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SUMMARY

Forests, woodlands and coastal wetlands of Africa serve important ecological functions and provide goods and services that con-
tribute significantly to livelihoods at local, national and global levels. These ecosystems however are vulnerable to climate change
impacts that affect their capacity to deliver the ecosystem goods and services. Some impacts will have positive effects and can
be taken as opportunities while some will have severe negative impacts that require adequate mitigation measures of the impacts
to reduce the impact on the socio-economic systems. This article reviews the information on climate vulnerability of socio-
economic systems in moist forests, woodlands/savannas and coastal wetlands of Africa to identify the likely impacts of climate
change on livelihoods. Climate change will have profound impacts on moist forest of Africa including reduction of the capacity of
the forests to supply the ecosystem goods and services that contribute to livelihoods and associated socio-economic systems. The
water catchment potential of moist forests will be undermined reducing livelihoods associated with water resources. Impacts on
woodlands/savannas will undermine the resources available in the woodland for human wellbeing including woodfuel, food, and
other materials necessary for human health. Generally climate change will impact negatively the forest and woodland/savannas
ecosystems resulting into either direct or indirect effect on the services provided by the ecosystems and associate livelihoods. But
also climate impact on agriculture resulting into low production and increased dependence on forests will lead into degradation
or expansion of agriculture into forests to compensate for the low production hence deforestation and degradation and more
greenhouse gas (GHG) emissions. Among the major impacts of climate change on coastal wetlands include reduced water levels
and under worst scenarios drying of some wetlands. Given the fact that coastal wetlands support a wide range of livelihood activ-
ities such as fisheries and multitude of livelihoods climate change will greatly undermine the capacity of the coastal wetlands to
support fisheries and related livelihoods. Such impacts will negatively affect livelihoods and socio-economic systems associated
with the coastal resources Monitoring and mitigating the impacts of climate change on the moist forests, woodlands/savannas and
coastal wetlands is imperative for sustaining their socio-economic systems and related livelihoods.
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La vulnérabilité climatique des systemes socio-eéconomiques au sein de différents types de
foréts et zones humides littorales en Afrique : synthese

R.A. KITULA, M. LARWANOU, P.K.T. MUNISHI, J.I. MUOGHALU et L. POPOOLA

Les foréts, foréts claires et zones humides littorales de 1’ Afrique jouent d’importants roles écologiques et fournissent des biens
et des services qui contribuent de maniére significative aux moyens de subsistance a 1’échelle locale, nationale et mondiale.
Ces écosystemes sont cependant vulnérables aux impacts du changement climatique, qui a une incidence sur leur capacité a
fournir les biens et services écosystémiques. Certains impacts auront des effets positifs et pourront représenter des opportunités,
tandis que d’autres auront des répercussions négatives séveres nécessitant 1’instauration de mesures d’atténuation adéquates
afin de réduire leur incidence sur les systeémes socio-économiques. Cet article passe en revue les informations relatives a la vul-
nérabilité climatique des systemes socio-économiques présents dans les foréts humides, les foréts claires/savanes et les zones
humides littorales d’ Afrique afin d’identifier les impacts probables du changement climatique sur les moyens de subsistance. Le
changement climatique aura des répercussions profondes sur la forét humide en Afrique, notamment la réduction de la capacité
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des foréts de fournir les biens et services écosystémiques qui contribuent aux moyens de subsistance et aux systémes socio-
économiques qui y sont associés. Le potentiel de captage d’eau des foréts humides sera compromis, réduisant ainsi les moyens
de subsistance associés aux ressources en eau. Les impacts sur les foréts claires/savanes affecteront les ressources disponibles
dans les foréts claires pour le bien-étre des populations, comme les combustibles a base de bois, la nourriture et d’autres éléments
nécessaires a la santé humaine. De mani¢re générale, le changement climatique aura une incidence négative sur les écosystemes
de la forét et de la forét claire/savane, avec pour résultat un effet direct ou indirect sur les services fournis par les écosystemes
et sur les moyens de subsistance qui y sont associés. L’impact climatique sur 1’agriculture se traduira par une diminution de la
production et une dépendance accrue sur les foréts, avec comme conséquence une dégradation ou une expansion de 1’agriculture
dans les foréts afin de compenser la faible production. Cette déforestation et cette dégradation entraineront une augmentation des
émissions de gaz a effet de serre (GES). L’une des principales répercussions du changement climatique sur les zones humides
littorales sera la réduction des niveaux d’eau ; le pire des scénarios prévoit un assechement de certaines zones humides. Les zones
humides littorales soutiennent actuellement une grande variété de moyens de subsistance. Toutefois, le changement climatique
réduira fortement la capacité de ces zones a soutenir certains d’entre eux, notamment la péche et les moyens de subsistance
connexes. Ces impacts affecteront de maniére négative les moyens de subsistance et les systémes socio-économiques associés
aux ressources littorales. Il est impératif de surveiller et d’atténuer les impacts du changement climatique sur les foréts humides,
les foréts claires/savanes et les zones humides littorales afin d’assurer la durabilité de leurs systémes socio-économiques et des
moyens de subsistance qui y sont associés.

La vulnerabilidad climatica de los sistemas socioeconémicos en diferentes tipos de bosques y
humedales costeros de Africa: una sintesis

R.A. KITULA, M. LARWANOU, P.K.T. MUNISHI, J. I. MUOGHALU y L. POPOOLA

Los bosques, terrenos forestales y humedales costeros de Africa poseen importantes funciones ecolégicas y proporcionan bienes
y servicios que contribuyen de manera significativa a los medios de vida a escala local, nacional y mundial. Sin embargo, estos
ecosistemas son vulnerables a los impactos del cambio climético que afectan a la capacidad de los ecosistemas para ofrecer
bienes y servicios. Algunos impactos tendrén efectos positivos y pueden ser entendidos como oportunidades, mientras que otros
tendrdn efectos negativos severos que requieren medidas de mitigacién adecuadas con las que reducir el impacto sobre los siste-
mas socioecondémicos. Este articulo revisa informacion sobre la vulnerabilidad climética de los sistemas socioeconémicos de
los bosques himedos, los terrenos forestales y sabanas y los humedales costeros de Africa, con el fin de identificar los posibles
impactos del cambio climdtico en los medios de vida. El cambio climético va a tener un profundo impacto en los bosques htiime-
dos de Africa, en particular en la reduccién de la capacidad de los bosques de suministrar los bienes y servicios ecosistémicos
que contribuyen a los medios de vida y los sistemas socioeconémicos asociados. El potencial de captacion de agua de los bosques
himedos se vera afectado y deteriorard los medios de vida asociados a los recursos hidricos. Los impactos en los terrenos fore-
stales y sabanas socavaran los recursos disponibles del bosque para el bienestar humano, como la lefia, los alimentos y otros
productos necesarios para la salud humana. En general, el cambio climdtico tendrd un impacto negativo en el bosque y en los
ecosistemas de terrenos forestales y sabanas, lo que resultard en un efecto directo o indirecto sobre los servicios que prestan los
ecosistemas y sobre los medios de vida asociados a ellos. Pero el clima tendrd también un impacto en la agricultura, que condu-
cird a una produccién baja y a un aumento de la dependencia de los bosques que conllevard la degradacién o la expansion de la
agricultura hacia los bosques para compensar la baja produccién, y por lo tanto més deforestacién y degradacién y més emisiones
de gases de efecto invernadero (GEI). Entre los principales impactos del cambio climético en los humedales costeros se encuen-
tra la reduccién de los niveles hidricos y entre los peores escenarios esté la desaparicidn de algunos humedales. Puesto que los
humedales costeros albergan una amplia gama de actividades de medios de vida como la pesca y una multitud de medios de vida
asociados a ella, el cambio climético socavara en gran medida la capacidad de los humedales costeros para mantener la pesca y
los medios de vida relacionados. Dichos impactos afectardn negativamente a los medios de vida y los sistemas socio-econémicos
asociados a los recursos costeros. El monitoreo y la mitigacién de los impactos del cambio climético en los bosques himedos, los
terrenos forestales y sabanas y los humedales costeros es imprescindible para el mantenimiento de los sistemas socioeconémicos
y los medios de vida relacionados con ellos.

