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EXECUTIVE SUMMARY

Countries in Africa are among the most vulnerable globally to the effects of climate change because of the
dependence of much of the population on agriculture, particularly rain-fed agriculture, and widespread
poverty that renders them unable to withstand climate stress. Additional constraints (disease burden, debt
burden, political instability, and conflict) reduce the adaptive capacity and increase the vulnerability of rural
populations. Recurrent drought in many countries has demonstrated the effects of climate variability on food
resources. Widespread poverty in many countries places many people facing food insecurity even in good
times. Additionally, climate variability and change threaten other resources including water, forests, and
fisheries. Communities in coastal areas will be impacted by projected rise in sea-level of up to 1 m in this
century; some countries already experience coastal erosion and flooding,.

The West African country of Ghana is located on the Gulf of Guinea and extends northward from a low-
lying coastal zone through the Volta River basin to the savanna zone on the border with Burkina Faso.
Ghana is bordered on the west by Cote d’Ivoire and the east by Togo. Ghana’s economy relies on agriculture,
which accounted for >25 percent of Gross Domestic Product (GDP) in 2008 and employed half of the
economically active population. The main exports are cocoa, gold, timber, diamonds, bauxite, manganese, and
hydropower. Ghana is designated a Low Income Country, making it one of only four West African countries
that are not classified as Least Developed Countries. Among Ghana’s advantages are its political and social
stability as well as internal energy resources and natural resources in demand in world markets.

This Climate Change Assessment of Ghana was prepared by a team of US Forest Service scientists and
Ghanaian counterparts, based in part on interviews with government officials, staff of non-governmental
organizations (NGOs), and representatives of civil society organizations (CSOs) over a two-week period. In
addition to interviews, the Team collected geospatial and demographic data from agencies and electronic
public sources, as well as conducted an extensive literature review. The Assessment was focused at two levels,
a national overview and a targeted assessment of the northern savanna zones, comprised of the three
northern administrative regions in Ghana (Northern, Upper West, and Upper East). Additionally, the Team
examined the coastal zone and the energy sector in light of recent development of oil and gas resources
offshore in the Gulf of Guinea.

CLIMATE OVERVIEW

The climate of Ghana is dominated by the interaction of the Inter-Tropical Convergence Zone (ITCZ) and
the West African Monsoon. The ITCZ, also known as the Equatorial Convergence Zone or Inter-Tropical
Front, is a region of calm winds separating the northeasterly and southeasterly trade winds. The location of
the ITCZ annually moves, reaching its northernmost extent during the northern hemisphere summer and its
southernmost extent during the northern hemisphere winter. The principal feature of the climate of Ghana is
the alternate wet and dry seasons caused by the movements of the ITCZ and West African Monsoon. In
southern Ghana there are two distinct wet seasons, but Northern Ghana has only one.

Available temperature data indicates a warming climate in Ghana with the drier northern area warming more
rapidly than southern Ghana. Since 1960 for Ghana as a whole, mean annual temperature rose by 1.0°C. The
rate of increase generally was more rapid in the northern than southern regions. The frequency of “Hot” days
and nights in Ghana increased from 1961 to 2003. A “Hot” day or night is defined by the temperature
exceeded on 10 percent of days or nights in the current climate. Annual rainfall in Ghana is highly variable
making identification of long-term trends difficult. In the 1960s, rainfall in Ghana was particularly high and
decreased to particularly low levels in the late 1970s and early 1980s. There was no evidence that extreme rain
events have either increased or decreased since 1960.
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CLIMATE VARIABILITY AND CHANGE

The climate of West Africa is subject to considerable spatial and temporal variability. This variability is linked
to variations in the movement and intensity of the ITCZ as well as variations in the timing and intensity of
the West African Monsoon. The most documented cause of these variations on an inter-annual timescale is
the El Nifio Southern Oscillation (ENSO). The West African Monsoon is influenced either during the
developing phase of ENSO or during the decay of some long-lasting L.a Nifia events. In general, El Nifio is
connected to below normal rainfall in West Africa.

When assessing climate change, it is important to note that it will affect regions of Ghana differently. In
addition, predictions from climate models can vary significantly. Information derived from any model must
be used judiciously, being cognizant of the uncertainty inherent in these tools. Specifically for Ghana,
although Global Circulation Models (GCMs) agree generally that mean temperatures will rise, little agreement
exists on future precipitation amounts or seasonality; some GCMs project increased precipitation in the
northern three regions and others project decreases.

All climate projections through the 215t century we examined, including our own analysis, indicated increasing
temperatures across Ghana. For example, across most ecological zones of Ghana, dry season mean
temperatures are projected to rise by about 1.5 to 2.0 °C to about 3 °C by 2080. Because of the complexity of
correctly reproducing a number of key features of the atmospheric circulation patterns over West Africa,
projections of rainfall by climate models are mixed and uncertain.. Our ensemble modeling projections of
rainfall among seven representative meteorological stations also gave mixed and inconclusive results, lacking
consistency and predicting decreases and increases in rainfall across stations. The results are summarized for
each station as follows:

e Accra (Coastal Savanna Zone): Forecasted changes in precipitation ranged from 52 percent
decreases to 44 percent increases in wet season rainfall by 2080. The variability among the models'
precipitation changes is not very different from the inter-annual variability currently experienced in
the region.

e Kumasi (Deciduous Forest Zone): Forecasted changes in precipitation range from 48 percent
decreases to 45 percent increases in wet season rainfall by 2080. The variability among the models'
precipitation changes is not very different from the inter-annual variability currently experienced in
the region. The A2 scenario, which generally shows the largest greenhouse gas (GHG) impact,
predicts the weakest increase in wet season rainfall, 1.13 percent.

e Tarkwa (Rain Forest Zone): Forecasted changes in precipitation range from 45 percent decreases
to 31 percent increases in wet season rainfall. The variability among the models' precipitation changes
is not very different from the inter-annual variability currently experienced in the region.

e Techiman (Forest-Savanna Transition Zone): Forecasted changes in precipitation range from 46
percent decreases to 36 percent increases in wet season rainfall. The variability among the models'
precipitation changes is not very different from the inter-annual variability currently experienced in
the region. The A2 scenario, which generally shows the largest GHG impact, predicts the largest
decrease in wet season rainfall, -2.94 percent.

e Tamale (Guinea Savanna Zone): Forecasted changes in precipitation range from 36 percent
decreases to 32 percent increases in wet season rainfall. The variability among the models'
precipitation changes is not very different from the inter-annual variability currently experienced in
the region. The Northern Region where Tamale is located is the southern-most region in Ghana to
show a consistent trend toward decreased rainfall.

e Walembelle (northern Guinea Savanna Zone): Forecasted changes in precipitation range from 25
petcent decreases to 24 percent increases in wet season rainfall. The vatiability among the models'
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precipitation changes is not very different from the inter-annual variability currently experienced in
the region.

e Bawku (Sudan Savanna Zone): Forecasted changes in precipitation range from 28 percent
decreases to 30 percent increases in wet season rainfall. The variability among the models'
precipitation changes is not very different from the inter-annual variability currently experienced in
the region.

Projections also indicate sea-surface temperatures will increase in Ghana’s waters with potential negative
implications for the dynamic and critical link between timing and intensity of the coastal upwelling and fishery
productivity. Associated in part with sea temperature increases is sea-level rise which is also projected to rise
from 0.13-0.60 m by the late 215t century, depending on development scenarios modeled.

UNCERTAINTY OF CLIMATE PROJECTIONS

These results illustrate the uncertainty in climate change projections, especially for future precipitation.
Climate science is an expanding field and more reliable projections of future climate should become available
soon. Improved methods exist now in terms of more realistically modeling current climate at scales useful for
decision-making, suggesting that improved projections of future climate are available. Even so, uncertainty
remains because these dynamically down-scaled regional climate models begin with the boundary conditions
set by the global circulation models. Government agencies, NGOs, and CSOs in Ghana seem to have little
access to detailed climate projections and seemingly little understanding of the uncertainties surrounding
projections. Tools to assess the impact of climate change on agriculture are critical components of poverty
reduction programs.

Modeling is best tempered with observation and experience. Northern Ghana has the highest poverty levels
in the country and is also where temperatures are hottest, rainfall is low and there is only one rainy season.
The actual experience of people interviewed during our field visit to the north reported delays in the onset of
the rainy season, heavier rains late in the rainy season, and increased flooding, causing crop damage. The
experience of our interviewees is congruent with observed trends of decreasing rainfall and increasing
temperatures in the last several decades. These factors combine to make the north the most vulnerable region
of Ghana to adverse affects from climate change.

CLIMATE POLICY FRAMEWORK

Responsibility for developing, coordinating, and implementing Ghana’s climate policy is understandably
dispersed among several agencies. The Environment and Natural Resources Advisory Council (ENRAC)
operates at the Cabinet level and is in place to coordinate among ministries. Within ministries with climate-
related responsibilities, there are coordinating and consultative activities. For example, a Carbon Credit Policy
Committee operates in the Ministry of Environment, Science and Technology (MEST) to clearly define rules
and procedures affecting carbon credit generating activities, allocation of carbon rights, and participation in
sub-national carbon activities. The Environmental Protection Agency within MEST is responsible for
developing national climate change policy and integrating priorities into sectoral plans. The National Climate
Change Coordinator is located within the Energy Resource and Climate Change Unit of the Environmental
Protection Agency (EPA).

The MEST developed a list of 55 actions and policies the Government of Ghana (GoG) could take to reduce
GHG emissions. These Nationally Appropriate Mitigation Actions (NAMAs) were appended to Ghana’s
submission to the Copenhagen Accord. Most NAMAs align with development priorities in the Ghana Shared
Growth and Development Agenda 2010 (GSGDA), and most are energy-related but do not specifically
mention biofuels, other than waste as renewable sources, and do not mention woodlots to meet community
cooking needs. Eight of the 55 NAMAs address land use, land use change, and forestry, including sustainable
forest management, REDD+, plantation development, and rehabilitation of degraded lands. The NAMAs are
mostly broad statements without implementation details, cost estimates, likely funding sources or priorities.
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Ghana is at the forefront of pilot efforts to implement REDD+ activities to mitigate climate change, with
significant investments by The World Bank and other organizations. The greatest potential for REDD+ in
Ghana is in carbon enhancement, which means better management of the remaining small amount of forest
and restoration of degraded forests. The potential so far has been regarded as mostly within the High Forest
Zone (HFZ), including shade-grown cocoa (cocoa culture is primarily carried out in the HFZ), although
REDD+ could certainly be extended to the northern savanna woodlands. However, major obstacles remain
to be addressed before REDD+ will be successful, including land and tree tenure issues, carbon rights,
benefit sharing, illegal logging, cocoa production methods and carbon measurement, reporting, and
verification (MRV) methods.

Ghana has done little to develop forest-based carbon offset projects through the Kyoto Protocol’s Clean
Development Mechanism (CDM) to help mitigate climate change. The Environmental Protection Agency is
the designated national authority for CDM projects in Ghana. Ghana’s CDM strategy focuses on integrating
CDM into its plantation development program, targeted at 30,000 acres/yeat both on and off of forest
reserves. To date, only one CDM project — a rubber plantation located in the Western Region — has been
advanced, though another plantation project is under development in Brong-Ahafo Region inside a GoG
forest reserve that is mainly grassland. Barriers to CDM projects include lack of financing to invest in
plantation development, the rigor and high cost of verification and compliance, weak carbon markets, and
uncertainty over CDM’s future once the Kyoto Protocol expires in 2012. Even so, Ghana seems to be slowly
moving to develop more CDM projects, though no plan is yet developed that identifies how money earned
by selling certified emission reduction credits will be distributed.

Several gaps and various obstacles hamper mainstreaming climate change in the GoG. Within MEST, the
Town and Country Planning Department has no specific climate responsibility although there is clearly a need
to focus on low emissions development. National and regional level coastal development plans should include
adaptation strategies for sea-level rise (e.g., relocation of transportation, housing, and business zones) and
natural mitigation measures to slow coastal erosion (e.g., mangrove zones, sand-mining restrictions).

The National Disaster Management Organization NADMO) within the Ministry of the Interior (MOI) is
responsible for the management of disasters and similar emergencies. In addition, NADMO is charged with
ensuring Ghana is prepared to prevent disasters and to manage them well when they occur. Currently,
NADMO needs strengthening of capacity to respond to extreme weather events (e.g., floods and drought)
and should disaggregate its national level planning to local development plans. Disaster planning and climate
change adaptation are conceptually linked and should be explicitly coordinated within the GoG.

Wildfires and biomass burning are a significant component of Ghana’s GHG emissions. The draft National
Wildfire Policy (as of 2006) seeks to overcome past policy limitations (unclear authorities, lack of deterrents,
disregard of traditional practices, and no involvement of traditional authorities in policy formulation or
implementation). Nevertheless, the draft policy is overly focused on fire prevention and suppression, ignoring
the role of fire as an ecological agent and a traditional management tool. The policy assigns key roles to the
Ghana National Fire Service (Ministry of the Interior), including fire suppression and training programs
throughout the country and developing a fire detection and monitoring system. Neither of these roles has
been addressed, and the Fire Service is focused almost entirely on fighting structure fires.

Undertlying all resource issues and agricultural development is the difficulty posed by the seemingly perverse
incentives arising from the complexity of land rights (access to and tenure of land, tree tenure, and benefit
sharing) associated with both customary and statutory systems. Though an issue in and of itself, land and
resource tenure complicate the potential to use REDD+ incentives in reducing deforestation.

Infrastructure needs, shortages of technical expertise, and institutional barriers that limit data-sharing are
general obstacles to mainstreaming climate policy within the GoG.
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AGRICULTURE AND LIVELIHOODS

Agriculture dominates the Ghanaian economy (>25 percent of GDP in 2008) in terms of income,
employment, food security, and export earnings. Performance of the sector, however, has lagged other
segments of the economy at rates lower than growth in GDP. Positive growth rates within the agticulture
sector come primarily from cocoa production and marketing. The livestock, fisheries, and food crops sub-
sectors, on the other hand, have not shown appreciable improvements. Nevertheless, modernization of the
agriculture sector is expected to be an important driver of growth in the medium-term on the basis of
improved productivity; the growth goals cannot be met by simply expanding land under cultivation. The
GoG considers agricultural modernization as a pre-condition for the structural transformation of the
economy and sustainable reduction in the incidence of poverty. Central to this strategy are improvements in
food crop production and expansion of cash crops with a heavy reliance on transforming smallholder farmers
by increasing their market orientation. Commercialization and large-scale agriculture pose uncertainties with
or without climate change interactions with regard to environmental effects and long-term sustainability,
given likely increases in costs of oil, fuel, and petroleum-based agricultural chemicals.

Cropping systems in Ghana are highly diverse, reflecting dynamic adaptations to increasing population
pressure, land insecurity, climate variability, and new trading opportunities or markets. Most smallholder
farmers combine strategies to meet food security and cash flow needs; farming systems may combine
sedentary and shifting cropping systems as well as intercropping and rotational cropping. Even cocoa farmers
retain some of their land to grow food crops to meet their own needs. Traditional cropping systems in semi-
arid West Africa, including the northern savanna zone in Ghana, are dominated by cereal-based systems,
usually combining two or more crops in a field. Intercropping minimizes risk of crop failure from drought or
flooding and spreads the need for labor over a longer period. With the risk spread over two crops, a
smallholder can take advantage of a long growing season during a year of above-average precipitation. Maize
is the most important food crop for smallholders, who obtain 20 percent of their caloric intake from maize.
Because maize is also used to meet their cash needs, about half of the maize produced is marketed. Low soil
organic matter and limited availability of plant nutrients, in particular phosphorus and nitrogen, are major
bottlenecks to agricultural productivity in Ghana, which is further hampered in the northern savanna zones
by substantial topsoil losses through wind and water erosion.

Ghana is one of the world’s top producers and exporters of cocoa, and the sector has played a key role in the
nation’s economic development. Cocoa yields in Ghana are below international averages; the potential
increase from higher productivity could more than double the yields in 2005. Recent increases in production
have come from expansion of the land cropped to cocoa and higher inputs of family labor. Increasing land in
cocoa production has been a driver of deforestation. Because cocoa was traditionally grown under shade,
however, many valuable timber trees were retained in cocoa fields, augmented by planting of fruit and other
useful trees. Thus shade-grown cocoa was an agroforestry practice with greater biodiversity value than slash
and burn (bush fallow) agriculture. Research has demonstrated the technical advantages of fertilized, low
shade or full sun hybrids, and current recommendations from the Cocoa Research Institute of Ghana call for
fertilizing densely planted hybrid cocoa in full sun or light shade with phosphorus, potassium, and
micronutrients. In practice, smallholders have been able to adopt only the low shade/full sun
recommendation, as they lack resources to acquire hybrid seeds and fertilizer. Little research has been
directed towards increasing productivity of traditional shade grown cocoa, although that alternative would
avoid the negative effects of full sun hybrid cocoa on biodiversity.

Rice production accounts for 15 percent of agricultural GDP and 45 percent of the total area planted to
cereal grains in Ghana. The main production systems are irrigated, rainfed lowland, and rainfed upland
systems. Urban consumers prefer imported rice because the domestic rice is uneven in quality and often
contains impurities. Thus, two challenges to commercialization of rice production are to increase productivity
and improve quality of domestic rice. Optimal whole-farm production systems, including rice using
traditional (grass fallow) methods, requires >9 ha of production land, which is about twice as much as the
mean land holding for farmers in the north. Transforming existing smallholders into commercial operations
will require increasing land holdings. Replacing traditional grass fallow with short-duration leguminous cover
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crop fallow would have to be accompanied by increasing mechanization to replace the labor needed to farm
the larger acreages.

The agricultural sector has been a major driver of poverty reduction, almost exclusively dominating the
livelihoods of rural households. Smallholder farmers, who cultivate 1-2 ha plots of land, produce 80 percent
of the country’s agricultural output. The two most important cash crops for smallholders are maize and
cocoa. Additional, albeit less lucrative, foods grown by smallholders include cassava, yam, plantain, cocoyam,
and various fruits and vegetables. The remaining 20 percent of agricultural production comes from larger
scale industrial plantations that produce palm oil, cotton, rubber, sugar cane, and tobacco. Raising livestock is
another important activity engaged in by >60 percent of households. Chicken is the most commonly reared
animal (30 percent of households), along with goats (18 percent), sheep (11 percent), cattle (4 percent), and
other poultry, including ducks, turkeys, and guinea fowl. A few houscholds raise pigs, grasscutter (cane rats),
and rabbits.

Fish provide 40-60 percent of the protein in the Ghanaian diet, and fisheries contribute about 4.5 percent to
the national GDP. The fishing industry in Ghana is based primatily on a large matine fishery, and to a lesser
but important extent, on inland or freshwater fisheries and aquaculture. The Volta Lake impoundment, other
reservoirs, aquaculture, and coastal lagoons are the sources of inland or freshwater fish. Even without
consideration of climate change, clear evidence is available of over-exploitation of the marine fishery and at
least anecdotal evidence is available of declining fisheries in Lake Volta and Lake Botsumtwi. On the coast,
overfishing of marine stocks is obvious and acknowledged by local fishers; however, the root causes are not
clear. Foreign and reportedly domestic trawlers using illegal pair trawling and both inshore purse seiners and
traditional canoe fishers using lights at night to attract fish deplete all sizes of fishes, and trawling is reportedly
degrading the bottom habitat for fishes. Likewise, traditional fishers are unsustainably harvesting near shore
stocks using unselective methods and evidence suggests they ate fishing down existing stocks (e.g., depleting
all but the smallest sizes and species). Traditional fishers report they are catching smaller, fewer fishes despite
increased fishing effort and going farther out to sea to fish.

Continued expansion of the canoe fleet is also associated with fishery declines. The traditional fishers attempt
to manage the fishery by limiting by traditional means the number of craft operating on a given day. The
possible role of the loss or degradation of mangroves as breeding and rearing habitat should be investigated.
Fisheries are under tremendous pressure, facing collapse, unless the government is ready to seriously monitor
and regulate the resource. Any solution will involve a drastic cut in catch size and a reduction of the fishing
season. This means individuals that depend on the fisheries will need to find employment elsewhere. Reduced
domestic fish production seems to be likely, whether it is caused by collapse of the fisheries from overfishing,
increased regulation in an attempt to avoid a collapse, climate change effects, or a combination of these
factors. The unexplored question is how this critical protein source will be replaced in the Ghanaian diet and
how will it impact nutrition and food security?

Although growth rates in agricultural production have slowed since the 1980s, they have been positive, but
for most crops growth came from increases in the area harvested not from productivity gains. Rice and millet
were exceptions. For maize, substantial differences exist in regions of the country, both in terms of average
growth rates and the share of growth resulting from increasing the area under cultivation (extensification)
versus improving yields per ha (intensification). Extensification has caused significant environmental damage
(deforestation, desertification, and soil erosion) and is clearly unsustainable. Meeting the ambitious goals of
the GoG for increased agricultural productivity will be challenging; intervention is needed to set agriculture
on a different development trajectory.

Commercialization of maize and rice production requires increased land security in order to motivate farmers
to invest in technology and inputs. Commercialization of maize production already has led to changes in the
land tenure patterns and a tendency to preferentially allocate land to large-scale commercial farmers. Pressute
on the available land resource has already intensified conflict in the northern savanna zone. For example,
conflicts have arisen between farmers and herdsmen on the alluvial plains; in other areas, land fallowed by
one family has been reallocated to another family. Transforming rice cropping in the northern savanna zone
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would include concentrating access to land in the hands of wealthy producers, while smallholders would lose
their use rights.

Crops are vulnerable to climate variability as evidenced by obviously lower yields during drought periods and
less dramatically by year-to-year variation in productivity. Variability can take many forms, such as less total
annual precipitation, delayed onset of the rainy period, higher temperature or sub-optimum moisture during
critical growth stages. Changes in average climate values in regions currently at the limit for growing some
crops could reduce yields to non-viable levels, for example, causing a shift towards agropastoral systems. The
complexity of crop growth requires climate data (short-term variability, frequency of extreme events) at
spatial and temporal resolutions that are currently beyond the reach of climate change models. In addition to
inadequate climate models, crop modeling research has favored the major global food crops and devoted less
attention to crops important to Ghana, such as millet and yams. Additionally, crop models generally are
specified for monocropping and rarely consider intercropping. Improvements in climate and crop models and
the ability to model effects at scales from the farmer’s field to the region and nation will be critical to
formulating adaptation options for agriculture and mainstreaming climate change into development
programs.

ECOLOGICAL VULNERABILITY

The African continent is among the most likely to suffer adverse impacts of climate change because of
vulnerable social and natural systems, multiple interacting stresses, and low adaptive capacity. Ghana spans a
range of climatic and edaphic zones from coastal mangroves and rainforests along the coast to savanna in the
north. In much of sub-Saharan Africa, precipitation is inherently variable from year to year. This is often
expressed as recurrent drought and periodic flooding. Between 1991 and 2008, Ghana experienced six major
floods with >2 million people affected by the floods in 1991. The northern savanna zone is exposed to floods
as well as drought. In 2007, floods followed a period of drought and affected >325,000 people. Because most
agriculture is rain-fed and rural populations in many countries lack resources to moderate or adapt to
drought, the agricultural sector is particularly vulnerable.

The major findings for Africa of the Fourth Assessment Report of the IPCC confirm earlier reports,
including a warming trend since the 1960s. In West Africa, rainfall has declined 20 percent to 40 percent,
although the decline in the tropical rainforest zone has been only 4 percent. Despite advances in our
understanding of the complex mechanisms driving rainfall patterns, much uncertainty remains. Drought, a
manifestation of extreme rainfall variability, has long been a feature of the continental West African climate
with severe and long-lasting impacts on natural and social systems. The decline in rainfall from the 1970s to
the 1990s, for example, caused a 25-35 km southward shift of the savanna zone (Sahelian, Sudanese, and
Guinean savanna zones) with loss of grassland and woodland and displacement of human populations.
Besides long-term climatic trends and extreme events, ecosystems in West Africa have been degraded by
human activity which often interacts with climate. Major stressors (drivers of degradation) are deforestation,
wildfire, and soil erosion in upland areas and overfishing in coastal areas. Here, we examine resource and
social vulnerability.

Climate change in conjunction with other destructive land use practices could accelerate desertification in
northern Ghana (north of about 10° N latitude). Rapid land use and land cover changes suggest the process is
well underway. Even so, further rainfall declines, coupled with increasing temperatures, would make much of
northern Ghana even more vulnerable to desertification. The vulnerabilities are simply magnified given a host
of biophysical and human related issues in the region (e.g., erosive rainfall, soil qualities and fertility, recurring
drought, low input decreased fallow period farming, deforestation, frequent hot bush fires, and overgrazing).
Regardless of climate change effects being negative or positive, the continuance along the current human-
natural resource trajectory of population growth, over-exploitation, and overall extensive land degradation in
the desertification-prone zones of Ghana is clearly unsustainable. At best, the resilience and productivity of
much of the northern savanna zone will be progressively weakened and at worst those same areas, particularly
those in northern most Ghana, will succumb to desertification.
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Estimates of forest cover in Ghana vary considerably and depend on how forest is defined and the
assessment method. To date, no complete forest inventory of the country exists. Most estimates of forest in
Ghana focus on the High Forest Zone covering about the southern third of the country. Until 1900, it was
estimated that 33 percent of the country had forest cover. By the late 1980s, forest cover had declined 78
percent (to 1.8 million ha), and forest areas are now fragmented. Deforestation, albeit poorly measured, is
clearly happening at unsustainable rates over the entire country. In 1972, >98 percent of the northern
savanna zones wete covered by savanna woodland (>25 trees/ha) or open, cultivated savanna (6-25 trees/ha),
respectively. By 2000, 33.6 percent of the northern savanna zone had been degraded to widely open,
cultivated savanna (<5 trees/ha). Under current trends, the degradation is projected to increase to 65.5
percent of the area by 2050, clearly increasing risk of desertification. Similar dramatic shifts occurred in the
Forest-Savanna Transition Zone. In 1972, >90 percent was dominated by open forest (<60 percent canopy)
and closed cultivated woodland (>25 trees/ha) but now 57 percent of the zone is widely open, cultivated
savanna (<20 trees/ha). Projecting cutrent trends, open forest will cover only about 1.2 petrcent of the area by
2050. In the High Forest Zone, 57.6 percent of the land cover was closed forest (>60 percent canopy) but
that decreased to 34.2 petcent by 2000. In contrast, the moderately dense bush forest (<15 trees/ha)
increased from 35 to 60 percent of the land cover in the High Forest Zone from 1972 to 2000. About 24
percent of the zone is projected to be converted to open, cultivated woodland (<5 trees/ha) by 2050.

The productive marine ecosystem of Ghana has supported a massive increase in fishing yield since the 1970s,
but strong biological and cultural signals indicate it is under increasing strain. For example, catch of
prominent species in the fishery have declined — most notably those high in the food web, as is often the case
in heavily exploited systems. The fishery has also seen simultaneous declines in multiple small pelagic species,
the mainstay of the fishery, and sudden shifts in dominant species, all indicative of an overexploited fishery.
The vulnerabilities of this system are multi-faceted with or without consideration of climate change. Fleet
growth, gear improvement, and technological innovation and adaptation have acted in concert with a lack of
research, management, and regulation to deplete the fishery. Climate change-induced sea temperature
increases could exacerbate existing problems by disrupting the timing and intensity of the coastal upwelling
which could in turn dramatically reduce productivity in all sectors of marine fishery.

Coloring all development issues is the apparent willingness of resource agencies to turn over all responsibility
for addressing and enforcing environmental laws to the Environmental Protection Agency. Although multiple
agencies provide permits for development, monitoring and enforcement is left to an understaffed and
technically deficient Environmental Protection Agency.

