precise palaeoclimatic records are often lacking in
the African tropics but work on palaeolimnology (Street-Perrott et al 2007), pollen
profiles (Vincens et al 1999; Scott et al 2008) and carbon isotopes (Gebrekirtos
et al 2009) may go some way towards rectifying this lack.

Evidence from high-resolution pollen records from rainforests of Atlantic
Equatorial Africa demonstrate fluctuations between mature and secondary forest
taxa during the last 4000 years that may have been caused by changes in
precipitation. For example, a sedimentary sequence covering the last 1325 years
from Lake Kamale'te” in central Gabon shows an increase in the percentage of
some pioneer species and a decrease in mature forest species from
approximately 1240 to 450 BP, hypothesized to be related to a decrease in the
regional balance of available moisture (Ngomanda et al 2005). At a site in
southwestern Cameroon, pollen evidence from a sedimentary sequence at Lake
Ossa indicates that the basin contained closed forest from 4770 to 2700 BP,
when pioneer tree species increased in abundance. At approximately 1300 BP
and after 600 BP mature forest species increased again, though not to the same
percentages as prior to 2700 BP. Near Lake Ossa at Barombi Mbo, situated in
evergreen rainforest in southwest Cameroon, a similar trend of increasing
percentages of pioneer species and a decrease in mature forest species after
approximately 3000 BP is seen in the pollen record. Vegetation of Barombi Mbo
may have opened up as a response to the same decrease in precipitation
reconstructed for Lake Ossa at that time. It is currently unknown however,
whether Central Equatorial Africa experienced similar climatic conditions as
those in Atlantic Equatorial Africa, or if the lowland Congo basin forest
composition responded to climate change with changes in forest composition
(Brncic et al 2007). Pietsch et al (2009) have found evidence of rainforest refugia
in the Birougou Mountains of Gabon that were persistent throughout the
Holocene.

Kropelin et al (2008) discuss Holocene biome changes in the Sahara,
suggesting that changes from tropical forest to dry savannah to desert over the
past 6000 years occurred gradually in response to a long-term decline in rainfall,
rather than as an abrupt biome change. Other prior modelling (Claussen et al
1999; Liu et al 2007) supported the abrupt change theory, which leads Krépelin
et al (2008) to suggest that the biophysical feedbacks on Saharan climate are
relatively weak.

In Central Equatorial Africa, the patterns of prehistoric human activity are
difficult to discern due to a small number of research sites, particularly in forested
areas. However, from regional archaeological studies, a relative chronology of
the technological and political changes that have impacted the region can be
constructed. Metallurgy in particular may have been an important driver of forest
change. Archaeological data suggests that iron smelting was developed
independently in Central Africa as early as 3000-4000 years ago (Maes-Diop
2004). Farmers first began cultivating fields within the forest approximately 10
000 BP and Casey (2005) suggests that oil palms were cultivated in forest areas
around 3000 BP, but until the advent of iron tools (2000—700 BP) farmers’ ability
to clear the forest was limited. Forest farming was a marginal subsistence
practice until plantains and bananas (Musa spp.) were introduced from Asia.
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Bahuchet (1990, cited in Justice et al [2001]) places this around 1000-2000 BP,
but Mbida et al (2000) found evidence for banana cultivation and husbandry of
goats and/or sheep in the rainforest area of Cameroon around 800 BC, and
some evidence from Uganda suggests that bananas may have been present far
earlier (Lejju et al 2006). In any case, plantain cultivation spread from the Red
Sea to the coast of what is now Ghana. By the 16™ or 17" century, agriculture
had received a further boost with the introduction of numerous crops from the
Americas —maize, beans, peanuts, peppers, okra, cassava, avocado, papaya,
squash, cocoyams, Colocasia esculenta, water yams Dioscorea alata, mango,
coconuts and citrus from Asia and breadfruit from Oceania. Iron tools and a
range of new crops adapted for cultivation in forests allowed the scale of farmers’
impact on the forests to significantly increase (Justice et al 2001).