INTRODUCTION people in Africa live and depend on forest, woodland and

wetland resources for food, fuel wood, building materials,

Forests, woodlands and coastal wetlands of Africa serve
important ecological functions and provide goods and ser-
vices that contribute significantly to livelihoods at local,
national and global levels (Munishi 2012). Over 590 million

medicines, oils, gums, resins and fodder (Faures and Santini
2008, Osman-Elasha et al. 2011, Muoghalu 2012a). Forests,
woodlands and wetland ecosystems also contribute to eco-
nomic development through trade in timber and non-timber
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forest products (NTFPs), and a multitude of other ecosystem
services. Wetland ecosystems in particular offer a consider-
able support to agriculture production especially in relation
to irrigated agriculture. Forest and woodland ecosystems sup-
port agricultural production indirectly through their functions
as water catchments that feed into wetlands and irrigated
agriculture. (Monjane, 2009, Munishi et al. 2010, Kowero
2011).

There is growing evidence that climate change impacts
will diminish the capacity of the forests and coastal wetlands
to provide goods and services with serious implication to the
livelihoods of forest and wetland dependent communities in
Africa (Okali 2011). Climate change is expected to cause
reduction of forest and wetland areas, a situation which will
lead to a decrease in ecosystem services provided by the for-
ests and wetlands (Lasco et al. 2008, Macchi et al. 2008, Gray
2011). Record shows that key development sectors such as
forests, water resources, land, biodiversity, tourism and agri-
culture that are vital for livelihoods, food security and health
are vulnerable to climate change impacts (IPCC 2007, Muni-
shi 2012, Muoghalu 2012a, b). Future projections indicate
that these impacts are likely to worsen over time and pose
great threats to food and water availability, public health, nat-
ural resources and biodiversity in forest ecosystems in Africa
(IPCC 2007, Munishi 2012, Muoghalu 2012a, b).

Understanding climate change impacts has a key role for
the future management of forests, woodlands and coastal
wetlands in Africa for climate change mitigation and adapta-
tion. This article reviews the available information on climate
change impact on moist tropical forests woodlands, savan-
nas and coastal wetlands of Africa and associated impacts
on socio-economic systems to identify the likely impacts of
climate change on livelihoods and their responses.

CLIMATE VULNERABILITY OF SOCIO-ECONOMIC
SYSTEMS IN MOIST TROPICAL FORESTS

Moist tropical forests in Africa are currently under threat
from a variety of stresses such as deforestation, land degra-
dation and heavy dependence on biomass for energy. Climate
change and variability are likely to be additional stress (Okali
2011). Forestry is among the major productive sectors that
are very vulnerable to climate change. (IPCC 2007, Muni-
shi et al. 2010). The forestry sector will suffer from shifts in
vegetation types as a response to climate change (Munishi
et al. 2010), where sub tropical dry forests and subtropical
moist forests will change to tropical very dry forests, trop-
ical dry forest and tropical moist forest. Further, subtropi-
cal thorn woodlands (thickets) will be completely replaced
or disappear, subtropical dry forests and subtropical moist
forests will decline substantially. It has been predicted that
(Munishi et al. 2010) there will be an increase in tropical
very dry forests, tropical dry forests, and tropical moist for-
ests. The constituent biodiversity in each vegetation type will
shift accordingly or be driven to extinction if they cannot
adapt. Species that will be more vulnerable are those with
limited geographical range and drought/heat intolerant, low

germination/recruitment rates, low survival rate of seedlings
and limited seed dispersal/migration capabilities. Given these
changes the impact of climate change the moist forest eco-
systems will either influence positively or negatively the eco-
system goods and services provided by the ecosystems and
hence associated socio-economic systems. Any impact on the
socio-economic system associated with tropical mist forests
will necessitate changes in livelihood strategies to adjust to
changing conditions under different climatic regimes.

Climate change in moist forests and agricultural
production

Impact of climate change on moist tropical forests will have
a multitude of impacts on agricultural production and asso-
ciated socio-economic systems depending on the way moist
forests support/influence agriculture in different areas and
how forestry and agriculture are interlinked. While tropical
moist forests may have no direct impact on agriculture pro-
duction, indirect effects associated with water supply, climate
amelioration and livelihood dependence on forests.

Increase in temperature and rainfall as a result of climate
change are projected to have significant impacts on agricul-
ture and forestry in tropical countries of Africa (Muoghalu
2012a, Pimentel 1993, Munishi, 2012). Muoghalu (2012a)
was of the opinion that the increase in weeds and pests in
Central and West Africa may result in substantial rise in the
use of agricultural chemicals, which in turn negatively affects
environmental health. Climate change will have impacts on
both forests and agriculture. In particular it will cut agricul-
tural yields in dry and tropical regions, putting further pres-
sure on remaining forests if farmers respond by extending
cultivated areas. The impact of climate change on agriculture
will result into low productivity and lead into food and cash
crop insufficiency (Munishi et al. 2010, Munishi 2012). To
compensate for the low production farmers may be forced to
revert into forests as a source of livelihood. Otherwise farmers
would expand their cultivated land into forests resulting into
deforestation and degradation of these ecosystems. In turn
these ecosystems’ ability to deliver the necessary ecosystem
services for human wellbeing will be undermined resulting
into negative impacts on the associated socio-economic sys-
tems and livelihoods.