SOCIAL VULNERABILITY

We assessed social vulnerability to climate change on a district level in Ghana using a vulnerability index
based on 11 socioeconomic indicators. The Upper East, Upper West, and Northern administrative regions
have the highest overall social vulnerability to climate change. The eastern portion of Brong-Ahafo Region
and both the far northern and southern-most districts of Volta Region also exhibit high social vulnerability to
climate change. Urban districts are less vulnerable than rural districts. The Upper East, Upper West, and
Northern regions also have a much higher incidence of poverty than other regions of Ghana and doubled
(Upper East, Upper West) or tripled (Northern) in population density between 1960 and 2000. These three
regions lie in the Sudan and Guinea savanna ecological zones. The Forest-Savanna Transition Zone has the
next highest social vulnerability to climate change in Ghana, following the northern savanna zones. These
data indicate that Ghana’s three northern regions deserve attention for investments that support climate
change adaptation. Nevertheless, other parts of the country that are also highly vulnerable also warrant
attention. A district-level approach to identifying the areas in greatest need of support for climate change
adaptation will help to better target resources than a regional-scale approach.

Ghana’s economy is dependent on agricultural production, as are livelihood — especially rural livelihoods
where >90 percent of the population depends primarily on agricultural related work. As noted, most of
Ghana’s agricultural production takes place on 1-2 ha plots of land. A pervasive sense of insecurity and a lack
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of transparency pervade the current customary land tenure system practiced over most of Ghana. Without
secure access to land, farmers are less likely to invest in or develop long-term innovative agricultural systems.
Nor are they likely to invest in new technologies. Rather, without secure access to land, farmers are more
likely to try to maximize short-term profits, often at the expense of the land’s long-term health. This is
unsustainable in the long run. Without secure access to land, farmers also have difficulty accessing credit or
connecting with investors, reducing overall production. Finding ways to secure land assess, provide credit at a
local level, and strengthen local value chains (connecting farmers with local purchasers, etc.) could help
farmers overcome these barriers.

Women, migrants, and unconnected (socially) landless farmers are among the most vulnerable groups in
Ghanaian society. Under normal circumstances these groups have difficulty accessing land and securing
livelihoods. Land tenure reforms should not only focus on titling and registration but on ensuring that land is
distributed equitably, affordably, and simply (meaning the process should be straightforward enough to be
navigated by groups without much social or political capital.)

Commercialized or mechanized farming could increase production and strengthen food security. However, it
could also create joblessness and contribute to increased poverty if done without full consideration of
potential socioeconomic impacts. This is especially relevant given that most of the large-scale commercial
agricultural operations likely will occur in portions of the country that are already marginalized. If reduced
rainfall caused by climate change reduces the amount of arable land, increased competition for land will lead
to even greater vulnerability of smallholders. Livestock rearing occurs primarily in the northern savanna
zones, and could be a viable livelihood diversification strategy for farmers. However, grazing rights threaten
to pose increasing conflicts, particularly if land ownership and rights are unclear.

ADAPTATION

Farmers are vulnerable to shocks (unexpected events such as flooding), seasonal variation, particularly timing
and amount of rainfall, and long-term trends (e.g., increased mean temperature). Coping strategies commonly
in place to reduce vulnerability to seasonal variation include planting mixtures of crops and cultivars adapted
to different moisture conditions (reducing the risk of complete crop failure), using landraces resistant to
climate stresses and mulching or water conservation. Multi-year droughts, however, will overpower these
short-term coping strategies and may cause long-term impacts if capital assets are lost and no effective local
or national support system is in place (Challinor, Wheeler et al. 2007). An alternative to rainfed agriculture for
some farmers may be small-scale irrigation; this requires suitable land, access to water, and ideally, capital to
invest in a pump. In the northern savanna zones, dry season vegetable crops are grown in floodplain fields
that often are hand watered. Many irrigation options require infrastructure or cooperation among groups and
are thus beyond the resources of a single farmer.

Given the uncertainty of climate change projections for precipitation, the prudent adaptation strategy is one
of “no regrets.” Reducing vulnerability to current climate stress may increase adaptive capacity and increase
resilience to future climate change. Many options are available for adapting agriculture to climate variability
and change. Some farmers may opt to leave agriculture by diversifying entirely into non-farm activity or
migrate to urban areas. Farm households in the Northern Region already send some family members south to
work and return remittances. With increasing populations, this option may be unavailable, forcing some
households to remain in agriculture (Challinor, Wheeler et al. 2007). Diversification of livelithoods in the
coastal region will be a necessity for fishing households. A promising industry is the emerging tourism sector
on the coast and eco-tourism near attractions such as national parks. Investment in infrastructure would
provide employment in short-term construction jobs as well as in the long-term. Infrastructure (especially
restaurants, lodging, developed recreational activities) would also enable local communities to capture more
benefits from tourism.

Farmers who depend on annual rains have already demonstrated considerable ability to adapt to uncertain
climate at least within the range of historic variation. Their ability to adapt to future climates will depend in
part on a supportive institutional and macroeconomic environment. Ghana is fortunate among West African
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nations in that it is politically stable, yet its governance structures are weak and its public sector
underperforms, especially in the northern savanna zones. Clarification of land tenure, tree tenure, and carbon
rights is necessary for smallholders to access capital and make long-term investments in conservation
practices, agroforestry, and improved crop varieties and inputs. Access to knowledge and assistance from
extension workers is needed for farmers to modify their cropping systems. Community-based approaches to
identifying climate change adaptation strategies as well as strategies for enhancing food security have been
implemented in the northern regions and appear to hold promise.

Focusing food security investments entirely on commercialization, mechanization, and large-scale agriculture
will result in adverse social impacts unless the needs of small farmers are simultaneously addressed. A multi-
scaled approach to agricultural development appropriate to the local socio-cultural context should be
considered. Farming for profit will require concentrating agriculture on fewer larger farms to take advantage
of economies of scale, mechanization efficiencies, and market access. Such commercialization or
rationalization of agriculture may be desirable from a national development perspective. However, given the
traditional land tenure system and the insecurity of many smallholders, development of large-scale farms by
overseas investors may displace many smallholders. Moreover, the food insecurity of local populations could
be worsened in bad crop years if they are priced out of the market for food. Given the likelihood that oil,
fuel, and petroleum-based agricultural chemicals will increase in price in the future and most smallholders
cannot afford such inputs without subsidies, questions of economic viability also arise. Commercialization
and large-scale agriculture also pose uncertainties with or without climate change interactions with regard to
environmental effects and long-term sustainability.

ENERGY SECTOR

Wood-based fuels (charcoal and firewood) are the dominant source of cooking fuel in Ghana with >90
percent of households in most districts using them as their main source. Charcoal use is greatest along the
coast and in urban centers, though most households (>50 percent) in most districts use firewood as their
main source of cooking fuel. Firewood dependency is greatest in the Guinea Savanna ecological zone
(comprised of the Upper West, the Northern, and the northern portion of the Volta regions), where >80
percent of households in most districts use firewood for cooking. Although much of the firewood reportedly
comes from dead wood on farm and fallow land, fuelwood harvest is about 7.5-8.5 times the estimated
national volume of timber harvested for other purposes, a clear warning sign of the fuelwood pressure on
Ghana’s forests and the threat it poses for deforestation, forest degradation, and climate change. Although
agroforestry and CDM projects may have potential for addressing the wood-based fuels issue through tree
planting, emphasis should also be placed on reducing fuelwood consumption through the development and
distribution of affordable, efficient cook stoves that are compatible with Ghanaian cooking practices and
food tastes and by improving forest management to promote sustainable fuelwood harvesting and use.

Hydropower is an issue of some concern in the contexts of climate change, potential for regional conflict, and
national energy strategies. Clearly, the issue of future hydropower production from Akosombo (and Kpong)
dams is complex, is not simplistically related to potential climate change, and is replete with trans-boundary
implications. First, the water development focus between the two major countries in the Volta River Basin is
fundamentally different. Burkina Faso has and is concentrating effort in the Basin on improved use and
increased retention of water for agriculture with demands in that country (as well as northern Ghana)
expected to increase rapidly. In contrast, Ghana’s primary objective is to keep Lake Volta at optimal levels for
power production. Clearly, potential exists for major conflict. Second, past meteorological data and
hydrological modeling indicate water levels in Lake Volta are highly sensitive to even small changes in

rainfall. Rainfall projections of global climate models are mixed, adding to the uncertainty; however, trends
from historical data indicate fairly dramatic decreases from long-term averages. Third, the design of
Akosombo dam was premised on one of the wettest periods on record affecting optimal power production
even during relatively short or modest dry periods in an inherently variable precipitation regime. Fourth,
water allocation agreements are lacking among Ghana and the other riparian countries in the Lake Volta
Basin. Finally, the future power production at Akosombo dam clearly will affect Ghanaian choices for
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alternate energy sources (i.e., fossil based or alternative) in an attempt to meet shortfalls and ever increasing
demand.

In Ghana, the issue of gas flaring from the Jubilee Oil field has created concern and controversy in civil
society and donor countries. Given the substantial production, the gas from the Jubilee Oil Field will need to
be stored, transported, or flared. Further, the infrastructure to pipe gas ashore will not be ready as oil
production is initiated and ramped up, and re-injection of gas after ramp-up may not be feasible as once
thought. Long-term gas flaring at the Jubilee Field may be inevitable without accelerated development of
infrastructure for storage, shipping, and processing of the gas.

Prolonged gas flaring of the Jubilee natural gas would produce about 1.5 million tons of COzannually (7
petrcent of Ghana’s total national emissions). If the gas is used in a power plant, >13,000 barrels of oil/day
are saved and 0.9 million tons of CO, emissions are avoided. The total emissions reduction potential from
using the gas for power production instead of flaring is 2.4 million tons COz equivalent or 10 percent of
national emissions. Unfortunately, if gas infrastructure development is projected to take four years to become
reality and high re-injection capacities are not feasible, the life of this valuable gas field will be reduced by
about 20 percent (16 versus 20 years), an estimated 152-228 billion standard cubic feet of gas will be lost for
energy production, and some 6 million tons of CO, will be released.

Oil and gas development is in its infancy but pressure on land prices and housing availability onshore has
already occurred. Planned development of a gas pipeline and onshore uses (e.g., electric power generation,
fertilizer plant, liquefied petroleum gas) likely will occur without adequate planning or mitigation of impacts
on local communities. The over-inflated expectations in the press of the wealth to be derived from oil and gas
development could lead to social unrest in coastal communities, especially since the GoG has side-stepped an
attempt to designate a fixed percentage of revenues to the region.

NORTHERN SAVANNA CASE STUDY

Some key vulnerabilities to climate change in Ghana’s three northern regions include high rates of illiteracy
(>73 percent in most districts), and relatively underdeveloped infrastructure compared with other parts of the
country (water sources, road infrastructure). USAID is well positioned to address these vulnerabilities.
Significant obstacles to increasing the food security of farm communities in the northern regions are
uncontrolled annual bushfires, declining soil fertility causing reduced productivity, and lack of access to
affordable operating capital. The attraction of quick cash from making and selling charcoal for sale in the
south draws young people away from farming. Such harvesting appears to be unsustainable and will add to
soil erosion problems, affect local climate, perhaps accelerate desertification, and will eventually produce an
unemployed segment of the population lacking in marketable skills. Adding to these problems is a shortage of
dry season grazing and water for livestock, free-ranging livestock, and an influx of migrant pastoralists from
the north. These factors can and are interacting to produce a downward spiral for soils, forests, farming, and
farmers. Climate variability contributes to current food insecurity, which will be exacerbated by a changing
climate.

A number of adaptations to climate variability and climate change are documented in Ghana’s three
predominantly rural, agriculturally dependent northern regions. These adaptations include changing
agricultural practices, diversifying livelihood strategies outside of the agricultural sector, and increasing
migration to southern Ghana and urban areas. There are a number of opportunities to support climate
change adaptation in northern Ghana through USAID’s Feed the Future program because of its focus on
increasing the livelihood security of households. It is important to take a community-based approach to
developing and implementing specific interventions to support both food security and climate change
adaptation to ensure that they are appropriate to the local context and will be beneficial. Such an approach
calls for helping communities identify their own vulnerabilities and develop their own adaptation strategies.

Addressing food security by focusing on the entire value chain appears to be the most promising approach,
although there is room for better alighment between needs and current activities. Community-based
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approaches to identifying climate change adaptation strategies (e.g., CARE) and strategies for enhancing food
security (e.g., Canadian International Development Agency or CIDA) have been implemented in the northern
regions and appear to hold promise. Activities include adopting agroforestry practices, crop diversification,
planting drought-resistant and short-season varieties, practices to enhance soil moisture retention in fields,
minimal tillage, composting for fertilizer, planting dry season vegetable gardens, developing surface wells,
rearing small stock (chickens, guinea fowl, goats, sheep, and pigs), and actions to reduce burning of fields.
Practices that are successful at the local level could potentially be scaled up.

MAINSTREAMING CLIMATE CHANGE

Incorporating or “mainstreaming’ climate change, climate variability, vulnerability, and adaptation into
USAID programming offers many opportunities for USAID to help the GoG prepare for the future. The
suggestions summarized here are based on the analyses conducted by the Assessment Team. Many of the
options are multi-level, in that the vulnerability addressed will have to be attacked at several levels within
Ghanaian society. Underlying all the options is a need to address the disconnect between customary and
statutory rights in land that precludes improvements in many aspects of food security and environmental
management. Without secure rights to land, smallholders lack incentives to adopt new technologies, invest in
agricultural improvements, and are unable to access the resources needed to increase crop productivity
because they cannot obtain operating capital at less than usurious interest rates.

We categorize intervention options into five types of barriers to climate change adaptation and mitigation:
Policy Environment, Governance and Tenure, Capacity and Infrastructure, Information and Analysis, and
Awareness and Implementation. Under each barrier, we briefly indicate intervention options and
parenthetically identify USAID programs as we understand them that could address that intervention
(FtF=Feed the Future, Edu=Education, H&S=Health and Sanitation, Dem/Gov=Democracy and
Governance, Gen=Gender). Options could have certainly been categorized differently, but the purpose is to
communicate important information the Assessment Team gleaned regarding potential interventions.

The policy environment barrier exposes vulnerabilities in areas directly and indirectly relevant to climate
change. Decided vulnerabilities arise from uncoordinated responses to climate change. Options for
intervention include supporting the completion and implementation of the Ghana National Climate Change
Strategy, focus in that strategy on adaptation responses and incorporation of climate change in urban
planning efforts (FtF, Edu, H&S, Dem/Gov, Gen). A national energy policy is needed that includes climate
change mitigation and low emission strategies (i.e., advanced biofuels development, capturing not flaring
natural gas) (Dem/Gov, FtF). Integrated national and regional level coastal development adaptation planning
is needed to address sea-level rise and coastal erosion (Dem/Gov, Edu, FtF). The FtF program focuses with
justification on the northern regions, but other areas exhibit high social vulnerability to climate change,
indicating need for a more targeted, district-based approach (i.e., expansion to Brong-Ahafo and Volta
regions). Indirectly but most certainly related to climate change are uncoordinated policy responses to water
allocation among tiparian countries in the Volta Basin (FtF, Dem/Gov) and lack of integrated fire
management and regionally adapted policies (including traditional practices) focused on managing
environmentally destructive fires (FtF, Dem/Gov). Because farmers need stable and favorable crop prices to
make commercial crop production profitable, a favorable policy environment is needed for cash crop
production (FtF).

The governance/tenure battiers and the associated vulnerabilities to climate change adaptation and mitigation
in Ghana were viewed by the Team as overarching, keystone issues not only in the climate change arena but
in development generally and FtF specifically. Key interventions include advocating for examination of land
tenure and property rights issues at the community level, capacity building with traditional land management
authorities (e.g., chiefs, Tendanas) for transparency and equality in land use practices, and a national
examination and correction of tree tenure issues that result in perverse, counterproductive incentives against
carbon sequestration and maintenance and creation of forests (all FtF, Dem/Gov, Gen). Retention of carbon
benefits at the national level without local benefits sharing creates yet another perverse incentive system
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affecting carbon sequestration. Advocacy is needed for legislation defining carbon rights to provide equity to
smallholders (FtF, Dem/Gov, Gen). The land tenure system also imposes insecurity on tenants and increases
their vulnerability to climate change by restricting access to credit and discouraging if not precluding long-
term planning and investment by tenants and landowners. Local strategies are needed to provide affordable
credit to landowners and tenant farmers (FtF). The extreme reliance on wood-based fuels in Ghana is a
significant vulnerability that seems largely unaddressed by any sector at any level. The Team viewed the
wood-based fuel situation as a critical issue from the perspectives of dramatically increasing social
vulnerability to climate change, its clear unsustainability and environmental ramifications thereof, and for
USAID, the ability of FtF to succeed. Addressing forest management and tenure challenges to sustainable
firewood and charcoal production are sorely needed as are community-based approaches to managing wood-
based fuels sustainably (Dem/Gov, FtF). The FtF program emphasizes agricultural development which could
affect land access and allocation of water resources. Social impact assessments of agricultural development
projects are needed to identify mitigation measures, to ensure people are not displaced or lose land access,
and to ensure conditions for marginalized groups (i.e., women and migrants) are improved not worsened
(FtF). Irrigation development will redistribute water resources and perhaps increase competition for water
access. An equitable system of water allocation and management should be developed as an integral part of
any irrigation development project (FtF).

Many vulnerabilities under the capacity and infrastructure barrier cascade directly from the policy and
governance/tenure vulnerabilities. Several relate directly to carbon sequestration and forestry issues. FtF
activities need to be melded with reforestation and afforestation projects to meet community and family
needs for fuel and construction wood, to produce non-timber forest products (NTFPs), to protect riparian
areas, and to sequester carbon (FtF). Further, partners need to be identified who can link FtF activity to
carbon financing or payments for ecosystem services markets as part of carbon offset payments (FtF).
Technical capacity is needed to develop more efficient wood-based stoves to reduce deforestation, carbon
emissions, and smoke (FtF, H&S, Gen). Community fuelwood programs need to be developed with technical
assistance in species selection, plantation establishment, and management and governance structures (FtF,
Gen, H&S, Dem/Gov). Scarce fuelwood most impacts women, the traditional gatherers of wood for
cooking. A national integrated fire management program, including traditional practices, is needed to manage
destructive bush fires to protect soil quality, increase forage quantity and quality, increase rates of
reforestation and afforestation, and mitigate trends toward desertification in vulnerable areas (e.g., northern
Ghana).

Several interventions related to the agtriculture sector (and thus FtF) fall under the capacity and infrastructure
barrier. Transportation infrastructure limits access to markets with most households in most districts of
northern Ghana traveling >30 minutes to reach a food market and in many districts <50 percent of
households have year round road access to their homes. Agricultural development and crop marketing in
northern Ghana should focus on carefully planned improvements to market access and transportation
infrastructure (FtF). Similarly, in most districts of the Upper West and Northern regions, 15-50 percent of
households travel 230 minutes to get drinking water with a high dependency on unimproved water sources
(FtF, Gen, H&S). Well-planned development of water infrastructure will help improve human health, free up
labor (especially for women), and increase household livelihood security (FtF, Gen, H&S). To adapt to
climate change, people need to diversify economically, but options are limited. Investment is needed in local
processing facilities to add value to agricultural and wild-harvested products, increase income, and create
nonfarm jobs (FtF). Because climate variability creates food shortages, investment also needs to focus on
developing improved grain storage methods and facilities so excess grains produced in good years can be
stored to buffer against crop failures (FtF). Harvesting and handling losses could be lowered by developing
community or cooperative drying and storage facilities (FtF). Illiteracy (15 years and older) in Ghana’s
northern regions is high (61.3 percent to 87.5 percent in most districts), limiting people’s capacity to
understand and adapt better agricultural practices and to negotiate climate change. Programs developing
literacy should be emphasized (Edu, FtF).
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Given a declining fishery and the threat climate change poses for that resoutce, the GoG should be strongly
encouraging development of capacity and infrastructure to scientifically monitor, regulate, and manage all
sectors of the marine and freshwater fisheries for long-term sustainability (FtF, H&S, Gen). Local monitoring
authorities should be strengthened and connected with local, regional, and national partners and counterparts
(FtF, H&S, Gen). Most coastal residents are fisheries-dependent, are vulnerable to disruptions in the
resource, and have few employment alternatives. Tourism, while promising, lacks the infrastructure to
provide substantial income. Investments in tourism infrastructure could provide coastal residents viable
alternative livelihoods. Investments in education could broaden skill sets and widen employment
opportunities for youth and young adults (Edu).

The energy sector is also hampered by significant capacity and infrastructure barriers. The GoG should be
encouraged to develop as soon as possible natural gas processing capabilities to avoid prolonged (months to
years) gas flaring and increased GHG emissions from the Jubilee Field and use that gas to supplement an
already inadequate national power grid. The lack of electricity in rural areas impedes entrepreneurial activity,
calling for exploration of alternative energy systems (e.g. solar, biofuels) to meet local community needs.
Because of education, training, and skill deficits, local populations are disadvantaged for competing for jobs in
the nascent oil and gas industry. The GoG should be encouraged to provide training to atford locals
employment opportunities in that industry (Edu).

Several other interventions were identified under the capacity and infrastructure barrier. Mainstreaming
climate change in GoG activities could be advanced by improving data sharing policies among agencies,
especially for meteorology data (Dem/Gov) as well as partnering with institutions to supply climate
adaptation information (FtF, H&S, Gen). Lack of technical capacity and infrastructure limits the ability to
share large data files between agencies and could benefit from improved internet capabilities. Efforts to
decentralize government are impeded in rural areas by lack of infrastructure. Cell phone texting features
should be explored for use in online registrations, permit applications, etc. to avoid long distance travel to
government offices and to increase participation. Likewise, development of a practical system of farmer
credit banks in rural areas is needed to establish farmer accounts that can be used remotely to conduct
financial transactions (FtF). As noted, this latter intervention needs to be superseded by addressing land
tenure issues that constrain credit and by making credit affordable to smallholders.

Information and analysis represents a significant barrier to climate change adaptation and mitigation in
Ghana. Data is lacking for critical decision making, planning, and forecasting. Climate change should be
investigated at a sub-national level using appropriately scaled GCM models and within the context of
desertification, sea-level rise and coastal erosion, marine and inland fishery sustainability, water supply in the
Volta Basin, and hydropower production (FtF, Gen). Rates of coastal erosion should be investigaged
nationally with an emphasis on identifying causes and on impacts to coastal infrastructure and natural
resources (e.g., towns, ports, biodiversity hotspots, lagoonal and inshore fisheries) (FtF). Regional
organizations (e.g., CILSS, AGRHYMET, CORAF, INSAH, FEWSNET) should be engaged in partnerships
to ensure availability of and access to data (e.g., weather data, hydrological data, ground cover change,
agricultural expansion, improved land productivity, fish populations) and projections (FtF).

Several items identified under the information and analysis barrier relate directly to agriculture and food
security. Research and technology development programs are needed in climate prediction, to improve crop
models, and to link process-based crop models to high resolution regional climate models (FtF). To help
adapt to climate change, soil suitability analysis should be incorporated into agricultural development planning
and updated with soil suitability analysis data on new crop varieties (FtF). The uncertainties of FtF
commercial and large-scale agriculture sustainability needs to be investigated in light of increasing future costs
of petroleum-based fuels and agricultural chemicals and a changing climate (FtF, Gen). Likewise, FtFF
irrigation projects should be analyzed in regard to impacts on surface and ground water quantity and quality
and downstream effects (FtF). An evaluation of the temporal pace of vegetation change and soil degradation
is needed to assess desertification in northern Ghana, especially in the context of projected population
increases, food security, water demands, ecological services, and climate change.
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Information and analysis needs for forestry-related items are also apparent. Land cover/land use inventorties
and forest inventories are needed to set baselines for deforestation, carbon pools under REDD+ and to meet
MRYV requirements. Investigation is needed in areas where carbon sequestration can complement FtlF efforts,
e.g., increasing mangroves, rangeland management, agro-forestry, farmer managed natural regeneration
(FMNR), and riparian forest management (FtF). Optimized shade-grown cocoa management schemes are
needed that provide high levels of return to farmers, reduce deforestation and degradation and also offer
greater biodiversity benefits than sun-grown cocoa (FtF).

Many in Ghana lack the awareness and skills to use climate change, agricultural, natural resource
management, or other information that would reduce their vulnerability. Partnerships with local
implementers would build the climate change awareness of end users (e.g., farmers, fishermen, media,
government) and enhance their ability to use information (FtF, Edu). Workshops should be organized on
various topics (e.g., climate change, adaptation, carbon sequestration) for agriculture sector partners and FtF
implementers. Cocoa producers lack the skills and knowledge to implement the whole technology package for
sun-grown cocoa; cocoa productivity could be increased by intensification and access to inputs (FtF). Top-
down approaches to fire management are unsuccessful in part because of a lack of awareness of traditional
methods. GoG agencies and personnel should be educated on modern integrated fire management
approaches and traditional approaches and the two integrated on the ground. Not all adaptation measures
currently used are sustainable and many are erosive to future economic health and well-being at the
household, community, and regional levels. Adaptations should be considered carefully so that unsustainable
approaches are avoided (e.g., marine fuel pre-mix program). Short-term temporary and long-term coping
mechanisms should be distinguished and the difference communicated to the public (FtF, Edu). Livestock
production in the north offers a potential to diversify livelihoods in the north and hence decrease
vulnerability to climate change. This potentiality should be communicated and promoted; and support should
be given to schemes that help farmers adopt livestock keeping (FtF). Most crop yields in Ghana are below
potential, requiring intensification to meet middle income country (MIC) goals. Agricultural productivity
could be increased by improving distribution channels and access to technology and inputs (e.g., fertilizer)
and by providing farmers access to operating capital and crop insurance to mitigate effects of climate
variability. (FtF). Farmers lack information on consumer quality expectations and fail to meet market demand.
Awareness of consumer expectations should be raised and quality assurance programs instituted for improved
marketability (FtF).

NEW INTERVENTIONS FOR USAID PROGRAMMING

To mainstream climate change into USAID programming in Ghana, and indeed for the GoG and other
donor partners to integrate climate change into their development efforts, the availability of meteorological
data and interpretive information must be increased. To effectively use available climate information, the
capacity within Ghana to use the information must also be enhanced. This need presents an opportunity for
USAID Ghana to develop programs or partner with others to build capacity. The two sides of the issue are
increasing available data and enhancing capacity to use the data and climate projections. Increasing data
availability can be achieved by partnering with regional institutions and non-governmental partners to
increase meteorological monitoring capacity by increasing the number of weather stations, especially in rural
areas in the northern regions where the current monitoring network is sparse. Other initiatives could focus on
building relationships among regional institutions such as FAMNET, AGRHYMET, and others to deliver
data interpretation. Climate modeling at the scale of the Global Climate Models is already available over the
internet, but the expertise necessary to interpret these data, state their uncertainties, and effectively use them
to downscale to regional climate models is generally lacking in Ghana and elsewhere in sub-Saharan Africa,
except possibly in South Africa. Thus, another opportunity for USAID is to develop interpretation and
communication capacity within Ghana, either at a university, within the GoG, or in a jointly funded and
maintained center.

