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Executive summary
Tropical forest of Africa represents 18% of the world total and covers over 3.6 million km2 in
West, East and Central Africa. The bulk of tropical forests in Africa are found in West and
Central Africa with the forests in Congo Basin of containing the largest remaining
contiguous expanse of moist tropical forests (MTFs) in Africa and the second largest in the
world after the Amazon forest.
The West and Central African MTFs are characterized by annual rainfall of 1,400 - 4000
mm, and include moist deciduous and rain forests at low altitudes and Afromontane
broadleaved forests at higher altitudes (> 900 m elevation).
A large fraction of populations who live in rural areas depend on the MTFs for many of their
subsistence and export of timber, and non-timber forest products generate income for
countries in West and Central Africa.
The large expanse of MTFs in West and Central Africa holds much of Africa’s carbon, and
the general vulnerability of the people and economies make the sub-regions important for
consideration in terms of impacts from climate change. However, lack of accurate climate
forecasting makes it difficult to accurately predict future conditions of climates in the subregions. But, there is still a need to consider the likely impacts of climate change on forests
and the people who are dependent on forest products and services in order to put in place
adaptive strategies for the people.
Climatic records show that the African continent is warmer than it was 100 years ago with
warming of approximately 0.7 °C in most of the continent during the 20th Century, a
decrease in rainfall over large portions of the Sahel and increase in rainfall in east-central
Africa. During this century, this warming trend and changes in precipitation patterns are
expected to continue accompanied by a rise in sea level and increased frequency of
extreme weather events.
The changes in temperature and rainfall will alter the environmental conditions to which
trees in MTFs in Central and West Africa are adapted and expose them to new pests and
diseases. The rich biodiversity, some of which concentrated in several centres of endemism
of the MTFs, is at risk through extinction of species as a result of climate change.
Increased flooding, as a result of storm surges, intense rainstorms and sea-level rise, will
expose large numbers of people to immediate deaths and injuries from drowning, infectious
diseases and exposure to toxic substances. It will also affect agriculture and cause damage
to property and infrastructure, e.g. roads, dams, power generation and communication.
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Predicted higher temperatures and altered precipitation would adversely affect agriculture
by reducing the production potential of many crops grown in the moist forest regions and
cause disease infection. Furthermore, higher temperatures will accelerate the decay of soil
organic matter. The impact on agriculture as a result of increasing atmospheric carbon
dioxide in the zone will be complicated by the effects carbon dioxide has on crop plants
besides its alteration of their climate regime.
The temporal and spatial changes in temperature, precipitation and humidity that are
expected to occur under the different climate scenarios will affect the biology and ecology of
vectors as well as intermediate hosts and, consequently, increase the risk of transmission of
diseases such as malaria, cholera, Rift Valley Fever, plague and other vector-borne
diseases.
The anticipated future impact of climate change on water resources are likely to result in
increase in water runoff in Central Africa but a decrease in West Africa and increased
potential evapotranspiration, which would lead to reduction in soil water and changes in
precipitation. The enhanced evaporation could have profound effects on some lakes and
reservoirs leading to their complete drying out in many cases. Rising sea level will result in
the pollution of most of the water resources along the coast by intrusion of sea water.
Reduction in water quantity will lead 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 households
depending on the MTFs of West and Central Africa.
Thus, current knowledge indicates that MTFs are being or will be negatively affected by
climate change (shifts in species composition and functional groups, reduction in
productivity and resilience, impacts on biodiversity, human health, agriculture, water, socioeconomic development and livelihoods).
In spite of the above, there are uncertainties about the outcomes of interacting factors
(temperature increase, variability in precipitation, extreme events, carbon dioxide fertilization
and wildfires). Hence, there is a necessity of generating more knowledge through
monitoring climate factors and forest phenology as well as growth and regeneration of the
woody species, and synthesizing cross-site data in West and Central Africa. The emphasis
should be on examining the effects of changes in climate variables (temperature and
precipitation) and atmospheric carbon dioxide concentration on the MTFs. This is because
temperature, water availability and carbon dioxide are significant in relation to climate
change among the many climatic variables that are important for plant growth. This is
particularly so because of the predicted increase in atmospheric CO2 in the future causing
temperature rises and, possibly, climatic shifts. There is, also, a need to collect more
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accurate estimates of the cover and rates of change of MTFs as a result of deforestation,
forest degradation and regrowth in West and Central Africa.
This requires the use of permanent sample plots (PSPs) to collect the necessary data and
information. However, there is a great paucity of information on PSPs used in the vegetation
studies in MTFs of West and Central Africa Strict Nature Reserves (SNRs) with available
data and information that are suggested for use in monitoring impacts of climate change in
the MTFs. One-hectare permanent sample plots should be established in selected SNRs
within MTFs in representative countries across West and Central Africa to generate data
and information to be used for forest-based climate change mitigation and adaptation
through periodic re-sampling and monitoring of the plots.
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CHAPTER 1 Introduction
The tropical forest resources in Africa represents 18% of the world total and cover over 3.6
million km2 in West, East and Central Africa. This total area can be subdivided into 2.69
million km2 (74%) in Central Africa, 680,000 km2 (19%) in West Africa and 250,000 km2
(7%) in East Africa (SOMMER, 1976). Thus, the bulk of African tropical forests are found in
Central and West Africa with the forests in the Congo Basin containing the largest remaining
contiguous expanse of moist tropical forest (MTFs) in the African continent and the second
largest in the world, after the Amazon forest. This immense biome constitutes about 15% of
the world’s remaining MTFs (FAO, 1988) encompassing the entire land mass of Democratic
Republic of Congo, Equatorial Guinea and Gabon, most of Cameroon and Congo, and a
small part (southern corner) of the Central African Republic. WRI (1996) indicated that only
8% (0.5 million km2) of Africa’s forests remain as “frontier forests”1.
IPCC (2007) has reported that MTFs, as a whole, are among the ecosystems expected to
be most affected by climate change. The large expanses of MTFs, which are found in West
and Central Africa hold much of Africa’s carbon, and the general vulnerability of the people
and economies of the sub-regions makes the sub-regions of Africa important for
consideration in terms of impacts from climate change. For example, it is estimated that 46
billions of carbon stock are stored in forest of the Congo Basin (NASI ET AL., 2006). These
forests are currently under threats from deforestation and degradation with various degrees
of intensity and pace varying from one country to another. According to FAO (2009), the
countries in West Africa with moist forests collectively lost 710,000 ha or about 1.9% of their
forest covers between 2000 and 2005. The corresponding figures for the countries of
Central Africa with much larger expanse of forests are 611,000 ha or 0.38%. If the clearing
rates continue to rise, a substantial amount of carbon will be released into the atmosphere
in the form of carbon dioxide, thus, contributing to global climate change.
There is growing evidence that climate change, additional stressor factor, is impacting on
forests and forest ecosystems in West and Central Africa and, therefore, the livelihoods of
dependent communities as well as national economic activities that depend on forest and
tree products and services. HULME (1996) and IPCC (1998) concluded that the African
continent is particularly vulnerable to the impacts of climate change because of factors such
as widespread poverty, recurrent droughts, inequitable land distribution and
overdependence on rain-fed agriculture. The key vulnerable sectors identified by IPCC
(2007) include agriculture, food supply, infrastructure, health, and water resources. Sub-