Moist forests, climate change, settlements and
infrastructure

Scientific evidence shows that large numbers of people in
Central and West Africa are currently at risk of floods particu-
larly in coastal areas where coastal erosion is already destroy-
ing housing and tourism facilities (Niiasse et al. 2004, UNDP
2004, UNESCO-WWAD 2006). It was projected that floods
could become common phenomena in Africa such that some
regions will experience higher rainfalls and in drier regions
of Africa there is likely to be a higher frequency of more
intense downpours which may create flooding. Evidence
shows that there occurred heavy flooding in both eastern and
western Africa in 2007 (Conway 2009). Potential impacts
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associated with floods were deaths and injuries from drown-
ing, infectious diseases, exposure to toxic substances, infra-
structure damage, crops and livestock damage, community
breakdowns, increased psychological stress, and increased
demands on health systems and social security. Future pro-
jections show that floods in Central and West Africa are
likely to cause more damage to infrastructure like roads and
rail network and blocking movement of goods and people in
the sub-regions. Climate change may lead to industrial relo-
cation due to sea-level rise and transitions in agro-ecological
zones (Muoghalu 2012a). Many harbours and ports in coastal
zone of the sub-regions will be adversely affected by floods
which will be devastating economically. Prolonged droughts
are projected to cause reduction in streams flows, leading
to reduced hydropower production with negative effects on
industrial productivity. All these events will likely exacerbate
management problems relating to social services, infrastruc-
ture and technologies of production (IPCC 1996). Forests
have a buffering effect on infrastructure and settlements in
case of hazards associated with climate change. Floods are
more severe with land degradation and especially in areas
devoid of vegetation cover. Forest cover reduces overland
flow and hence would ameliorate effects associated with
flooding thus reducing flood damage and negative impacts
of socio-economic systems that would be undermined with
floods. Climate change impact on infrastructure and set-
tlements may also result into increased poverty which will
force the society to revert into natural resources such as moist
forests as a source of livelihoods. In such cases the likely
effect will be degradation of the functions of these ecosys-
tems and associated livelihoods with negative implications
on socio-economic systems dependent on the ecosystems.
The overall result will be cyclic or a chain of effects on the
ecosystem services, reverting back to negative impacts on the
socio-economic systems and associated livelihoods.

Moist forests and coastal resources

Exposure to the impacts of sea levels rise depends mainly on
geographical location of the area (Brooks 2003) and protec-
tion conferred by natural barriers such as mangrove ecosys-
tems or any other coastal vegetation. The low-lying coastal
areas along the West and Central Africa are considered
among the areas which are expected to be most vulnerable by
adverse impacts of climate change. Current evidence shows
that there will be erosion and submergence of lowlands espe-
cially along the coast of Senegal, Lagos 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
(Muoghalu 2012a). There is increasing evidence that coastal
erosion and sea-level rise will cause disappearance of the
capital of Gambia in 50-60 years putting more than 42000
people atrisk (Jallow et al. 1990). Awosika et al. (1994) have
shown that sea-level rise of one metre, inundation may render
more than 15000 km? of land at risk, while erosion may claim
more than 300 km? of the Niger Delta in Nigeria. In Ghana, a
small rise in sea level is projected to lead to permanent con-

nection 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; accel-
erate loss of the capital Accra (Conway 2009). Mangrove
forests along the cost of east and west Africa are particularly
important in protection against ocean surges. Mangroves can
reduce storm surge water levels by slowing the flow of water
and reducing surface waves. Therefore mangroves can poten-
tially play a role in coastal defence and disaster risk reduc-
tion, either alone or alongside other risk reduction measures
such as early warning systems and engineered coastal defence
structures (e.g. sea walls). Climate change will impact on
mangrove ecosystems in various ways. See rise for example
will likely change the status and characteristics of the inter-
tidal zone. Mangroves are very habitat specific. Changes in
the status and characteristics of the intertidal zone may possi-
bly lead to disappearance of mangrove ecosystems, shrinking
of the area under mangroves or shifts in the location of the
mangrove ecosystems. Mangroves being among the breed-
ing sites/spawning habitats for fish such changes will affect
negatively fisheries production and other livelihoods asso-
ciated with fisheries activities thus negative impacts on the
socio-economic systems and livelihoods associated of coastal
communities.

Salt water intrusion inland has been one of the major
problems associated with climate change impact on coastal
ecosystems. Salt water intrusion will change the availability
of fresh water for some or all coastal ecosystems and likely
disrupt all socio-economic systems dependent on them such
as fresh water fisheries, agriculture production among others.
Furthermore, salt water intrusion will change the edaphic/soil
factors or substrate on which coastal forests and woodlands
species survive. Change in the characteristics of coastal envi-
ronment due to salt water intrusion will change the woodland
and forest ecosystems structure or lead into disappearance/
shifts in location of such forests and woodlands. This will
have negative impacts on the socio-economic systems depen-
dent on the coastal forests.

Moist forests and human health

Increased temperatures and changes in patterns of rainfall
as a result of climate change are widely recognized to entail
serious consequences for human health in tropical countries
(Lindsay and Martens 1998). Many studies have associated
changes in temperatures and rainfall patterns with diarrhoea
and cholera, and stress the role of climate variability in trans-
mission of water-related diarrheal diseases in Africa. A study
to analyse a link between precipitation, temperatures, and
hydrological characteristics of selected stations in Africa
proved that cholera epidemics are closely associated with El
Nifio years (Olango et al. 2007). Precipitation has the poten-
tial to increase the number and quality of breeding sites for
vectors such as mosquitoes, ticks, and snails and the den-
sity of vegetation, affecting the availability of resting sites
(Linthicum et al., 1990; Githeko et al. 2000). For example,
disease reservoirs in rodents can increase when favourable
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shelter and food availability lead to population increase, in
turn leading to disease outbreaks. High diversity of vector
species complexes have the potential to redistribute them-
selves to new climate-driven habitats leading to new disease
patterns. There is a likely increase in plague, a flea-borne
disease with rodents as reservoir, because of increase in the
population of rodents following heavy rains as a result of an
abundance of food. Increased temperature can also accel-
erate the development of fleas and the pathogen they carry
(Githeko et al. 2000). Climate change is projected to cause
changes in geographical distribution of tropical diseases.
Whereas some diseases such as malaria will find optimum
conditions in new areas, it will be checked in other regions,
as climate conditions become less favourable.