Carbonized oil palm kernels and the remains of iron furnaces are found
throughout the Congo Basin, which points to the long-term occupation of the
forest by farmers. Archaeological evidence (Oslisly 1998; White and Oates 1999;
Justice et al 2001) coupled with the age of trees that are currently being
selectively harvested for timber suggests that the mahogany forests
(Entandrophragma, Khaya and Guarea spp.) of southwestern Nigeria,
southeastern Cameroon, southwestern Central African Republic, and northern
Congo can be traced back to a period about 700-800 ago, when farming became
less common in the area, leaving extensive areas of secondary forest and
farmland to regenerate. The population of farmers in Gabon also appears to have
peaked between 2500 and 1400 years ago (Oslisly 1995 cited in Justice et al
2001), and to have collapsed by 600 years ago.

Historic

Pre-colonial management of natural resources was generally the
responsibility of traditional leaders, a practice that worked well in times of low
population and limited demand (Kigenyi et al 2002). Colonisation introduced
resource control centralisation, although with some differences depending on the
colonists in question (Dixon et al 1996). Colonisation accelerated land clearing
for agricultural commodities in many forest areas, and afro-montane forests in
particular were extensively cleared. Road construction in the 1930s-40s by the
colonial governments began to enable access to tracts of forests isolated from
navigable rivers, attracting resettlement of people along road lines. This had, and
continues to have, a profound impact on the spatial pattern of forest resource
use. Infrastructure development and the post World War Il economic boom made
the decades between the 1930s and the 1960s probably the most significant
period of agricultural expansion and associated deforestation in the region in the
20™ Century, as old-growth forest was cleared and converted to coffee, oil-palm,
rubber, and banana plantations. Post-independence governments retained
central control, and in many cases emphasised production values. Timber
remains an important component of most national economies.

Until very recently, forest resource exploitation within the Congo Basin
was primarily at the household scale, positively influencing forest species,
composition, distribution and abundance. Current policy evolution emphasises
local control, but this is often difficult to produce in practice. Indigenous peoples
of the tropical rainforest belt are very dependent on the forest. Many of them are
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already today affected by the impacts of environmental change and are
struggling to adapt. People who had once lived in a symbiotic relation with the
forest in low population numbers (i.e. hunters-gatherers such as the Punan and
Kenyah in Borneo and the Baka Pygmies and Bantu in the Congo Basin) see
their life style changing. Formerly nomadic peoples are gradually adapting their
lives to an agricultural economy and are becoming increasingly semi-sedentary
with the creation of farmlands at the expense of the forest (Macchi et al 2008).

Recent

Africa can be seen to be showing the effects of climate change and
variability. In parts of the West African sub-region, intense or frequent extreme
climate events of droughts or floods, high temperatures and windstorms are
apparent (Kalame et al 2008). Some species valuable for NTFPs in Burkina Faso
(e.g. Adansonia digitata, Diospyros mespiliformis and Anogeissus lelocarpous)
have become locally extinct, which is being attributed to recent recurrent
droughts (ldinoba et al 2009).

While deforestation and climate change are separate issues, there are
connections that must be considered in any discussion of either problem. Climate
change increased pressure on forests, and a loss of forest cover increases
atmospheric CO, and adds to the negative consequences of climate change.
Semazzi and Song (2001) modelled the likely changes in climate that would be
caused by deforestation of all African tropical forests, and found that significant
rainfall reductions could be expected. African tropical forests are also under
threat from population and land-use pressures (Hassan et al 2005). Achard et al
(2002) used satellite imagery samples to suggest that humid tropical forests in
Africa shrunk by 5 million hectares between 1990 and 1997. ‘Hot spot’ areas in
Madagascar and the Ivory Coast showed losses of between 1.1% and 4.7%
annually. Brink and Eva (2008) suggest that agricultural land in sub-Saharan
Africa has expanded 57% since 1975, at the expense of a forest area decline of
16% and a 5% decline of other native vegetation. The forests and woodlands of
southern Africa are currently under intense pressure from anthropogenic demand
for land for agricultural production and expansion, firewood and charcoal as
energy sources and timber as construction materials for the increased
urbanization in the region. This has led to deforestation and degradation of
forests in southern Africa.