1

Frontier forest is, essentially, natural/primary forest of sufficient size to support ecological viable populations
of indigenous species (WRI, 1996).
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Saharan Africa is expected to suffer most, not only in terms of reduced agricultural
productivity and increased water insecurity, but also in increased exposure to coastal
flooding, extreme climatic events and increased risks to human health. The vulnerability to
climate change is exacerbated by a number of non-climatic factors, including endemic
poverty, hunger, high prevalence of disease, chronic conflicts, low levels of development
and low adaptive capacity.
The impacts of climate change will diminish the capacity of the forests to provide goods and
services, have far reaching, mostly, adverse consequences for the livelihoods of forestdependent communities, particularly in Africa where the capacity to adapt is low (OKALI,
2011).
As stipulated in the Terms of Reference, the objectives of this study were to:
(i) review available information on climate change vulnerability of biophysical (i.e., soil,
water, and biological resources) and socio-economic (i.e., human health, livelihoods,
products, trade and development) systems in MTFs and woodlands and savannas in
West and Central Africa;
(ii) review and assess available data and information on permanent sample plots (PSPs) in
MTFs and woodlands and savannas in West and Central Africa and evaluate the current
status and potential of such plots to be used for the generation of data and information
for determining and modeling impacts of climate change in MTFs and woodlands and
savannas (i.e., tree and stand health, regeneration, growth and productivity) and REDD+
requirements, including MRVs and biodiversity safeguards in MTFs and woodlands and
savannas in West and Central Africa; and
(iii) identify and describe existing PSPs in moist forests and woodlands and savannas in
West and Central Africa that can be supported for long term monitoring, initially for a 5year period, and propose institutional arrangements for the sustainable management
and monitoring, including periodic re-measurements, of forest and tree resources and
factors affecting them in the identified PSPs.
This report, therefore, presents a review on climate change vulnerability of biophysical and
socio-economic systems in MTFs of west and central Africa.
The study was conducted by an extensive search for papers published in academic
journals, publications by international organizations, and country/national reports on tropical
forests, especially those of West and Central Africa, climate change and variability and the
impacts on MTFs, and on permanent sample plots used in the study of forest structure,
productivity, dynamics and functioning in MTFs in West and Central Africa. Individual
scientists and international organizations working in the MTFs of West and Central Africa
were also personally contacted for information on some aspects of this study. Visits to some
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known permanent sample plots to assess their current status were made. Information from
these sources was used to accomplish this study.
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CHAPTER 2 Tropical moist forests in
West and Central Africa
CHARACTERISTICS OF TROPICAL MOIST FORESTS
Tropical moist forests (TMFs) include all forests within the humid tropics where annual
rainfall exceeds the amount of water lost through evaporation and transpiration (IUFRO,
2010). There are about 70 countries located within the humid tropical forest region,
including 31 in Africa. The forests cover extensive areas on the African continent but are
concentrated in West and Central Africa, where they are the principal base for industrial
wood production (OKALI AND EYOG-MATIG, 2004). The African moist forests are characterized
by annual rainfall of 1,400 mm to more than 4000 mm. The average monthly rainfall does
not exceed 100 mm throughout the year (W HITE, 1983). The length of growing period ranges
between 271-365 days per year (PARDEY ET AL., 2007). The MTFs in Africa include moist
deciduous forests at low altitudes under rainfall regimes of 1,000-2,500 mm per annum and
true rain forests, also, at low altitudes but higher rainfall regimes (over 2,500 mm per
annum) referred to collectively as rain forests. Moist forests at higher altitudes (especially
the Afromontane broadleaved forests at > 900 m elevation), though widely scattered in
distribution, cover less area (OKALI, 2011). These forests are characterized by relatively tall,
mostly evergreen broadleaved trees, with a closed canopy usually composed of a high
diversity of tree species. There are also abundant palms, climbing plants (lianas and vines),
epiphytes and hemi-epiphytes. Many of the trees often have large buttresses for mechanical
support to withstand stresses due to wind or gravity and relatively large leaves. The bark of
the trees is usually thin, making them fire sensitive, and, generally, smooth and light
coloured. There is also high diversity of animals.

EXTENT AND DYNAMICS/TRENDS
The moist tropical forest zone, largely, encompasses locations in West Africa (48 million ha)
and Central Africa (202 million ha) (IUFRO, 2010; Table 1). The rain forests of the Congo
Basin, which contain about 91% of Africa’s remaining rain forests, occur in this zone (IITA,
2000). This region is identified as an important centre of biodiversity and endemism
(IUFRO, 2010). The rain forests of West Africa, also known as Upper Guinean Forests,
cover 10.9 million ha (IUFRO, 2010) and have been designated as one of the global
biodiversity hotspots (MYERS ET AL., 2000). They are known to contain a large number of
species of both fauna and flora. It is estimated that the West African rainforest zone
contains 2800 vascular forest plant species of which 650 are endemic and 400 species
considered rare (POORTER ET AL., 2004). The Afromontane forests are found in the west of
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Cameroon and east of the Democratic Republic of Congo. JAGTAP and CHAN (2000) have
reported that as a result of human-induced disturbances, the forest now is composed of a
mosaic of different land use types, patches of secondary forests and fallow vegetation, and
small remnants of primary vegetation.