Forests contribute various types of food with implications
on human health (Pierce Colfer et al. 2006). Energy-rich food
from forests that may be available during seasonal or emer-
gency food shortages includes nuts, seeds, oil-rich fruit and
tubers: e.g., seeds of Geoffroea decorticans, Ricinodendron
rautanenii and Parkia spp.; oil of Elaeis guineensis, babassu,
palmyra and coconut palms; protein-rich leaves such as bao-
bab (Adansonia digitata) as well as wild animals, including
snails, insects and larvae. Forest leaves and fruits are often
good source of Vitamin A; e.g., leaves of Pterocarpus spp.,
Moringa oleifera, Adansonia digitata, gum of Sterculia
spp., palm oil of Elaeis guineensis, bees and bee products
and other animal food. Fats and oils are needed for syntheses
of vitamin A. Forests are also a source of fruits with food
contents that ameliorate Niacin deficiency. Such forest fruits
and leaves rich in niacin, such as Adansonia digitata, fruit
of Boscia senegalensis and Momordica balsamina, seeds of
Parkia spp., Irvingia gabonensis and Acacia albida. Forest
fruits and leaves, particularly fruit of Ziziphus mauritiana,
Adansonia digitata and Sclerocarya caffra; leaves such as
Cassia obtusifolia; and gum of Sterculia spp. are good source
of Vitamin C thus important in controlling vitamin C defi-
ciency. Forests are also associated with supply of material
such as wood that are important in ensuring food is available
in a state that can contribute to human health. Wood is the
main energy source in most Third World rural communities.
Its connection to health, through both nutrition and hygiene,
has been highlighted. Although access to fuel wood is not
a problem in most moist tropical forests, it is a problem in
many dry forests and can become a problem in moist forests
that are being degraded. Fuelwood shortages can affect the
nutritional value of foods consumed. Hoskins (1990) points
out that cooking release the nutrients in some food, making
them edible and appealing. Shortages of fuelwood can also
lead to undercooked food, increasing the risk of food-borne
diseases (FAO 1991). Food processing that involves smok-
ing, drying or cooking can also extend the shelf life of foods
(FAO 1991). All these activities need an energy source, with
wood being the most common. Lack of firewood and safe
water could prompt communities to take their children, espe-
cially girls, out of school, in order to help their mothers to
complete these tasks (Macchi et al. 2008) thus influencing the
socio-economic systems of the society. Despite the consid-
erable scientific literature on the subject, there remains real

uncertainty about the future importance (and possible substi-
tutability) of forest foods in forest peoples’ lives.

Climate change will increase flooding frequency that may
result into forests along the coast being replaced by wetlands
or other types of ecosystems. Increase in wetlands would
increase breeding sites for disease vectors. Increase in dis-
ease vectors will result in increase in human diseases with
a multitude of health problems. Poor health leads into low
lobar productivity, low household and community income
and increased poverty. Increased poverty may result into
increased dependence on natural resources such as forests
hence degradation with negative impacts on the livelihoods
dependent on the forests.

Forests and water resources

Forests play a vital role in sustaining water resources and
aquatic ecosystems. Forest disturbance, both natural (e.g.,
wildfire, insects, disease, windstorms, drought) and human
(e.g., timber harvesting, land conversion), can have a pro-
found effect on hydrologic, geomorphic and ecologic pro-
cesses. With climate change, natural disturbances are
becoming more frequent and catastrophic. This, together with
growing human disturbance, will undoubtedly affect water
resources and consequently have significant implications
for land managers and policy makers. Our understanding of
hydrologic and ecologic response to accelerated environmen-
tal and land use change is key to the development of adaptive
and mitigating strategies ensuring the continued security of
water supplies and ecological values. The availability and
quality of water in many regions of the world are more and
more threatened by overuse, misuse and pollution, and it is
increasingly recognized that both are strongly influenced by
forests. Moreover, climate change is altering forest’s role
in regulating water flows and influencing the availability of
water resources (Orlando and Burton, 2003). Forested catch-
ments supply a high proportion of the water for domestic,
agricultural, industrial and ecological needs in both upstream
and downstream areas.

The water sector is vulnerable to climate change in differ-
ent ways (Munishi et al. 2010). Accordingly rainfall patterns
and soil moisture will vary due to changes in mean tem-
perature hence affecting the runoff of rivers. It is predicted
that annual flow in many rivers will decrease as a result of
increasing temperatures and evaporation. On the other hand,
the impacts of the variability in flow are diverse including
floods in basins that experience increase in runoff. In areas
where there will be a decrease in flow there will be an alter-
ation in availability of water for different uses resulting into
water use conflicts among water users.

It has been argued that the expected increase in the vari-
ability of precipitation could result in floods in the moist
forest zones of the west and central Africa (Conway 2009).
Flooding, exacerbated by climate change often results in
increased contamination of drinking water. In this regard,
when water is available it is often of poor quality thus con-
tributing to a range of health problems including diarrhoea,
intestinal worms and trachoma. Much of the sufferings from
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lack of access to safe drinking water and sanitation are borne
by the poor, those who live in degraded environments and are
overwhelmingly women and children. Unhygienic practices
because of water shortage as result of drought will also facil-
itate the epidemic of cholera. Pollution of water sources of
rural water supplies by flooding could introduce parasites like
amoeba, and cryptosporidium into drinking water (Alterholf
et al. 1998). Increase in surface water temperature has also
been associated with disease transmission. Forests therefore
will be affected by climate change and as a result their capac-
ity for maintenance of the supply of good quality water will
be greatly undermined.

The moist tropical forests of Africa provide a range of
goods and services to the people. Persistent droughts may
lead to an increase in forest fires and desertification and
as a consequence undermine the supply of ecosystem ser-
vices associated with forest management and related socio-
economic systems and benefits thereof. With decreasing
water and firewood due to climate change the necessary time
collection of water and firewood increases inflicting more
pressure on already stressed communities. Sustainable forest
management as a measure against climate change impact pro-
vides multiple goods and services to the people, which can
improve the livelihood.

CLIMATE VULNERABILITY OF SOCIO-ECONOMIC
SYSTEMS IN WOODLANDS AND SAVANNAS

Humans have interacted with woodlands and savannas for
millennia contributing substantially to their livelihoods.
Since time immemorial dry forests and woodlands of sub-
Saharan Africa have provided diverse ecosystems goods and
services to large populations of humans and livestock that
depend on them. Dry forests and woodlands are profoundly
important for local livelihoods. Climate change will impose
additional pressures on agriculture, settlements and infra-
structure, human health, water resources, forest products and
fisheries, which will directly impact livelihoods of communi-
ties in the woodlands and savannas of Africa. Climate change
is affecting rainfall patterns, water availability, the dynamics
of droughts and bushfire frequency. These are increasingly
impacting on woodland ecosystems, associated livelihoods,
human health, agriculture productivity and biodiversity
(Munishi et al., 2010; Kowero, 2010). Climate change will
therefore adversely affect livelihoods, national incomes
and the environment. While the woodlands are affected by
climate change, they also play a key role in mitigation and
adaptation to climate change (Munishi, 2012). The role of
woodland ecosystems in climate change mitigation and adap-
tation may include increasing the resilience of rural commu-
nities to climate change and support to species to adapt to
changing climate by acting as refuge during adverse climate
conditions.

Woodlands also indirectly support economies to adapt
to climate change by reducing the costs of climate-related
negative impacts and provision of goods and services during
extreme weather events and are key assets for reducing

vulnerability to the effects of climate change. Woodlands
play a major role in climate change mitigation as deforesta-
tion and forest degradation is estimated to contribute to about
18% of the global carbon dioxide (greenhouse gas — GHQG)
emissions and have considerable potential to mitigate emis-
sions through carbon sequestration.