Other options are more sectoral in nature. One need seems to be an integrated and realistic energy strategy
for Ghana that depends on internal resources. There are few opportunities to expand hydropower; in fact, the
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current capacity will likely diminish over time as precipitation within the Volta basin declines, and
neighboring countries expand their extractions for drinking water and irrigation. Ghana is developing oil and
gas that will provide new energy sources, but they will have to be developed — for example, by capturing the
natural gas from the Jubilee Field and using it to power an energy plant. Perhaps the greatest opportunity for
Ghana is to develop advanced biofuels or at least to use advanced conversion technology along with
comparative advantages in growing woody feedstocks. Such a policy should, however, be integrated with
agricultural and other uses of land and is predicated upon raising the productivity of food crops to their full
potential under intensification.

Woody biomass for bioenergy already provides a large share of the energy needs of the average Ghanaian,
specifically fuelwood for cooking. Currently, this use is inefficient (open fires, inefficient charcoal production
methods) and often damaging to the environment. In addition to programs to increase fuelwood availability,
improve cookstove efficiency, and improve charcoal production, the entire forestry sector of Ghana needs to
be transformed. One starting point would be the transformation of the Forestry Commission (FC) into a land
management and stewardship agency. Thus, a transformed FC would no longer be focused simply on
generating income from timber concessions and permitting fees. Rather, the FC would be responsible for
conserving the remaining high forests, restoring degraded forest reserves and wetland forests, and providing
technical assistance to communities in developing community forests and fuelwood plantations. In addition,
the wood industry in Ghana needs to be rationalized to remove subsidies that maintain an inefficient export
market, and to improve provision to meet domestic lumber needs. Improved forest management will also
maximize opportunities to capture payments for carbon and other ecosystem services.

Ghana’s mid-term development strategy and goal of obtaining MIC status by 2015 depends heavily upon
improvements in the agricultural sector. Although we have suggested some interventions in the agricultural
sectot, one change that requires multiple and continuing interventions is the need to overhaul agricultural
research and extension in Ghana. The GoG does not provide adequate support for applied agricultural
research internally, which causes research scientists to seek funding from outside sources. This usually means
that agricultural research focuses more on basic research than is needed in Ghana, leading to the charge that it
is irrelevant. Extension is also underfunded and is removed from the needs of the smallholder. Without a
strong applied research focus on issues that matter to the smallholder, delivered by extension agents in
affordable technology packages, the existing agricultural research and extension infrastructure will not
contribute to meeting the needs of the Ghanaian farmer.

Finally, climate change vulnerability and adaptation analyses need to be conducted at the community and
household levels in the different regions. Because variability and changes in climate will be felt locally, and a
myriad of possible adaptation responses exist, vulnerability analysis needs to be situated in a local spatial
context. USAID Ghana, working with donor partners, GoG agencies, NGOs, and CSOs should develop
vulnerability and adaptation analyses as part of the project planning and design phase and require that the
results be used to modify projects before embarking on them.
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|. INTRODUCTION

The West African country of Ghana is located on the Gulf of Guinea and extends northward from a low-
lying coastal zone through the Volta River basin to the savanna zone on the border with Burkina Faso.
Ghana is bordered on the west by Cote d’Ivoire and the east by Togo. The total area of Ghana is
approximately 238,500 km?2 Ghana’s economy relies on agriculture, which accounted for>25 percent of GDP
in 2008 and employed half of the economically active population (World Bank, 2009). The main exports are
cocoa, gold, timber, diamonds, bauxite, manganese, and hydropower. Ghana is designated a Low Income
Country, making it one of only four West African countries that are not classified as Least Developed
Countries.

Countries in Africa are among the most vulnerable globally to the effects of climate change because of the
dependence of much of the population on agriculture, particularly rain-fed agriculture and widespread
poverty that renders them unable to withstand climate stress. Recurrent drought in many countries has
demonstrated the effects of climate variability on food resources. Many people face food insecurity, even in
good times, due to widespread poverty in many countries (Dixon et al., 2003). Additionally, climate variability
and change threaten other resources, including water, forests, and fisheries. Communities in coastal areas will
be impacted by projected rise in sea-level of up to 1 m in this century. Some countries, including Ghana,
already experience coastal erosion and flooding (Boko et al., 2007).

The team analyzed climate change vulnerability and adaptation challenges with respect to land, water and
forest resources, agriculture, energy, human health, human settlements, biodiversity, and coastal zone
resource management (including marine fisheries, and coastal land-based resources). The team also analyzed
the country’s climate change policies, strategies and programs, and the outcomes and lessons learned from
past and ongoing climate change programs in Ghana. This included work supported by bilateral and
multilateral agencies and donors.

The purpose of this document is to provide the US Agency for International Development Mission to Ghana
(USAID-Ghana) with an overview of climate change projections for Ghana, an interpretation of the
significance of climate variability and change in terms of effects on natural resources and human populations,
and to suggest potential adaptation measures with a view towards future USAID-Ghana programming.
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2. APPROACH

This Climate Change Assessment (hereafter, Assessment) of Ghana was prepared by a team of US Forest
Service scientists and Ghanaian counterparts, based in part on interviews with government officials, staff of
non-governmental organizations (NGOs), and representatives of civil society organizations (CSOs) over a
two-week period. In addition to interviews, the team collected geospatial data from agencies and electronic
public sources, as well as an extensive literature review. The Assessment was conducted at two levels, a
national overview and a targeted assessment of the Savanna Zone, comprised of the three northern
administrative regions in Ghana (Northern, Upper West, and Upper East).

In the Assessment, we first set the context by describing the general climate of Ghana and the projected
changes to 2080. We discuss vulnerability to climate change at the national level, by ecological zone, and
derive key issues affecting vulnerability. Mitigation and adaptation opportunities and challenges are presented
from a national perspective. The level of analysis then shifts to an assessment of the savanna zone for which
USAID-Ghana has targeted the Feed the Future (FtF) program for the next several years (USAID/Ghana,
2010), and the Coastal zone where significant new developments in the energy sector ate anticipated. The
report concludes with some options for future USAID/Ghana programming in terms of integration into
existing programs and new interventions.

Our approach to climate change assessment follows a particular conceptual model, and some explanation is in
order of how we use terms such as vulnerability, mitigation, and adaptation. Assessing vulnerability of natural
and human systems has developed from two disciplinary approaches, disaster risk reduction (natural hazards)
and climate change adaptation (Renaud and Perez 2010) leading to multiple definitions of terms common to
both approaches. Reviews of these approaches and attempts to reconcile terminology abound (e.g., (Adger
1999, Kelly and Adger 2000, Turner, Kasperson et al. 2003, Smit and Wandel 2006, Fussel 2007, Birkmann
and von Teichman 2010). The climate change literature that follows the definition of vulnerability given by
the Intergovernmental Panel on Climate Change (IPCC) (Carter, Jones et al. 2007; Schneider, Semenov et al.
2007) uses a combined vulnerability that is a function of hazard, exposure and sensitivity (Brooks 2003)
termed biophysical vulnerability. This approach focuses on human exposure to hazards with little
consideration of how humans might cope with hazards that occur (Brooks, 2003).

Our approach instead views vulnerability as a condition (or state) of a coupled human-environment system.
We draw upon the conceptual framework of Sarewitz et al. (2003) who separate the likelihood of an event
occurring that will affect a system (event risk) from the condition or internal state of the system (vu/nerability)
that makes it susceptible to harm from an event. The risk of a particular outcome (outcome risk) integrates the
probability of an event with the characteristics of the system that jointly results in an impact. Brooks (2003)
explores how this framework can be applied to the different uses of vulnerability in the disaster risk reduction
and climate change adaptation literature and O’Brien, Eriksen et al. (2004) examine the conflicting
interpretations of vulnerability in climate change research.

Apparent equivalencies and dissimilarities of the two approaches are evident (Figure 2.1). Event risk is
synonymous with hazard (as used in the disaster reduction literature) and with climatic event. Similarly, there
is little difference in meaning among outcome risk, disaster, and risk (as used in the natural hazards literature).
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Figure 2.1 Two approaches to vulnerability analysis:
(A) risk model of Sarewitz et al. (2003); (B) IPCC model

Figure 2.1 shows two approaches to assessing vulnerability to climate change. The first approach is based on
a risk model described by Sarewitz et al., (2003) where vulnerability is a system condition, shown here as
conditions of the natural and social sub-systems in a coupled model. In the second, vulnerability as defined by
the IPCC views vulnerability as the effects of climate change on a biophysical system (Carter et al., 2007;
Schneider et al., 2007). Similarities and distinctions are those suggested by Brooks (2003).

The use of vulnerability by Sarewitz et al. (2003) encompasses both the vulnerability of social systems and the
inherent vulnerability of natural systems. Many aspects of social vulnerability are generic in that they are
common across geographic scales; in contrast, aspects of inherent vulnerability are more location specific. As
Brooks (2003) emphasizes, vulnerability only makes sense in the context of a specific system and range of
hazards, that is, vulnerability is “place based” in that the scale of vulnerability assessment should match the

scale of the decision-making (Schréter, Polsky et al. 2005).

Mitigation measures are directed toward reducing drivers of climate change; that is, reducing emissions of
COz and other green house gases (GHG) or enhancing CO; sequestration. We examine some mitigation
policies (Reducing Emissions from Deforestation and Degradation plus biodiversity or REDD+; Clean
Development Mechanism or CDM), strategies (conservation/low carbon agriculture, fire management, low
carbon development), and practices (capturing and using natural gas instead of flaring, biofuels). One
implication of our approach is that adaptation measures are directed toward reducing vulnerability, whether
inherent, social, or both (Sarewitz, Pielke Jr et al. 2003). We examine vulnerability reduction for three
resource sectors (agriculture, forestry, and fisheries) and locally sustainable adaptation measures for reducing
social vulnerability.
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3. GHANA'’S CLIMATE AND
PROJECTED CHANGES

GENERAL CLIMATE

Ghana is located in West Africa along the Atlantic coast between the latitudes of 4-12°N. The climate is
dominated by the interaction of the Inter-Tropical Convergence Zone (ITCZ) and the West African
Monsoon. The I'TCZ is a latitudinal band of convective activity that is a critical link in the Earth's global
circulation pattern that redistributes solar energy from the tropics toward the poles. The ITCZ, also known as
the Equatorial Convergence Zone or Inter-Tropical Front, is characterized as a region of calm winds (often
referred to as the doldrums by sailors) separating the northeasterly and southeasterly trade winds. The
location of the ITCZ oscillates on an annual basis, reaching its northern most extent during the northern
hemisphere summer and its southern most extent during the northern hemisphere winter. The exact location
of the ITCZ varies considerably as the ITCZ over land tends to venture farther north or south than the ITCZ
over the oceans due to the variation in land temperatures. In Africa, the northern extent of the ITCZ is just
south of the Sahel at about 10-15° N. During the winter, the ITCZ's southern progression is limited by the
West African Monsoon (Figure 3.1).

The principal feature of the climate of Ghana is the alternate wet and dry seasons caused by the movements
of the ITCZ and West African Monsoon. The rainfall seasons of Ghana are controlled by the movement of
the ITCZ, which oscillates annually between the northern and southern tropics following the position of the
sun with a lag of 1-2 months. The dominant wind direction in regions south of the ITCZ is southwesterly,
blowing warm, moist air from the Atlantic Ocean onto the continent. North of the ITCZ, the prevailing
winds (the Harmattan ) come from the northeast, bringing dry, hot, and dusty air from the Sahara Desert. At
the northern summer solstice, the ITCC lies near the Tropic of Cancer and wet maritime winds produce a
rainy season north of the Equator. When the ITCZ moves south and the sun is over the Tropic of Capricorn,
most of West Africa comes under the influence of the continental, hot, dry Harmattan. As the ITCZ migrates
between its north and south positions over the course of the year, the regions between the northern and
southernmost positions of the ITCZ experience a shift between the two opposing prevailing wind directions
(i.e., the West African Monsoon) (Borrow and Demey, 2010; McSweeney et al., not dated a).

Major patterns of wet and dry seasons vary in Ghana from north to south roughly along a series of north to
south eco-climatic belts or zones (Figs. 3.1-3.2). In northern Ghana (the Sudan and Guinea savanna zones), a
single wet season extends from between May and November when the ITCZ is in its northern position and
the prevailing wind is southwesterly, and a dry season occurs between December and March when the
Harmattan wind blows northeasterly (Fig. 3.2). The northern and central regions of Ghana receive 150-250
mm/month of precipitation in the peak months of the wet season (July to September). Mean annual rainfall
in these areas is about 900-1,300 mm (Fig. 3.1). The southern regions of Ghana (the Deciduous Forest, Rain
Forest, and Coastal Savanna zones) experience two wet seasons corresponding to the northern and southern
passages of the ITCZ across the region. One wet season occurs from March to July (with a peak in May-
June), and a shorter wet season occurs in September to November, interspersed by a short relatively “dry
season” in August and September, but rainfall occurs year round (Fig. 3.2). The southwest corner of Ghana
(~Rain Forest Zone) is particularly hot and humid (mean annual rainfall >2,000 mm), but the southeast
(Coastal Savanna Zone) is considerably drier (FIG. 3.1) (Minia, 2008; Borrow and Demey, 2010; McSweeney
et al,, 2011).
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Figure 3.1 West African Monsoon

The onset and duration of the dry and rainy seasons and the annual rainfall in Ghana all show considerable
inter-annual and inter-decadal variation and local topography also affects the weather (e.g., the Kwahu
Plateau; Owusu and Waylen, 2009). This variation occurs in part because of variations in the movements and
intensity of the ITCZ and variations in timing and intensity of the West African Monsoon. The best
documented cause of these variations is the El Nifio Southern Oscillation (EINSO). El Nifio events are
associated with drier than average conditions in West Africa (McSweeney et al., not dated a).

Seasonal variations in temperature in Ghana are greatest in the north Map 3.4) with highest temperatures in
the hot, dry season (February to May) at 27-32°C, and lowest in July through September at 25-27°C (Fig.3.4).
Farther south, temperatures reach 25-28°C in the warmest season (February through April) and 22-25°C at
their lowest (July through September) (Minia 2008; McSweeney et al., not dated a).
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Figure 3.2 Mean annual precipitation (mm) estimated from a baseline period
from 1961-2000 for each of 6 eco-climatic zones in Ghana
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Figure 3.3 Mean monthly precipitation (mm) estimated from a baseline period 1961-2000
for each of 6 eco-climatic zones in Ghana
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Figure 3.4 Mean annual temperatures (°C) estimated from a baseline period
from 1961-2000 for each of 6 eco-climatic zones in Ghana
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Figure 3.5 Mean monthly temperatures (°C) estimated from a baseline period from 1961-
2000 for each of 6 eco-climatic zones in Ghana

CLIMATE TRENDS AND MODELED CLIMATE CHANGE: SOURCES

We consulted two primary and several secondary sources that summarized recent climate trends and modeled
climate change in order to provide context for our assessment. We also ran a series of atmosphere-ocean
coupled global climate models (AOGCMs) based on data from seven meteorological stations (50 km
projections) arrayed across different eco-climatic zones in Ghana. Global climate model output from the
World Climate Research Programme's (WCRPs) Coupled Model Intetcompatison Project Phase 3 (CMIP3)
multi-model dataset (Meehl et al., 2007) were downscaled as described by Maurer et al. (2009) using the bias-
cotrection/spatial downscaling method (Wood et al., 2004) to a 0.5° grid, based on the 1950-1999 gridded
observations of Adam and Lettenmaier (2003).

First as a primary source, we used the country-level climate data summary report for Ghana (McSweeney et
al., not dated a) prepared for the UNDP National Communication Support Programme (NSCP) and the UK
Government Department for International Development (DFID). Second, we consulted climate data
summaries and change scenarios developed for each of six eco-climatic zones (i.e., Sudan Savanna, Guinea
Savanna, Transitional Zone, Deciduous Forest, Coastal Savanna, and Rain Forest) in Ghana by the
Environmental Protection Agency (EPA) and Ghana Meteorological Agency (GMA) (Minia 2008, pers.
comm.) under the Netherlands Climate Assistant Programme (NCAP) for use in an assessment of climate
change impacts, vulnerability, and adaptation (Agyemang-Bonsu, 2008). We also used a peer-reviewed
analysis of trends in rainfall in Ghana based on meteorological data from 1951-2000 from stations across the
country (Owusu and Waylen, 2009). In that work, the country was divided into five meteorological zones,
which corresponded approximately to eco-climatic zones of Minia (2008) as follows: Guinea and Sudan
Savanna zones combined, the Transitional Zone, Deciduous Forest and Rain Forest zones combined, and a
Coastal Savanna Zone.
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The UNDP-NSCP country-level climate data summary for Ghana made use of existing climate data (1960-
2003) to generate a series of climate observations and multi-model projections made available through the
WCRP CMIP3 (McSweeney et al., not dated a, b). Specifically the report provides a set of maps and diagrams
illustrating the observed and projected climate of Ghana. An area-average time series shows observed climate
combined with model-simulated recent and future climate under three Special Report on Emissions Scenarios
(SRES) emissions scenatios (A2, A1B, and B1; explained below). For the models, the series depicts the recent
climate and future changes as a “plume” that encompasses the range of the 15-model ensemble under each
scenario to demonstrate the degree of model uncertainty. A narrative summarizes the data in the figures and
places it in the context of the country's general climate. In addition, maps depict projected changes for 10-
year-average “time-slices” for the 2030s, 2060s, and 2090s under SRES emissions scenario A21 ona 2.5 x
2.5° grid demonstrating spatial variations in change across the country. The ensemble median change and the
ensemble range are given for each grid box. The report also includes a summary table of observed trends and
projected change, averaged over the whole country, 2030s, 2060s, and 2090s under SRES emissions scenarios
A2, A1B, and B1. In addition, the report includes a section estimating sea level rise in Ghana. Finally, the
report summarizes the data and places it in the context of the Ghana’s general climate and known
inadequacies in climate model performance affecting that region (McSweeney et al. not dated a, b).

The EPA-NCAP report for Ghana used existing climate data (1961-2000) to quantify observed trends and to
generate a series of climate observations and scenarios of modeled future climate (air temperature and
precipitation), mean sea level, and sea-surface temperatures using outputs of two global climate models
(ECHAM4, CSIRO) and a simple climate model (MAGICC/SCENGEN; Minia 2008). The report provides
a set of maps, diagrams, and tables illustrating the observed climate and projected climate under an A1FI
emission scenario. Graphs of mean annual observed temperature and total observed annual rainfall were
presented for each eco-climatic region for the 1961-2000 time period. Climate vatiable observed mean
baselines and projections (mean monthly and annual temperatures and precipitation) were developed for six
eco-climatic regions of Ghana and sea-level and sea-surface temperature projections were developed for
Ghana’s coast for comparison with base level conditions. Thirty-year climatological projections for these
variables centered at 2020 (2006-2035), 2050 (2036-2065), and 2080 (2066-2095) were generated (10-year
intervals, 2010-2080, for sea-level change with respect to 1990) (Minia, 2008). Many of the tables in Minia
(2008) depicting the 2020, 2050, and 2080 medium and upper boundary projections for air temperature and
rainfall appear to have been truncated during printing or are not cleatly labeled; however we were able to
obtain the complete appendices (Z. Minia, pers. comm.). In the GMA-NCAP report, we also consulted
summarized trends of meteorological data from six coastal stations in Ghana, including mean annual air
temperature, sea-surface temperature, precipitation, and salinity (Dontwi et al., 2008).

Our own projections of climate and rainfall were modeled from data at seven meteorological stations selected
as representative of eco-climatic zones in Ghana. The projections wete modeled from available
meteorological data in Accra (Coastal Savanna Zone), Kumasi (Deciduous Forest Zone), Tarkwa (Rain Forest
Zone), Techiman (Forest-Savanna Transition Zone), Tamale (Guinea Savanna Zone), Wallembelle (northern
Guinea Savanna Zone), and Bawku (Sudan Savanna Zone). The models were run to project potential change
in temperature and percentage change in rainfall for the dry (December-February) and wet seasons (June-
August) at each station. The projections are for 2050 and 2080 and are based on an ensemble of 16
AOGCMs. Potential changes (mean, standard deviation, minimum, and maximum) were estimated for three
emission scenarios (B1, A1B, A2). The B1 scenario represents the most conservative emissions scenario, the
A1B an intermediate “balanced” scenario, and the A2 scenario, the most impact from greenhouse gases. As a
summary, mean changes were estimated from the overall ensemble of 16 climate models across the three
emission scenarios.
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RECENT CLIMATE TRENDS

TEMPERATURE

Since 1960, for Ghana as a whole, mean annual temperature rose by 1.0°C, an average rate of 0.21°C/decade.
The rate of increase was most rapid in April through June (about 0.27°C/decade) (McSweeney et al., no date
a). The rate of increase generally has been more rapid in the northern than southern regions (Minia 2008;
McSweeney et al., no date a). Five-year moving averages from 1961 to 2000 indicate about a 1°C increase in
the Sudan Savanna and Guinea Savanna zones and <1°C in the Deciduous Forest (~0.8°C), Rain Forest
(~0.4°C), and Coastal Savanna (~0.6°C) zones (interpolated from graphs in Minia, 2008; see also Idinoba et
al. 2010). No obvious upward or downward trends in temperature were indicated in graphs from 1961 to
2000 for the Transitional Zone.

A significant linear increase in mean annual air temperature occurred between 1960 and 2001 along the coast
of Ghana of about 0.9°C; the maximum and minimum temperatures increased by 2.5 and 2.2°C, respectively,
during this time (Dontwi et al., 2008). Sea-surface temperatures showed a slight but non-significant increase
during this period. Over the period of record, sea-surface temperatures were positively correlated (r=0.64)
with air temperatures and less strongly so with precipitation (r=0.50). Salinity readings were too variable to
establish trends.

The frequency of “Hot” days and nights in Ghana increased from 1961 to 2003. A “Hot” day or night is
defined by the temperature exceeded on 10 percent of days or nights in the current climate of that region and
season (McSweeney et al., no date a). Daily temperature data indicated that the frequency of “Hot” days
increased significantly in all seasons except December through February, and the frequency of “Hot” nights
increased significantly in all seasons. Between 1960 and 2003, the average number of “Hot” days/year in
Ghana increased by 48 (an additional 13.2 percent of days). The rate of increase was strongest in September
through November when the average number of ‘Hot” days increased by 7.2 days/month (an additional 23.3
percent of days in September through November) over this period (McSweeney et al., no date a). In addition,
between 1960 and 2003, the average number of “Hot” nights/year increased by 73 (an additional 20 percent
of nights). The rate of increase is strongest in September to November when the average number of “Hot”
nights increased by 8.9 days/month (an additional 28.8 percent of nights in September through November)
over this period (McSweeney et al., no date a).

Similarly, since 1960, the frequency of “Cold” days and “Cold” nights in Ghana decreased significantly in
some seasons. “Cold” days or nights are defined as the temperature below which 10 percent of days or nights
are recorded in the current climate of that region or season (McSweeney et al., no date a). Between 1960 and
2003, the average number of “Cold” days/year decreased by 12 (3.3 percent of days). This rate of dectrease is
most rapid in summer (June through August) when the average number of “Cold” days in summer decreased
by 2.1 days/month (6.8 percent of summer days) (McSweeney et al., 2011). The average number of “Cold”
nights/year decreased by 18.5 (5.1 petcent of days). This rate of decrease is most rapid in September through
November when the average number of “Cold” nights decreased by 2.8 nights/month (9 petcent of
September through November nights) (McSweeney et al., no date a).

PRECIPITATION

Annual rainfall in Ghana is highly variable on inter-annual and inter-decadal timescales, making identification
of long-term trends difficult. In the 1960s, rainfall in Ghana was particularly high and decreased to
particularly low levels in the late 1970s and eatly 1980s. This caused an overall country-wide decreasing trend
in the petiod 1960 to 2006 of an average 2.3mm/month (2.4 percent)/decade (McSweeney et al., no date a).
No evidence indicated a trend in the proportion of rainfall that falls in “Heavy” events since 1960. A
“Heavy” event is defined as a daily rainfall total which exceeds the threshold that is exceeded on 5 percent of
rainy days in the current climate of that region and season. Likewise, observed 1- and 5-day rainfall maxima
did not indicate consistent trends (McSweeney et al., no date a).
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For most eco-climatic zones, five-year moving averages also indicate a trend toward decreased total annual
precipitation from 1961 to 2000 (Minia, 2008). Over this period, mean decreases occurred in the Guinea
Savanna Zone (~120 mm decrease), Deciduous Forest Zone (~240 mm), and Rain Forest Zone (~750 mm)
(interpolated from graphs in Minia, 2008). Inspection of graphs (Minia, 2008) did not indicate upward or
downward trends in total annual precipitation for the Sudan Savanna or Transitional zones. Along the coast
of Ghana, total annual precipitation showed a significant linear decrease from 1961 to 2000 (decrease about
1000 mm) with a marked cycling of high and low rainfall years with an apparent six-year lag (Dontwi et al.,
2008).

Comparison of the mean annual rainfall differences between 1951-1970 and 1981-2000 at meteorological
stations across Ghana also indicated less rainfall (Owusu and Waylen, 2009). Significantly less rainfall
occurred in the latter period in the Deciduous Forest and Rain Forest zones (mean decreases ranged from
136.9 to 335.3 mm) and the coast (Accra station, mean decrease 260.5 mm). As a percentage of total annual
rainfall, southwestern Ghana (i.e., ~Rain Forest Zone) experienced reductions in rainfall as high as 20 percent
(300 mm), twice the proportion experienced in the savanna zones (Owusu and Waylen, 2009). Rainfall
decreased, but not significantly so, for most stations in the Transitional Zone (mean decrease of 115.1-169.8
mm) and combined Sudan and Guinea savanna zones (77.3-93.3 mm) (Owusu and Waylen, 2009). Small
sample size (number of stations) may have lowered statistical power and hence, the ability to detect statistical
differences between the two time periods in those areas. Another analysis based on comparison of annual
rainfall data between 1950-1970 and 1971-1990 showed significant decreases in rainfall in the Sudan and
Guinea savanna zones (1.5 percent reduction at Tamale, 2.3 percent at Yendi, 7.2 percent at Navrongo, and
11.3 percent at Wa) (Gyau-Boakye and Tumbulto, 2000).

CLIMATE SCENARIOS

CLIMATE PROJECTIONS

In predicting future climatic conditions, assumptions must be made about how the human component of the
climate system will evolve over the course of the forecast period. This is typically accomplished by developing
different scenarios of anthropogenic influences, basically different rates of GHG emissions. These scenarios
do not represent predictions, but are instead alternative views of how the future may unfold. The IPCC
developed four different families of scenarios. This work will focus on three of those families described in
various IPCC documents (IPCC 2007).

A2 - The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme is
self-reliance and preservation of local identities. Fertility patterns across regions converge very slowly, which
results in high population growth. Economic development is primarily regionally oriented and per capita

economic growth and technological changes are more fragmented and slower than in other storylines.

A1B1 - The A1 storyline and scenario family describes a future world of very rapid economic growth, low
population growth, and the rapid introduction of new and more efficient technologies. Major underlying
themes are convergence among regions, capacity building and increased cultural and social interactions with a
substantial reduction in regional differences in per capita income. The Al scenario family develops into four
groups that describe alternative directions of technological change in the energy system.

B1 - The B1 storyline and scenario family describes a convergent world with the same low population growth
as in the A1 storyline, but with rapid changes in economic structures toward a service and information
economy with reductions in material intensity and the introduction of clean and resource-efficient
technologies. The emphasis is on global solutions to economic, social, and environmental sustainability,
including improved equity, but without additional climate initiatives.

The first set of projections of potential changes in temperature and precipitation presented are the result of
averaging 16 atmosphere-ocean general circulation models (AOGCMs) that have been downscaled to a
horizontal grid size of ~50 km following the statistical methodology described in Maurer et al. (2009). The
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use of an ensemble of models helps limit the influence of any bias present in any one model. Temperature

and precipitation data are available from http://www.climatewizard.org .