Table 1. Area cover of lowland moist tropical forest in west and central
Africa
Extent of forests (2005)
Country

Forest area (‘000
ha)

Proportion to total
land area (%)

Area per 1,000
people (ha)

West Africa
Benin

2,351

21.3

268

Côte d’Ivoire

10,405

32.7

550

Ghana

5,517

24.2

240

Guinea

6,724

27.4

732

Liberia

3,154

32.7

881

Nigeria

11,089

12.2

77

Sierra Leone

2,754

38.5

480

Togo

386

7.1

60

Total

42,380

24.5

411

Angola

59,104

47.4

3,570

Cameroon

21,205

45.6

1,169

Central African Republic

22,755

36.5

5,337

Congo

22,471

65.8

6,091

Democratic Republic of
Congo

133,610

58.9

2,203

Equatorial Guinea

1,632

58.2

3,297

Gabon

21,775

84.5

16,662

Total

282,552

56.7

5,476

Central Africa

Source: Adapted from FAO (2009).

After the MTFs have been destroyed or disturbed by natural or anthropogenic factors, such
as fire, logging, hurricanes, tree falls or swidden agriculture, a natural regeneration begins
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through a series of vegetational stages (RICHARDS, 1955; SWAINE AND HALL, 1983). The rate
of change of the forest structure and composition is strongly influenced by the nature and
extent of residual vegetation in the form of resprouts, remnant trees and shrubs,
seedling/saplings and/or the soil seed bank (UHL ET AL., 1981, GALINDO-GONZALEZ ET AL.,
2000; ELMQVIST ET AL., 2001; CHADZON, 2003). Thus, the structure and dynamics of forest
vegetation reflect complex interplay of disturbance events and regeneration processes
taking place through time and space (CHADZON, 2003).

SOCIO-ECONOMIC IMPORTANCE OF TROPICAL MOIST
FORESTS
The MTFs are intricately linked to the socio-economic and productive systems of people in
Africa (OKALI, 2011). The forests provide firewood, timber, traditional medicines, staple
foods and drought emergency foods. Because a large fraction of the population lives in rural
areas, they depend on the forests for many of the subsistence needs. Also, the export of
timber, nuts, fruits, gums and other forest products generates income for the countries in the
sub-region. Exports of timber products contribute more than 60% of GDP in some Central
and West Africa countries (IUFRO, 2010). There is also considerable economic contribution
from the production and sale of gums and resins, medicinal plants, honey and beeswax,
bush meat and other non-timber forest products (SUNDERLAND ET AL.,1998) and the small
scale trade in forest products (SHACKLETON ET AL., 2007). Moreover, the forest trees and
shrubs provide ecosystem services of carbon sequestration, storing and transpiring water
required for precipitation, maintaining soil fertility and providing habitats for a diverse array
of plant and animal species. They have also commanded international attention because of
their rich biodiversity and unique products they provide as well as their high productivity and
potential to influence climate change (OKALI, 2011). They also provide home and cultural
basis for the Baka (one of the so-called ‘pygmy’ groups), a semi-nomadic hunter-gatherer
people of Central Africa.

THREATS TO TROPICAL MOIST FORESTS
Tropical moist forests are under threat and in full retreat in West and Central Africa because
of massive deforestation and forest degradation with all the implications. The situation is
caused by overexploitation or unplanned exploitation, slash-and-burn agriculture, selective
logging, intensive fuelwood collection, rapid population growth, increasing infrastructural
development and conflicts. Other threats include increasing wildfires, droughts, floods as
well as pest and diseases as a result of climate change and variability. The major threat to
the forests is the conversion to some other land use, such as agriculture (subsistence
farming and plantations of economic tree crops, such as cacao, oil palm, rubber, kola nut
and fast growing tree crops such as teak, gmelina and eucalypts) in addition to other threats
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emanating from urbanization, industrialization and other infrastructural development.
Degradation of the forests is evident from the poor structure of extant forest, the rampant
growth of climbers, tangles, the loss of species many of which seem to have been locally
exterminated, and the drastic reduction in the size of timber logs available for milling
(ONOCHIE, 1990). For instance, according to FAO (2001), close to 12 million ha of forests
were lost in West Africa from 1990-2000, whereas West and Central Africa put together, an
estimate area of close to 15 million ha were lost between 2000 and 2010 (CHAKRAVARTY ET
AL., 2012). In Central Africa, with estimated population of close to 80 million inhabitants, of
which 65 million currently live in or near the forest (FAO, 2003), local communities use bush
fires as a technique for farming and hunting. The main concern as these forests disappear
is the rapid loss of unique flora and fauna, resulting in reduction of populations of wild
animals and plants. The forests are undergoing changes in structure, dynamics, productivity
and function as a result of these disturbances. The remaining forests are also undergoing
changes because of the alteration of the physical, chemical and biological environment that
the species are adapted to due to climate change and variability.
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CHAPTER 3 Climate change and
variability: an overview
DEFINITION AND INDICATORS
The United Nations Framework Convention on Climate Change (UNFCCC) in Article
1defines climate change as “a change of climate that is attributed directly or indirectly to
human activity that alters the composition of the global atmosphere and which is in addition
to natural climate variability observed over comparable time periods” (United Nations,
1992). Okali (2010) stated that from reports of IPCC, the now well-known and widely quoted
main indicators of climate change are:
 global warming: the rise in the earth’s surface temperature at a rate faster than it had
done for 1000 years, the general mean global temperature of 15°C having risen by 0.3 to
0.6°C since 1900;
 ice-caps and glaciers in the cold regions melting, global snow cover decreased by 10%
between 1960 and 2000;
 melting ice and thermal swelling of the oceans leading to sea-level rise;


global mean sea-level having risen by 10 to 25 cm over the last 100 years, and
projected to rise by 0.09 to 0.88 cm in the next 100 years; and

 correlated increases in the atmospheric concentrations of greenhouse gases (CO 2 , CH 4 ,
N 2 O, etc.). Concentrations of these gases in the atmosphere have risen dramatically
since the industrial revolution of the 19th Century coinciding with the rapid rise in the
combustion of fossil fuels, beginning with coal, then to oil and gas for energy.
Closely associated with these primary indicators are the consequences of changing weather
patterns, changing seasons, extreme weather events, floods, droughts, forest fires, heat
waves, ocean acidification, all with profound impacts on biodiversity, livelihoods and socioeconomic activities (OKALI, 2010).
Also, climatic records in Africa show that the continent is warmer than it was 100 years ago
(IPCC, 1996) with warming of approximately 0.7°C in most of the continent during the 20th
Century, a decrease in rainfall over large portions of the Sahel, and increase in rainfall in
east-central Africa (IPCC TAR, 2001). Climate change scenarios for Africa, based on the
results from circulation models using data collected by the Intergovernmental Panel on
Climate Change (IPCC) Data Distribution Center (DDC), indicate future warming across
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Africa ranging from 0.2°C per decade (low scenario) to more than 0.5°C per decade (high
scenario). This warming is greatest over the interior of semi-arid and margins of the Sahara
and Central Southern Africa. Over the next century, this warming trend, and changes in
precipitation patterns are expected to continue and be accompanied by a rise in sea level
and increased frequency of extreme weather events.