Communities adjacent to woodlands and savannas in
Africa are highly reliant on natural resources for subsistence
and commercial purposes. For instance, in many rural sub-Sa-
haran communities, non-timber forest products may supply
over 50% of a farmer’s cash income and provide the health
needs for over 80% of the population, particularly among
forest dependent populations (FAO 2004). Effects of climate
change and increased anthropogenic activities the availability
and distribution of these forest resources are expected to be
affected. Persistent droughts may also lead to an increase in
forest fires and desertification and as a consequence contrib-
ute to a lack of fuelwood which plays an important role in
indigenous and traditional people’s livelihoods. For instance,
in Africa fuelwood and charcoal account for over 80% of
natural energy consumption. Overexploitation of woodlands
and savannas vegetation resources for fuelwood, timber and
medicinal purposes may affect natural process of regenera-
tion and growth and productivity of certain species. In Sudan
and Sahel savannas roots are mined out for fuel so that the
possibility of self-regeneration is slim, even if the people
could afford to set aside land for this purpose.

Woodlands in Africa produce benefits for farmers living on
customary or communal lands which fall into four categories:
foods, such as fruit from indigenous woodland trees; other
wild foods collected from woodlands, such as mushrooms
and edible insects; habitat for small scale food production,
such as honey, soil nutrient inputs through nutrient cycling
and through nitrogen fixation. Environmental services, such
as protection from soil erosion are also provided. Fodder and
browse for goats and cattle; and construction timber, fire-
wood, and other material for either domestic consumption
or for local sale. Many of these benefits are also available to
urban dwellers through the marketplace (Dawees 1994).

Woodlands, savannas and agriculture

In many countries of sub-Saharan Africa the majority of the
people live in rural areas where the main livelihood source is
subsistence crop and/or livestock production. The major zone
of crop agriculture in sub-Saharan Africa is in the dry forests
and woodlands; much of which is rain-fed and is therefore
vulnerable to climate variability. Projection show that under
climate change scenarios under rain-fed cereal production
based on one crop per year would experience a decrease in
production potential by —3.5% (Fischer et al. 2002). Increased
atmospheric CO, will affect crop yields in the woodlands
and savannas by reducing expected increases in respiration
from a temperature increase and likely improving water use
efficiency and growth in rice, cassava and potato crops in
water-limited environment though maize, sugar cane and sor-
ghum crops are unlikely to be affected directly by changes in
CO, concentrations. Increasing CO, will likely result in lower
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forage quality because of higher carbon: nitrogen ratios and
higher concentration of unpalatable and/or toxic compound
in plants (Fajer et al. 1991). Poor quality of pastures during
droughts, and periods of overgrazing can result in poor health
and death of livestock which impacts on food and livelihood
security of livestock keepers.

Reduction of soil productivity, vegetation, cultivated
lands and pasture lands in woodlands and savannas of Africa
become more pronounced following periods of intense human
activities and drought leading to desertification (IPCC 2007).
Odjugo and Ikhuoria (2003) observed that Nigeria north of
12°N is under severe threat of desertification and sand dunes
are now common features. The sand dunes in this area have
buried large area of arable lands, thus reducing viable agricul-
tural lands and crop production. This has prompted massive
emigration of people from Sahel and Sudan savanna to Guinea
savanna and the rainforest belt. Many Fulanis with their herds
have migrated to Guinea savanna and the rainforest belt. This
has increased pressure on land in these zones resulting in
conflict between the Fulanis and the crop growing in Guinea
savanna. Yugunda (2002) and Yaqub (2007) reported that
such clashes resulted in the death of 186 people in six northern
states in Nigeria. Climate change is expected to create more
suitable conditions for new and old pests like ticks, tsetse flies,
and locust to expand their territories. Crop species and live-
stock may have to face new competitors, predators, diseases
and alien species for which they have no natural defence in
the biomes. Hulme (1996) reported that livestock productivity
and distribution could indirectly be influenced via changes in
the distribution of vector-borne livestock diseases, such as try-
panosomiasis and the tick-borne diseases and corridor disease.

Climate change will have impacts on both woodlands
and agriculture. In particular it will cut agricultural yields in
dry especially the woodlands and savannas regions, putting
further pressure on remaining woodlands if farmers respond
by extending cultivated areas. The impact of climate change
on agriculture will result into low productivity and food
and cash crop insufficiency (Munishi et al. 2010, Munishi
2012). Woodlands and savannas of Africa are very prone and
vulnerable to agricultural expansion especially when land
productivity declines. Shifting cultivation to increase agri-
cultural production is common in the woodlands and savan-
nas as farmers move to compensate for the low production
in agricultural production resulting from climate change.
Furthermore reduced agricultural production resulting from
climate change impacts may force farmers revert into forests
as a source of livelihood with possible result into degradation
of the woodlands and savannas. In turn these ecosystems’
ability to deliver the necessary ecosystem services for human
wellbeing will be undermined resulting into negative impacts
on the associated socio-economic systems and livelihoods.

Climate change and infrastructure in woodlands and
savannas

Woodlands and savannas of Africa contribute greatly to infra-
structural development. Most of the housing in these areas is
made up of construction material from the woodlands and

savannas including timber, poles, withies and thatch grass.
Impacts of climate change on these woodlands will nega-
tively affect the supply of these materials impacting nega-
tively on the status of housing and related infrastructure.

According to Muoghalu (2012b) climate variability,
including the resultant extreme events such as storms, floods
especially flash floods and droughts have impacted and con-
tinued to create impacts on infrastructure like human settle-
ments, industry, electricity and transportation in woodlands
and savannas of Africa. Flooding as a result of heavy rains
will cause considerable damage to property and infrastructure
such as road, dams, power generation, and rail network and
disrupt communications among settlements impeding move-
ment of goods and persons in woodlands and savannas of the
sub-regions. For example, flooding caused by excessive rain-
fall experienced in 2012, and the release of water from Lagdo
Dam in Cameroon and Kainji Dam in Nigeria caused flooding
in most north central states in the Guinea and Sudan savanna
zones of Nigeria. The flooding destroyed farmlands, build-
ings, and roads making it impassable and leaving many motor-
ists and travellers stranded. Attah (2012) reported that more
than 400,000 farmlands and 36,000 houses were destroyed
by floods in Jigiwa State, in Sudan savanna zone of Nigeria.
Munishi et al. 2010 gave a conservative estimate of the resto-
ration costs of infrastructural loss in recent (2009) flooding in
Kilosa District, Tanzania, at about 200B Tanzanian shillings
($160M) which is about 0.02% of the 2009 GDP for Tanzania.
Based on this the potential value of GDP loss due to infra-
structure damage resulting from climate change is estimated
at about US$ 0.056B equivalent to $56M in 50 years to come,
or an annual GDP loss of about US$ 1.12M.

The extreme weather events as a result of climate change
such as flooding would continue to pose significant threat
to countries of Africa achieving their national goals in agri-
culture, road construction, housing, health, conservation of
environment and water systems. The combination of urban
population pressure and decreasing water supply in catchment
areas will reduce stream flow, which in turn limits hydro-
power production and the industrial productivity that depends
on energy. Negative impacts of climate change could also
create a new set of refugees, who may migrate into new set-
tlements, seek new livelihoods and place additional demands
on infrastructure (Myers 2002, McLeman and Smit 2005).