Forest ecosystems in the West African region are experiencing impacts of
climate change (Nicholson 2001; Boko et al 2007; IPCC 2007). These impacts
include increased incidence and frequency of forest fires, increased tree
mortality, reduced biodiversity and reduced tree stocking (Kalame et al 2009).
Kalame et al (2009) discuss the difficulty of tree growth and regeneration,
migration and extinction of forest species in some West African countries. The
progressive decline of the valuable timber species Iroko (Milicia spp.) is attributed
to a combination of factors including over exploitation, extensive damage by the
gall forming pest Phytolyma lata and poor natural regeneration. Iroko is currently
found in low altitude closed forests. Relics of Iroko are also found however at
sites of fetish worship or former special cemeteries in Burkina Faso in the Sahel
region, indicating that Iroko had a wider distribution than its present range
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(Cobbinah et al 2000). Historic changes in precipitation may explain the
contraction of Iroko distribution range. Gonzales (2001) notes a significant
decline in tree density and tree species richness in the Sudanese, Guinean and
Sahelian tree species over the latter half of the 20" century, equating to a biome
shift of 500-600 metres per year. This has been linked to declining rainfall,
although Seaquist et al (2009) note a greening trend in the Sahel since the
1980s, probably rainfall-driven with minor CO; influence. As in many forested
environments the most noticeable effects of climate change are often indirect,
through altered patterns in fire occurrence or of pest and disease incidence. In
tropical Africa the most crucial climate issue for pathogen distribution is seasonal
patterns of precipitation, and whilst published literature that directly relates
precipitation to insect pest outbreaks is scanty there is strong anecdotal evidence
that wet and dry seasons regulate insect population cycles. A comparison of
pests and disease problems in plantations and natural forests in West Africa
indicates that pests have a greater impact in plantations (Cobbinah et al 2004),
and in many cases the trigger for pest population eruption is rainfall or lack of
rainfall at a critical stage in the development of the host plant, the pest or its
predators. In West Africa outbreaks of the oriental yellow scale insect (Aonidiella
oreantalis) on neem in the Lake Chad Basin (Chad, Nigeria, Cameroon and
Niger), the eucalypt defoliator (Strepsicrates rhothia), the variegated grasshopper
(Zonocerus variegatus) and the tree borer (Apate monachus) are linked to
periods of low rainfall or prolonged drought (Abdou 2004; Wagner et al 2008). On
the other hand high populations of the obeche defoliator (Anaphe venata), the
Afrormosia defoliator (Lamprosema lateritialis) and the skeletonizer of Mansonia
(Codasa sidae) are recorded during good rainy seasons (Wagner et al 2008).
Population buildup of this second group is somewhat dependant on the
availability of abundant and high quality food resources which usually occurs
during the wet season. Alteration of the synchrony between forest insect pests
and their natural enemies induced by changes in rainfall patterns can also alter
insect population patterns. Recent outbreaks of the caterpillar identified as
Achaea catocaloides in Cameroon and Liberia may be due to a disruption of the
balance between the insect and its key natural enemies brought about by low
rainfall and changes in the rainfall pattern (Brahima 2009). Other indirect effects
on forest biomes are also of concern. Rouget et al (2002) and van Wilgen et al
(2001) studied invasive plants in South Africa and found that climate is one of the
major determinants in whether particular species may become damaging.

Droughts influence trees and forest vegetation in that trees exhibit various
adaptations to short-term water loss (i.e. an El Nino event). Trees may thus
experience leaf shedding and a decrease in production of new leaves, leading to
a loss of leaf area while lower leaf area facilitates drying of the leaf litter layer,
increasing the rate of fire spread (Nepstad et al 2002). Continued water deficit
can lead to increased tree mortality, creating gaps in the forest cover. This
provides opportunities for light-demanding secondary species to colonize the
forest under a short-term drought scenario, but severe drought may lead to an
overall loss of forest cover.

Longer dry seasons combined with other disturbances to forest systems
make forest ecosystems particularly vulnerable to major forest fires. Evidence of
this can already be seen in the northern fringe of the Congo Basin in several
recent years (Macchi et al 2008). During the El Nifio years of 1983, 1987 and
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1997, fires were particularly devastating in the forests surrounding the village of
Mambele in southeast Cameroon and Bomassa in N. Congo. Fire has occurred
in forest areas where it has not been observed in the past. These El Nifio years
cause droughts in the forest zone and fires occurred in forests that had not
previously burned in the living memory of these peoples (FAO 2007). Although in
some cases fires positively influence the establishment of pioneer tree species,
repeated annual savannah fires can hinder the expansion of important timber
species such as Aucoumea klaineana (King et al 1997; Born et al 2008).