It should be noted that most GCMs have difficulty correctly reproducing a number of key features of the
atmospheric circulation patterns over West Africa which contribute to uncertainty in estimates of future
rainfall (Douville et al., 2000; Joly et al., 2007; Caminade and Terray, 2009). Neither the Third nor Fourth
Assessment Report of the IPCC reached a consensus regarding the sign or magnitude of predicted changes in
precipitation over West Africa during this century (Hulme et al., 2001; Bernstein et al., 2007). The West
African Monsoon is difficult for coarse resolution GCMs to describe considering the wide range of
mechanisms for variability acting at various time and space scales from global teleconnection patterns related
to the El Nino-Southern Oscillation ENSO (Caminade and Terray, 2010) or the Atlantic Multi-Decadal
Oscillation (Shanahan et al., 2009) to the coupling of soil moisture to intra-seasonal variability (Lavender et
al., 2010). Druyan (2010) provides a convincing argument for the need of more detailed (higher resolution)
modeling to properly capture critical processes in this region. For this reason we focus on the changes
predicted by an ensemble of climate models as this provides a means of examining not only the projected
change in temperature and precipitation but also provides a measure of confidence in these projections.

TEMPERATURE PROJECTIONS

From country-wide projections for Ghana (McSweeney et al., no date a), the mean annual temperature is
projected to increase by 1.0 to 3.0°C by the 2060s and 1.5 to 5.2°C by the 2090s. The range of projections by
the 2090s under any one emission scenario used in the UNDP-NSCP work is about 1.5-2.5°C. The projected
rate of warming is more rapid in the northern inland regions of Ghana than the coastal regions (McSweeney
et al., no date a). All projections indicated substantial increases in the frequency of days and nights that are
considered “Hot” in current climate, but the range of projections between different models was large.
Annually, projections indicated that “Hot” days will occur on 18-59 percent of days by the 2060s and 25-90
percent of days by the 2090s. Days considered “Hot” by current climate standards for their season may
increase most rapidly in July through September occurring on 34-99 percent of days of the season by the
2090s. Nights considered “Hot” for the annual climate of 1970-99 are projected to occur on 28-79 percent of
nights by the 2060s and 39-90 percent of nights by the 2090s. Nights considered “Hot” for each season by
1970-99 standards are projected to increase most rapidly in July through September occurring on 52-99
percent of nights in every season by the 2090s. Most projections indicated decreases in the frequency of days
and nights considered “Cold” in the current climate. “Cold” days and nights are projected to occur on <3
percent of days by the 2090s. Although the projected mean temperature increased more rapidly in the
interior regions of Ghana than near the coast, the projected changes in the daily temperature extremes (“Hot”
and “Cold” days and nights) in Ghana were largest in the coastal areas and smaller inland (McSweeney et al.,
no date a).

The eco-climatic zone projections of the EPA-NCAP work also indicated continued increases in temperature
(Minia, 2008), but the projections do not appear to be scaled to the level of eco-climatic zone. An increase of
0.6, 2.0, and 3.9-4.0°C for 2020, 2050, and 2080, respectively, was uniformly applied to the mean annual
baseline temperatures of each eco-climatic zone to produce the 30-year mid-range projections (upper
boundary projected increases of 0.8, 2.5, and 5.4°C, for respective 30-year periods) (Minia, 2008, Appendix
1.1 and pers. comm., see Appendices V-X). For all but one zone (Sudan Savanna) the projected increases in
monthly temperatures applied to each 30-year projection in each zone are identical and tended to be highest
in February to- May. However, using this approach, the annual and monthly “projection” patterns follow the
baseline mean annual (and monthly) temperature patterns and simply add a constant increase across most
eco-climatic zones for each 30-year period. The usefulness of the projections at the scale of individual eco-
climatic zones is questionable.

In the EPA-NCARP report, sea-surface temperatures were projected to rise from the annual base mean of 26.2
to median model estimates of 26.6, 27.6, and 28.9°C for the years 2020, 2050, and 2080. Upper boundary
estimates were 26.8, 28.1, and 30.0°C for the respective 30-year periods (Minia 2008). Greatest monthly
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increases generally were projected to occur in June, July, and August. Attempts to use current trends to
forecast sea-surface temperature to 2021 were inconclusive (Dontwi et al., 2008, but see section 6.B. “Fishery
Resources and Overfishing”).

Our projections of changes in temperature for meteorological stations across Ghana also indicated continued
increases for 2050 and 2080. Notably, regardless of emission scenario the AOGCMs are consistent in

predicting slightly warmer conditions with only minor differences between the wet and dry seasons (Tables
3.1-3.7).

Perhaps the best estimate of the impact of future climate conditions on temperature is provided by the overall
ensemble of 16 climate models across the three emission scenarios which suggest the following increases in
temperature.

e Accra (Coastal Savanna Zone): Wet Season,1.68 £ 0.38°C by 2050 and 2.54 £ 0.75°C by 2080; Dry
Season, 1.74 £ 0.60°C by 2050 and 2.71 £ 0.91°C by 2080 during the dry season

e Kumasi (Deciduous Forest Zone): Wet Season, 1.71 £ 0.39°C by 2050 and 2.60 £ 0.77°C by 2080;
Dry Season, 1.81 £ 0.68°C by 2050 and 2.83 * 1.04°C by 2080

e Tarkwa (Rain Forest Zone): Wet Season, 1.69 = 0.37°C by 2050 and 2.56 *+ 0.75°C by 2080; Dry
Season, 1.76 £ 0.67°C by 2050 and 2.76 = 1.01°C by 2080

e Techiman (Forest-Savanna Transition Zone): Wet Season, 1.77 £ 0.43°C by 2050 and 2.71 £ 0.85°C
by 2080; Dry Season, 1.95 £ 0.79°C by 2050 and 3.05 £ 1.20°C by 2080

e Tamale (Guinea Savanna Zone): Wet Season, 1.84 £ 0.46°C by 2050 and 2.83 £ 0.91°C by 2080;
Dry Season 2.05 + 0.75°C by 2050 and 3.18 £ 1.18°C by 2080

e Wallembelle (northernmost Guinea Savanna Zone): Wet Season, 1.92 £ 0.52°C by 2050 and 2.96 £
0.98°C by 2080; Dry Season, 2.10 = 0.71°C by 2050 and 3.27 + 1.11°C by 2080

e Bawku (Sudan Savanna Zone): Wet Season, 1.92 £ 0.53°C by 2050 and 2.97 £ 0.98°C by 2080: Dry
Season , 2.11 + 0.68°C by 2050 and 3.25 £ 1.08°C by 2080

Potential change in temperature (°C) and percentage change in rainfall for the dry (Dec-Feb) and wet (Jun-
Aug) seasons at Accra (Coastal Savanna Zone) in 2050 and 2080 based on an ensemble of 16 atmosphere-
ocean coupled global climate models across three emissions scenatios (B1, A1B, A2). For each season, values
are given by emission scenario and an overall mean across emission scenarios. For each parameter
(temperature and precipitation) the ensemble average, standard deviation (Std Dev), minimum (Min) and
maximum (Max) values are presented.
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Table 3.1 Potential change in temperature and % change in rainfall, Accra

Accra

2050 Temperature  Mean

2080 Temperature  Mean

2050 Precipitation  Mean

2080 Precipitaion  Mean
Std Dev
Min
Max

Potential change in temperature (°C) and percentage change in rainfall for the dry (Dec-Feb) and wet (Jun-
Aug) seasons at Kumasi (Deciduous Forest Zone) in 2050 and 2080 based on an ensemble of 16 atmosphere-
ocean coupled global climate models across three emissions scenarios (B1, A1B, A2). For each season, values
are given by emission scenario and an overall mean across emission scenarios. For each parameter
(temperature and precipitation) the ensemble average, standard deviation (Std Dev), minimum (Min) and
maximum (Max) values are presented.

30 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Table 3.2 Potential change in temperature and % change in precipitation, Kumasi
Kumesi

2050 Temperature

2080 Temperature

2050 Preci pitation

2080 Preci pitation

Potential change in temperature (°C) and percentage change in rainfall for the dry (Dec-Feb) and wet (Jun-
Aug) seasons at Tarkwa (Rain Forest Zone) in 2050 and 2080 based on an ensemble of 16 atmosphere-ocean
coupled global climate models across three emissions scenarios (B1, A1B, A2). For each season, values are
given by emission scenario and an overall mean across emission scenarios. For each parameter (temperature
and precipitation) the ensemble average, standard deviation (Std Dev), minimum (Min) and maximum (Max)
values are presented.

Table 3.3 Potential change in temperature and % change in precipitation, Tarkwa
Takwa

2050 Temperature  Mean
Sd Dev
Mn

2080 Temperature  Mean
Sd Dev
Mn

2050 Precipitation  Mean
Std Dev
Mn

208 Precipitaion  Mean
Sd Dev
Mn
Max

Potential change in temperature (°C) and percentage change in rainfall for the dry (Dec-Feb) and wet (Jun-
Aug) seasons at Techiman (Forest-Savanna Transition Zone) in 2050 and 2080 based on an ensemble of 16
atmosphere-ocean coupled global climate models across three emissions scenarios (B1, A1B, A2). For each
season, values are given by emission scenario and an overall mean across emission scenarios. For each
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parameter (temperature and precipitation) the ensemble average, standard deviation (Std Dev), minimum
(Min) and maximum (Max) values are presented.

Table 3.4 Potential change in temperature and % change in precipitation, Techiman

Techiman Dry Season
Bl

2050 Temperature  Mean

Std Dev

2080 Temperature  Mean

2050 Precipitaion  Mean

2080 Precipitation  Mean

Potential change in temperature (°C) and percentage change in rainfall for the dry (Dec-Feb) and wet (Jun-
Aug) seasons at Tamale (Guinea Savanna Zone) in 2050 and 2080 based on an ensemble of 16 atmosphere-
ocean coupled global climate models across three emissions scenarios (B1, A1B, A2). For each season, values
are given by emission scenario and an overall mean across emission scenarios. For each parameter
(temperature and precipitation) the ensemble average, standard deviation (Std Dev), minimum (Min) and
maximum (Max) values are presented.

Table 3.5 Potential change in temperature and % change in precipitation, Tamale

Tamale Dry Season
A1B
2050 Temperature

2080 Temperature

2050 Precipitation

2080 Precipitation

Potential change in temperature (°C) and percentage change in rainfall for the dry (Dec-Feb) and wet (Jun-
Aug) seasons at Walembelle (northern Guinea Savanna Zone) in 2050 and 2080 based on an ensemble of 16
atmosphere-ocean coupled global climate models across three emissions scenarios (B1, A1B, A2). For each
season, values are given by emission scenatio and an overall mean across emission scenarios. For each
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parameter (temperature and precipitation) the ensemble average, standard deviation (Std Dev), minimum
(Min) and maximum (Max) values are presented.

Table 3.6 Potential change in temperature and % change in precipitation, Walembelle

Dry Season
Bl AlB

Walembelle

2050 Temperature

208 Temperature

2050 Preci pitation

2080 Preci pitation

Mean
Sd Dev
Mn

Mean
Sd Dev
Mn

Mean
Sd Dev
Mn

Mean
Sd Dev
Mn
Max

Potential change in temperature (°C) and percentage change in rainfall for the dry (Dec-Feb) and wet (Jun-
Aug) seasons at Bawku (Sudan Savanna Zone) in 2050 and 2080 based on an ensemble of 16 atmosphere-
ocean coupled global climate models across three emissions scenarios (B1, A1B, A2). For each season, values
are given by emission scenario and an overall mean across emission scenarios. For each parameter
(temperature and precipitation) the ensemble average, standard deviation (Std Dev), minimum (Min) and

maximum (Max) values are presented.

Table 3.7 Potential change in temperature and % change in rainfall, Bawku

Banku

2050 Temperature

2080 Temperature

2050 Precipitation

2080 Precipitation

Dry Season
Bl AIB

PRECIPITATION PROJECTIONS

Projections of mean annual rainfall averaged over the country (UNDP report) from different models in the
ensemble project a wide range of changes in precipitation for Ghana with about half the models projecting
increases and half decreases (McSweeney et al., no date a). Seasonally, the projections tend towards decreases
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in January through June rainfall and increases in July through December rainfall. The proportion of total
annual rainfall that falls in “Heavy” events tends towards increases in the ensemble projections. Seasonally,
this varies between tendencies to decrease in January through April to increases in July through December,
but the range of changes projected by the ensemble includes both increases and decreases in all seasons.
Projected changes in 1- and 5-day rainfall maxima tend towards increases, but projections range between
increases and decreases in all seasons.

At the eco-climatic level (Minia, 2008), rainfall is projected to decrease at 2020, 2050, and 2080 in all regions.
Percentage decrease in rainfall at each projection period tend to increase from north to south from -1.1, -6.7,
-12.8 percent in the Sudan Savanna Zone to -3.1, -12.3, -20.5 percent in the Coastal Savanna Zone for petiods
2020, 2050, and 2080, respectively. Absolute change in rainfall is projected to be highest in the Deciduous
Forest and Rain Forest Zones (243 and 423 mm dectease by 2080, respectively). Upper boundary projections
indicate an annual decrease of 32.6 percent annual precipitation in the Sudan Savanna Zone and a 26.8
percent decrease in the remaining eco-climatic zones. Inspection of the projection tables (Minia 2008 and
perts. comm., Appendix 1.2; see Appendices V-X) reveals the same monthly percentage changes in
precipitation were applied to all but the Sudan Savanna Zone. Similar to the caveats about temperature
projections for eco-climatic zones (see previous), scaling and suitability of the rainfall projections at the eco-
climatic level is questionable.

Our AOGCM modeling projections of rainfall among seven representative meteorological stations gave
mixed and inconclusive results (Tables 3.1-3.7). AOGCM predictions of precipitation lack any sense of
consistency, predicting both decreases and increases in rainfall in at each station. The results are summarized
for each station as follows:

e Accra (Coastal Savanna Zone): Forecasted changes in precipitation ranged from 52 percent
decreases to 44 percent increases in wet season rainfall by 2080. The overall ensemble prediction
across emission scenarios gives a slight increase in wet season rainfall of 2.65 * 13.96 percent by
2050 and 3.88 £ 19.41 percent by 2080. The variability among the models' precipitation changes is
not very different from the inter-annual variability currently experienced in the region.

¢ Kumasi (Deciduous Forest Zone): Forecasted changes in precipitation range from 48 percent
decreases to 45 percent increases in wet season rainfall by 2080. The overall ensemble prediction
across emission scenarios gives a slight increase in wet season rainfall of 1.73 £ 13.42 percent by
2050 and 3.19 £ 18.98 percent by 2080. The variability among the models' precipitation changes is
not very different from the inter-annual variability currently experienced in the region. The A2
scenario, which generally shows the largest greenhouse gas impact, predicts the weakest increase in
wet season rainfall, 1.13 percent.

e Tarkwa (Rain Forest Zone): Forecasted changes in precipitation range from 45 percent decreases
to 31 percent increases in wet season rainfall. The overall ensemble prediction across emission
scenarios gives a slight increase in wet season rainfall of 2.58 & 12.83 percent by 2050 and 2.98 *
16.45 petcent by 2080. The variability among the models' precipitation changes is not very different
from the inter-annual variability currently experienced in the region.

¢ Techiman (Forest-Savanna Transition Zone): Forecasted changes in precipitation range from 46
percent decreases to 36 percent increases in wet season rainfall. The overall ensemble prediction
across emission scenarios gives a slight decrease in wet season rainfall of -1.06 = 14.25 percent by
2050 and -0.83 £ 19.71 percent by 2080. The variability among the models' precipitation changes is
not very different from the inter-annual variability currently experienced in the region. The A2
scenario, which generally shows the largest greenhouse gas impact, predicts the largest decrease in
wet season rainfall, -2.94 percent.

e Tamale (Guinea Savanna Zone): Forecasted changes in precipitation range from 36 percent
decreases to 32 percent increases in wet season rainfall. The overall ensemble prediction across
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emission scenarios gives a decrease in wet season rainfall of -1.46 = 10.35 percent by 2050 and -2.19
* 15.25 petrcent by 2080. The variability among the models' precipitation changes is not very
different from the inter-annual variability currently experienced in the region. The Northern Region
where Tamale is located is the southern-most region in Ghana to show a consistent trend toward
decreased rainfall.

¢ Walembelle (northern Guinea Savanna Zone): Forecasted changes in precipitation range from 25
percent decreases to 24 percent increases in wet season rainfall. The overall ensemble prediction
across emission scenarios gives a slight decrease in wet season rainfall of -0.42 & 8.93 percent by
2050 and 1.06 £ 11.79 percent by 2080. The variability among the models' precipitation changes is
not very different from the inter-annual variability currently experienced in the region.

e Bawku (Sudan Savanna Zone): Forecasted changes in precipitation range from 28 percent
decreases to 30 percent increases in wet season rainfall. The overall ensemble prediction across
emission scenarios gives a slight decrease in wet season rainfall of -0.10 £ 9.63 percent by 2050 and -
0.69 £ 12.94 percent by 2080. The variability among the models' precipitation changes is not very
different from the inter-annual variability currently experienced in the region.

SEA-LEVEL PROJECTIONS

The coastal regions of Ghana may be vulnerable to sea-level rise, and two different climate modeling efforts
are in reasonably close agreement. By the 2090s, sea level is projected by the UNDP-NSCP climate models to
rise by the following levels relative to the 1980-1999 sea level: 0.13-0.43 m under SRES B1; 0.16-0.53 m
under SRES A1B; and 0.18-0.56 m under SRES A2 (McSweeney et al., no date a). With respect to the 1990
mean sea-level, the EPA-NCAP climate modeling (Minia 2008) also projected sea levels to increase. Those
estimates range from 0.36 m (lower and upper boundaries of 0.16-0.60 cm) in 2010 to 0.35 m (0.16-0.58 m) in
2080 (under SRES A1F1).

CLIMATE VARIABILITY

The climate of West Africa is subject to considerable variability across a range of space and time scales (Lebel
et al., 2000). This variability is linked to variations in the movement and intensity of the ITCZ as well as
variations in the timing and intensity of the West African Monsoon. The most documented cause of these
variations on an inter-annual timescale is the El Nifio Southern Oscillation (ENSO). The West African
Monsoon is influenced either during the developing phase of ENSO or during the decay of some long-lasting
La Nifia events (Joly and Voldoire, 2009). In general, El Nifio (positive sea surface temperature anomalies in
the equatorial Pacific Ocean) is connected to below normal rainfall in West Africa (Janicot et al., 1998). Other
sources of variability at decadal, annual and intra-seasonal time scales include land-atmosphere feedbacks
(Taylor et al., 1997; Grodsky and Carton, 2001; Douville, 2002) and large-scale circulation features (Matthews,
2004; Mournier et al., 2008; Lavender and Matthews, 2009). At intra-seasonal time scales, the West African
Monsoon system also exhibits variability, specifically at frequencies of 15 days and 25-60 days (Janicot and
Sultan, 2001). The longer of these periods is associated with the Madden-Julian Oscillation (a major source of
intra-seasonal variability in the tropical atmosphere with a period of 30-90 days) and variability in the Asian
summer monsoon (Matthews, 2004; Lavender and Matthews, 2009; Janicot et al., 2009).
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4. CLIMATE CHANGE
POLICY FRAMEWORK

CLIMATE CHANGE ACTIVITIES IN GHANA

Responsibility for developing, coordinating, and implementing Ghana’s climate policy is understandably
dispersed among several agencies. The Environment and Natural Resources Advisory Council (ENRAC)
operates at the Cabinet level and is in place to coordinate among ministries. Within ministries with climate-
related responsibilities, there are coordinating and consultative activities. For example, a Carbon Credit Policy
Committee operates in the Ministry of Environment, Science and Technology (MEST) to clearly define rules
and procedures effecting carbon credit generating activities, allocation of carbon rights, and participation in
sub-national carbon activities.

The Environmental Protection Agency (EPA) within MEST is responsible for developing national climate
change policy and integrating priorities into sectoral plans. The EPA is the main Country Implementing
Institution (CII) for technical coordination of activities on climate change, the United Nations Framework
Convention on Climate Change (UNFCCC) and some other environmental conventions ratified by Ghana.
Within the Agency, a specialized unit on Energy Resources and Climate Change has been established to serve
as the technical focal point on climate change and related issues in Ghana, including technical aspects for
Clean Development Mechanism (CDM) projects. The National Climate Change Coordinator is located within
the Energy Resource and Climate Change Unit of the EPA.

The Ministry of Lands and Natural Resources (MLNR) is the lead national entity responsible for overall
oversight and direction on REDD+ activities in Ghana. The National REDD Steering Committee,
established in 2009, provides support to MLNR. The Ministry is also represented at the National Climate
Change Committee (NCCC). The REDD+ secretariat at the Forestry Commission in collaboration with the
National REDD+ Steering Committee facilitated Forest Carbon Partnership Facility (FCPF) process with
support from World Bank.

The Ministry of Finance and Economic Planning (MoFEP) is represented on the NCCC and has been
nominated for accreditation as the National Operating Entity to the Adaptation Fund Board. This is to legally
enable MoFEP to function as the fiduciary administrator of the Adaptation Fund in Ghana. MoFEP is also
leading an inter-ministerial collaboration under the Forest Investment Programme (FIP) initiative by the
World Bank to support REDD+ implementation in Ghana. The Natural Resource Governance desk at
MoFEP centrally coordinates the budget support program under Natural Resource, Environmental
Governance (NREG) program and the Forest Investment Programme Initiatives.

Climate change is being mainstreamed into Ghana’s Shared Growth and Development Agenda and
coordinated by the National Development Planning Commission (NDPC). Climate change was targeted for
support by Donor Partners under the NREG program. The Ministry of Environment, Science and
Technology is the lead institution for climate change and UNFCCC activities in the country and hosts the
National Committee on Climate Change. Representatives from relevant ministries, universities, research
institutions, the private sector, and NGOs serve on the committee. The NCCC is responsible for formulating
a National Climate Change Policy for Ghana that includes mitigation and adaptation actions that are to be
integrated into planning processes at national, regional, and district levels. Other duties of the NCCC are
recommending areas of study to the MEST for comparing climate change adaptation strategies; identifying
skills deficiencies and training needs; and developing harmonized climate change programs in the key sectors
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of finance and economic planning, forestry, agriculture, land and water, health, energy, and coastal zones
management.

The MEST developed a list of 55 actions and policies the GoG could take to reduce GHG emissions. These
Nationally Appropriate Mitigation Actions (NAMAs) were appended to Ghana’s submission to the
Copenhagen Accord. Most NAMAs align with development priorities in the Ghana Shared Growth and
Development Agenda 2010 (GSGDA), and most are energy related but do not specifically mention biofuels,
other than waste as renewable sources, and do not mention woodlots to meet community cooking needs.
Eight of the 55 NAMAs address land use, land use change and forestry including sustainable forest
management, REDD+, plantation development, and rehabilitation of degraded lands. The NAMAs are
mostly broad statements without implementation details, cost estimates, likely funding sources or priorities.

REDD+ POLICY FRAMEWORK

INTRODUCTION

Reducing emissions from deforestation and degradation of tropical forests (REDD) is one means for
mitigating the effects of increased CO; on global climate (UNFCC 2007). One strategy for reducing
emissions from land conversion is to pay for maintaining and enhancing carbon stocks with the added benefit
of halting deforestation (Kanninen, Murdiyarso et al. 2007). When the term REDD was formally recognized
at the United Nations Framework Convention on Climate Change Conference of Parties meeting in Bali,
Indonesia in 2007, the last clause of the decision document added the “plus” to the term. This recognized the
role of conservation and sustainable forest management in enhancing carbon stocks (Mayers et al., 2010). The
international community has invested heavily in preparing tropical countries to participate in an expected
program to pay to maintain or enhance forest carbon stocks. Funding has been streamed through two
mechanisms, the Forest Carbon Partnership Facility of the World Bank and the United Nations REDD (UN-
REDD) program. Additionally, there are voluntary carbon markets and the Clean Development
Mechanism/Afforestation and Reforestation mechanism (Westholm et al., 2009).

The UNFCC REDD concept has four components that set the boundaries for an eventual program (Figure
4.1): Scope, Reference Level, Distribution, and Financing. Because agreement on REDD+ has been illusive,
most of the questions posed for these components have yet to be answered definitively. Thus, some details of
a REDD+ program in Ghana must await international clarification. Although experience from the voluntary
carbon markets and the CDM A/R provide some guidance, they essentially operated at the project-level. The
national-scale envisioned for REDD presents new, more complex questions (Westholm et al., 2009). One
issue is the necessity to monitor and verify that carbon stocks are being maintained; the Bali document
featured measurement (monitoring), reporting, and verification (MRV) as a central focus (Westholm et al.,
2009). Until Scope and Reference Level issues have been resolved, MRV components remain in flux. Another
issue is whether REDD approaches should be strictly national, sub-national, or both and the related concerns
about benefit-sharing among stakeholders. These and related issues for Ghana are discussed below.
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Figure 4.1 The Reduced Emissions from Deforestation and Degradation (REDD)
framework under the UNFCC, showing the key questions to be answered

Because the details of REDD++ have not been finalized, necessary activities and components have yet to be
specified. In the meantime, some have suggested that REDD+ provides a vehicle for a more comprehensive
approach to carbon accounting and land use. The argument is that since in most of the tropics agricultural
expansion is the main proximate cause of deforestation, it should be considered in programs to address
deforestation. Others have pointed to the exclusion of some agroforestry practices from REDD+
consideration because they occur on land that is not designated forest. These other approaches, termed
AFOLU (Agriculture, Forestry, Other Land Uses) and REALU (Reduced Emissions All Land Uses, includes
trees not in forests), are opposed by those groups wishing to maintain the focus on forests. Alternatively,
there has been discussion of using the REDD mechanism to develop payments for other ecosystem services,
in addition to carbon sequestration (Karsenty, Guéneau et al. 2008).

Nevertheless, there is broad consensus on the key elements of a national REDD+ program: developing a
reference scenario, transparency, and MRV (measurement [sometimes referred to as monitoring], reporting,
and verification). A reference scenario involves defining what a forest is and setting a baseline for carbon
emissions from deforestation or degradation. It is from this baseline that carbon accumulation or loss is to be
evaluated. The choice of baseline rules can greatly affect the amount of emissions reductions claimed
(Griscom, Shoch et al. 2009). Transparency requires adequate consultation with stakeholders and atfected
parties, including what constitutes adequate notification of farmers and others living in and around forests.
Other aspects of transparency relate to forest law and governance, including forest management practices,
policies and enforcement, illegal logging, etc. Indeed, REDD+ was attractive to many because of the potential
to support (or require) governance reform (Hansen, Lund et al. 2009; Sandker, Nyame et al. 2010). Because
REDD has been envisioned and approached as a national-level effort, concern for social responsibility and
effects on local communities was not initially addressed. Social responsibility includes protecting the rights of
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indigenous people and more recently, sharing benefits from carbon payments equitably among government,
land owners, and forest communities.

Once the structure of a REDD+ program has been established, MRV focuses on its operation (Herold and
Johns 2007; Herold and Skutsch 2009). It is concerned with ongoing carbon accounting and related issues —
for example, permanence and leakages. Reporting originally was envisioned as a national responsibility but
sub-national carbon accounting seems reasonable as a way to jump-start REDD+ programs and to encourage
private party participation it must somehow be accommodated within the national accounting structure
(Angelsen and Institute 2009). Nevertheless, exclusively sub-national accounting has been ruled out because
of concerns over leakage and permanence and the difficulty of verification.