Climate change and health in woodlands and savannas

Human health in African woodlands and savannas regions
is likely to suffer from increase in the incidence of diseases
due to several causes, including poverty and climate change
effects. 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 (Githeko et al. 2000). Health hazards related
to climate change reported in Africa are: malaria, dysentery,
trypanosomiasis, cholera, plague, Rift Valley Fever, menin-
gitis, yellow fever, tick-borne haemorrhagic fever and other
parasitic diseases and parasites like tsetse fly.
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Savannas of Africa are the major meningitis belt.
Molesworth et al. (2003) reported that about 162 million
people in Africa live in areas with a risk of meningitis. Low
humidity (Tikhomirov et al. 1997), dusty conditions and
other environmental factors predispose populations to menin-
gococcal meningitis. Sultan et al. (2005) reported that wind
speeds in Africa the first two weeks of February experienced
85% variation in the number of meningitis cases thus linking
the infection to climatic factor. Recent data from west Africa
indicate that the risk of a new epizootic of Rift Valley Fever,
a disease considered to be a relatively benign zoonoses for
humans that periodically developed in domestic animals fol-
lowing heavy rains (Lefevre 1997), is increasing in the region
(Fontenille et al. 1995) with significant exposure to the virus
among livestock herders and wildlife rangers during the dry
season (Olaleye et al. 1996).

Flooding will cause the pollution of water of streams
and other sources of rural domestic water supplies by intro-
ducing parasites such as giardia, amoeba and cryptosporid-
ium into drinking water (Alterholf ez al. 1998). In Senegal,
Biomphalaria pfeifferi snails transmit Schistosoma mansoni
during the rainy season, while Bulinus globosus is responsi-
ble for transmission of S. Haematobium during the dry sea-
son (Ernould et al. 1999). Thus, long-term changes in climate
change can be expected to alter the distributions of snails and
in turn the disease pattern (Githeko er al. 2000). However,
the impact of climate change on the transmission of other
less climate sensitive vector-borne diseases such as filariasis,
onchocerciasis and schistosomiasis is not clear and may take
long time to be evident (Desanker et al. 2001).

Woodlands and savannas contribute various types of food
with implications on human health (Pierce Colfer et al. 2006).
Energy-rich food from the woodlands that may be available
during seasonal or emergency food shortages includes nuts,
seeds, oil-rich fruit and tubers, protein-rich leaves, wild ani-
mals, source of Vitamin A, fruits with food contents that
ameliorate Niacin deficiency, source of Vitamin C thus
important in controlling vitamin C deficiency. Woodlands are
widely known to be a source of material such as wood which
is the main energy source connected to healthy foods and its
connection to health, through both nutrition and hygiene, has
been highlighted. Fuelwood shortages can affect the nutri-
tional value of foods consumed. Hoskins (1990) points out
that cooking release the nutrients in some food, making them
edible and appealing. Shortages of fuelwood can also lead to
undercooked food, increasing the risk of food-borne diseases
and use of fuelwood in food processing, smoking, drying or
cooking can also extend the shelf life of foods (FAO 1991).
Woodlands are the major sources of woodfuel such as char-
coal and firewood. Impact of climate change on the wood-
lands will likely undermine the supply of woodfuel from the
ecosystem influencing the socio-economic systems and live-
lihoods associated with the woodlands.

Climate change and water in woodlands and savannas

Bates et al. (2008) pointed out that one of the most wide-
spread and potentially devastating impacts of climate change

will be how changes in the frequency, intensity and predict-
ability of rainfall affect water availability. Water is essential
to human survival, and changes in water supply will have far
reaching implications, especially in the woodlands and savan-
nas of Africa where much of the population relies on local
rivers and groundwater for survival (de Wit and Stankiewicz
2006). Climate change will aggravate water stress where
it currently occurs and put new places at risk (Boko et al.
2007). Experts predict that Africa will see increased water
stress from an increase in population, economic, urbanization
and degradation of catchment areas (IPCC 2007, URT 2007,
Tiega 2010). These impacts will be exacerbated by climate
change and variability, which will impose additional pres-
sures on water availability, accessibility and demand (Boko
et al. 2007). Projection shows that by 2020 more than 250
million of people in woodlands of Africa will be exposed to
increased water stress due to climate change. Furthermore,
water scarcity in the woodlands and savannas of Africa will
decrease agricultural production which will further adversely
affect food security and exacerbate malnutrition (Munishi
et al. 2010).

Changes in precipitation and enhanced evaporation could
have profound effects in some lakes, reservoirs; ground water
recharge and river flow, thus affecting all water sources. Gra-
ham (1995) and Tiega (2010) reported that lakes and reser-
voirs in West Africa respond to climate variability through
pronounced changes in storage, leading to complete drying
up. Groundwater is a primary source of drinking water in
East Africa and rapid population growth is expected to inten-
sify dependence on groundwater. Based on projections of
increasing aridity and changes in river flows, groundwater
will recharge at a slower rate, creating decreased water avail-
ability for agricultural and household use, especially in the
dry season (Gray 2011).

Based on projections of reduced rainfall some water bod-
ies such as Lake Chad are continuing drying up. This has
led to continuing decline in local access to water, crop fail-
ures, livestock deaths, collapsed fisheries and other wetland
services (Tiega 2010) such that the prospects for 20 million
people who depend on the lake and its rivers for water, fish-
ing and growing vegetables are less certain (Fleshman 2007).
The shrinkage has impacted negatively on large scale irriga-
tion schemes in Nigeria, on recession agriculture in Niger,
Cameroon and Chad (Tiega 2010).

Water-related problems, already serious in the eastern and
southern African region, are likely to worsen as a result of
climate change (ANCEM 2011). Intense rainfall events will
increase the incidence of flooding in many areas. At the same
time, reduced run-off will exacerbate water stress and reduce
the quality and quantity of water available for domestic, crop
and livestock use. Experts predict that Southern Africa will
become drier, and that rainfall will increase in parts of East
Africa (Munishi 2012). Drought-prone areas of Botswana
and Zimbabwe are likely to become more vulnerable to cli-
mate change than more humid areas of the United Republic
of Tanzania or Zambia for example. There are already signs
that drought is becoming more common and more prolonged
in the dry lands of Southern Africa, and drought incidence is
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expected to increase as a result of higher temperatures and
reduced rainfall (IFAD, 2011) influencing negatively flows
in streams and water levels in water bodies.

According to IPCC (2007), URT (2007, 2009), Munishi
et al. (2010) the water sector which is very crucial for the devel-
opment of the economy will be impacted by climate change in
different ways. Findings from the IPCC Fourth Assessment
Report have alluded that climate change is expected to exacer-
bate current stresses on water resources from population growth
and economic and land use change, including urbanization. In
a wider context the predicted impacts of climate change on
water resources in woodlands of eastern and southern Africa
articulate that by 2020, between 75 and 250 million of people
are projected to be exposed to increased water stress due to
climate change. Agricultural production, including access to
food, in many Eastern and Southern African countries is pro-
jected to be severely compromised due to water scarcity which
will further adversely affect food security and exacerbate mal-
nutrition. The water sector in eastern and southern Africa will
experience both positive and negative consequences (Munishi
et al., 2010). Woodlands and savannas are important catch-
ments for water supply and provide a multitude of other eco-
system services. Deforestation and degradation of woodlands
may reduce the capacity of these ecosystems to regulate water
and control soil erosion. Degradation of these resources will
undermine their capacity to deliver the multitude of ecosystem
services they provide including water.