VULNERABILITIES TO CLIMATE CHANGE
According to the IPCC (2007) vulnerability is “the degree to which geophysical, biological
and socio-economic systems are susceptible to or unable to cope with adverse impacts of
climate change, including climate variability and extremes”. The term vulnerability may,
therefore, refer to the vulnerable system itself, e.g. low-lying islands or coastal cities, the
impact to this system, e.g. flooding of coastal cities and agricultural lands or forced
migration, or the mechanism causing these impacts, e.g. disintegration of the ice sheet in
West Antarctic.
Anthropogenic warming has already caused many changes in forests. As large, extensively
managed, long-lived ecosystems, often on marginal sites, forests respond sensitively to
climate changes, together with people, societies and economic activities that depend on
them (BERNIER AND SCHOENE, 2008). IPCC (2007) rated boreal, mountain, Mediterranean,
mangrove and MTFs as the forest ecosystems most likely to be affected by climate change.
Forests also influence climate change, as sources of greenhouse gases when they are
destroyed and as sinks for carbon when they grow and expand (BERNIER AND SCHOENE,
2008).
In the Bali Action Plan, adopted by the thirteenth Conference of Parties to the United
Nations Framework Convention on Climate Change (UNFCCC) in 2007 (UNFCC, 2008), it
has been proposed that forests in developing countries be considered as a prime tool for
climate change mitigation. Accordingly, activities currently addressed include reducing
emissions from deforestation and forest degradation in developing countries (REDD) and
conservation and enhancement of carbon stocks through sustainable forest management
(REDD+).
Africa is one of the most vulnerable regions in the world. According to IPCC (1990), climate
change could increase average temperatures and cause considerable changes in regional
and seasonal patterns of precipitation. Recent studies have indicated a greater warming
trend and a notable spatial and temporal variability of rainfall in Africa (NICHOLSON ET AL.,
2000; CHAPPEL AND AGNEW , 2004, DAI ET AL., 2004; MALHI AND W RIGHT, 2004; KRUGER AND
SHONGWE, 2004; HULME ET AL., 2005; NEW ET AL., 2006). For instance, a decadal warming
rate of 0.29°C in the African tropical forests (MALHI AND W RIGHT, 2004), and 0.1 to 0.3°C in
South Africa (KRUGER AND SHONGWE, 2004) have been reported. Increase in the number of
warm spells in southern and western Africa and a decrease in number of extremely cold
© African Forest Forum (August 2014) All Rights Reserved
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days between 1961 and 2000 has been also reported (NEW ET AL., 2006). Furthermore,
large inter-annual rainfall variability has been reported over most of Africa and for some
regions substantial multi-decadal variability. In West Africa, a decline in annual rainfall has
been observed since the 1960s with a decrease of about 20-40% noted between 1931-1960
and 1968 -1990 (NICHOLSON ET AL., 2000, CHAPPAL AND AGNEW 2004; DAI ET AL. 2004). Malhi
and Wright (2004) have also reported declines in mean annual precipitations of around 4%
in West Africa, 3% in North Congo and 2% in South Congo, all in MTFs, for the period 19601998. NICHOLSON ET AL. (2000) have however, reported a 10% increase in annual rainfall
along the Guinea coast during the last 30 years. Also, GBUYIRO (1998) has shown that
precipitation decrease in the humid regions of West Africa is by about 10-25% or 2.5% per
decade since the beginning of the nineteenth century. These changes in temperature and
rainfall will probably alter the environmental conditions to which moist tropical forest trees in
Central and West Africa are adapted, and hold potential to expose them to new pests and
diseases. FISCHLIN ET AL. (2007) have stated that moist forests that usually experience little
climatic seasonality are highly affected by changes in precipitation from global climate
change. With a decrease in precipitation, the moist forests could develop into a droughtdeciduous type. Furthermore, longer dry seasons caused by climate change combined with
other disturbances to forest systems make forest ecosystems particularly vulnerable to
major forest fires (IUFRO, 2010).
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CHAPTER 4 Vulnerability to and impacts
of climate change
Impact of climate change can be defined as the consequences of climate change on natural
and human systems. According to IPCC (2007), the key vulnerabilities are associated with
many climate-sensitive systems, including, for example, food supply, infrastructure, health,
water resources, coastal systems, ecosystems, global biogeochemical cycles, ice sheets,
and modes of oceanic and atmospheric circulation.