REDD+ IN GHANA

The greatest potential for REDD+ in Ghana is in carbon enhancement, which means better management of
the remaining small amount of forest and in restoring degraded forests. The potential so far has been
regarded as mostly within the High Forest Zone (HFZ), including shade-grown cocoa (cocoa culture is
primarily carried out in the HFZ) although there is no reason that REDD+ could not be extended to the
savanna woodlands of northern Ghana.

The focal point for REDD+ in Ghana is the Climate Change Unit of the Forestry Commission; this unit
serves as the secretariat for the National REDD+ Technical Working Group, a multi-stakeholder body within
the Ministry of Lands and Natural Resources. This working group provides oversight (advice and guidance)
on REDD+ processes. (The FC is within this ministry). The institutional framework for REDD+ in Ghana is
shown in Figure 4.2.

At the Cabinet level is the Environment and Natural Resources Advisory Council, chaired by the Vice-
President. This group provides oversight on national climate change issues, including REDD+, and
coordinates cross-sectoral issues (i.e., settles disputes between ministries). This group was formed in May
2010. The NREG Technical Cootrdination Committee (TCC+) coordinates several forest-related initiatives
within Ghana, including REDD+. NREG is a multi-donor sector budget program that is an effective
government-donot-civil society mechanism that provides oversight and ensures cohesion in policy and
coordination of REDD+ with other initiatives. A Carbon Credit Policy Committee has been set up in the
Ministry of Environment, Science and Technology to clearly define rules and procedures for carrying out
carbon credit generating activities, allocation of carbon rights, and participation in sub-national carbon
activities.
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Figure 4.2 REDD+ Management Arrangements

Technical Sub-Working Groups have been formed under the National REDD+ Technical Working Group to
examine requirements in greater detail and recommend policies for implementing REDD+. The Sub-
Working Group on Consultation and Participation is charged with developing a comprehensive Stakeholder
Consultation and Participation Plan and Communication Strategy, outlining how local institutions and
communities should be engaged in the REDD+ process. Another sub-working group on Policy, Legislation,
and Governance will facilitate ongoing policy and legal reforms that seek to address drivers of deforestation
and degradation. This group is to identify gaps and strategies in the reform efforts in the agriculture, mining,
and forestry sectors.

Other key players in the REDD+ process are environmental non-governmental organization (ENGOs), such
as Forest Trends, Rainforest Alliance, Nature Conservation Research Centre (NCRC) and others. A civil
society contact group with Ghana Forest Watch as the hub was established in an earlier process (the
Voluntary Partnership Agreement with the European Union; discussed below) and will be used in the
consultation and participation processes.

PREPARATION, CONSULTATION AND IMPLEMENTATION FRAMEWORK

REDD+ in Ghana will proceed over a five-year period until fully implemented. The first phase consists of
becoming REDD-Ready. A REDD Readiness Preparation Note (R-PIN) was submitted to the World Bank’s
Forest Carbon Partnership Facility, detailing how Ghana intended to prepare for REDD. The R-PIN was
approved in July 2008. Subsequent to negotiations between the FCPF and the government of Ghana, a
$200,000 Preparation Grant Agreement was signed in April 2009. This agreement provided the funding to
underwrite the costs of preparing the REDD Readiness Preparation Proposal (R-PP). Following some limited
consultation with stakeholders, the R-PP was submitted to the FCPF in December 2009 and simultaneously
underwent external review. The R-PP was approved subject to revision by the FCPF in March 2010 and a
revised R-PP was submitted to the FCPF in December 2010. At this time, a Readiness Grant is being
finalized with the FCPF, including arrangements for fiduciary requi9rements to be met by dispersal of funds
through a private body, further World Bank due diligence, and preparation of the R-PP Assessment Note.
This Phase 1 of the REDD+ process should be completed by the end of 2011.
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FCPF Preparation Grant, April

National validation workshop held,
October
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Phase 2 Implementation of REDD+
strategy
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Further capacity building, technology
development and transfer

Results-based demonstration activities or
pilot projects

Phase 3 (Implementation of Performance-
Based Actions

Results-based actions on-going

Full implementation of MRV procedures

Figure 4.3 Schedule for REDD activity in Ghana

Two further phases will follow: Phase 2, which runs from (2011 through 2012), will implement the REDD+
strategy. National plans, policies, and measures will have been finalized and implementation begun. Further
capacity building, technology development, and transfer are needed to ensure that institutional capacity is
sufficient to effectively proceed with a REDD+ plan. During this phase, results-based demonstration
activities or pilot projects will be undertaken in order to develop and test the activities that will be included in
the final program. The REDD+ Strategy will fall into two broad thematic areas — timber policy and supply
and forest policy, including agroforestry, and other carbon conserving activities. To date, 14 candidate
strategies have been identified in the R-PP. These will be subjected to social and environmental impact
assessment during the consultation process and testing during the REDD+ piloting phase. A provision
requiring a Strategic Environmental and Social Assessment was included in the R-PP. The SESA will promote
due diligence, identify changes in institutional arrangements and governance needed for the implementation
of REDD+, and identify the likely socio-economic and environmental risks associated with REDD
strategies/policies. The SESA will also outline possible mitigation options, and assess potential additional
benefits in terms of biodiversity conservation and poverty alleviation.

The REDD Secretariat has begun compiling a registry of companies, institutions, and individuals that are
engaged in various REDD/REDD+ projects in Ghana. Unfortunately, registration must be done at the
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Forestry Commission offices outside of Accra and a non-refundable processing fee of GH¢500 is requitred,
thereby providing disincentives for small farmers to participate.

Phase 3 will run from 2012 to 2013 and will continue implementation of performance-based actions and fully
implement the MRV procedures. An entity responsible for MRV will be established during this phase, along
with setting of the Reference Emission Level. The carbon measurement, accounting, and MRV procedures
will be tested. New legislation will be passed by this phase (2012-2013) to define carbon rights and address
other legal requirements (GoG 2010).

OTHER EFFORTS AND INITIATIVES RELATED TO REDD+

The REDD+ program will not operate in a vacuum,; there are several other initiatives and activities underway
that should complement REDD+ and address some of the obstacles to realizing the full benefit of REDD+
in terms of halting deforestation and degradation.

Voluntary Partnership Agreement — A Voluntary Partnership Agreement (VPA) was signed between the
Government of Ghana and the European Union (EU) on November 20, 2009. The VPA is meant to address
sustainability, particularly illegal logging, by governing trade between Ghana and the EU; legally produced
timber exported to the EU would be identified by a license issued in Ghana. Timber originating in Ghana
without the license would be denied entry into the EU. As more than half of Ghana's annual commercial
timber harvest is exported to the EU, the VPA should enable considerable progress in tackling illegal logging
in the country. In the discussions leading up to the VPA, it was recognized that an agreement only about
exports that did not include the sizeable domestic market largely served by illegal logging, would do little to
address the underlying threats to the forests estate. A study by the International Institute for Environment
and Development (Mayers et al. 2008) presented three scenarios: a baseline, business as usual scenario; a
scenario with an effective timber regime that would meet the minimum requirements of a VPA; and a sector
reform scenario that would reflect a transition toward improved forest governance and sustainability. The
sector reform scenario would address important policy failures such as the highly protected processing
industry (Mayers et al. 2008). They concluded that even with a legitimate timber regime, the forests will be
substantially degraded. Nevertheless, many of the reform measures proposed in the Sector Reform scenario
would be critical to the success of a REDD+ program.

Clean Development Mechanism — The Kyoto Protocol provided a Clean Development Mechanism that offered
developed countries (so-called Annex 1 countries) with emission reduction targets a chance to offset some of
their greenhouse gas emissions by funding renewable energy and forestry development projects in developing
countries. The Kyoto Protocol itself makes no distinction between emission-avoiding and carbon
sequestration or storage projects such as afforestation and reforestation. Some have questioned whether
afforestation and reforestation should be part of REDD+ since these activities are included in CDM; the
most compelling justification for inclusion in REDD+ is that the CDM A/R has been a failure. The role of
CDM in Ghana is discussed in more detail below.

Forestry Investment Program — The Forestry Investment Program is part of the Strategic Climate Fund (a multi-
donor Trust Fund within the Climate Investment Funds). The overall objective of FIP is to mobilize funds to
reduce deforestation and forest degradation and to promote sustainable forest management. The main
purpose of FIP is to support REDD-efforts by providing up-front bridge financing for readiness reforms and
investments, taking into account opportunities to adapt to the impacts of climate change on forests,
contribute conservation of biodiversity, and enhance rural livelihoods. Ghana is one of eight countries (one
of three in Africa) selected to pilot the program. The Minister of L.ands and Natural Resources is the FIP
Focal Point and the expanded NREG Technical Coordination Committee provides overall guidance of the
FIP. The Government of Ghana has received a Preparation Grant to develop an Investment Plan for the
FIP, which is expected to be submitted in November 2011. A joint multilateral development bank (MDB)
mission will visit the countries to develop an investment plan (this was tentatively scheduled for April of
2011). This plan will be approved by the FIP Sub-Committee (FIP-SC) and then specific projects and
programs will be prepared and joint financing for these activities will be decided in more meetings of the FIP-
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SC. A New National Plantation Development Program was launched in January 2010 by the Forestry
Commission with an annual target of 30,000 ha. It is to be implemented nationwide, both within and outside
forest reserves using paid/contract labor. The Forestry Commission expects to have a good portion of its
targets met through financing from the FIP.

National Forest Forum — Civil society platforms such as Forest Forums are existing structures used for
dissemination of REDD+ information to grassroots forest communities. In January 2005, the Forestry
Commission partnered with the United Nations Food and Agriculture Organization (FAO) to address
priority gaps in the implementation of Ghana’s national forest program. A National Forest Program (NFP)
has to be implemented by all stakeholders, not just the government acting alone. Thus the Forestry
Commission established a National Forestry Forum (NFF) at the national, regional and district levels as a
grassroots civil society organization to contribute to the development, implementation, and monitoring of key
policies in the sector. The NFF was inaugurated at a meeting in November 2007 in Accra. The NFF is aimed
at providing a national platform for forest stakeholders to discuss critical issues on forest governance, share
information and interact with forest managers and policy makers on best practice resource management. In
May 2002, the Forestry Commission, in conjunction with the donor-funded Forest Sector Development
Project (FSDP) 1I and CARE, organized a workshop in Ghana together with NGOs and other civil society
organizations in order to better understand the unresolved issues in Collaborative Forest Management. One
of the recommendations from this workshop (“Akosombo 17) was the establishment of “Forest Forums” as
“spaces” for district-level dialogue on forest issues. Forest Forums were a positive step, and one which
continues today with 15 forums in districts around the country having regular meetings.

Modified Taungya Systems — In September 2001, the President of Ghana launched the National Forest
Plantation Development Program with an ambitious annual planting target of 20,000 hectares using variety of
approaches. One approach was the Modified Taungya System (MTS) whereby small-scale farmers could
partner with the Forestry Commission to establish and manage tree plantations in degraded forest reserves
and thus be entitled to a share in the monetary value of the tree crop. Legislation was passed to grant these
rights but a farmer requires a certificate from the Forestry Commission to secure these benefits. Under the
current phase of the National Forest Program partnership with FAO, a priority is accomplishing plantation
development by consolidating the benefits due to farmers engaged in the Modified Taungya System. An
estimated 100,000 hectares of MTS plantations have been established across the country through the
involvement of over 100,000 rural farmers since its launching (Kalame 2009) but the signing of their benefit
sharing agreement has become stalled due to inadequate resources and staff constraints within the Forestry
Commission. To rectify the situation, the Forestry Commission is seeking proposals from qualified civil
society groups (academic institutions, NGOs, CBOs and consulting firms) to complete the signing and
registration of outstanding benefit sharing agreements. A project funded by USAID-West Africa under the
STEWARD program has partnered with researchers at the Forest Research Institute of Ghana to pilot a
community-based carbon monitoring method, working with three of these forest fringe communities that
used the MTS to restore degraded forest reserves (Blay et al. 2008). The rationale was if the communities own
timber rights, perhaps they could also obtain carbon rights.

Non-Legally Binding Instrument — In 2008, Ghana became the first country to systematically implement the Non-
Legally Binding Instrument (NLBI) on All Types of forests with technical support from FAO and the
German Agency for Technical Cooperation (GTZ) and funding from the German Federal Ministry for
Economic Cooperation and Development (BMZ). Non-Legally Binding Instruments (NLBI) were developed
at the sixth meeting of the United Nations Forum on Forests (UNFF-06) but negotiations for an NLBI on
forests was put off until UNFF-7 (April 2007). The NLBI on Management, Conservation and Sustainable
Development of All Types of Forests (the Forest Instrument) was adopted by the seventh session of UNFF
and by the United Nations General Assembly in 2007. The Forest Instrument is to provide a comprehensive
framework for national action and international cooperation for Sustainable Forest Management. The NLBI
on Forests focuses on promoting horizontal and vertical communication, securing rights, including rights
over resources, and clearly identify responsibilities, ensuring a transparent and participatory process of policy
development and implementation, including providing early and adequate information. The NLBI on Forests
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provides for periodic review and promotes coordination of forest-related policies, strategies and programs.
Because the NLBI is an over-arching effort, REDD+ strategies and programs should fit comfortably within
the NLBI framework. Several of the efforts undertaken in implementation of the NLBI have been used in the
REDD+ process or share similar goals. For example, stakeholder participation begun under NLBI and the
VPA are used by the REDD+ process. (A/RES/62/98; available at http://www.un.org/esa/forests/nlbi-
GA.html)

REDD+ IMPLEMENTATION ISSUES

Ghana is at the forefront of pilot efforts to implement REDD+ activities to mitigate climate change, with
significant investments on the part of The World Bank and other organizations. However, major obstacles
remain to be addressed before REDD+ will be successful, including land and tree tenure issues, carbon
rights, benefit sharing, illegal logging, current methods of cocoa production, and carbon measurement,
reporting, and verification methods. Three formidable technical issues arise when considering how Ghana
will implement REDD+: setting a baseline (reference scenarios), carbon accounting, and MRV.

REFERERENCE SCENARIO

To begin carbon accounting for REDD+ it is necessary to set a baseline for how much forest exists and how
much has been lost. Ghana has a high deforestation rate, 1.9 percent per year based on national reporting to
FAO —but this figure is unreliable (see the section on deforestation for a discussion). There is no regular
monitoring or forest inventory system in place and until recently, remote sensing methods have been little
used. Thus, the first step in setting the baseline is to determine how much forest cover remains and how
much carbon it contains, which is a function of how degraded it may have become. Forest cover can be
estimated from remotely sensed data; for Ghana, the most practical approach is data gathered from satellite.
Frequent cloud cover is one difficulty in using remotely sensing approaches and the problem is greatest in the
high forest zone. In conjunction with the satellite imagery, ground measurements are needed to estimate tree
volumes. Where an on-going forest inventory and monitoring program is in place, this is a relatively easy step
but, as noted already, no such inventory exists in Ghana. The conversion from inventory to biomass requires
destructive sampling of a representative number of trees of various sizes and species. There are few biomass
measurements available and the few data that exist are for relatively local areas. The conversion from biomass
to carbon content is straightforward and largely a function of how dense a tree is or it can be estimated from
generalized equations for tropical trees. Carbon estimates in Ghana have been based on a few regional forest
inventories, from growing stock data and using generalized estimates from literature values.

Recently, a carbon baseline map has been produced as a collaborative effort between Forestry Commission,
the Katoomba Group, Nature Conservation Research Centre, and Oxford University (Prof. Yadvinder
Malhi). The ongoing carbon map project is supported by the Moore and Rockefeller Foundations. This map
was not available for our examination although we did discuss the sampling methods with the field staff and it
appears that the map is for the high forest zone only.

CARBON ACCOUNTING

Carbon accounting begins with the baseline and through monitoring, determines flows into and out of forest
over reporting intervals. A country may gain carbon by normal stand development; as trees grow, they not
only fix more carbon in their biomass but generally soil carbon increases. Carbon may also be gained by
increasing the area of forest land through afforestation of farmland or restoration (rehabilitation) of degraded
forest land. There are also fluxes associated with timber harvesting and regrowth. Carbon is lost by
deforestation for agriculture, wildfire, and conversion to urban or insudtrial uses. In Ghana, the most likely
losses (leakages in the carbon accounting terminology) will be from expansion of farming especially for cocoa,
illegal logging, and wildfires.

Although the REDD+ framework envisions national-level accounting, the obstacles to implementing such a
system in Ghana and many tropical countries are formidable, as we have described. Sub-national accounting,
where smaller areas and projects are used to jump-start the REDD++ process, is put forward as a useful first
step toward full REDD+ implementation. For sub-national accounting to be acceptable, methods will have
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to be developed that provide rigorous estimates of carbon are compatible with national-level accounting.
Ghana is pursuing the sub-national carbon accounting approach as a first step to manage the national carbon
accounting and actions related to crediting.

MONITORING, REPORTING, AND VALIDATION

Once a carbon accounting system has been developed it must be implemented as an ongoing function of
some agency. Discussions by the MRV Sub-Working Group on how best to develop an effective MRV
system are ongoing. The Remote Sensing & Forest Inventory Unit of the Forestry Commission and the
Centre for Remote Sensing and Geographic Information Systems (CERSGIS) at the University of Ghana will
be key collaborators in the design of the MRV and carbon accounting system. The challenges to effective
MRYV come from lack of infrastructure and limited human resources capacity. Internet speed is relatively low
and bandwidth is narrow, constraining the ability to obtain data over the internet and to share data and
interpretive maps among agencies. Historical LANDSAT and some SPOT data are available for Ghana and
could form the basis for a regular forest cover change monitoring system. Because of the high cloud cover,
however, additional radar data will be needed to provide full coverage of the country. A fire monitoing system
is needed. At the present time, the state of the forest, trends, and functions are inadequate and must be
revised to meet REDD+ standards. A true national continuous forest inventory must be established if carbon
stock changes are to be monitored adequately. The forest area must be stratified into forest types; this effort
should be extended to the savanna zone as well. A system of permanent measurement plots is needed that
can be re-visited and re-measured regularly, to establish trends.

Technical capacity and expertise must be developed in both the remote sensing and field efforts. Technical
expertise in optical and radar remote sensing acquisition, processing, and interpretation is required. Technical
capacity is also needed to assess and validate the remote sensing interpretations using ground measurements.
Technical capacity and expertise is needed for the field measurements and estimation of carbon stocks,
including the research necessary to scale-up from individual tree diameter and height measurements to
volumes, weight, and carbon contents. Research on all carbon pools, including soil carbon and deadwood, is
needed for each forest type.

CARBON RIGHTS AND BENEFIT SHARING

The complex system of land and tree tenure varies in the different regions of Ghana (see next section for
details). Even where smallholders have gained rights to share in benefits from planted trees (e.g., the modified
taungya system) it is far from clear whether they have gained rights to share in carbon benefits. Without such
incentive for local people to share carbon benefits, it is doubtful that deforestation and degradation can be
avoided. The effectiveness of REDD+ schemes are not assured until tree tenure and carbon rights issues are

addressed.

LAND TENURE IN GHANA

INTRODUCTION

Land tenure is generally understood as the mutually accepted terms and conditions under which land is held,
used, and traded (Adams & Sibanda, 1999). Tenure can further be defined as the “social relations and
institutions that govern access to and use of land and other natural resources” (Yaro & Zackaria, 2006, 25). It
is important to note that land tenure is not a static system; it is a system and process that is continually
evolving, and is influenced by factors such as the state of the economy, changing demographics, cultural
interactions, political discourse, or a changing natural and physical environment. However, land tenure can, in
turn, have an impact on these factors, which is why it should be considered in conversations concerning
socioeconomic development and environmental change (Akoto et al., 1996). In the case of Ghana, land
tenure is especially important. As a country with an agrarian-based economy, access to land and land use
arrangements play an important role in determining economic productivity. Ghana aims to become a middle
income country by the year 2020, and meeting this goal will involve making serious improvements to
agricultural production (Akoto et al., 2000). The literature suggests that land tenute plays an important role in
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determining the ways in which land, labor, and other inputs can be organized and used to attain higher
agricultural outputs within agrarian economies. This means issues relating to land tenure, including
accessibility and security, will have to be addressed in development plans.

Many scholars purport that problems with land tenure in Ghana are most pronounced in urban areas close to
the capital city of Accra (Yaro & Zackaria, 2006). However, land tenure is important throughout the country,
and it would be remiss to ignore the impacts that existing land tenure systems play in rural agrarian areas.
Many of the people we met with during our mission to Ghana raised land tenure as a barrier to climate
change adaptation and mitigation.

In this section we address land tenure in rural Ghana, with a focus on the Western Region and the three
northern regions (Northern, Upper East, and Upper West) where USAID/Ghana has a special interest. In
the Western Region tenure issues are key, given the country’s interest in developing REDD+ projects for
climate change mitigation. The Western Region holds the majority of the country’s remaining primary forest
reserves and is experiencing a dramatic increase in cocoa farming (Osei-Owusu, 2011, Teal et al., 2006). The
country’s interest in increasing production means that further expansion of cocoa farms into the Western
Region is likely. Land tenure will play an important role in developing successful REDD+ initiatives,
promoting forest conservation, and managing the growth of the cocoa industry.

Northern Ghana contains roughly 41 percent of the country’s land base, and 23 percent of the total
population — nearly three-quarters of which is employed mainly in agriculture. Given this reliance on
agricultural production, land is an important asset to households and local governments, being the base from
which crops are grown, livestock are raised, animals are hunted, and natural resources are harvested (Yaro &
Zackaria 2000). Making a living requires some form of access to land, without which many livelihoods would
be non-existent. An ineffective tenure system could have serious implications for agricultural development in
this region.

FORMS OF LAND TENURE CURRENTLY OBSERVED

All land in Ghana can be considered occupied, in the sense that it has been claimed, over centuries, by tribes
and lineages. Throughout colonialism and into Ghana’s statehood, some of this land was seized and claimed
for private ownership, and eventually state ownership. As a result of both long-standing ancestral systems of
land governance, and the need for state-managed lands, Ghana has developed two distinct forms of land
governance: statutory tenure and customary tenure.

The statutory tenure system is based on formal, legally-defined Ghanaian law, and governs lands that are
owned privately (registered with the state) or by the state. The state manages state lands on behalf of the
people through its established agencies, and private ownership is managed through the Ghana Lands
Commission’s land registration project. Statutory tenure provides for tenure rights that are legally enforceable
in a Ghanaian court of law, regulated, and well documented. Penalties apply should the agreement not be
upheld (Yaro & Zackaria, 2000).

The customary system, by contrast, is largely undocumented, highly variable, and rights and leases granted
through customary authorities are rarely legally enforceable in a court of law. Customary tenure laws govern
lands belonging to tribes, lineages, and families — which constitute the majority of land in Ghana (Table 4.1).
Ownership of these lands, in the form of the allodial title, is vested in chiefs and lineage heads. Although the
lands are vested in chiefs and lineage heads, technically tribal land is ancestral property and therefore belongs
to the people. Customary tenure forbids sale, but does allow for long-term leasing. Management of tribal
lands occurs through sub-chiefs, elders, heads of lineages, or (in the North) Tendanas, all of which are
individuals recognized through tradition as the true custodians of the land. These “headsmen” ensure that all
members of the lineage, tribe, or clan have access to farmland by granting long-term leases to individual
farmers. Ownership is never technically relinquished, although transitory forms of proprietorship are granted
(Gildea, 1964).
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Table 4.1 Land Ownership in Select Regions of Ghana (% of total land base)

Landowner Western Northern Upper East Upper West  Ghana
Region Region Region Region
Communally held (allodial title vested in 76.3 91.5 63.9 87.1 71
chief, lineage head, family head)
ChieflQueen 16.6 63.3 8.7 28.7 21.5
Clan/Lineage Head 36.5 24.7 45.2 56.4 325
Father/Family Inheritance 14.9 2.8 7.0 0.0 9.8
Other Family Relation 83 0.7 3.0 2.0 7.2
Individual 11.0 25 28.7 6.9 17.8
Government 0.6 0.0 0.0 2.0 29
Other/Undefined 12.2 6.0 7.0 4.0 8.1

In the Western Region (where the Akan ethnic group is dominant), land is vested in the chief, who is both the
religious and political leader. However, land is controlled by the elders or heads of lineages, who ensure that
all members of their lineage are granted access to land. Individuals gain access to land by applying to the
headsman and documenting their relation to the land’s original settler. “If one asks a farmer how he came to
secure the right to farm where he does, he will relate that he established his right by tracing his descent in the
matrilineal line to an ancestor known to have farmed there before him. This ancestor may have been one of
the original land settlers or a person who was rewarded with land by a chief after a war. The right to use land
is inherited from the original settler or done by maternal kinsmen; thus a whole lineage acquires the right of
usufruct and can exercise such right in perpetuity, but cannot sell it.” (Gildea, 1964). Typically, usufruct rights
are granted free of charge, but as land becomes more valuable, some headsmen charge individuals in
exchange for a lease. As land has become increasingly valuable and scarce in the Western Region (due
primarily to cocoa farming), the state has intervened to modify customary tenure slightly, and allow for a
greater degree of individual control. A husband who has been granted land rights by the headsman is now
able to transfer a portion of his land to his wife and children upon death. This individualization was
formalized by the passing of the Intestate Succession Law in 1985, which stipulated that upon death, one-
third of the land be given to the surviving spouse, one-third to the surviving children, and one-third back to
the matrilineal family (Otsuka et al., nd). Land that is left fallow (regardless of any death) reverts back to the
lineage head for redistribution.

In Northern Ghana (Northern, Upper East, and Upper West Regions), tribal lands are also managed under a
customary tenure system. Customary trustees hold the allodial title, from which all other rights are derived, on
behalf of the community. In the Northern Region (within the more centralized cultural states, such as the
Dagbong, Mamprugu, Nanumba, and Gonja), the allodial title is vested in the skins (chiefs) and managed by
chiefs, sub-chiefs, and lineage heads, all of whom receive authority through the chief. In the Upper East and
Upper West Regions, the title is vested in Tendanas, spiritual caretakers of the land, who are unaffiliated with
the chiefs. (Tendanas are prevalent in less centralized states, such as the Tallensi, Kusai, Sissala, and Lobbi-
Dagarba). In the Tendana systems, it is the Tendana himself who grants use of the land, either personally or
through clansmen and recognized lineage heads. In Tendana systems, as land has become more valuable,
chiefs have usurped the Tendana’s role, which has created controversy among the population. Unlike in the
South, individuals in the North trace their lineages through patrilineal descent when applying to a headsman
for land rights. As in the South, traditionally long-term leases were granted free of charge, but increasingly the
headsman (subchief) or even the Tendana will expect payment. (Yaro & Zackaria, 2006, Akoto et al., 2006).

When traditional methods of land acquisition are insufficient for providing family members with enough land
to meet their needs, households typically seek additional acreage through renting agreements. These
agreements might occur directly with a headsman, or they might occur with farmers who have been granted
land, or they might occur with private landowners. If the sharecropper is a member of a landed family, use
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agreements are more fluid. Migrants who are not privy to an extended family networks are restricted to
secking tenancies under two forms of sharecropping arrangements: abunu (in which crops are shared equally
between farmer and landowner), and abusa (in which the owner receives one-third of the harvest, the farmer
two-thirds). The form of tenancy depends on which party cleared the land for farming (Kasanga & Kotey,
2001).

Overlying the traditional tenure regime throughout Ghana are other “tenurial niches” that include grazing
rights, rights to fuelwood, fruit trees, and forest products (including edible and medicinal plants), and water
rights (Yaro & Zackaria, 1996). Tree tenure in particular is relevant because of its role in potential climate
change mitigation strategies.