Some regions of eastern and southern Africa are partic-
ularly vulnerable to reduced precipitation, especially given
that the climate trend indicates longer periods of drought and
shorter periods of heavy rain. Most vulnerable are the areas
of woodlands which are arid, semiarid, and dry sub humid
where precipitation is lower than evapotranspiration. There
is evidence that droughts are increasing in southern African
dry lands and are expected to increase further as a result of
increased temperatures and reduced rainfall. The catchment
of Lake Tanganyika is mostly miombo woodlands of western
Tanzania with the major river Malagarasi originating from
the expansive miombo woodlands of central and western
Tanzania. The water level for Lake Tanganyika in Tanzania
has shown a decreasing trend over the past 30 years, which
is associated with reduced rainfall and increased evapora-
tion in the catchments of the Lake Tanganyika basin. The
water levels in the Kiwira river in the southern highlands of
Tanzania — again the major miombo woodland eco-region
in Tanzania has been very variable and show a predominant
decreasing trend for the past 7 years from above 1.620 m to
about 1.590 m and the discharge decreased from 6.2 to 5 m?
sec™! for the period 2000-2011 which has been associated
with climate change (Munishi 2012).

It has been observed that several large lakes in sub Saha-
ran Africa registered abrupt changes and recessions of magni-
tudes far larger than any witnessed in recent times (Gillespie
et al., 1983; Opere 2010) suggesting that large areas, now
arid, and also humid were regularly receiving substantial
tropical rainfall. It has been reported that Lake Malawi has
been 50 m shallower than it has been during the last 150 years
(Owen et al., 1990), and records of hydrological change from

Lake Naivasha indicates that there were three decadal to inter-
decadal scale droughts in the East Africa region that matched
oral historical records of famine, political unrest and large-
scale migration of indigenous peoples (Verschuren, 2002).

According to Munishi (2012), climate change is having a
profound impact on the composition and structure of wood-
land biomes in eastern and southern Africa on which mil-
lions of people depend. Ultimately Climate Change has the
potential to undermine millennia of traditional custodianship
of natural resources, frustrate any prospect of sustainable nat-
ural resource uses, put the livelihoods of billions of people
at risk, and will impact on water availability, food security
and consequently the biodiversity and associated livelihoods
(Monjane 2009).

Climate change and fisheries in woodlands

The fishing industry is an important source of revenue,
employment and proteins in some countries in Africa (Flesh-
man 2007). For example, in Senegal the industry contrib-
utes over 6% of its Gross Domestic Products (GDP) (Njaya
and Howard 2006) and 47% of animal protein intake comes
from fisheries (FAO 2005). More than 70% of people around
Lake Tanganyika in Tanzania depend on the lake for food,
water and livelihoods. However, population growth and ris-
ing water temperatures due to climate change effects has
subjected fishing industry into pressure due to threats of dry
up of lakes and rivers which in turn destroy fish species. It
was estimated that over the past several decades nearly 30%
of fish yield per unit effort in Lake Tanganyika has been
declined due to among others overfishing, shoreline deg-
radation and climate change. This has serious implications
for food security and long-term conservation of the region
as trends continue because the effects of a declining fishery
extend far beyond the shoreline.

Fishermen in several regions, including Kigoma in Tan-
zania, are already searching for new ways to earn a living
as climate change reduces fish stocks, squeezing food sup-
plies and household budgets. Agriculture is seen as an attrac-
tive alternative livelihood with many fishermen, especially
because farmers are entitled to subsidies under an existing
government program. Growing crops for food as well as cash
from oil palm are alternatives that fishermen are considering.

Expanding current agricultural practices will increase
deforestation rates around fishing villages and may result
in contributing to greenhouse gas emissions (Phillips et al.
2009). In addition, declining fish yields are likely to put addi-
tional pressure on natural areas and nature reserves such as
Gombe and Mahale National Parks, Tanzania as people turn
to wild animals as a substitute protein source (Gray 2011).
Shifts from fisheries as a livelihood source to agricultural
production due to impacts of climate change will likely
increase the rate of land use change with accelerated conver-
sion of woodlands into agriculture. Such shifts will lead into
deforestation and shrinkage of areas under woodlands reduc-
ing the capacity of the ecosystem to supply ecosystem goods
and services on which livelihoods depend thus undermining
the socio-economic systems of the areas.
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CLIMATE VULNERABILITY OF SOCIO-ECONOMIC
SYSTEMS IN COASTAL WETLANDS

Lowlands and floodplains due to their combination of several
natural resources, such as fisheries and fertile alluvial soils,
often are sites of dense rural settlements as well as urban set-
tlements, such as many coastal areas of eastern and southern
Africa. Socio-economically such areas are very prone to neg-
ative impacts of climate change with consequences on pov-
erty levels.

Impact of climate change on coastal wetlands of Africa
is already being felt. The state of coastal wetlands in Africa
is changing. Change in coastal wetland makes the livelihood
of wetland dependent communities on highly vulnerable
(Nicholls et al. 2007). According to (IPCC 2007) the cli-
mate change will affect water resources, agriculture, coastal
resources, fisheries, management rules and settlements
which, will directly impact livelihoods of wetland dependent
communities in Africa.

Coastal wetlands and agriculture

Climate change is affecting the agriculture in coastal coun-
tries of Africa in several ways. Mangrove soils are often
only marginally suitable for agriculture, yet the conversion
of mangroves for this purpose is widespread. The impact of
sea level rise due to climate change on agriculture is already
being felt in some coastal countries of Africa. For example
in Tanzania, scientific evidence shows that fields of rice
seedlings in the Rufiji Delta are being damaged by salt water
intrusion. Farmers in this area experienced fall of paddy pro-
duction due to salt water intrusion.

Thus farmers have been moving away from the increas-
ingly salty rivers, where most paddy fields are located, fur-
ther out into the delta in search of fresh water and better land.
But some are encroaching on protected mangrove swamps
in their search for new, fertile fields. The scramble for land
has created conflict between Rulfiji residents and government
authorities who want to stop local people invading protected
sites (Kitula 2012). Boko et al. (2007) have shown that salt
water intrusion could also affect coastal agriculture in Benin,
Cote d’Ivoire and Ghana through inundation and soil salini-
zation. Projection shows that by 2050 about 235 km? of rice
fields in Guinea could be lost as a result of permanent flood-
ing caused by inundation (Republique de Guinee 2002).