WATER RESOURCES
Water resources are inextricably linked with climate. Therefore, the prospect of global
climate change has serious implications for water resources and regional development
(RIEBSAME ET AL., 1995). An assessment by UNEP (2002), suggested that by 2050, rainfall
in Africa could decrease by 5% and become more variable year by year. SCHOLZE ET AL.
(2006) modeled 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. Projected
temperature increases are likely to lead to increased open water and soil-plant evaporation.
The dominant impact of global warming as a result of increased potential evapotranspiration
and decreased runoff will be a reduction on soil water. In addition, apart from the Congo
River, the major rivers of West and Central Africa (e.g. Niger and Senegal) transverse semiarid and arid lands on their way to the coast. This will enhance the evaporative losses as a
result of increased temperatures and, likely, further reducing runoff unless compensated by
increased precipitation.
The expected increased variability in precipitation, could result in floods in the moist forest
zones of the sub-regions. Flooding, exacerbated by this climate change, often, results in
increased contamination of drinking water. In this regard, when water is available, it is often
of poor quality, thus, contributing to a range of health problems, including diarrhea, intestinal
worms and trachoma. Much of the sufferings from lack of access to safe drinking water and
sanitation are borne by the poor who live in degraded environments and are overwhelmingly
women and children. Increase in surface water temperature has also been associated with
disease transmission. For instance, in 2012, there was extensive flooding in Nigeria due to
excessive rainfall, which the Nigerian Meteorological Agency (NIMET) attributed to the
delay in the movement of the Inter-Tropical Discontinuity, ITD also known as Inter-Tropical
Convergence Zone (ITCZ) (NJOKU, 2012).
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COASTAL RESOURCES
Sea levels will rise around the globe as a result of global warming (CONWAY, 2009). The
primary cause, at least in the near term, is the thermal expansion of the oceans, resulting
from rising oceanic temperatures (CONWAY, 2009). This will deliver a rise of about half a
meter by the end of the century (MEEHL ET AL., 2007). There is also the threat of polar icecaps melting, leading to, even, more dramatic sea level rise. The sea level rise associated
with climate change would have serious consequences for low-lying coastal areas along the
West and Central Africa. The coastal countries of west and central Africa that have low-lying
lagoon coasts that are susceptible to erosion and, hence, are threatened by sea level rise
are Angola, Cameroon, Gabon, Gambia, Nigeria, Senegal and Sierra Leone. There will be
erosion and submergence of lowlands (along the coast of Senegal and Niger Deltas and
The Gambia Estuary) and much of the land currently used for agriculture and livestock
practices in these areas would be lost leading to socio-economic and socio-cultural
problems.
JALLOW ET AL. (1996) report that the capital of Gambia, Banjul, could disappear in 50-60
years through coastal erosion and sea-level rise putting more than 42,000 people at risk. In
Ghana, the coastal zone occupies less than 7% of the land area, but contains 25% of the
population and, as a result, even relatively small rises could have damaging physical
consequences on the economy (CONWAY, 2009). These could include permanent
connection of lagoons to sea, penetration of salt water inland, increased coastal erosion,
salinization of freshwater lagoons and aquifers, increased depth of water table in coastal
areas, destruction of wetlands and associated industries and accelerated loss of the capital
Accra (CONWAY, 2009). In Nigeria’s Niger Delta, it is estimated that with sea-level rise of one
metre, inundation may render more than 15,000 square kilometres of land at risk, while
erosion may claim more than 300 square kilometers (AWOSIKA ET AL., 1994). The Lagos
region, which consists of large areas of lowland that are very vulnerable to the impacts of
climate change and sea-level rise, is generally characterized by low lying areas most of
which are below 5 m above sea level. It is expected that considerable physical, ecological
and socio-economic losses would be incurred with expected rise in sea level of about 0.5
and 1.0 m.
The intrusion of salt water could also affect lagoon fisheries and aquaculture in Cote d’Ivoire
(REPUBLIQUE DE COTE D’IVOIRE, 2000), coastal agriculture (e.g. plantations of oil palm and
coconuts in Benin and Cote d’Ivoire, and shallots in Ghana) could risk inundation and soil
salinization (Boko et al., 2007). Between 130 and 235 km2 of rice fields (17% and 30% of
the existing rice field area) in Guinea could be lost as a result of permanent flooding,
depending on the inundation level considered (between 5 and 6 m) by 2050 (REPUBLIQUE DE
GUINEE, 2002).
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Sea level rising will result in the pollution of most of the water resources along the coast by
intrusion of sea water, and management of water resources would place greater emphasis
on desalination.

BIODIVERSITY (INCLUDING FORESTRY)
The MTFs in West and Central Africa contribute significantly to biodiversity and human
wellbeing. The uses of the rich biodiversity of the forests are consumptive (food, fibre, fuel,
shelter, medicinal, wildlife trade, etc.) and non-consumptive (ecosystem services and the
economically important tourism industry). These forests, especially those of Central Africa
(the Congo Basin forests), are globally important store house of plants and animals. The
Congo Basin tropical rain forests account for 60% of Africa’s biodiversity and are significant
both for total number of species found there and for endemic species (IUFRO, 2010). The
protected areas in the Congo Basin forests support the largest populations of African
elephants and are home to four of the world’s species of great apes and numerous other
unique species such as Okapi, Bongo and Congo peacock. The forests also contain at least
12,000 species of plants, numerous species of mammals, birds, reptiles, amphibians,
freshwater fish and butterflies (JUSTICE ET AL., 2001). Some of the biodiversity is
concentrated in several centres of endemism, such as the Afromontane habitats of
Cameroon, the western equatorial forests of Cameroon and Gabon, and eastern lowland
forests of the Democratic Republic of Congo.
Climate change is generally believed to increase the risks of biodiversity loss (FISCHLIN ET
AL., 2007), and montane areas in tropical Africa will logically face relatively higher risks from
climate change due to the lack of migration paths for mountain species (DESANKER ET AL.,
2001). These and other biodiversity spots, which are mainly outside protected areas in the
sub-regions, are under threat from climate change and vulnerability and other stresses.
Montane centres of biodiversity are particularly threatened by increase in temperature
because many represent isolated populations with no possibility of vertical or horizontal
migration.
The ultimate impact of climate change on biodiversity is to bring about biodiversity loss
through species extinction (OKALI, 2010). After, examining the results from various modeling
studies, the Fourth Assessment Report of IPCC (2007) confirmed that climate change is a
major driver of biodiversity loss in tropical forests and several other ecosystems. It was
estimated that on the average 15 to 37% of species will become extinct by 2050, and that
climate-induced extinction rates in tropical biodiversity spots are likely to exceed the
predicted extinction rates from deforestation by the end of this Century. This is because
even quite small changes in temperature and rainfall patterns can have deleterious impacts
on the viability of plants and animals. Perhaps one of the biggest losses, wide-spread
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consequences, will be forests of the sub-regions, particularly along the Congo Basin, driven
by logging and increasing aridity.
Changing disturbance regimes will interact with climate change in important ways to control
biodiversity, for instance through rapid, discontinuous “ecosystem switches” 2 that are
accompanied by drastic species shifts and even species extinction. This is because climate
change alters the spatial and temporal patterns of temperature and precipitation. These are
the two most fundamental factors determining the distribution and productivity of vegetation,
geographical shifts of changes in productivity, and, thus, constitute the most likely impacts
of CO 2 -induced climate change on forest species. Subtle changes in species composition of
these rich forests will impact goods and services obtained from biodiversity. The loss in
biodiversity will also affect and might exacerbate climate change through a positive
feedback mechanism because biodiversity itself has a reciprocal impact on climate change
through the central position of plants in modulating global carbon cycle (OKALI, 2010).
Fire has occurred in forest areas where it has not been observed in the past. The predicted
climate change to alter the likelihood of increased sizes and frequencies of wildfire in forests
(e.g. BROWN ET AL., 2004) and the reported increased wildfire incidents in tropical rain forest
zones of the world, especially in deciduous forests where the dry season exceeds 3-4
months (ISICHEI ET AL. 1986; KINNARD AND O’BRIEN 1998), will impact biodiversity through the
effects on composition, structure, regeneration and recovery potential of rain forests. This is
because the effect of fire on rain forest is devastating (KIO AND NNAOBI, 1983) since fire
resistance, as found in savanna tree species, is lacking (KEAY, 1959). MACCHI ET AL. (2008)
reported that the main reasons for forest losses have been wildfires, which have been
severe, especially in Angola, southern Democratic Republic of Congo and Central African
Republic.
FAUSET ET AL. (2012) have reported that over the past two decades, species composition in
Ghanaian forests has shifted to favour deciduous, drier forest affiliated, canopy species with
intermediate light requirements over wetter-forest affiliated, evergreen shade-tolerant, subcanopy species in response to drought-induced shifts in the floristic and functional
composition of tropical forests in Ghana. These changes have been occurring since the
onset of the West African drought in the 1970s, perhaps, linked to increasing sea surface
temperatures (DAI, 2011). All the changes will, thus, create additional challenges for forest
management in these sub-regions of Africa with consequent impacts on the economic and