TREE TENURE

Ghana’s constitution vests all minerals and natural resources (including trees) in the President, regardless of
whether or not the resource is on public or private land. Customary and statutory laws, while granting
ownership of the land, do not grant ownership over naturally-occurring resources that the land holds (Osafo,
2010). There are some 279 forest reserves in Ghana, where forests are vested in the state and held in trust for
communities (Owubah et al., 2001). Many of these reserves have been sites of extensive encroachment and
resource conflict. Outside of forest reserves, harvesting and selling merchantable trees is illegal unless an
individual has permission from the Forestry Commission, a tedious process. Protecting valuable, naturally-
occurring trees is not generally in a farmer’s interest, however, because loggers who come to harvest them
often damage food and cash crops when harvesting such trees, and rarely compensate farmers for these
losses, despite legal requirements to do so. This system creates an incentive for farmers to cut down
merchantable trees before loggers can get to them, and potentially damage their fields, undermining
sustainable forestry practices (Owubah et al., 2001). If a farmer plants trees on the land himself, he can seek a
title for that tree, in which case he owns it outright, and can cut and sell it, keeping all profits. There is,
however, a benefit-sharing system agreed upon, called the Modified Taungya System. The Modified Taungya
System stipulates that revenues from a timber sale should be divided as follows: the farmer that cared for the
tree and the Ghana Forestry Commission (tasked with managing all of Ghana’s forest resources) each receive
40 percent, landowners (traditional authorities and tribal landowners) receive 15 percent (to be split if
necessaty), and the remaining 5 percent goes to the forest adjacent community — typically distributed through
the district assembly (Ghana Forestry Commission, 2011; Agyeman et al., 2003). Other benefit-sharing
systems exist for trees that occur on state owned forest reserves rather than communal lands.

CHALLENGES OF CUSTOMARY TENURE

Influenced by forces such as commercialization and urbanization, Ghana’s customary tenure system has
become unbalanced. “The efficacy of the traditional land tenure system is now being questioned, especially as
most of the communal mechanisms — such as broader community consultation, social equity, and safety
nets — that ensured easy access to land and transparency in land administration have been lost.” (Akoto et al.
20006). Throughout Ghana, “High demand for land and its consequent translation into monetary value has
generated conflicts between chiefs, clans, kinsmen, and family members.” (Yaro & Zackaria 2006). A
functioning customary landholding system should distinguish between individual, family, and communal
rights, thereby supporting both sustainable development and land management. However, when these rights
are not clearly defined, access to land may become restricted and individuals become more likely to depart
from farm-based livelihoods, thereby reducing the agricultural potential of the economy (Kasanga 1994).
Farmers in Ghana acknowledge that customary tenure has “in the past contributed to increased agricultural
production, and therefore [improved] the economy of the country.” However, the system as it is presently
practiced tends to be riddled with problems in many places, frustrating rural residents and inciting conflict.
Table 4.2 highlights the main problems associated with Ghana’s current customary land tenure system. The
data are based on a survey conducted by the Institute of Statistical, Social, and Economic Research at the
University of Ghana.
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Table 4.2 Problems Associated with Customary Land Tenure

Problem Western Northern Upper East | Upper West | Country
Region Region Region Region of Ghana
n=554 n=229 n=299 n=383 n=3232

High price of land 41.3% 55.9% 38.1% 38.6% 48.1%

Disputes between tenants/users and 17.8 4.8% 28.1% 13.1% 17.5%

land owners

Insecurity of tenure 20.1 14.8% 22.7% 18.5% 14.4%

Uncertainty about ownership of land 10.8 19.2% 7.4% 6.3% 10.7%

Sale of land without owners approval 1.1% 0.9% 1.7% 2.1% 1.8%

Disputes over family land 5.6% 3.1% 1.3% 12.5% 4.8%

Land is scarce 2.2% 0.4% 0.7% 6.0% 1.6%

Land taxes are too high 0.2% 0% 0% 2.1% 0.5%

Land is taken from you if you don’t 0.5% 0% 0.3% 0.2% 0.2%

build on it

Not enough funds to farm with 0.4% 0% 0% 0.3% 0.2%

Only administered by chief and 0% 0.4% 0% 0.3% 0.1%

Tendana

Tribalism 0% 0.4% 0% 0% 0.1%

Death 0% 0% 0% 0% 0%

Source: ISSER, data

The most prominent issue facing respondents to the survey, from all four regions, was the high cost of land.
The literature suggests that land prices have been inflated through the cultivation of cash crops (particularly in
the Western Region, where cocoa farming has become lucrative) as well as processes like urbanization and
commercialization. The result is that a greater variety of land users are now applying to headsmen for land
rights, some of whom can afford to pay much more in exchange for a lease. Many headsmen simply lease
rights to the highest bidder. In the South, this tends to mean that more land is put towards cocoa production
(as opposed to subsistence use). Another implication of high land prices is that sharecropping arrangements
tend to be less generous to the farmer, providing more benefit to the landowner (Kasanga & Kotey 2001,
Otsuka et. nd). In the North, where cash crops do not grow as well, headsmen are granting more and more
of the communal lands under their control towards commercial or urban residential uses, often at the expense
of the greater community that depends on the land for farming. “There is fierce competition for even the
lowest hierarchy of chieftaincy [...] with the main motivation of [acquiring land to sell]” (Yaro and Zackaria
2006). Not all headsmen lease land for personal profit. But in many villages, anger arising from misdealings
(the headsman collects fees from multiple users for the same plot of land, or demands increasingly high
payments in exchange for a lease) has erupted into violence.

Following high land prices, the next set of problems facing respondents was the undocumented nature of
their usufructory rights, and the lack of transparency surrounding tenure agreements. This confusion has
resulted in frequent disputes over who has rights over what plot of land, often leading to conflict. “The
cutrent turbulence in land tenure arrangements in Ghana is reflected in the countless inter-tribal conflicts,
inter-village conflicts, inter-household conflicts and contra-household confrontations over land ownership,
use, and transfers. Problems of land tenure insecurity and the resulting conflicts do not only result in manifest
loss of life and property, but also covertly form the basis of underdevelopment of productive forces in any
society.” (Yaro & Zackaria 2000).

The insecure nature of tenure does not just create conflict at the community level; it also creates a host of
economic problems for Ghana. Undefined and undocumented agreements make it difficult to legally uphold
tenure rights ownership in a court of law. Without established rights it is virtually impossible to obtain a line
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of credit or attract potential investors, reducing agricultural productivity. Furthermore, tentative and changing
terms of tenure lead to uncertain, and therefore shorter, planning horizons. Short-term planning is less likely
to entail large investments in productive assets or new technologies, as there is little opportunity for the
tenant to capture any benefits from long-term investments. The same is true for investments in tree planting
and sustainable forestry. Tenants are much more likely to maximize profits in the short term to ensure that
they do not lose their investment. Thus, insecure tenure often leads to land degradation and is economically
unsustainable in the long term (Place and Hazell 1993; Lopez 1995; Hayes et al. 1997; Place & Migot-Adholla
1998).

Land scarcity and disputes over family land were less common survey responses, but are likely to become
larger problems in the future and may be locally important. For each successive generation available farmland
is reduced, either through processes of commercialization and urbanization, or by the natural fragmentation
and parcelization that occurs when land is split between family members. The resulting smaller and non-
continuous plots will not provide for productive livelihoods unless more land is made available. This is
already a problem in cocoa farming regions of the South. A study conducted in 1963 began suggesting that in
many cases fragmentation and parcelization had occurred to the extent that remaining linear strips for
farming were not economically viable (Hunter 1963). “With the depletion of virgin forest land in Ghana [as a
result of the rapid expansion of cocoa cultivation] it [became] difficult for farmers to acquire more land for
their children.” (Benneh 1970: 206). This process is threatening to repeat itself in the Western Region as
cocoa farming expands, and in the North.

SOCIALLY VULNERABLE GROUPS

Even in a well functioning customary system, access to land through inheritance or other means is based on
power and social connections, which can limit access for certain groups or individuals based on their position
in society. Acquiring a plot of land requires an abundance of social, political, and (most limiting) financial
capital, assets not readily available to all members of society. In Ghana, “productive lands for growing
commercial crops are denied to the less powerful in society such as widows, women, and migrants when they
do not possess the backing of powerful men.” (Yaro & Zackaria 1996, 6).

Women in particular have a difficult time accessing land. Ghanaian culture is arranged to allow for the
economic productivity of men, while women are expected to be domestically productive. “Women are not
supposed to be as economically productive as men are, and even if they are, men control their resources...
This explains why Ghanaian society seems to invest more inheritance rights [to land] on men than women”
(Gedzi, 2009: 2). Women are therefore considered to be a part of their husband’s economic unit — a wife’s
claim to her husband’s property is limited or nonexistent (Runger 2000). In the absence of a husband, a
woman is left to rely on her father, her brother, or her son (if she is a widow).

Farmers that are not attached to a land owning family (farmers who cannot trace their lineage back to a plot
of land) also experience difficulty obtaining land. Typically, they are forced to work as sharecroppers, or
marry into a family with a lineage that provides access to land.

Often, the primary asset of socially marginalized groups is their relatively cheap and readily available labor,
which is somewhat useless without land on which to turn that labor into a living. “In Ghana, whereas share
contracts were a means by which land-poor but labor-rich households could gain access to a plot, those
seeking sharecrop land must now put forward a significant fee in order to gain access.” (Amanor 2001). Low-
cost labor is not enough on its own to build a bridge out of poverty; it demands access to land in order to be
transformed into useful capital. If trends in land tenure persist, and access to land is denied to the socially-
marginalized and poverty-stricken members of society, the poverty cycle in Ghana will persist (Akoto et al.
2006).
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TENURE CONSIDERATIONS IN LIGHT OF CLIMATE CHANGE AND FEED THE
FUTURE

The current land tenure system in Ghana poses challenges for climate change mitigation efforts and
implementing USAID’s Feed the Future program. We outline below some of these challenges that should be
taken into consideration in order to make progress with these programs.

Current customary land tenure practices have been impacted by processes of commercialization and
urbanization, which drive up land prices. Commercial operators are better able to pay high fees in exchange
for access to land, which makes headsmen less likely to grant land to subsistence farmers who cannot
compete with commercial operators. If Feed the Future focuses primarily on commercialized forms of
agriculture, this trend could be reinforced, and small-scale subsistence farmers could experience increased
difficulty accessing land and securing a livelihood. Increased landlessness and unemployment will further
strain food security and local economies.

Tree tenure, and complicated systems of benefit-sharing for revenues generated by trees, poses a threat to
emerging climate change mitigation efforts. The confusing nature of tree ownership prompts many
landowners to thwart the system entirely and illegally harvest trees. This creates problems for potential
climate change mitigation efforts. Unless benefits can be shared equitably and transparently, or farmers are
compensated for protecting trees, the risks of trees being illegally cut remains high.

Marginalized groups experience difficulty accessing land, particularly women and farmers that are not
affiliated with a lineage that can establish a history of farming on a plot of land. Presently, these groups are
forced to work as sharecroppers, or find other forms of employment. Women are dependent on men
(husbands, fathers, brothers, and sons) to access farmland. If men are unable to access land for themselves, it
is unlikely that they will be able to provide land for the women in their households. Therefore, interventions
that reduce the amount of available land for farmers (by displacing them for large-scale farming schemes)
could further marginalize these groups, as they are already the last to receive land in the present system. Some
thought should be given about ways to incorporate these groups into commercial systems so they are not
ignored.

One of Ghana’s assets is a large pool of low cost labor. Commercialized and mechanized farming eliminate
the need for this asset, utilizing inputs that are far more costly and potentially unsustainable in the long run
without further inputs of foreign aid money (rising oil prices, fertilizers, tractors, etc.). An agricultural system
that utilizes the available labor would not only provide jobs, it would eliminate the need for long-term inputs
of capital.

Expected impacts of climate change are variable in nature, but point to changes in weather patterns that will
impact farming, both in the short term, and in the long term. The threat of climate change is increasing
climate variability. To cope with variable conditions, farmers will need longer planning horizons to work with
when it comes to farming. The current tenure system does not allow much room for long-term planning.

The current tenure system encourages maximizing profits in the short term. Practices employed in profit
maximizing farming schemes have a tendency to degrade the land, leaving it increasingly vulnerable to
extreme weather events. (Poor soil quality as a result of over-farming leads to erosion, which is increased
during flooding; the use of fire to clear land leads to bush fires, further spurred on by later rains or increased
temperatures; etc.) Short-term and insecure tenure also contribute to deforestation. Finding ways to
promote tenure security will help support sustainable forestry in Ghana.
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5. PHYSIOGRAPHY,
ECOLOGICAL ZONES,AND
LIVELIHOODS

PHYSIOGRAPHIC ZONES

Like most of the West African mainland, Ghana is largely flat or gently undulating and >50 percent of the
country is <150 m in elevation. A ridge and furrow topography is evident on Pre-Cambrian rocks reflecting
the fold trends. The Volta River Basin occupies most of central Ghana and contains Lake Volta, the largest
impoundment in Africa. The rim of the basin is comprised of plateaus with ridges and escarpments (i.e.,
Konkori Scarp to the west and Gambarga Escarpment in the northeast), whose altitudes may reach >450-600
m. The southwest part of the basin is bordered by the northwest to southwest trending Kwahu Plateau (an
important climatic and drainage divide in Ghana), which forms a natural part of the Ashanti Uplands. The
western part of the basin is bordered by the Akwapim-Togo ranges, which begin just north of Accra and
stretch northeastward into Togo. The highest peak in Ghana, Mount Afadjato (885 m elevation) is situated in
the Akwapim-Togo Range along the eastern border. The lowest lying areas in Ghana occur in the middle
Volta Basin and in a broad belt along the coast (Dickson and Benneh, 1988; Owusu-Ansah, 1994; MSE, 2002;
Borrow and Demey, 2010). From a geographic perspective, the country can be sub-divided into several
distinct regions: Low Plains, Ashanti Uplands, the Volta Basin, and the High Plains (Owusu-Ansah, 1994).

LOW PLAINS

The Low Plains roughly parallel the coastline and can be divided into four subregions: the Coastal Savanna,
the Accra-Ho-Keta Plains (including the Volta Delta), and the Akan Lowlands. A narrow strip of grassy and
scrubby coast runs from a point near Takoradi in the west to the Volta River in the east. This coastal savanna,
only about 8-km wide at its western end, stretches eastward of Accra through the Accra Plains, where it

widens to >80 km and terminates at the southeastern corner of the country at the lower end of the Akwapim-
Togo Ranges (Owusu-Ansah, 1994).

The Accra-Ho-Keta Plains begin near the southern terminus of the Akwapim-Togo Ranges near Accra and
stretch north and eastward forming a large triangle in southeast of the country near the border with Togo.
The Plains are almost flat and featureless and descend gradually from an inland height of about 150 m to the
Gulf of Guinea. East of Accra the Plains are marked by a succession of ridges and spoon-shaped valleys and
just west of Accra, the low plains contain wider valleys and rounded low hills with occasional rocky
headlands. In general, however, the land is flat and covered with grass and scrub and classified as savanna.
The Volta Delta (or Keta Plains), which extends into the Gulf of Guinea in the extreme southeast of Ghana,
forms a rather distinct subregion of the Low Plains. The rock formation of the Delta, consisting of thick
layers of sandstone, some limestone, and silt deposits, is flat, featureless, and relatively young. As the Delta
fanned outward over time, sandbars developed across the mouths of the Volta and smaller rivers that empty
into the Gulf in the same area, forming numerous, often large, lagoons (Owusu-Ansah, 1994).

The largest part of the Low Plains is the Akan Lowlands, which lie to the west and north of the Coastal

Savanna and Accra Plains. Some classify this region as a subdivision of the Ashanti Uplands because of the
many characteristics they share. Unlike the uplands, however, the height of the Akan Lowlands is generally
sea level to 150 m. Some ranges and hills rise to about 300 m, but few are >600 m. The lowlands that lie to
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the south of the Ashanti Uplands receive several rivers that drain into the Gulf of Guinea (Densu, Pra,
Ankobara, and Tano tivers) (Owusu-Ansah, 1994).

VOLTA BASIN

The Volta Basin, lying in the central part of Ghana, covers about 45 percent of the country’s total land
surface. The Basin’s northern section, which lies above the upper part of Lake Volta, rises to a height of 150
to 215 m above sea level. The western rim along the Konkori Scarp and northern rim along the Gambaga
Scarp reach elevations of 300 to 460 m. To the south and the southwest, the basin is <300 m in elevation.
The Kwahu Plateau marks the southern end of the basin, although it forms a natural part of the Ashanti
Uplands. The basin is delimited to the east by the Akwapim-Togo ranges. The basin is characterized by poor
soil, generally of Voltaian sandstone. Annual rainfall averages between 1,000 and 1,140 mm. The most
widespread vegetation type is savanna (Owusu-Ansah, 1994).

The Afram Plains, located in the southeastern corner of the basin, contrast with the rest of the Basin. The
terrain in the Afram Plains is low (average 60-150 m in elevation), and annual rainfall is between 1,140 and
about 1,400 mm. Near the Afram River, much of the surrounding countryside is flooded or swampy during
the rainy seasons. With the construction of Lake Volta (8,515 ha in surface area) in the mid-1960s, much of
the Afram Plains was submerged (Owusu-Ansah, 1994).

ASHANTI UPLANDS

The Ashanti Uplands consist of the Kwahu Plateau and Southern Ashanti Uplands and lie just north of the
Akan Lowlands and stretch from the Céte d'Ivoire border in the west to the elevated edge of the Volta Basin
in the east. Oriented from northwest-to-southeast, the Kwahu Plateau extends 193 km between Koforidua in
the east and Wenchi in the northwest. The average elevation of the plateau is about 450 m, rising to a
maximum of 762 meters. The Plateau forms one of the important physical and climatic divides in Ghana.
From its northeastern slopes, the Afram and Pru rivers flow to the Volta River and on the opposite side, the
Pra, Birim, Ofin, Tano, and other rivers flow south toward the Gulf (Owusu-Ansah, 1994). The Plateau has a
significant impact on mean annual rainfall totals (Owusu and Waylen, 2009) and as a result, also marks the
northernmost limit of the closed canopy forest zone (Hall and Swaine, 1976). The Southern Ashanti Uplands,
extending from the foot of the Kwahu Plateau in the north to the Akan Lowlands in the south, slope from
about 300 to 150 m elevation. The area also contains several hills and ranges (Owusu-Ansah, 1994).

HIGH PLAINS

The general terrain in the northern and northwestern part of Ghana outside the lower lying areas in the Volta
Basin consists of a dissected plateau, which averages between 150 and 300 m elevation but in some places is
higher. Rainfall averages between 1,000 and 1,150 mm annually, although in the northwest it is closer to 1,350
millimeters.

ECOLOGICAL ZONES

Tropical high forests (of various associations) and savannas are the two major biomes represented in Ghana
(Figure 5.1). The southern half of the country, roughly south of the Kwahu Plateau, supports the closed
forest and the northern half supports savanna and woodland vegetation. Within these major vegetation types
there are many variants (e.g., swamp forests in the forest zone, gallery forests along rivers in the savanna)
(MSE, 2002). These regions are largely influenced by the two main regimes of seasonal rainfall. The first is the
double maximum rainfall regime occurring south of about latitude 8°30°N, affecting the closed forest region
and coast. The two maximum periods generally occur from May to August and from September to October
(Dickson and Benneh, 1988; Benneh and Agyepong, 1990). The single maximum regime occurs north of
8°30’N in the savanna biome where the single rainy season occurs from May to October followed by a long
dry season from November to May. The forest zone extends over a major part of the southwest of Ghana
and comprises the eastern end of the Upper Guinean forest block, one of Africa's two major lowland
rainforest blocks. Much of the forested area in Ghana is now deforested and replaced by derived savanna,
which is a mosaic of cultivation, farmbush, and secondary forest, all of which permit savanna species to
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extend into the forest zone. Of the remaining forest, most is now restricted to protected areas and little is
primary forest, having been modified by humans (Owusu-Ansah, 1994).

Seven main forest types are recognized within the forest zone, based on environmental, physiognomonic, and
geographical criteria (Hall and Swaine, 1981): wet evergreen, moist evergreen, upland evergreen, moist semi-
deciduous, dry semi-deciduous, southern marginal, and southeast outlier forest. Three savanna types are
generally recognized: a transitional zone, Guinea savanna, and Sudan savanna. The change from one type of
forest or savanna to another is usually progressive. For purposes of addressing climate change, we delineated
ecological zones in Ghana based primarily on annual total rainfall and major natural vegetation types (Hall
and Swaine, 1976; MSE, 2002; Menczer and Quaye, 2006; Minia, 2008). We recognize six major zones: the
Coastal Savanna Zone, Wet and Moist Evergreen Forest Zone, Deciduous Forest Zone, Transitional Zone,
Guinea Savanna Zone, and Sudan Savanna Zone.
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Figure 5.1 Ecological Zones of Ghana

COASTAL SAVANNA ZONE
The Coastal Savanna Zone is a narrow belt paralleling the coast (Jenik and Hall, 1976; Dickson and Benneh,

1988; Menczer and Quaye, 2006; Minia, 2008). Depending on exact boundary placement, estimates of the

area covered by the zone ranges from 5,800 km? (Oppong-Anane, 2001) to 16,000 km? (Menczer and Quaye,
20006). Annual total rainfall averages 890 mm (range 600-1,150 mm, Menczer and Quaye, 2006; Minia, 2008)

and occurs in two annual peaks, but rainfall in the southeastern part of the zone is the lowest in Ghana (ca.
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600-800 mm per yeat, Jennik and Hall, 1976;. Dickson and Benneh, 1988; Menczer and Quaye, 2006). The
major growing season is 100-110 days and the minor season 60 days (Oppong-Anane, 2001). From a tapered
western point, the Coastal Savanna Zone widens to about 80 km inland and along its width includes southern
parts of the Central, Greater Accra, and Volta regions. In southeastern Ghana, the region encompasses much
of the Accra Plain and Keta Plain (Volta Delta) as well as the southern third of the Ho Plain (Jenik and Hall
1976, Oppong-Anane, 2001; Minia, 2008). The zone consists of a coastline strand of vegetation along the
seashore, mangrove vegetation (mostly degraded) associated with lagoons and coastal estuaries, and inland
vegetation primarily of scrub, grasses, and scattered trees with relatively poor soils. The major vegetation
types are classified as southern marginal forest from about Accra westward, southern outlier forest in the
Accra Plains, and savanna in the Ho Plains (Hall and Swaine, 1976; Menczer and Quaye, 2006). The southern
marginal forest type occurs in a narrow strip from Cape Coast to Akosombo within the vegetation zone
classified as coastal savanna. Because of population growth, southern marginal forests now are reduced to
fragments and mosaics of forest mainly restricted to rocky hills (Menczer and Quaye, 2000).

EVERGREEN FOREST ZONE

The Evergreen (Rainforest) Forest Zone is located in the southwestern corner of Ghana in the Western
Region. The zone covers about 7 percent of Ghana and about 20 percent of all high forest in the country
(Menczer and Quaye, 2006). The forest types in the zone are wet evergreen and moist evergreen (Hall and
Swaine, 1976). The wet evergreen forest type occurs in the southeastern-most corner of the country in an
area of about 750,000 ha (SRID, 2010), where rainfall is highest at 1500-2100 mm/year (Menczer and Quaye,
2000), averages 2,092 mm/year, and occurs on average 143 days/year (Minia, 2008). The major growing
season is 150-160 days and the minor season 100 days (Oppong-Anane, 2001). The moist evergreen forest
type lies between the area of wet evergreen forest to the southwest and the moist semi-deciduous forest to
the northeast; the area receives annual rainfall of 1500-1750 mm. Although somewhat less diverse floristically
than the wet evergreen forest, the moist evergreen forest contains more species of commercial timber trees
and as a result has been subjected to more logging.

DECIDUOUS FOREST ZONE

The Deciduous Forest Zone includes two primary forest types: moist semi-deciduous forest and dry semi-
deciduous forest (Hall and Swaine, 1976). The northern boundary of the zone follows the Kwahu Plateau,
and the southern edge blends into the moist evergreen forest type. The zone has a more cleatly defined dry
season than the evergreen forest types (MSE, 2002). Moist semi-deciduous forest occurs in a region receiving
a total annual rainfall of 1,250-1,700 mm/year and abuts the moist evergreen forest type to the south. To the
northeast along the Kwahu Plateau, the narrow belt of dry semi-deciduous forest type is in an area receiving
annual rainfall of 1,250-1,500 mm. Here there is a pronounced dry season. The major growing season is 150-
160 days and the minor season 90 days (Oppong-Anane, 2001). The dry semi-deciduous forest has two
subtypes based mainly on amount of rainfall and occurrence of fire, a wetter inner zone, and a drier fire zone
subject to frequent fires (Hall and Swaine, 1976). In the fire zone, the opening of the forest canopy for
farming, the subsequent invasion of grass, and the effect of fire has destroyed the original high forest and
allowed the invasion of savanna trees resulting in a mosaic of forest and savanna vegetation, referred to as
derived savanna. This type is described as forests containing clearings of savanna or savanna with clumps of
forest trees (MSE, 2002). The fire zone, along with the Guinea Savanna to the north, supplies much of
Ghana’s fuelwood and charcoal (Menczer and Quaye, 2006). The Deciduous Forest Zone includes areas in
the Western, Ashanti, Central, Eastern, southern Brong Ahafo, and northern Volta regions.

FOREST-SAVANNA TRANSITIONAL ZONE

As the name implies, the Forest-Savanna Transitional Zone is an area largely of derived savanna between the
Dry Semi-deciduous Forest Zone along the Kwahu Plateau and the Guinea Savanna to the north. The area is
expanding along forest fringes with grassland replacing forest (Oppong-Anane, 2001) and is believed to have
been derived from forest (Dickson and Benneh, 1988). The boundaries of this region are variously drawn.
Menczer and Quaye (2006) indicated it occurs between about 120 and 275 m in elevation and receives a total
annual rainfall of about 1450 mm. Oppong-Anane (2001) similarly placed the zone between about 7 and 8°
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North latitude. Minia (2008) delineated a transitional eco-climatic zone as being farther north (about 7.5-8.5°
North) with an average annual total rainfall of 1,301 mm with rain occurring an average of 101 days/year.
SRID (2001) indicated the zone encompassed 6,630,000 ha of central Ghana. Rainfall occurs in one peak in
some years and two peaks in others, although most years show two peaks (Oppong-Anane, 2001) with major
and minor growing seasons of 200-220 and 60 days, respectively (SRID, 2010). Within this transitional area,
most of the tree species are similar to those in the forest zone to the south (Dickson and Benneh, 1988), and
occur in association with tall to medium tall grasses. The soils are fairly fertile and support a wide variety of
crops.