Coastal wetlands and settlements

Exposure to the climate change impacts is directly linked to
the position of human settlements (Smit and Wandel 2006).
Clausen et al. (2011) reported that rural coastal communi-
ties in Madagascar are generally more vulnerable to the
impact of climate change than those located further inland.
Cyclones were observed to have caused disruption to village
life in Madagascar. For example, in Borongeny and Soahazo
villages Cyclone Gafilo in 2004 triggered the relocation of
both villages following flooding and destruction of houses.
Similarly in 1975 a cyclone blocked the freshwater supply to

Kaday village which forced the relocation of that village to its
new location at Soanafindra.

Among the major coastal wetlands are mangrove ecosys-
tems also referred to as intertidal wetlands. Mangrove eco-
systems along the cost of east and west Africa are particularly
important in protection against ocean surges thus protecting
costal infrastructure from the severity of ocean surges and
associated damages. Mangroves can potentially play a role in
coastal defence and disaster risk reduction protecting coastal
infrastructures from damage associated with see rise and
storm surge.

Coastal wetlands and coastal resources

The coastlines of Africa are highly vulnerable to the effects
of climate change due to the geology and geography of some
of the region’s coastal areas, the growing population density
and infrastructure in the coastal zone. Moreover, large tidal
variations, coupled with the potential increase in regional
rainfall, suggest the potential for increased coastal hazard.
Sea-level rise and increases in sea-surface temperature are
the most probable major climate change-related stresses on
coastal ecosystems. In particular, sea-level rise is the most
obvious climate-related impact in coastal areas.

Densely settled and intensively used low-lying coastal
plains, islands, and deltas are especially vulnerable to coastal
erosion and land loss, inundation and sea flooding, upstream
movement of the saline/freshwater front, and seawater intru-
sion into freshwater lenses. Especially at risk are the large
deltaic regions of Nigeria and Senegal, and the low-lying
areas of Angola, Cameroon, Gabon, Gambia, Sierra Leone
and Seychelles (Taylor et al. 2010, Muoghalu 2012a). Inter-
national studies have projected the displacement of several
million people from the region’s coastal zone in the event
of a one metre rise in sea level. According to Taylor et al.
(2010) climate change is of particular significance in the Sey-
chelles as a one metre rise in sea level could lead to the sub-
mergence of many islands resulting in a 70% loss of land, and
as a coastal ecosystem mangroves would be under threat. The
costs of response measures to reduce the impact of sea-level
rise (30-50 cm) in the region could amount to millions of
dollars per year. Among the major impacts of climate change
on coastal wetlands include reduced water levels and under
worst scenarios drying of some wetlands. Given the fact that
coastal wetlands support a wide range of livelihood activities
such as fisheries and multitude of livelihoods, climate change
will undermine their capacity to support livelihoods related
to fisheries. Such impacts will negatively affect livelihoods
and socio-economic systems associated with the coastal
resources.

Marine fisheries in Africa are usually highly dependent
on resources and services provided by mangrove ecosystem,
which makes the fishery sector vulnerable to climate change
impacts. Climate change will bring greater variability and
uncertainties regarding weather conditions, which impact
directly on artisanal fisher folk whose fishing gear limit their
mobility and ability to operate in adverse conditions (Faraco
et al. 2010). In face of these changes in the environment,



88 R.A. Kitula et al.

traditional knowledge accumulated by these populations,
which used to guide them during their fishing activities in an
efficient and safe way, may become useless (Ford and Smit
2004). The effects of salt water intrusion on fisheries are
already being felt in Cote d’Ivoire. The Republique de Cote
d’Ivoire (2000) proved that lagoon fisheries and aquaculture
are currently affected by intrusion of salt water. Climate
change is also projected to bring about impacts on mangrove
biodiversity such as changes in reproduction and migration
periods of several species, changes in latitudinal and longi-
tudinal distribution patterns, changes in population size and
community composition and changes in the hydrological
cycle (Gitay et al. 2002). These changes can alter seasonal
and distributional patterns of fish species that are explored
by artisanal fisheries, potentially impacting local livelihoods.
These fisher folk are forced to adapt to the seasonal distri-
bution and the ecology of fish, both strongly influenced by
climate (Iwasaki ef al. 2009).

Coastal wetlands and water resources

Maintaining the security of water resources is a key priority
for the African poor rural population. The region already faces
water stresses, and many areas are often dependent upon lim-
ited groundwater and rainfall collection. Climate change will
further aggravate water shortage by extreme events such as
droughts which undermine food security, or extreme rainfall
events which increase the risk of flooding. Challenges to water
resources management will therefore be exacerbated by sea-
level rise which contribute to salt-water intrusion into available
freshwater resources. As sea level rises, salt water intrusion
into ground water, rivers, bays and estuaries will increase.

According to Muoghalu (2012a) rising sea level 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.
Scientific assessments project changing patterns of runoff
and river flows in the region in the next decades, as well as
increase in water management costs and increases of poor
rural people affected by water stress. Coastal wetlands are
among the major water reservoirs in the coastal zone. They
act as water storage and purifiers ensuring constant supply
of good quality water. The water capacity of wetlands will
likely undermine this capacity and result into disruptions of
livelihoods and socio-economic systems associated with the
wetlands.

CONCLUSION AND RECOMMENDATIONS

Climate change will have direct and indirect impacts on
socio-economic systems of moist forests, woodlands and
savannas, and coastal wetlands of Africa. Some impacts will
have positive effects and can be taken as opportunities while
some will have severe negative impacts that require adequate
mitigation measures of the impacts to reduce the impact on
the socio-economic systems.

Climate change will have profound impacts on moist for-
est of Africa including reduction of the capacity of the forests
to supply the ecosystem goods and services that contribute
to livelihoods and associated socio-economic systems. The
water catchment potential of moist forests will be undermined
reducing livelihoods associated with water resources. Impacts
on woodlands/savannas will likely undermine the resources
available in the woodland for human wellbeing including
woodfuel, food other materials necessary for human health.

Generally climate change will impact negatively the for-
est and woodland/savannas ecosystems resulting into either
direct or indirect effect on the services provided by the eco-
systems and associate livelihoods. But also climate impact
on agriculture resulting into low production and increased
dependence on forests will lead into degradation or expan-
sion of agriculture into forests to compensate for the low
production hence deforestation and degradation and more
greenhouse gas (GHG) emissions.

Among the major impacts of climate change on coastal
wetlands include reduced water levels and under worst sce-
narios drying of some wetlands. Given the fact that coastal
wetlands support a wide range of livelihood activities such
as fisheries and multitude of livelihoods climate change will
greatly undermine the capacity of the coastal wetlands to
support fisheries and related livelihoods. Such impacts will
negatively affect livelihoods and socio-economic systems
associated with the coastal resources.

Mitigating the impacts of climate change on the moist
forests, woodlands/savanna and coastal wetlands is impera-
tive for sustaining their socio-economic systems and related
livelihoods.

Monitoring the impacts of climate change on moist for-
ests, woodlands/savannas and coastal wetlands and asso-
ciated socio-economic systems is important if proper and
effective mitigation measures would be developed.
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