2

The abrupt or rapid changes in ecosystem status and services caused by passing a threshold where core
ecosystem functions, structures and processes are fundamentally changed at which point rapid shifts to new
state occur.
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social benefits that the societies and individuals derive from the forests and biological
diversity in the forest ecosystems.

AGRICULTURE
Agriculture constitutes a large share of Central and West African economies with a mixture
of subsistence and commercial production. For example, in Central Africa it constitutes the
primary activity and 58-63% occupation of the people, and practices such as slash and burn
shifting cultivation have continued to contribute to forest loss (SONWA ET AL., 2010). Forestry
is an important complement to agriculture in many rural areas. One-third of the income in
African countries is generated by agriculture. In Cameroon, for example, close to 30% of the
GDP comes from agriculture (MOLUA, 2008). Crop production and livestock husbandry
account for about half of household income. The agricultural sector is already hampered by
its reliance on rain-fed irrigation, poor soil and antiquated technology and farming methods.
It is likely to be hit hard as droughts and flooding worsen, temperatures and growing
seasons change and farmers and herds are forced off their land (FLESHMAN, 2007). This
could create considerable humanitarian and economic challenges in the sub-regions where
farming accounts for 70% of employment and is often the engine for national economies generating export earnings, industrial raw materials and inexpensive food (FLESHMAN,
2007).
An increase in temperature and rainfall is also likely to encourage the proliferation of pests
that are detrimental to staple crops. Central and West Africa’s warm, moist conditions are
ideal for insects and crop diseases. Insects will multiply and prosper because, during the
growing season, some insects could produce several offsprings per female (PIMENTEL,
1993). Rising temperatures will lengthen the breeding season and increase reproductive
rate that will in turn, raise the total number of insects attacking crops and subsequently
increase crop losses (PIMENTEL, 1993). Also, weeds, which are better adapted than crops,
could increase the competition for light, moisture and nutrients leading to increase in crop
losses due to weeds and pests (PIMENTEL, 1993). As a consequence of pest increase, there
may be substantial rise in the use of agricultural chemicals to control them.
Livestock distribution and productivity could be indirectly influenced via changes in the
distribution of vector-borne livestock diseases, such as nagana (trypanosomiasis) and the
tick-borne East Coast Fever and Corridor disease (HULME, 1996). Thus, changes in
temperature, moisture, carbon dioxide, insect pests, animal and plant diseases and weeds
associated with global warming will reduce food production in the moist tropical forest zone.
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SETTLEMENTS AND INFRASTRUCTURE
The main challenges that are likely to be faced by populations in these sub-regions will
emanate from the effects of extreme events, such as tropical storms, floods, landslides,
wind and abnormal sea level rises expected as a result of climate change. Large numbers
of people are currently at risk of floods (UNDP, 2004; UNESCO-WWAD, 2006), particularly,
in coastal areas where coastal erosion is already destroying infrastructure, housing and
tourism facilities (e.g. in residential region of Akpakpa in Benin (NIIASSE ET AL., 2004)).
CONWAY (2009) has asserted that floods could become common in Africa, in part, because
some regions will experience higher rainfalls, but even in drier regions there is likely to be a
higher frequency of more intense downpours which may create flooding. He reported that
2007 saw heavy flooding in both eastern and western Africa and listed the direct and
indirect consequences of floods as:
 immediate deaths and injuries from drowning;
 non-specific increases in mortality;
 infectious diseases, e.g. increased malaria;
 exposure to toxic substances;
 damage to property and infrastructure, e.g. roads, railway networks, dams and power
generation;
 damage to crops and livestock;
 community breakdowns;
 increased psychological stress; and
 increased demands on health systems and social security.
Communications among human settlements will be seriously disrupted, impeding
movement of goods and persons in the sub-regions. Many refuges will not be reached by
land resulting in significant depletion of their food and medical supplies and leading to
mortalities. Climate change may also lead to industrial relocation, resulting from either sealevel rise in coastal-zone areas or from transitions in agro-ecological zones. Reduced
stream flows would cause reductions in hydropower production, leading to negative effects
on industrial productivity and also costly relocation of some industrial plants. Many harbors
and ports in coastal–zone of the sub-regions will be adversely affected, which will be
devastating economically. All these events will likely exacerbate management problems
relating to pollution, sanitation, waste disposal, water supply, public health, infrastructure
and technologies of production (IPCC, 1996).
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HUMAN HEALTH
The IPCC Special Report on Regional Impacts of Climate Change (IPCC, 1998)
acknowledges that climate change will have impact on vector-borne diseases. Also,
GITHEKO ET AL. (2000) stated that the temporal and spatial changes in temperature,
precipitation and humidity that are expected to occur under different climate change
scenarios will affect the biology and ecology of vectors and intermediate hosts and,
consequently, the risk of disease transmission. Mosquito species, such as Anopheles
gambiae complex, A. funestus, A. darling, Culex quinquefasciatus and Aedes aegypti are
responsible for transmission of most vector-borne diseases, and are sensitive to
temperature changes at immature stages in the aquatic environment and as adults
(GITHEKO ET AL., 2000). If water temperature rises, the larvae take shorter time to mature
(RUEDA ET AL., 1990) and, consequently, there is greater capacity to produce more
offsprings during disease transmission period. In warmer climates, the adult female
mosquitoes digest blood faster and feed more frequently (GILLIES, 1953), thus, increasing
transmission intensity. Similarly, malaria parasites and viruses complete extrinsic incubation
within the female mosquito in a shorter time as temperature rises (TURELL, 1989), thereby
increasing the proportion of infective vectors (GITHEKO ET AL., 2000). Furthermore, increased
precipitation has the potential to increase the number and quality of breeding sites for
vectors, such as mosquitoes, ticks and snails, and the density of vegetation, affecting the
availability of resting sites. Disease reservoirs in rodents can increase while favorable
shelter and food availability lead to population increases, in turn, leading to disease
outbreaks (GITHEKO ET AL.; 2000).
The climate of West and Central Africa, like that of other tropical African climate, is
favorable to most major vector-borne diseases, including malaria, schistosomiasis,
onchocerciasis, trypanosomiasis, filiariasis, leishmaniasis, plague, Rift Valley Fever, yellow
fever and tick-borne haemorrhagic fevers (GITHEKO ET AL., 2000). There is also high diversity
of vector species complexes that have the potential to redistribute themselves to new
climate-driven habitats leading to new disease patterns (GITHEKO ET AL., 2000). Recent
studies in Africa have shown that climate change will have direct and indirect impacts on
diseases that are endemic in Africa. It is expected that small changes in temperature and
precipitation will support malaria epidemics at current altitudinal and latitudinal limits of
transmission (LINDSAY AND MARTENS, 1998). Furthermore, flooding could facilitate breeding
of malaria vectors and, consequently, malaria transmission (WARSAME ET AL., 1995),
epidemics of cholera, a water and food-borne disease, through contamination of public
water supplies caused by flood. Unhygienic practices because of water shortage as a result
of drought will also facilitate the epidemic of cholera.
Recent data from West Africa indicate that the risk of a new Rift Valley Fever epizootic is
increasing in the region (FONTENILLE ET AL., 1995), with significant exposure to the virus
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among livestock herders and wildlife rangers during the wet season (OLALEYE ET AL., 1996).
It is expected that increased precipitation, as a consequence of climate change, could
increase the risk of infections in livestock and people because studies on mosquito vectors
of the disease in Kenya (mainly Aedes and Culex species) have clearly linked the risk of
outbreak to flooding (LINTHICUM ET AL., 1990). There is a likely increase in plague, a fleaborne disease with rodents as reservoir, because of increase in the population of rodents
following heavy rains as a result of abundant food. Increased temperature can also
accelerate the development of fleas and the pathogen they carry. Pollution of streams, wells
and other sources of rural water supplies by flooding could introduce parasites, such as
amoeba and cryptosporidium into drinking water (ALTERHOLF ET AL., 1998).
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CHAPTER 5. Knowledge generation and
permanent sample plots
Long-term changes in vegetation are best studied by means of permanent sample plots.
Changes in flora and fauna in successive seasons through the year and, possibly, in
successive years can be followed by setting out permanent sample plots (PSPs). Such plots
are clearly marked out by permanent marks and geo-referenced. Records of plant and
animal life, and habitat factors are made at regular intervals. Much of what is known about
tropical forest dynamics in terms of changes in tropical forest structure, dynamics,
productivity and function has come from the long-term monitoring of tropical tree
populations within permanent sample plots (LEWIS ET AL., 2004; CHADZON ET AL., 2007).
Long-term monitoring allows changes in forest growth, recruitment and mortality rates to be
calculated (PHILLIPS ET AL., 1994; SHEIL ET AL., 1995; LEWIS, 2006). Furthermore, by using
allometric equations, tree diameter measurements can be converted to biomass and carbon
content to ascertain if intact tropical forests are currently a carbon sink, source or neutral,
and, hence, how they moderate the rate and magnitude of climate change (LEWIS, 2006).