The net annual loss of the African forest in the period between 2000 and
2005 has been reported as four million hectares, which was stated as accounting
for 55% of the world’s total loss in forest area during that period (FAO 2007).
Hansen et al (2008) however calculated that Africa was responsible for only 5.4%
of global humid forest loss in that period. It is possible that the FAO statement is
exagerated, comparing African forest loss for the five year period with the
estimated 7.3 million hectares (CBD 2006) of net annual forest loss throughout
that time.

The main reason for forest losses have been wildfires which have been
especially severe in Angola and in the southern Democratic Republic of Congo
and in southern Sudan and the Central African Republic (Macchi et al 2008).
Biomass burning is a significant contributing factor to the buildup of CO,, other
trace gasses and aerosols in the atmosphere, and African savannah fires
account for around 22% of biomass burnt globally each year (Scholes and
Andreae 2000). High demands for fuelwood are also contributing to deforestation
(UNECA 2008).

Land use change is a significant contributor to greenhouse gas levels.
Figure 11 shows the carbon emissions from a range of African countries. Land
use change is responsible for 240 Tg of the 500Tg C produced annually in Africa
from 2000 to 2005 (Canadell et al 2009); 90% of the Congo basin’s carbon
emissions are from deforestation and degradation (Nkem at al 2008b).
Deforestation for crop production in Ghana may have reduced soil carbon in
Ghana by as much as 33% (Tan et al 2009). The specific contribution of land use
change is shown in Figure 12. The carbon cycling response of African
ecosystems has been modeled by Cao et al (2001), who found the carbon
sequestration in African forests of 0.34 GT per year is offset by the losses from
land use change.

41



704 OLUCEF
W Fossil Fuels

Carbon Emissions (Tg y')

South Africa
Migeria

D. R.Congo
Egypt
Zambia
Algeria
Cameroon
Tanzania
Zimbabwe
Libya
Uganda
Angola
Marocco
Ethiopia
Ghana

Figure 11. Annual emissions of carbon (Tg C y™) from the combustion of fossil fuels (FF)
and land use change and forestry (LUC&F). Top fifteen African countries averaged for the
period 2000-2005 (Canadell et al 2009).
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Figure 12. Annual emissions of carbon (Tg C y™) from changes in land-use change and
forestry in four African regions during the period 1900-2005 (Canadell et al 2009).

Climate change and air pollution interact in affecting forests by changes in
soil processes, for example, the natural ability of forest soils to take up CHg4
decreases due to N deposition (also affecting tree growth), species composition
and distribution, increased plant susceptibility to stressors, increased fuel built-up
and fire danger, water resources, recreation value, etc (Bytnerowicz et al 2006).
Other factors beside climate which have considerably influenced forest in the
Congo basin include the civil war in the DRC and the 50% devaluation of the
Central African Franc in 1992. Continued global fluctuations in oil and commodity
prices affect all developing countries and thus influence economic activities in the
forestry sector and the potential for sustainable resource management.

Future forest environmental impacts and vulnerabilities

Generally benign biome changes are expected for much of sub-Saharan
Africa under the IPCC ‘stable’ scenario, but some forest declines and type
changes under the ‘growth’ scenario (Fischlin et al 2007, Figure 13). Increases in
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temperature (to some extent) and an increase in atmospheric CO, may
accelerate photosynthesis and provide a fertilizing effect to many plants. This is a
potentially positive impact of climate change, although the issues are complex
and further study is needed (Korner 2000; de Haen 2008). Industrially, an
anticipated shift to short-rotation timber plantations increases timber production
and producer returns across Africa (Sohngen et al 2001). Nevertheless, a range
of negative effects are also likely, particularly if no effort is made at anticipatory
adaptation (Dixon et al 1996).

? . 1 - Forest cover gain 5‘/ /
ﬁ . 2 — Shrub/woodland cover gain

[ 3 - Herbaceous cover gain

. 4 - Desert amelioration

| 5-Grass/tree cover loss

- 6 — Forest/woodland decline
I:| 7 - Forest type change
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Figure 13. Projected changes in terrestrial ecosystems by 2100 relative to 2000 for two
scenarios forcing two climate models: (a) 'growth' scenario cluster, (b) 'stable' scenario
cluster. Changes are considered appreciable and are shown only if they exceed 20% of the
area of a simulated grid cell. Climate Change 2007: Impacts, Adaptation and Vulnerability.
Working Group Il contribution to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, Figure 4.3. P. 238. Cambridge University Press, Cambridge, UK
(Christensen et al 2007).