GUINEA SAVANNA ZONE

The Guinea Savanna Zone (also called Tallgrass Savanna Zone or Interior Savanna Zone) lies to the north of
the Forest-Savanna Transition Zone and is the largest zone, occupying the entire northern half of the country
(northern Brong-Ahafo, Northern, Upper West, and Upper East regions, about 14,790,000 ha; SRID, 2010).
The zone has an extension through the Akosombo gorge and into the Ho Plains in southwestern Ghana
(southern Volta Region). The zone receives an average annual rainfall of about 1,115 mm allocated among an
average of 99 days/year (Minia, 2008). The Guinea Savanna Zone has one distinct rainy season beginning in
late April or early May, peaking in August-September and abruptly declining in October-November.The rainy
season is followed by a long dry period (Dickson and Benneh, 1988; Oppong-Anane, 2001). The single
growing season ranges from 180-200 days (SRID, 2010). Much of the eastern part of the zone lies in the
relatively low-lying Volta River Basin, but the northern and western parts of the zone are situated on a
dissected plateau (the High Plains of the Konkori and Gambarga escarpments) (Owusu-Ansah, 1994). Soils
are generally poor but are most productive in floodplains and along river banks. The vegetation is that of
wooded grassland, consisting of a ground cover of grasses of varying heights interspersed with fire-resistant,
deciduous, mostly broad-leaved trees, some of which also occur in the dry semi-deciduous forest type to the
south. The other dominant feature of the vegetation in the zone is the grasses that grow under and between
the trees. Tree cover and tree height decrease from south to north along a decreasing rainfall gradient
(Owusu-Ansah, 1994). In their most luxuriant state trees show varying completeness in canopy (Dickson and
Benneh, 1988; Benneh and Agyepong, 1990). Likewise, the grasses in the Guinea Savanna Zone are not
uniform but differ according to soil type and moisture regime (Oppong-Anane, 2001; MSE, 2002). The
grasses tend be tall (2-3 m), dense perennial species which, with increased latitude, are replaced by smaller
species, among which annuals become increasingly common (Owusu-Ansah, 1994). Bare, granitic inselbergs
are a typical feature of the savanna landscape. In the dry season, fires, most of which are set by humans, rage
through the region.

SUDAN SAVANNA

The Sudan Savanna (or Short-Grass Savanna) lies to the north of the Guinea Savanna and covers a greater
part of Burkina Faso and Mali. Like the Forest-Savanna Transition zone, its boundaries are variously drawn.
Some (Dickson and Benneh, 1988; MSE, 2002; Oppong-Anane, 2001; Menczer and Quaye, 2006) limit the
zone to extreme northeastern Ghana in the Upper East Region in an area variously estimated as 1,900 (SRID,
2010), 7,200 (Benneh and Agyepond, 1990), and 10,540 km? (MSE, 2002). Minia (2008) delimited a much
broader eco-climatic belt of Sudan Savanna across northern Ghana, corresponding roughly to the southern
boundary of the Upper East Region and the northern half of the Upper West Region (about 10.5° N
latitude). Given the rather high population pressure in the area, the former small patch in the Upper East
Region may simply be the result of degradation by man rather than a climatic biome (Oppong-Anane

2001). Similarly, the broader belt (Minia, 2008) may likewise simply indicate degradation of Guinea Savanna
by poor land use practices. The natural vegetation of the Sudan Savanna Zone is characterized by fire-swept
short grasses interspersed with low-density woodland of short, low branching, thin-leaved, deciduous species
that are drought and fire-resistant (Dickson and Benneh, 1988). Grass cover is sparse and in areas the land is
bare and severely eroded (Menczer and Quaye, 2000).
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AGRICULTURE

Agriculture dominates the Ghanaian economy in terms of income, employment, food security, and export
earnings. Performance of the sector, however, has lagged other segments of the economy at rates lower than
growth in GDP. Positive growth rates within the agriculture sector come primarily from cocoa production
and marketing. The livestock, fisheries and food crops sub-sectors, on the other hand, have not shown any
appreciable improvements. Nevertheless, modernization of the agriculture sector is expected to be an
important driver of growth in the medium-term on the basis of improved productivity; the growth goals
cannot be met by simply expanding land under cultivation (Breisinger, Diao et al. 2008). The Government of
Ghana considers agricultural modernization as a pre-condition for the structural transformation of the
economy and the sustainable reduction in the incidence of poverty. Central to this strategy are improvements
in food crop production and expansion of cash crops with a heavy reliance on transforming smallholder
farmers by increasing their market orientation (Chamberlin 2007).

The dominance of rain-fed agriculture in Africa makes its population vulnerable to climate change,
particularly warmer temperatures and lowered rainfall, and some countries are more vulnerable than others
(Kurukulasuriya, Mendelsohn et al. 2006; Dasgupta and Baschieri 2010). Additional constraints (disease
burden, debt burden, political instability, and conflict) reduce the adaptive capacity and increase the
vulnerability of rural populations (Challinor, Wheeler et al. 2007; Brown and Crawford 2008). Generally,
however, African countries lag the rest of the world in adopting agricultural innovations, such as high-yielding
crop varieties and capital intensive technologies such as irrigation (Evenson and Gollin 2003; Kurukulasuriya,
Mendelsohn et al. 2006). Even as climate-neutral innovations could improve the lot of farmers currently and
possibly increase their resilience in the face of future climate conditions, agricultural intensification could lead
to other vulnerabilities. Intensification that led to higher incomes would likely attract migrants using less
adapted methods that resulted in degradation, especially at climate zone margins (Geist, Lambin et al. 2000).

SMALLHOLDERS

The commonly held view of agriculture in Ghana is that smallholders predominate, with about 90 percent of
farm holdings <2 ha in size (MOFA, 2006). Some of the characteristics associated with the smallholder
classification include limited land, capital, and access to inputs; often smallholder is assumed to be
synonymous with subsistence farming. Such generalizations obscure the diversity of conditions in Ghana at
the household level among regions and ecological zones (Chamberlin, 2007). Even the statistics of
landholding obscure the differences in secure access of land that result from the diverse traditional rights and
tenure arrangements.

Chambetlin (2007) used the 2005/2006 Ghana Living Standards Survey and district-level production data to
characterize Ghanaian smallholder agriculture. The national average landholding is 3.2 ha (defined as the land
used by farmers for production, the sum of all plots sizes reported per household without regard to tenure
arrangement). Landholding was on average larger in the Savanna zone (4.0 ha) and smaller in the Coastal and
Forest zones (respectively 2.3 and 3.1 ha). More than 70 percent of farmers have the average landholding or
less, whether at the national level or for their ecological zone. The larger landholding in the northern savanna
zones is offset by the lower productivity of this lower rainfall area. Most farms grow multiple crops; the
national average is about four but smaller farms grow fewer crops than larger farms. The less diverse
smallholders thus may be more vulnerable to the risk of crop failure (Chamberlin, 2007). Maize and cassava
are the most frequently grown crops regardless of farm size and geographic zone (Table 5.1) and they are
particularly important for the smallest landholdings (>2 ha).
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Table 5.1 Percentage of producer households that grow maize and cassava,
by farm size and ecological zone, 2005/2006

Maize Cassava
Farm size (ha) Coast Forest Savanna Coast Forest Savanna
<0.5 66 63 41 85 83 37
0.5-1.0 70 68 44 89 80 22
-2 74 68 47 92 82 22
2-3 76 66 64 90 82 24
3-4 68 66 72 87 86 35
4-5 65 65 78 9l 8l 25
>5 63 67 86 85 8l 35
Average 70 66 6l 88 82 27

Source: Chamberlin, 2007

Somewhat surprisingly, a significant share of smallholders sells some portion of their production although the
proportion is greater for larger landholders. Thus, even smallholders have multiple objectives of food security
and generating cash to purchase clothing and other needs (Yiridoe, Langyintuo et al. 2006). With the
exception of rice; the Savanna zone has the lowest rates of market participation. Nationally, groundnuts are
the most commercialized crop and millet the least.

Although growth rates in agricultural production have slowed since the 1980s, they have been positive; annual
growth over the period 1991-2000 was 3.97 percent (Chamberlin, 2007). Most of the growth, however, came
from increases in the area harvested, not from productivity gains; rice and millet were exceptions. There are
substantial differences in regions of the country, both in terms of average growth rates for maize and the
share of growth resulting from extensification versus intensification (Figure 5.2). The strategy of
extensification (increasing the area under cultivation) has led to significant environmental damage
(deforestation, desertification and soil erosion) and is cleatly unsustainable (FAO, 2003). Meeting the
ambitious goals set by the government for increased agricultural productivity will be challenging; intervention
is needed to set agriculture on a different development trajectory (Breisinger, Diao et al. 2008).
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Figure 5.2 Average annual growth rates due to increased harvest area
and yield (productivity gain), 1994-2003

CROPPING AND FARMING SYSTEMS

Cropping systems in Ghana are highly diverse, reflecting dynamic adaptations to increasing population
pressure, land insecurity, climate variability, and new trading opportunities or markets (Challinor, Wheeler et
al. 2007). A generalized scheme (Table 5.2) differentiates cropping systems on the basis of permanence,
ranging from episodic to permanent cropping. Episodic cropping systems are further differentiated by the
length of the fallow interval; traditional shifting cultivation, with fallow periods of <25 years, were common,
especially in the wetter south before population pressure caused shortening of the fallow period. Some
references distinguish between bush and grass fallow; both have six to 10 year fallow periods. It is unclear,
however, if bush fallow refers only to more humid regions and grass fallow to the drier regions. Alternatively,
the distinction could be that grass fallow refers to conditions where the fallow interval is too short or
precipitation is too low for woody plants to re-grow. Short fallow of 1 to 2 years duration may be combined
with a cover crop such as a nitrogen-fixing legume. Of course, continuous cropping has no fallow period.
Fallow length is important for soil fertility recovery and also for weed control; also soil physical properties are
sensitive to fallow length, requiring >10 years to recover structural stability, which can be less with cover
crops (Valentin, Rajot et al. 2004).

Most smallholder farmers combine strategies to meet their food security and cash flow needs; farming
systems may combine sedentary and shifting cropping systems as well as intercropping and rotational
cropping. Even cocoa farmers retain some of their land to grow food crops to meet their own needs
(Sandker, Nyame et al. 2010). Traditional cropping systems in semi-arid West Africa, including the northern
savanna zones in Ghana, are dominated by cereal-based systems, usually combining two or more crops in a
field. Intercropping minimizes risk of crop failure from drought or flooding and spreads the need for labor
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over a longer period. With the risk spread over two crops, a smallholder can take advantage of a long growing
season during a year of above average precipitation. In the savanna zones, farming systems have been
modified from shifting cultivation to a combination of compound and bush fallow systems. Compound
cropping involves intensively cropping fields around the compound house with vegetables, millet, guinea
corn, maize, cowpea, tobacco, and melons. These fields are kept fertile with household compost and livestock
manure. The next zone of short-fallow fields are rarely fertilized and grow millet, guinea corn, and
groundnuts (EPA 2008). The surrounding area may have upland or lowland bush fallow fields for growing
yams and other staples or communal land for grazing. Crop residues from the bush fallow are the main
source of livestock feed in the dry season (Bationo and Ntare 2000).
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LAND SUITABILITY

The CSIR-Soil Research Institute has used an agro-ecological zoning method with a GIS to assess the suitability of
regions within Ghana for different crops and farming systems (Boateng 2005). The rationale for the method is that
crops require a specific range of soil and climate conditions for best growth and some soil and terrain characteristics
constrain cropping systems. A crop’s climate and soil requirements are defined based on knowledge and empirical
research. Soil and terrain factors such as soil type, texture, drainage, depth to impermeable layer, pH, salinity, and
slope might be considered along with length of the growing season, temperature, and microclimatic factors during
critical growth stages (Boateng 2005). Once the critical factors are defined, the range of values can be classified as to
suitability. Geo-referenced soil, climate, and terrain variables are then interpreted in terms of the suitability classes and
map layers produced for each factor; the factor layers were standardized to a grid cell (pixel) size for further analysis.
Combining climate, soil, and terrain feature suitability sequentially by limiting factors results in an interpretive map of
soil-crop suitability (Map 5.2).

Areas on the map in shades of green (Sla, S1b, S2a, S2b, and S2c) are suitable for extensive cultivation of export and
food crops (soil descriptions are given in Table 5). The S1 soils are highly suitable for mechanized cropping (suitable
crops are shown in Table 5.3) and the S2 soils are suitable for mechanized cropping with some limitations. The S3
soils (olive, yellow, and light tan colors on the suitability map) are not suitable for mechanized cropping but are still
fairly suitable for cultivating a variety of crops. The S4 soils are less suitable (fairly or marginal) for agriculture,
forestry, and improved pasture. The N1 soils are unsuitable for arable agriculture, tree crops or grazing due to heavy
texture and poor drainage; N2 soils are very unsuitable for crop or livestock production. The D soils developed in
lagoons and their high salinity makes them unsuitable for crop or livestock production.

Soil suitability for cropping is not the only consideration in agricultural development but is certainly a major factor in
sustainability. Although this map provides sufficient guidance for large-scale planning, more detailed soils information
is needed for project planning. A further limitation is that interpretations were made on currently available crop
varieties under current climatic conditions; breeding programs may produce varieties that overcome some limitations
and climate change may alter agro-climatic zones.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 63



SOIL-CROP SUITABILITY MAP OF GHANA
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Figure 5.3 Soil-crop suitability map for Ghana
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MAJOR CROPS

MAIZE

Maize is the most important food crop for smallholders, who obtain 20 percent of their caloric intake from
maize. Because maize also is used to meet their cash needs, about half of maize produced is marketed
(Braimoh and Vlek 2006). The Northern Region once was Ghana’s leading producer of maize but yields have
declined from an average yield in 1996 of >1200 kg/ha to less than 900 kg/ha in 2000 (Braimoh and Vlek
2000). Soil quality is the most important factor in maize yields in northern Ghana; cropping systems ate
needed that conserve soil organic matter (SOM) and minimize cultivation.

Low soil organic matter and limited availability of plant nutrients, in particular phosphorus and nitrogen, are
major bottlenecks to agricultural productivity in Ghana, which is further hampered in the Savanna Zone by
substantial topsoil losses through wind and water erosion (Schlecht, Buerkert et al. 2006). Low soil organic
matter levels are due in part to “cut and carry” removals for livestock feed in the dry season. Residue burning
to prepare fields for planting is another factor in low N inputs (Braimoh and Vlek 2006) and escaped
agricultural fires are a problem throughout Ghana and is practically an annual event in parts of the savanna
zones.

Braimoh and Vlek (2006) found that maize productivity in the Northern Region was limited by soil organic
carbon, low clay content (which affected moisture holding capacity), and low potential for chemical activity
(ECEC, exchangeable cation exchange capacity). The average level of nitrogen additions was 8.3 kg/ha/yr,
well below the optimum level of 100 kg/ha/yr; fertilizer additions decreased as costs rose relative to prices
for maize. Fertilizer use was a major policy strategy in the 1960s and 1970s with the government providing
subsidies. After subsidies were removed in the structural adjustments of the 1980s, mineral fertilizer use by
smallholders declined rapidly (FAO 2003). In addition to price constraints, the lack of access to credit, poor
marketing, and distribution of fertilizer affect farmers’ decisions (Braimoh and Vlek 2000).

Planted legume fallows have been tested that improve soil fertility and crop yields but cover crops are not
attractive to farmers unless there is an additional benefit, e.g., livestock feed. Even with these organic systems,
added fertilizer phosphorus and possibly potassium additions are required to sustain or maximize yields
(Braimoh and Vlek 2004). For example, legumes that fix atmospheric nitrogen need phosphorus inputs for
optimum production (Braimoh and Vlek 2006).
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Figure 5.4 Average annual district growth rates for maize, 1994-2003
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Figure 5.5 Share of district maize growth from area expansion, 1994-2003

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT

69



RICE

Overall rice yields in sub-Saharan Africa are low; recent upward trends in rice production were mainly due to
the expansion of rice production into marginal areas in West Africa where rice is grown more for subsistence
than as a cash crop. Rice production accounts for 15 percent of agricultural GDP and 45 percent of the total
area planted to cereal grains in Ghana (Yiridoe, Langyintuo et al. 2006). The main production systems are
irrigated, rainfed lowland, and rainfed upland systems (Table 5.4). Urban consumers prefer imported rice
because the domestic rice is of inferior quality; it is uneven in quality, with impurities. Thus two challenges to
commercialization of rice production in Ghana are to increase productivity and improve quality of domestic
rice.

Higher-yielding rice varieties have been developed by the West African Rice Development Association
(WARDA). These ‘New Rice for Africa’ INERICA) varieties are based on crossings between Aftrican rice
(Oryza glaberrima Steud.) and Asian rice (O. sativa L.). The NERICA varieties have high yield potential and
short growth cycle. Other desirable traits are eatly vigor during the vegetative growth phase (which may be
useful for competing with weeds), and some varieties are resistant to African pests and diseases, such as the
devastating blast, as well as rice stemborers and termites. They also have higher protein content and amino
acid balance than most of the imported rice varieties.

RAINFED UPLAND

Yields in upland systems average about 1 t ha-1. Factors responsible for low yields include weed competition,
drought, blast disease, soil acidity and low fertility (especially P). Traditionally, a long period of bush fallow
was used to control weeds and maintain soil fertility but fallow periods have decreased. The increased weed
competition increases labor needs during the main cropping season, which is already a problem in some areas,
such as the northern savanna zones.

RAINFED LOWLAND

Adequate water control is the key to higher yields in rainfed lowland rice grown on flood plains and in valley
bottoms; typical yields vary from 1 to 3 t ha-1. Although these systems have a high potential for
intensification, development faces socio-economic constraints from access to resources to increase inputs,
production risk, farmer knowledge of appropriate management practices, land insecurity, and human health
problems, such as malaria (Tanser, Sharp et al. 2003; Haines, Kovats et al. 2006). Smallholder production in
the northern savanna zones is on lowland fields (i.e., river alluvial plains); there is little upland rice grown in
the northern savanna zones.

IRRIGATED RICE

Irrigated rice is mainly in the northern savanna zones and yield potential is much higher than in rainfed
systems, 10 t ha-1. Major challenges of irrigated rice production are adequate water control and maintaining
the irrigation system. Irrigated systems account for 25 percent of national production with access to irrigation
systems dominated by political elites and economic power groups. The few irrigated rice projects in the
Northern Region are controlled by the Ghana Irrigation Development Authority (Yiridoe, Langyintuo et al.
2006).
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Table 5.4 Rice cropping systems in Ghana

Total area Mangrove Deep Irrigated Rainfed Rainfed
(ha) swamp water lowland lowland upland
81,000 0 0 12,150 12,150 56,700

Rice production in the northern savanna zones is constrained by nutrient limitations, especially nitrogen
(Yiridoe, Langyintuo et al. 2006) but financial constraints and production risks (drought and flooding) limit
chemical inputs (Langyintuo, Yiridoe et al. 2005). Although improved fallow (leguminous cover crops) would
increase yields, optimal yields would only be possible with increased nutrient inputs (Langyintuo, Yiridoe et al.
2005), which is also the case with upland rice elsewhere in West Africa (Becker and Johnson 2001). Optimal
whole-farm production systems, including rice using traditional (grass fallow) methods, requires more than 9
ha of production land, which is about twice as much as the mean land holding for Northern Ghana (Yiridoe,
Langyintuo et al. 2006; Chamberlin 2007). Yiridoe et al. (2006) concluded from their modeling results that
that transforming existing smallholders into commercial operations will require increasing land holdings.
Replacing traditional grass fallow with short-duration leguminous cover crop fallow would be accompanied
by increasing mechanization to replace the labor needed to farm the larger acreages.

Boateng (2005) used the agro-ecology zone method to estimate the amount of land in Ghana suitable for
rain-fed rice agriculture. Three rice cultivars of differing maturation periods were used in the suitability
evaluation. He found that 48 percent of the total land area of Ghana could potentially support growth of the
very early-maturing variety that required < 100 days to mature, amounting to about 11 million ha. Of course,
the same land ateas are also suitable for a variety of other crops, including maize; therefore, his estimates
should be regarded as optimistic. The amount of land suitable for the medium maturing cultivar (120-140
days) dropped to 5 million ha (26 percent of the land area). If only the areas judged very suitable for rainfed
rice production were targeted for development as these should be the areas with the highest yield potential,
then the suitable land would be 9 percent (about 2 million ha). Although Boateng (2005) used a GIS to map
the suitability for rainfed rice cultivation, the poor quality of the publication available online does not permit
us to comment on the location of suitable soils.

Commercialization of maize and rice production in the northern savanna zones requires increased land
security in order to motivate farmers to invest in technology and inputs. Commercialization of maize
production already has led to changes in the land tenure patterns and a tendency to preferentially allocate land
to large-scale commercial farmers (Braimoh and Vlek 2006). Pressure on the available land resource has
already intensified conflict between farmers and herdsmen on the alluvial plains and among smallholders
where land fallowed by one family has been reallocated to another family (Braimoh and Vlek 2000).
Transforming rice cropping in the northern savanna zones would include concentrating access to land in the
hands of wealthy producers, while smallholders would lose their use rights (Yiridoe, Langyintuo et al. 2000).
Because the optimal rice farming system integrates livestock with crop production, the current system of
open grazing on communal lands would not be compatible and would likely mean a transition toward forage-
based feeding systems and year-round confinement (Yiridoe, Langyintuo et al. 2006). Forage-based feeding
and livestock confinement begs the question of how the forage be raised (e.g., inputs, processing, storage)
and how smallholders would confine livestock on already small land holdings

COCOA

Ghana is one of the world’s top producers and exporters of cocoa and the sector has played a key role in the
nation’s economic development (Breisinger, Diao et al. 2008). Recent increases in production have come
from expansion of the land cropped to cocoa and higher inputs of family labor. Suitable cocoa land is limited
to the Rainforest Zone (Figure 5.6) and production has moved across Ghana from east (Volta Region) to
west, the so-called cocoa frontier. In 2000, fully 25 percent of cultivated land in Ghana was devoted to cocoa
(Breisinger, Diao et al. 2008) and little additional suitable land is available (Chamberlin 2007). Increasing land
in cocoa production has been a driver of deforestation. Because cocoa was traditionally grown under shade,
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however, many valuable timber trees were retained in cocoa fields, augmented by planting of fruit and other
useful trees; thus, shade-grown cocoa was an agroforestry practice with greater biodiversity value than slash
and burn agriculture (Duguma, Gockowski et al. 2001) and full sun cocoa farming,.

Cocoa yields in Ghana are below international averages; the potential increase from higher productivity could
be more than double the yields in 2005 (FAO 2005; Breisinger, Diao et al. 2008). Increases could come from
new varieties and increased use of fertilizer. Newer varieties have been shown to increase yields by at least 42
percent and fertilizer use was associated with 19 percent higher cocoa yield per 50 kg bag of fertilizer (Edwin
and Masters 2005). Research has demonstrated the technical advantages of fertilized, low shade or full sun
hybrids and current recommendations from the Cocoa Research Institute of Ghana call for additions of
phosphorus, potassium, and micronutrient fertilizer, densely planted hybrid cocoa (1,111 trees ha'), while
retaining at most 12-15 shade trees ha! (Gockowski and Sonwa). In practice, smallholders have been able to
adopt only the low shade/full sun recommendation as they lack resources to acquitre hybrid seeds and
fertilizer. Little research has been directed towards increasing productivity of traditional shade grown cocoa
(Gockowski and Sonwa ; Breisinger, Diao et al. 2008) although that is an alternative that would avoid the
negative effects of full sun hybrid cocoa on biodiversity (Belsky and Siebert 2003; Franzen and Borgerhoff
Mulder 2007).

EFFECTS OF CLIMATE CHANGE ON AGRICULTURE

Crops are vulnerable to climate variability as evidenced most obviously by lowered yields during drought
periods, less dramatically by year-to-year variation in productivity. Vatiability can take many forms; for
example less total annual precipitation, delayed onset of the rainy period, higher temperature or sub-optimum
moisture during critical growth stages (too moist during establishment might favor diseases, such as damping
off; too dry during grain-filling might lower yield). Changes in average climate values in regions currently at
the limit for growing some crops could reduce yields to non-viable levels, for example, causing a shift towards
agropastoral systems. The complexity of crop growth requires climate data (short-term variability, frequency
of extreme events) at spatial and temporal resolutions that are currently beyond the reach of climate change
models (Challinor, Wheeler et al. 2007). In addition to inadequate climate models, crop modeling research has
favored the major global food crops and devoted less attention to crops important to Ghana, such as millet
and yams. Additionally, crop models generally are specified for monocropping and rately consider
intercropping. Improvements in both climate and crop models and the ability to model effects at scales from
the farmer’s field to the region and nation will be critical to formulating adaptation options for agriculture and
mainstreaming climate change into development programs (Challinor, Wheeler et al. 2007).

Several assessments have been made of the potential effect of climate change on crop yields in Africa
(Challinor, Wheeler et al. 2007). They are not readily compared because they use different global circulation
models, IPCC emission scenatios, and crop models, but they generally indicate negative effects for maize,
rice, millet and cereals in general; effects range from +16 percent to -98 percent change in annual yields
(Challinor, Wheeler et al. 2007). Linking five climate models and five emissions scenarios with a spatially
explicit agro-ecosystem model and a global food system (trade) model provided an integrated system to
examine not only climate change effects on agriculture but the effects of limited agronomic adaptation
(Fischer, Shah et al. 2005). Effects of climate change on agricultural production were relatively minor globally
but significant regionally. Ghana was projected to gain cereal-production potential by 2080, depending upon
emission scenario (Fischer, Shah et al. 2005) but generally, semi-arid zones within sub-Saharan Africa (such as
the northern savanna zones in Ghana) would experience reductions in cereal-crop production (Fischer, Shah
et al. 2005; Zhang and Cai 2011).
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Figure 5.6 Land areas in Ghana suitable for cocoa farming

Higher resolution approaches to climate modeling may use statistical methods to downscale output from a
GCM to the regional level to model effects at the smallholder level. Limitations of the approach are several,
including that statistical downscaling relies on a dense grid of meteorological stations to establish historical
relationships among weather variables; such grids are generally lacking over sufficiently long time periods
(minimally 30 years); and empirical relationships based on historic data may not be relevant under changed
future climates. Nevertheless, these downscaled data may have the temporal resolution to drive process-based
crop models. Using this approach, Jones and Thornton (2003) simulated growth and yield of maize crops in
Africa and Latin America until 2055. Maize is a C4 plant, thus tolerant of high temperatures but still sensitive
to lowered precipitation. Although the effects of climate change were small in aggregate (Jones and Thornton
2003), even the modest 10 percent decline in yield predicted for northern Ghana by Jones and Thornton
(2003) would adversely affect smallholders. Improvements in climate modeling (both in the ability of GCMs
to better project precipitation and the use of physically-based dynamic downscaling using regional climate
models) and better understanding and modeling of crop responses to climatic variables (Tubiello, Soussana et
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al. 2007; Challinor, Ewert et al. 2009; Soussana, Graux et al. 2010) are needed to effectively guide choice
among adaptation options.

Cocoa is highly susceptible to drought and the pattern of cropping of cocoa is related to rainfall distribution.
Climate change could affect vigor of the cocoa plant as well as alter stages and rates of development of cocoa
pests and pathogens. Using drought-tolerant varieties and irrigation are possible adaptations to climate change
but farmers are conservative and unlikely to adopt new technology unless there is a support system, such as
effective technical assistance (i.e., extension agents) and credit systems to assist in financing new technology.
Another adaptation is alternative; there is some evidence from the Volta region that this has occurred when
cocoa farming becomes marginal. Alternative crops to cocoa include other plantation crops (e.g., oil palm and
oranges) or food crops, such as maize and cassava (Anim-Kwapong and Frimpong). If the cocoa sector is to
realize its potential and contribute to Ghana achieving MIC status by 2015, yield increases through some
form of intensification are critical (Breisinger, Diao et al. 2008).