STATUS OF CURRENT KNOWLEDGE ON CLIMATE CHANGE
AND TROPICAL MOIST FORESTS
Current knowledge indicates that TMFs are being or will be negatively affected by climate
change (shifts in species composition and functional groups, reduction in productivity and
resilience, impacts on biodiversity, agriculture, human health, water, socio-economic
development and livelihoods). In-spite of the above, there are uncertainties about the
outcomes of interacting factors (temperature increase, variability in precipitation, extreme
events, CO 2 -fertilization and wildfires), hence, the necessity of generating more knowledge
through monitoring climate factors and forest phenology as well as growth and regeneration
of the woody species and synthesizing cross-site data sets.
In considering the effects of climate change on TMFs of West and Central Africa, the
emphasis should be on examining the effects of changes in climate variables (temperature
and precipitation) and carbon dioxide concentrations on the growth of plants. This is
because temperature, water availability (determined by precipitation and soil characteristics
as well as other meteorological variables) and carbon dioxide concentration are significant
in relation to climate change among the many climatic variables that are important for plant
growth. This is particularly important because of the predicted increase in atmospheric CO 2
in the future, causing future temperature rises and possibly abrupt climatic shifts.
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The predicted higher temperatures, altered precipitation and higher levels of atmospheric
CO 2 would adversely affect tropical moist forests in West and Central Africa. Trees are
sensitive to climate change which affects soil temperatures and moisture levels and
determines the vitality of pests. Forest water regime will be affected by changes in seasonal
precipitation, within-season pattern of precipitation and inter-annual variation of precipitation
which in turn would affect species composition, growth, productivity, phenology and
regeneration in MTFs zones of West and Central Africa. Already, rainfall has declined in
West Africa and northern Congo Basin over the past two decades (MALHI AND W RIGHT,
2004). There is a critical threshold of water availability below which tropical forests cannot
persist and are replaced by savanna systems (SALZMANN AND HOELZMANN, 2005). These
forests are already relatively dry (ca 1,500 mm year-1) and may become savanna if the
current trends continue, leading to large carbon fluxes to the atmosphere (Lewis, 2005). As
these forests get drier, they will be more susceptible to burning caused by either lightening
or human actions although they were thought to be immune to wildfires. Furthermore,
higher air-temperatures would increase respiration in trees, thereby, reducing forest growth.
It will also have an impact on the soil, a vital element in forest ecosystems by increasing soil
temperatures, thereby, accelerating decay of soil organic matter, resulting in release of CO 2
to the atmosphere and a decrease in carbon/nitrogen ratio.
The impacts of increasing atmospheric CO 2 on forests in the sub-region will be complicated
by the effects it has on trees besides its alteration of their climate regime. Most plants
growing in enhanced CO 2 exhibit increased rates of net photosynthesis, the “fertilizing”
effects. However, CO 2 enrichment also tends to close plant stomata, and, by so doing,
reduces transpiration per unit leaf area while still enhancing photosynthesis. There is need
to investigate the effects of increased CO 2 availability on TMFs, especially on their growth,
dynamics and regeneration.
There are also uncertainties on how African tropical moist forest biome and the tree species
would respond or are already responding to changes in their physical, chemical and
biological environment as a result of climate change and variability. Climate change would
likely result in changes in the structure, dynamics and species composition of TMFs in West
and Central Africa. Therefore, there is a need to investigate the impacts of climate change
on the forests, especially, on individual trees, species composition, functional groups,
growth, phenology and regeneration of the forests to generate data and information that
would be used for forest-based mitigation and adaptation to climate change. This is
important because any small changes in tropical moist forest biome can potentially lead to
major global impacts on both the rate and magnitude of climate change and the
conservation of biodiversity (LEWIS, 2005).
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PERMANENT SAMPLE PLOTS
There is a great paucity of information on permanent sample plots (PSPs) used in the study
of vegetation in West and Central Africa in the MTFs. Even where they were established,
current information on their geographic locations (latitude and longitude), climatic data and
vegetation characteristics are lacking and difficult to access. This is probably because at the
time of their establishment, the geographic positioning system technology was not available
in most of the West and Central African countries, and there was no follow-up monitoring
after establishment. Some of them visited were already either completely deforested or
highly degraded. Furthermore, all attempts to get information on PSPs from individual
scientists and international organizations working in government departments and ministries
of the countries in the sub-regions did not solve this problem.
This leaves the strict nature reserves (SNRs) with existing data as the best option to be
used in monitoring climate change impacts in the sub-regions. The PSPs and SNRs, which
have been verified in Google Earth to be intact as well as with available data and
information (Table 2) along with other SNRs or PSPs to be identified and selected from
some representative countries, are suggested for use in monitoring climate change impacts
on MTFs of and West and Central Africa. Permanent sample plots established in the
reserves would be protected by existing regulations on the reserves in the various
countries.
It is recommended that, one hectare PSPs should be established in each of the locations.
When established in the SNRs, the PSPs should be geo-referenced and delineated with
permanent markers that will not attract too much attention for easy identification or
reference in future. A scientist who is currently actively engaged in research and
institutionally based should be identified and appointed to collect data and information from
the plots for monitoring climate change impacts in TMFs. The data to be collected from the
plots should include those on soil properties, species composition (liana, tree and shrub)
functional groups, phenology (deciduous or evergreen), tree growth, basal area, height,
mortality and recruitment. The soil samples should be collected by sampling five soil cores
down to 2 m depth per plot and analyzed for carbon, nutrient distribution with depth, density,
texture and ground water level. Tree species should be completely identified, enumerated,
diameter at breast (DBH, 1.3 m height) or 50 cm above buttress measured, permanently
tagged with a number or name identifying each species and tracked through time. The data
collected from the plots will be used in compiling the species composition, functional groups
and phenology as well as calculating the basal of the species in each plot.
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Table 2. General information on suggested Strict Nature Reserves and
Permanent Sample Plots.
Designation Country