Although climate change and enhanced CO, fertilisation may be positive
for African forests overall, Dixon et al (1996) estimated that up to 40% of the
vegetation in Africa may need to shift its range to avoid extinction or take
advantage of new conditions. Using HadCM3 and other models, McLeman and
Smit (2005) postulated that by the year 2085, an estimated 5000 African plant
species are expected to be negatively impacted as a result of substantial
reductions in areas of suitable climate. Modelling by Hély et al (2006) suggests
that decidous and semi-decidous forests are very sensitive to relatively minor
changes in precipitation, although their results do not predict a change in biome
type under IPCC precipitation scenarios.

As the climate changes plants will naturally attempt to adapt by migrating,
assuming the landscape is not too fragmented. However, given that most of the
land in Africa is inhabited by humans, not all species will be able to migrate. For
some regions such as the fynbos, which is at the edge of the continent, there will
be limited options for migration (Desanker 2003). According to the Millennium
Ecosystem Assessment (2005) climate change can potentially reduce the
population viability of many species and alter habitats. Climate change effects
will exacerbate stress on forest ecosystems through shifts in species range and
modifications in productivity of tree species (UNDP 2004; Boko et al 2007). Some
mammal species in Sub-Saharan Africa are projected to become endangered or
extinct due to changing climate.

An assessment by UNEP (2002), suggested that by 2050 rainfall in Africa
could decline by 5% and become more variable year by year. Due to this
interannual variability of rainfall, water availability is already decreasing in
southern Africa with disparities between the location of and need for water
resources (Johns Hopkins University 1998). For example, some countries such
as Namibia, Botswana, southern Zimbabwe and Mozambique and much of South
Africa lie in drought prone areas. Scholze et al (2006) modelled climate change
risks under an anticipated future climate, and found that water runoff was likely to
increase in tropical Africa but decrease in West Africa. Reduction in water
guantity will lead further to a reduction in water available for tree and forest
growth, leading to reduced forest productivity and yields that would bring a
gradual decrease in forest cover. This will have far reaching consequences to the
livelihoods of forest-dependent households in southern Africa. Longer droughts
and more severe floods could reduce agricultural yields and thus put further
pressure on forest ecosystems to meet the needs of distressed people (Cohen et
al 2008; Seppala et al 2009a). Projected rises in sea levels may cause
increased flooding and severely affect mangrove forests (APP 2009). Higher
drought frequency threatens biodiversity in southern Africa, and floristic hotspots
in Cameroon and Ethiopia could be threatened by rainfall pattern shifts. Upslope
dispersal opportunities limited in African tropical forests (McClean et al 2005),
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adding to the vulnerability of some species. South Africa is expected to face
biome shifts (Rutherford et al 1999) and threats to biodiversity. Many of these
changes are predicated on altered fire regimes due to reduced precipitation and
increased evapotranspiration. A modelling study on 5197 plant species using
Hadley Centre climate projections and 3 distribution models shows that the areas
of suitable climate for over 80% of African plant species are projected to
decrease in size and shift in location to higher altitudes. 25-41% would lose all
their area by 2085 (McClean et al 2005). Particularly dramatic changes are
modelled in the Guinea-Congolean forest of west and central Africa. Ecosystem
services in southern Africa may also be threatened (Scholes and Biggs 2004).

In the absence of grazing, the balance between forests and
grassland/savannah biomes is controlled largely by the frequency of fire (Bond et
al 2003). Bond and Midgley (2000) suggested that elevated CO, levels may
encourage forest growth at the expense of grasslands, as higher CO; levels may
enable trees to recover from fire more quickly, and more rapidly grow to a size
where they are less liable to injury from future fires. Bond et al (2003) modelled
forest/savannah interactions at different levels of atmospheric CO,, and found
that forests were not present at levels of 180 ppm (as found in the last glacial
period), trees were present at low densities with pre-industrial levels of 270 ppm
and are most favoured by current levels of 360 ppm. This modelling appears to
be consistent with historical evidence. The Sahel and southern Africa are likely to
experience more fires under projected future climates, but some models
anticipate less in parts of tropical Africa (Goldammer and Price 1998; Scholze et
al 2006).

Warmer, drier climates may increase damage from pests such as termites
(Langewald et al 2003), and concerns have been raised about the effect on
eucalypt diseases in South African plantations (Roux et al 2006). South African
plantation fungal pathogens have been bioclimatically modelled by van Staden et
al (2004), who found that some pathogens may move into previously free areas
and cause significant damage in commercial plantations.

For any species whose continued viability under climate change is of
potential concern, a range of issues need to be considered. These include:

- Species range shifts relative to reserve boundaries: net loss/gain of species in
Reserves, suitability of Reserves for particular species under changed climae
conditions

- Local, regional and global extinctions of species due to the changing conditions
- Migration of invasive alien species and/or pathogens and parasites

- Individualistic species responses in latitudinal and altitudinal directions

- Individualistic species responses to warmer/cooler and drier/moister conditions

- Geographic variation in the magnitude of species responses to the changing
conditions

- Species range shifts/losses due to range expansions, contractions and
eliminations

- Changes in phenology (the timing of events such as flowering)
- Changes in nutrient cycling and natural resource supply (e.g. water)
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- Changes in predator-prey, parasite-host, plant-pollinator and plant-disperser
relationships

- Changes in ecosystem services such as pest control, pollination and soil
stabilisation

- Ecosystem switches following changes in ecosystem functioning and
disturbance regimes

- Pressure from human development
- Human needs

Vulnerability to climate change is influenced by variation related to current
climate, geographic heterogeneity and social factors (Eriksen et al 2007). These
factors vary significantly across Africa, and so there is differential vulnerability
between countries across the continent.

HUMID

Humid tropical Africa includes a number of centres of floral endemism,
including mountainous ares in Cameroon and a long series of isolated areas
above 2000 m from Ethiopia to South Africa. Climate change is generally held to
increase biodiversity risks (Fischlin et al 2007), and montane areas in tropical
Africa will logically face relatively higher risks from climatic change due to the
lack of migration paths for mountain species (Desanker et al 2001).

Almost all studies on the effects of climate chage on humid biodiversity
rely on modelling, although Boko et al (2007) caution against overinterpretation
of such models. Dixon et al's (1996) modeling is summarized in Table 13.
Climate/species interactions are however complex, and may lead to unexpected
results. Hemp (2005) for example demonstrates that forests on Mount
Kilimanjaro have reduced their upward altitudinal extent in response to climate
change, due to altered fire regimes.

Care must also be taken in extrapolating results from other parts of the
world to tropical Africa. For example, Andreone et al (2005) reviewed amphibian
species in Madagascar, and found that all but two of the species described in the
nineteenth century were also found in the past 15 years. This surprising result is
at odds with amphibian extinctions documented by Pounds et al (2006) and may
suggest that climatic changes in Madagascar have not been overwhelmingly
detrimental to amphibian populations, or that their adaptive capacity is
underestimated.

46



Table 13. Current forest ecoregion area and the effect of future climate change on annual
extent of forest in Cameroon and Ghana under 4 GCM scenarios (adapted from Dixon et al.
1996)

Nation GCM scenario (2xCQO:)

Ecoregion Current | GISS | osu [ UKMO | GFDL

(10° ha)

Cameroon

Evergreen

8 021 8 663 8 684 8 181 7 620
forest

Deciduous

10 477 11 315 11 734 10 687 9 953
forest

Hilll and

1767 1908 1979 1802 1679
montane

Ghana

Evergreen
forest

Deciduous

9 555 10 319 10 702 9 746 9077
forest

Hill and

480 518 538 490 456
montane

SUB-HUMID

The sub-humid zone is in some respects a ‘transitional’ region between
the humid and dry zones. As such it is difficult to make firm generalisations, as at
times the influences and impacts on the region will be similar to dry areas, but at
other times more humid characteristics will be seen. This adds a further degree
of uncertainty and complication, as the results of climate change will depend to a
large extent on how annual conditions affect variable ecosystem drivers such as
fire or grazing regimes (Sankaran et al 2005; Dube 2009).