Eco-region

Area
(ha)

Average
rainfall
(mm)

Altitude Location
(m)

RN Mount
Nimba

Guniea/Côte
d’Ivoire

Rain
forest/woodland
savannah

17,130

-

4501,752

7.32° –
7.44° E x
8.2° – 8.3°
W

RN Yangambi

Democratic
Republic of
Congo

Moist forest

73,860

1,698

374 - 529

0.89° N,
24.48° E

PEP

Nigeria

Semi-deciduous
forest

2.5

1,413

286 - 381

7.31° N,
4.31° E

RN de
Takumanda
(PEP)1

Cameroon

Rain forest

-

-

120

6.03° N,
9.16° E

Montane forest

-

-

1,200

6.19° N,
9.23° E

Moist semideciduous

0.6

1,412

-

6.56° N,
2.22° E

Moist evergreen

1

1,659

-

5.35° N,
1.83° E

Wet evergreen

1

1,733

-

4.83° N,
2.1° E

PEP2

Ghana

Source: Sunderland et al. (2003); and Fauset et al. (2012).
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Conclusion
The West and Central African TMFs are characterized by annual rainfall of 1,400 mm to
4,000 mm and include moist deciduous and rain forests at low altitudes and Afromontane
broadleaved forests at high altitudes (> 900 m elevation). A large fraction of the population
who live in rural areas in West and Central Africa depend on the forests for many of their
subsistence needs and the export of timber, and non-timber forest products generate
income for the countries of West and Central Africa. Climate change scenarios for Africa
indicate future warming across Africa ranging from 0.2°C per decade (low scenario) to more
than 0.5°C (high scenario). Over this century, this warming trend and changes in
precipitation patterns are expected to continue and accompanied by a rise in sea level and
increased frequency of extreme events. These climate change patterns will alter
environmental conditions to which trees in MTFs of West and Central Africa are adapted,
adversely impacting the forests and forest-dependent people.
Current knowledge indicates that the TMFs are being or will be negatively affected by
climate change (shifts in species composition and functional groups, reduction in
productivity and resilience, impacts on biodiversity, human health, water, agriculture, socioeconomic development and livelihoods).
In spite of the above, the characteristics and impacts of climate change on TMFs of West
and Central Africa at a regional scale have yet to be determined. There are uncertainties
about the outcomes of interacting factors (temperature increase, variability in precipitation,
extreme weather events, CO 2 -fertilization and wildfires) on the moist forests, hence the
necessity of generating more knowledge through monitoring climate factors and forest
phenology, growth, regeneration, dynamics and synthesizing cross-site data sets.
This requires establishing PSPs in the TMFs of some representative countries across West
and Central Africa to generate more accurate data to be used in forest-based mitigation and
adaption of climate change through periodic re-sampling and monitoring of the plots. These
improved data would include the impact of temperature increase, changes in precipitation
and increasing atmospheric CO 2 concentration on forest growth, regeneration, species
composition, dynamics, biomass, functional groups, phenology as well as more accurate
estimates of forest cover, location and rates of change as a result of deforestation, forest
degradation and re-growth.
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