DRY

Increased evaporation and desertification are expected in the Sahel,
Sudan and Guinea regions (Zhao et al 2005), although as discussed eatrlier, this
is not universally agreed. Modelling of forest area in Zimbabwe showed an
expected shift of biomes from subtropical thorn woodland and subtropical dry
forest to tropical very dry forest across 17 to 18% of the national land area
(Matarira and Mwamuka 1996), although the authors note that this was a very
preliminary estimation. Increased erosion may cause siltation of downstream
river basins in places such as Mauritania, Niger, Nigeria and Senegal, which may
lead to buildups of debris that can engulf riparian forests (UNECA 2008).

Some model results indicate that only 80 000 km? of agricultural land in
Sub-Saharan Africa with currently severe environmental constraints (out of more
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than 15.1 million km?) would improve with climate change, whereas more than
600 000 km? currently classified as moderately constrained could move to the
class of severe environmental limitations (Fischer et al 2002). The consequences
of this would be that the areas of grassland in southern Africa would decline,
being replaced either with thorn scrub savannah or seasonal and dry forests.
Desert areas may expand northeastwards into larger areas of Botswana. If
improvements in plant water use efficiencies (WUE) due to elevated carbon
dioxide concentrations in the 2050s of about 560 ppm are also assumed, the
simulated vegetation changes are much altered. In this case, seasonal dry
forests become the dominant biome in southern Africa. This result implies that,
should vegetation in southern Africa respond in this way to elevated carbon
dioxide, the gain in WUE tends to modify many of the indirect effects of climate
change on plant growth. This conclusion needs further careful examination.
Hulme (2001) reported that between about fifteen and twenty per cent of large
forests and nature reserves and national parks in southern Africa would
experience a change in biome under some climate change scenarios. This
percentage increases to between twenty-five and thirty-eight per cent when WUE
changes are also modelled.

Future forest socio-economic impacts and vulnerabilities

Africa is one of the world’s regions most vulnerable to climate change
because of low adaptive capacity and projected climate change impacts (Boko et
al 2007; IPCC 2007). Africa’s vulnerability is exacerbated by the fact that so
many Africans depend directly on the natural environment for livelihood support,
in addition to the lack of financial, technological and institutional capacity for
climate change adaptation (Eriksen et al 2007). Therefore, climate change
effects pose substantial challenges to development in the region. There are also
however some possible climate change effects that may result in improved
conditions (possible CO, fertilisation effects, increased rainfall in some areas,
expansion of vegetation cover in the Sahel zone etc.).

Extant and projected climate change in Africa has serious implications for
forest ecosystems and for the livelihood of forest-dependent people. In Sub-
Saharan Africa, rural poverty accounts for 90% of total poverty, and
approximately 80% of the poor depend on agriculture and natural resources for
their livelihoods (Faurés and Santini 2008). The impact of the changes on
forestry is exacerbated by the lack of adaptation strategies, which are
increasingly limited due to the lack of institutional, economic and financial
capacity to support such actions (FAO 1999).

In studies of the impacts on specific sectors, in most cases southern
African countries applied impact models such as DSSAT, SPUR2, CLIRUN, and
the Holdridge Life Zones Classification, and WATBAL (UNFCCC 2005 and
references therein) to vulnerable sectors such as water resources, agriculture,
health, coastal zones and forestry. To a lesser extent, socio-economic analyses
were also applied. More capacity and work is needed in the region to assess
vulnerability and, more importantly, to integrate assessments including economic
and cross-sectional analysis of adaptation options at the national scale.
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More recent impact and vulnerability studies (e.g. African studies under
AIACC project [www.aiaccproject.org]) employed more sophisticated impact
models and vulnerability-based assessments. These studies seek to identify the
sources of vulnerability (for example, by investigating the ranges of climate
variability and the frequencies and magnitudes of extremes with which
communities have coped in the past and might be able to cope with in the future),
evaluate the risks from climate change, examine the resources (economic,
social, and political) presently or potentially available to a community, and finally
assess its capacity to adapt to change. They evaluate opportunities for,
impediments to, and the effectiveness and costs of adaptation responses. These
studies show that local or rural communities are most vulnerable to climate
change, and approaches that emphasize a bottom-up approach recognizing local
coping strategies and indigenous knowledge and technologies hold the most
promise, as these will more easily add to local adaptive capacities. Involving
stakeholders in the assessment process is a necessary part of vulnerability
studies.

Agyemang-Bonsu (2009) conducted an impact study for Ghana, and
concluded that vulnerability to climate change is related to mean poverty levels in
the various ecological zones. The study warns that climate change could stall
and reverse Ghana's economic development through six key transmission
mechanisms:

- Agriculture production and food security

- Water stress and water insecurity

- Rising sea levels and exposure to climate disasters

- Reduction in ecosystem services and loss of biodiversity
- Human health impacts

- Destruction of infrastructure

The vulnerability of forest-based communities is exacerbated by the
limited ability of rural, resource-dependent communities to respond to risk in a
proactive manner (Davidson et al 2003; Tschakert 2007). Many sources agree
that in a bid to fight predicted food crises, the affected population will increasingly
depend on available natural resources with an attendant increase of
deforestation in search for more farm lands (Bergonzini and Riera 2005). Human
activities may limit the potential of forest ecosystems to adapt naturally to climate
change.

High population growth rates, especially in rural areas, will raise pressure
on agricultural production and natural resources (FAO 2003a). Already, the
continent is estimated to be losing 4 million hectares of forest area annually (FAO
2007). The population in Sub-Saharan Africa is projected to double by 2050,
increasing annual agricultural consumption by between 2.0-2.8 times (Calzadilla
et al 2009). Furthermore, remaining forest ecosystems are likely to experience
increased pressure due to increasing global demand for new land for the agro-
industry. Brink and Eva (2008) expect an increase in agricultural area, which may
be statistically modelled (Kamusoko et al 2009).

Li et al (2005) studied the hydrological variability of West Africa, and note
that consideration of vegetative cover is a hecessary input, but llstedt et al (2007)
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note that water infiltration into soil following afforestation is still poorly studied. On
the basis of their meta-review they conclude that afforestation increased water
infiltration by approximately 200%. Hydrological responses are however not
necessarily linear in response to precipitation changes. De Wit and Stankiewicz
(2006) use predicted precipitation changes to calculate that surface water
supplies will be significantly affected over 25% of Africa by the end of this
century, and Delire et al (2008) suggest that this may even be an
underestimation due to De Wit and Staniewicz including consideration only of
precipitation changes, not temperature. Marginal lands in equatorial central Africa
and the eastern Highlands may experience a rise in productivity due to increased
rainfall, but these gains may be swallowed by increased population pressure on
these areas (Watson et al 1997). Migration (temporarily or permanently) is a
common response to environmental pressures, and it must be recognised that if
drier areas are placed under further stresses people are likely to move to more
heavily forested regions, placing additional burdens on those landscapes.

Climate impacts on biodiversity and ecotourism. Viner and Agnew (1999)
have pointed out the potential risks to ecotourism in south and east Africa,
particularly raising concerns about the loss (or reduction in abundance) of iconic
wildlife species, the lessening of the pleasant climate for tourism and the risks of
extreme weather to recreation activities and infrastructure. Mkanda (1996)
studied the anticipated effects of climate change on the Nyala antelope in
Malawi, and concluded that all ungulates could be highly susceptible to changes
in food supply and habit. Fragmentation of ecosystems will also complicate
human efforts to assist adaptation (Western 2001).

Non-timber forest products may also be adversely affected. For example,
Sudan supplies 80% of the world’s gum arabic, produced from Acacia senegal
and Acacia seyal, tapped either from planted or naturally occurring trees (GoS
2003). This product is considered to be one of Sudan’s most important exports.
Despite projected increased in precipitation in the gum arabic belt, increased
evaporation may cause moisture stress and reduce vyields. Projections carried
out for the GoS (2003) report show a 25% decline in gum arabic production by
2030, and 30% decline by 2060.

From 25% to over 30% of disease in sub-Saharan Africa is associated
with environmental factors (Priiss-Ustiin and Corvalan 2006) and African people
are clearly more vulnerable to environmental disease than those in other parts of
the world (Figure 14). Concerns have been raised regarding a possible climate
driven rise in cases of diseases such as malaria (Matola et al 1987; Hay et al
2002), Ebola, and Nipha encephalitis (Gonzales at al 2008). Zhou et al (2004)
found links between climatic variability and malaria cases in the East African
highla