ADAPTATION OPTIONS

Adaptation to climate variability and change occurs (or not) at multiple levels, from the smallholder to the
national and even global level (Challinor, Wheeler et al. 2007). Farmers are vulnerable from shocks
(unexpected events such as flooding from extreme weather), seasonal variation, particularly in timing and
amount of rainfall, and long-term trends (such as increased mean temperature). Coping strategies commonly
are in place to reduce vulnerability to seasonal variation including planting mixtures of crops and cultivars
adapted to different moisture conditions (reducing the risk of complete crop failure); using landraces resistant
to climate stresses; and mulching or water conservation (Challinor, Wheeler et al. 2007). Farmers may plant
starvation reserve crops such as cassava that has 14 local varieties and three improved varieties with different
maturation periods and flexibility in how soon it must be harvested. For example, cassava acreage increased
sharply in 1984 because households with cassava farms during the drought in 1983 had food to eat after crop
failure in the drought year (Sagoe 20006). Multi-year droughts, however, will overpower these short-term
coping strategies and may cause long-term impacts if capital assets are lost (e.g., draft animals, seed stocks,
savings, or social capital) and there is no effective local or national support system (Challinor, Wheeler et al.
2007). An alternative to rainfed agriculture for some farmers may be small-scale irrigation; this requires
suitable land, access to water, and ideally, capital to invest in a pump. A simple treadle pump is in use in
Ghana, mostly in the Volta and Ashanti regions (Adeoti, Barry et al. 2007). In the northern savanna zones,
dry season vegetable crops are grown in floodplain fields that often are hand-watered. Many irrigation options
require infrastructure or cooperation among groups and are thus beyond the resources of a single farmer;
some examples for Northern Ghana are given in Table 5.5.

Many options are available for adapting agriculture to climate variability and change (Kurukulasuriya and
Rosenthal 2003); some of them are gathered in Table 5.6. Some farmers may opt to leave agriculture by
diversifying entirely into non-farm activity or migrate to urban areas (many farm households in the Northern
Region already send some family members south to work and return remittances). With increasing
populations, this option may not be available, forcing some households to remain in agriculture (Challinor,
Wheeler et al. 2007). Rather than diversifying, intensifying agriculture is another adaptation. Farming for
profit, however, will require concentrating agriculture on fewer larger farms to take advantage of economies
of scale, mechanization efficiencies, and market access (Kurukulasuriya and Rosenthal 2003; Challinor,
Wheeler et al. 2007). Such commercialization or rationalization of agriculture may be desirable from a national
development perspective, but given the traditional land tenure system and the insecurity of many
smallholders, development of large-scale farms by overseas investors may not only displace many
smallholders (Robertson and Pinstrup-Andersen 2010; Daniel 2011) but also increase the food insecurity of
local populations in bad crop years if they are priced out of the market for food. Given the likelihood that oil,
fuel, and petroleum-based agricultural chemicals will increase in price in the future and most smallholders
cannot afford such inputs without subsidies, questions of economic viability arise. Commercialization and
large-scale agriculture also pose uncertainties with or without climate change interactions with regard to
environmental effects and long-term sustainability.
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Farmers who depend on annual rains have already demonstrated considerable ability to adapt to uncertain
climate, at least to the historic range of variation. Their ability to adapt to future climates will depend in part
on a supportive institutional and macroeconomic environment (Kurukulasuriya, Mendelsohn et al. 20006;
Challinor, Wheeler et al. 2007). As noted by Challinor et al. (2007), coping with climate stresses will depend
on “Good governance, political will, and positive economic development.” Ghana is fortunate among West
African nations in that is politically stable yet its governance structures are weak and its public sector
underperforms, especially in the northern savanna zones (Blench and Dendo 2007). Clarification of land
tenure, tree tenure, and carbon rights is necessary for smallholders to access capital and make long-term
investments in conservation practices, agroforestry, and improved crop varieties and inputs. Access to
knowledge and assistance from extension workers is needed for farmers to modify their cropping systems
(Kurukulasuriya and Rosenthal 2003; Blench and Dendo 2007; Challinor, Wheeler et al. 2007; Breisinger,
Diao et al. 2008). Community-based approaches to identifying climate change adaptation strategies (e.g.,
CARE) and strategies for enhancing food security (e.g., Canadian International Development Agency or
CIDA) have been implemented in the northern regions and appear to hold promise. Reducing vulnerability to
cutrent climate stress may increase adaptive capacity and increase resilience to future climate change (Adger,
Hughes et al. 2005; Challinor, Wheeler et al. 2007).

Identifying climate risks and preparing for and mitigating climate disasters is a central role for government
but capability is poor or non-existent in Africa (Challinor, Wheeler et al. 2007). Weather monitoring and
forecasting capability is necessary for effective disaster planning as well as for providing information for
improving crop and climate modeling. Government agencies, NGOs, and CSOs in Ghana seem to have little
access to detailed climate projections and seemingly little understanding of the uncertainties surrounding
projections. Tools to assess the impact of climate change on agriculture are critical components of poverty
reduction programs (Challinor, Wheeler et al. 2007).

Table 5.5 Water development options in Northern Ghana

Options

Status

Small scale dams

Extensively inserted by government, donor projects, and NGOs throughout the North. Generally
successful, but cost is high and maintenance pathways (for larger repairs) not well established. Poor
mitigation of health and environmental impacts.

Dugouts

Extensively inserted by government, donor projects, and NGOs throughout the north. Generally
successful, but poor mitigation of health and environmental impacts. Rises in numbers of migrant cattle
could make these sites sources of friction.

Culverts/bridges for
water retention as ad-
on for feeder roads

This technology works well with high maintenance and extensive supervision (as in the AFD project).
However, post-project community maintenance is extremely poor and this technology will not work unless
much greater training investments are made.

Pumping from rivers

This is being tried informally on some river systems in Northern Ghana and undoubtedly produces the best
return (in terms of land cultivated per dollar) of any of these technologies. Although collective pumps
theoretically have economic advantages, in practice households prefer small individual pumps because a)
they control refueling and maintenance, and b) they can easily be moved by bicycle. One of the objections
to pumps is that they introduce inequity, but experience from other West African countries suggests that
individuals will cycle long distances in order to make use of their productive advantages.

Natural flood-plain
irrigation

This technology is not established anywhere in Ghana, although it works well in some neighboring countries
(Mali, Nigeria) and has potential along the White Volta. Advantages are that it makes maximum use of
natural fish production and is environmentally beneficial (limited standing water and river-bank protection).
Disadvantage is that it requires significant initial investment in earthworks, community training, and
cooperation (does not work for an individual household).

Wind pumps Just two wind-ups have been installed on an experimental basis in Northern Ghana and it appears that
neither pump is being properly maintained, nor are the gardens being irrigated to maximum efficiency.
Should be treated with caution until proven to work

Drip technology Although potential is great on existing dams, drip irrigation is only now being implanted on an experimental

basis by ICRISAT. Given the high maintenance and the short training time envisaged by ICRISAT, the
viability of this technology is doubtful at best.

Source: Blench and Dendo 2007
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POPULATION AND ECONOMY

Ghana contains 10 administrative regions that are divided into 170 districts.! As of 2010, Ghana’s population was
estimated at 24,233,431, a 28 percent increase over 2000 population levels (GoG, 2011). Between 2000 and 2010,
the country had an estimated 2.5 percent average annual population growth rate (Table 5.7). The population is
unevenly distributed across the country, with the southern regions generally having much higher population
densities than the northern regions (Table 5.C.1, Map 5.C.1).

Table 5.7 Population Growth Rate by Region

Total Population Annual inter-censal growth rate (%)
1960- 1970-  1984-  2000-
Region 1960 1970 1984 2000 2010 1970 1984 2000 2010
Western 626,155 770,097 1,157,807 1,924,577 2,325,597 2.1 3.0 32 1.9
Central 751,392 890,135 1,142,335 1,593,823 2,107,209 |7 1.8 2.1 2.8
Greater 541,933 903,447 1,431,099  2,905726 3,909,764 52 33 45 3.0
Accra
Volta 777,285 947,268 1,211,907  1,635421 2,099,876 22 1.8 1.9 2.5
Eastern 1,044,090 1,209,828 1,680,890 2,106,696 2,596,013 1.5 2.4 1.4 2.1
Ashanti 1,109,133 1,481,698 2,090,100 3,612,950 4,725,046 29 2.5 35 2.7
Brong-Ahafo 587,920 766,509 1,206,608 1815408 2,282,128 27 33 2.5 2.3
Northern 531,573 727,618 1,164,583 1,820,806 2468577 3.2 3.4 2.8 3.1
Upper East 468,638 542,858 772,744 920,089 1,031,478 1.5 2.8 1.1 1.1
Upper West 288,706 319,865 438,008 576,583 677,763 1.0 2.3 1.7 1.6
Ghana 6,276,815 8,669,313 12,296,081 18912,079 24,223,431 24 2.6 2.7 2.5

Sources: Ghana Statistical Service, 2000 Population and Housing Census; 2010 Population and Housing Census Provisional Results

The most densely populated administrative regions are Greater Accra, Central, and Ashanti, corresponding to the
Coastal Savanna and Deciduous Forest ecological zones. The high population densities found in the Greater
Accra Region and districts containing regional capitals reflect the fact that 43.8 percent of Ghana’s total
population lived in urban areas in 2000 (a locality having a population greater than 5,000 people, GSS, 2005). The
Akan ethnic group is the largest ethnic group in Ghana, and includes the Ashanti (whose power is centered in
Kumasi, in the Ashanti Region) and Fante (whose power is centered in Cape Coast, in the Central Region). Other
major ethnic groups are the Dabomba of the north, the Ewe of the east, the Ga and Adangbe of the south, and
the Guan of the northeast.

I In the late 1980s, Ghana’s districts were reorganized into | 10 districts. By 2006, 28 more districts had been created by splitting some of the

original districts, for a total of 138. In 2008, new districts were again created, bringing the total to 170, where it stands currently (Wikipedia,
Ghana Districts). Because most of the socioeconomic data contained in this report date from before 2006, they are presented for the 110
districts.
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Figure 5.7 Ghana Population Density by District (persons/km?)

Source : Ghana 2000 Population and Housing Census

Note: Dots indicate regional capital cities.

At a national level, Ghana’s economy is comprised of three primary sectors: agriculture accounts for roughly 30
percent of Ghana’s gross domestic product, industry accounts for roughly 20 percent, and service accounts for
roughly 50 percent (GSS, 2010a). There are three sectors that account for 80 percent of Ghana’s total
employment. The majority (55 percent) of the working population is formally employed in agricultural activities,
followed by 15 percent in trading, and 10 percent in manufacturing (GSS, 2008b). The agricultural sector in
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Ghana is comprised of crop and livestock production, which constitute 65 percent of all agricultural production;
cocoa production and marketing, which make up 12 percent; forestry and logging, comprising 10 percent; and
inland and marine fishing, constituting 13 percent (GSS, 20082). The agricultural sector has been a major driver of
poverty reduction, and dominates the livelihoods of rural households; 85 percent of rural households engage in

agricultural activities. By comparison, 28 percent of urban households report being engaged in agriculture (GSS,
2008b).

The official unit of currency in Ghana is the Ghana Cedi (Gh¢). One Ghana Cedi was equivalent to 0.66 U.S.
dollars in early 2011 (according to www.exchange-rates.org). The Ghana Cedi was introduced in July of 2007, and
was essentially a redenomination of the old currency. The former currency was the Cedi (as opposed to the new
Ghana Cedi); 10,000 (old) Cedis are equivalent to 1 (new) Ghana Cedi.

Below we provide a general characterization of the Ghanaian economy — with a focus on the agricultural sector —
in the coastal, forest, and savanna ecological zones.

CROP PRODUCTION

Smallholder farmers, who cultivate 1-2 ha plots of land, account for 80 percent of the country’s agricultural crop
production (USAID, 2011). The two most important crops to smallholder farmers in terms of sales are maize,
which brings in an estimated 412.29 million Ghana cedis in annual sales, and cocoa, which brings in 361.13
million Ghana cedis. Additional, albeit less lucrative, food staples grown by smallholder farmers include cassava,
yam, plantain, cocoyam, and various fruits and vegetables (Table 5.8) (GSS, 2008b). The remaining 20 percent of
the agricultural crop production is comprised of larger scale industrial plantations that produce palm oil, cotton,
rubber, sugar cane, and tobacco. With the exception of oil palms, Ghana’s plantation industries have suffered as a
result of the country's economic difficulties (Clark, 1994).

LIVESTOCK REARING

In Ghana, 60.5 percent of households ate engaged in raising livestock. According to the Fifth Round Ghana
Living Standards Survey, chicken is the most commonly reared animal; 30 percent of households reported that
they kept chickens. Eighteen percent raise goats, 11 percent raise sheep, 4 percent raise cattle, and 4 percent of
households keep other poultry including duck, turkey, and guinea fowl. Much smaller numbers of households
raise pigs, grasscutter rats, and rabbits (GSS, 2008b).

Table 5.8 Estimated annual crop value by value of sales

Annual value of sales (thousand Ghana cedis*)

Crop Coastal Forest Savanna Ghana
Maize 276,525 82,121 53,629 412,274
Cocoa 8,081 313,381 39,670 361,132
Groundnut 3,445 5,880 66,856 76,180
Rice 2,273 3,904 23,661 29,839
Cotton 20,742 20,742
Beans/peas 408 2,444 12,726 15,578
Sorghum 3 11,844 11,847
Millet 14 11,633 11,647
Coconut 8,275 390 31 8,696
Tobacco 57 7472 7,529
Cashew nut 54 165 3315 3,534
Sugar cane 2,106 781 2,887

Source: Ghana Statistical Service, Ghana Living Standards Survey 5

*] Ghana Cedi is equivalent to 0.66 U.S. Dollars.
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FISHERIES

In Ghana, the fisheries sector, dominated by males, employs roughly 3 percent of the population (GSS, 2008a).
The sector supplies about 60 percent of all animal protein for human consumption nationwide, and contributes
about 4.5 percent to the national GDP (GSS, 2008a; USAID, 2011). Ghana’s fishing industry is predominantly a
marine fishery; the Ghana Statistical Service (2008a) reports that in 2007, more than 75 percent of all fish catches
in Ghana were produced through marine fishing, while the remaining 25 percent occurred inland. The marine
fleet can be further broken down into three fleets: small-scale artisanal operators fishing out of wooden canoes,
semi-industrial inshore operators fishing out of planked, wooden vessels equipped with inboard engines, and
industrial offshore operators fishing out of steel-hulled foreign-built trawlers. In the 2001 census there were 9,981
artisanal canoes (currently estimated at 13,500), 169 in-shore semi-industrial vessels (339 in 2008), and 88
industrial offshore vessels (Finegold et al., 2010; UN FAO, 2011). It is estimated that more than 150,000
individuals are engaged in marine capture fisheries (Mensah et al., 2003), and that an additional 1.5 — 2 million
people rely on or provide support to the industry.”

NON-FARM RELATED ENTERPRISES

Despite the large size of the agricultural sector, a diverse array of industry groups can be found in Ghana (Table
5.9). After agriculture, the next two sectors with high employment include trade, which employs roughly 15
percent of the population, and manufacturing, which employs 11 percent (GSS, 2008b). Roughly 46 percent of all
households in Ghana operate non-farm related enterprises. Half of these businesses involve trade; the rest are
involved with some form of manufacturing. The main source of capital for non-farm related enterprises are
household savings and assistance from relatives or friends (GSS, 2008b). Although sectors such as tourism,
mining, forestry, and others make notable contributions to Ghana’s overall GDP (Table 5.10), the impact of these
industries on employment is minimal at a national level.

Table 5.9 Distribution of employed population age 15-64 years, by industry group (%)

Industry Ghana Urban Rural
Agriculture 55.8 18.6 753
Fishing |.4 0.7 1.7
Mining 0.7 0.9 0.6
Manufacturing 10.9 16.6 79
Electricity 0.2 0.5 0
Construction 1.8 35 0.9
Trade 15.2 304 7.2
Hotel and restaurants 1.9 3.1 1.3
Transport and communication 2.8 5.7 1.2
Financial services 0.3 0.8 0
Real estate 0.8 2.1 0.2
Public administration 1.4 37 0.2
Education 29 5.6 1.5
Health and social work 0.8 1.7 04
Other community services 2.7 53 l.4
Activities of private households 0.3 0.7 0.1
Extra territorial organizations 0 0.1 0
All 100 100 100

Source: GSS, 2008b; Ghana Living Standards Survey 5

2 Estimates in Chapter | of FAO (2002) on the size of the labor force vary somewhat from this estimate.
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URBAN VERSES RURAL LIVELIHOODS?

Livelihood strategies in Ghana’s urban areas differ considerably from those in rural areas. Urban livelihoods atre
important, given that 38 percent of Ghana’s population (43 petcent of total households) was urban in 2005/2006
(GSS 2008b). Urban areas can be further broken down into the Accra metro area, and other urban areas outside
of Accra (Ghana’s capital city). Accra contains 11.7 percent of the population, and 26.13 percent of the
population lives in an urban area outside of Accra.

Urban households have a mean size of 3.5, which is slightly lower than the national mean household size of 4.0.
Annual per capita income in urban areas is roughly 517 Ghana cedis, 120 Ghana cedis higher than the national
average, and 212 Ghana cedis higher than in rural areas. Income in urban areas comes primarily from employment
wages, which constitute 42.7 percent of an average household’s income. After employment wages, non-
agricultural forms of self employment constitute 30.7 percent of household income.

Table 5.10 Contributions of economic sectors to National GDP

Sector/subsector % of national GDP % of sector
Agriculture 37.58%

Crops and livestock 24.83% 66.07%
Cocoa production and marketing 4.34% 11.55%
Forestry and logging 3.62% 9.63%
Fishing 4.78% 12.72%
Industry 28.42%

Mining and quarrying 6.74% 23.71%
Manufacturing 8.83% 31.06%
Electricity and water 2.71% 9.52%
Construction 10.16% 35.77%
Services 34.00%

Transport, storage, and communication 5.69% 16.75%
Wholesale & retail trade, restaurants, and hotels 8.31% 24.45%
Finance, insurance, real estate, and business services 5.35% 15.75%
Producers of private non-profit services 0.88% 2.60%
Government services 11.83% 34.79%
Community, social, and personal services 1.97% 5.80%

Source: GSS 2008a; Ghana in Figures

Household agricultural income constitutes 12.3 percent, and remittances constitute 10.7 percent. Within Accra
these numbers change slightly; much more income comes from wages, and little income can be attributed to
household agriculture. Outside of Accra less income comes from wage jobs, and more income comes from non-
agricultural forms of self employment, making these two sources equal in terms of overall contributions to total
household income. About 1/3 of urban households have savings to fall back on in the case of economic
difficulty, which is significantly higher than the roughly 20 percent of households in rural areas who have savings
(GSS, 2008b).

3 The information in this section is based on the Ghana Living Standards Survey, Fifth Round, from 2005/2006 (GSS 2008b). Note that the statistics
we provide from this source sometimes differ from those provided elsewhere in this section and this report that come from other sources (e.g.,
the 2000 Population and Housing Census).

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 87



In terms of employment, three major industry groups dominate: 30.4 percent of the working population is in
trade, 18.6 percent in agriculture, and 16.6 percent in manufacturing. Minor industries such as construction, hotel
and restaurants, transport and communication, public administration, education, and community services play a
much larger role in urban than in rural areas (Table 5.9). Although only 18.6 percent of the urban population
claims to be employed through agriculture, outside of Accra informal agriculture still plays a notable role in urban
households — 40.6 percent of urban households outside of Accra reported owning or operating a farm or raising
livestock. Given land restrictions, livestock rearing tends to dominate urban agriculture. Eight percent of the
country’s draught animals, 9 percent of cattle, 12 percent of sheep, 13 percent of goats, 6 petcent of pigs, 20
percent of rabbits, and 13 percent of chickens are raised in urban areas (GSS, 2008b).

Rural livelihoods vary much more by locality than do urban livelihoods. When discussing rural livelihoods, it is
therefore best to subdivide them into coastal, forest, and savanna livelihoods, comparable to the broad ecological

regions of Ghana described in the previous section.

RURAL LIVELIHOODS ON THE COAST

The coastal ecological region is defined as the southernmost portion of the Western, Central, Greater Accra, and
Volta administrative regions. Ghana’s rural coast supports roughly 10.81 percent of the country’s total population,
and 12.19 percent of total households. Household size is on average 3.6, which is slightly lower than the national
average of 4.0. Annual per capita income across the rural coast is roughly 368 Ghana cedis, close to the national
average; however, households lying far from metro areas, particularly west of Sekondi-Takoradi, do experience
more difficulty procuring income. Household income along the rural coast comes primarily from agriculture,
which constitutes 48 percent, the largest share, of household income.* Wages from employment constitute 23
percent, and non-farm related enterprises constitute 20 percent. Only 25 percent of households have savings to
fall back on in the case of economic difficulty. Although a significant amount of Ghana’s tourism revenue is
generated along the coast, the impact of that revenue on household income is relatively small and restricted to
urban areas, where benefits are captured through secondary businesses (GSS, 2008b).

The predominant occupation of coastal inhabitants is marine fishing (Owusu-Ansah, 1994). As stated in the
national overview, the 2001 census recorded 9,981 artisanal canoes (now projected at 13,500), 339 in-shore semi-
industrial vessels, and 88 industrial off-shore vessels operating along the coast (Finegold et al. 2010, UN FAO
2011). These three fleets are estimated to support over 150,000 individuals directly and 1.5 — 2 million people
indirectly.

Along the rural coast, 73 percent of households claim to engage in household agriculture. Only a small percentage
of the country’s livestock is raised by coastal households: 6 percent cattle, 5 percent sheep, 6 percent goats, 9
percent pigs, 1 percent rabbits, and 9 percent chickens. The silty Keta Plain east of Accra, with its abundance of
water, supports shallot, corn, and cassava cultivation. The sandy soils of the river deltas also give rise to the copra
(coconut oil) industry. Salt-making from the dried beds of coastal lagoons provides additional employment
(Owusu-Ansah, 1994), however this practice is threatened in some areas by coastal recessions. Maize is the largest
cash crop grown. Roughly 9 percent of households grow maize, bringing in 276,525,000 Ghana cedis in annual
sales. The remaining agricultural production -- primarily cocoa, coconut, groundnuts, rice, and sugar cane — bring
in 25,211,000 Ghana cedis annually (GSS, 2008b).

RURAL LIVELIHOODS IN THE FOREST

Ghana’s rural forest areas, comprising portions of the Western, Central, Greater Accra, Eastern, Volta, Ashanti,
and Brong-Ahafo administrative regions, support roughly 28 percent of the country’s total population. Household
size is on average 4.1, roughly the same as the national average of 4.0. Annual per capita income across the rural
forest is roughly 323 Ghana cedis, 74 Ghana cedis below the national average. Household income within rural
forested areas comes primarily from agriculture, which constitutes 51 percent, the largest share, of household

4 The Ghana Living Standards Survey classification “agriculture” includes fishing.
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income; non-farm related enterprises constitute 23 percent, and wages from employment constitute 17 percent.
Only 27 percent of households have savings to fall back on in the case of economic difficulty (GSS, 2008b).

Cash crops bring in a total of 416,828,000 Ghana cedis in annual sales. Cocoa farming is the most valuable crop
to farmers in this eco-region, responsible for 313,381,000 Ghana cedis annually; however, only 12 percent of
households in the area farm cocoa. Twenty-two percent of households produce maize, which yields 82,121,000
Ghana cedis in annual sales. Other cash crops in the area include groundnuts, beans, coconuts, rice, sugar, ginger,
coffee, cashew, kenat, timber from wood lots, and rubber. As evidenced by their lower value, these are grown at a
much smaller scale. Most farmers also cultivate food crops; the forest eco-region produces the bulk of the
nation’s cassava, cocoyam, garden eggs, leafy vegetables, oil palm, plantains, tomatoes, yams, and fruits (GSS,
2008b). A fair number of households engage in livestock rearing, and a significant portion of the country’s
livestock are raised by households in this eco-region: 1 percent of cattle, 22 percent of sheep, 21 percent of goats,
11 percent of pigs, 45 percent of rabbits, and 32 percent of chickens (GSS, 2008b).

Aside from agricultural production, the forest is rich in mineral deposits, such as gold, diamonds, manganese, and
bauxite. At a national level, mining officially employs only 1 percent of the population, and tends to occur in areas
close to urban centers; however, a large informal and illegal mining industry also flourishes, employing individuals
in primary and secondary forms of occupation. Most of this artisanal mining occurs in the forested areas, as well
as in the north (GSS, 2008b).

In the Wet and Moist Evergreen Forest Eco-Region, soils are not highly fertile and are generally not suitable for
continuous cultivation under mechanization. However, this eco-region does still support some cocoa production,
the farming of starches like cassava, plantain, and cocoyam, and also tree crops such as rubber, coconut, and oil
palm (Menczer and Quaye, 2006). However, it is the Deciduous Forest Eco-Region, which forms about 80
percent of the country’s forested area that supports most of the food crop and cocoa cultivation, and provides
most of the timber for local use and export in Ghana. The deciduous forest, as a result, is generally highly
fragmented. The deciduous forest is also rich in minerals, and mining is another major land use (Menczer and
Quaye, 2006). In the Forest-Savanna Transitional Eco-Region, soils are faitly fertile, and support a wide variety of
crops. Maize, yam, and tobacco are important crops grown here; staples such as cassava and plantains are also
found; and large-scale commercial farming is widespread. This is largely a peri-urban area, and the high
population density in this eco-region exerts significant pressure on remaining natural resources (Menczer and
Quaye, 20006).

RURAL LIVELIHOODS IN THE SAVANNA

Ghana’s rural savanna areas (covering portions of Brong-Ahafo, and the entirety of the Northern, Upper West,
and Upper East administrative regions) support roughly 23 percent of the country’s total population, and 18
percent of households. Household size is on average 5.4, higher than the national average. Annual per capita
income across the rural savanna is roughly 232 Ghana cedis, 165 Ghana cedis below the national average.
However, people in the northernmost reaches of the savanna have much lower per capita incomes. The Upper
West Region has an annual per capita average of 106 Ghana cedis, and the Upper East Region has an annual per
capita average of 124 Ghana cedis. Income in the savanna comes primarily from agriculture, which constitutes 75
percent, the largest share, of household income; non-farm related enterprises constitute 12 percent, and wages
from employment constitute 6 percent. Only 15 percent of households have savings to fall back on in the case of
economic difficulty (GSS 2008b).

Cash crops bring in a total of 259,232,000 Ghana cedis in annual sales throughout the savanna. Groundnuts are
the most valuable cash crop to farmers in the savanna eco-region, responsible for 66,856,000 Ghana cedis in
annual sales; however, only 12 percent of households in the area are farming groundnuts. Fifteen percent of
households produce maize, which yields 53,629,000 Ghana cedis in annual sales; 16 percent produce guinea corn,
sorghum, or millet, which yield a combined 23,4770,00 Ghana cedis in annual sales. Other cash crops in the area
include rice (23,661,000 Ghana cedis), cotton (20,742,000 Ghana cedis), beans (12,726,000 Ghana cedis), tobacco
(7,472,000 Ghana cedis), cashew (3,315,000 Ghana cedis), sheanut (1,592,000 Ghana cedis), and mango (335,000
Ghana cedis). Farmers also cultivate food crops, though with the exception of okra, production is dwarfed by the
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high yields enjoyed in the south of the country (GSS, 2008b). Many farmers produce chatrcoal and firewood as a
secondary source of income, which is often more profitable. However, charcoal and firewood production is a
highly unregulated, often illegal occupation, and statistics are not available to characterize the size and extent of
the industry.

The virtual absence of tsetse flies (which plague the forested and coastal areas, causing human sleeping
sickness and animal trypanosomiasis) has led to a much larger livestock rearing industry across the savanna
(Owusu-Ansah, 1994). Ninety-two percent of the country’s draught animals, 84 percent of cattle, 60 percent of
sheep, 73 percent of pigs, 34 percent of rabbits, and 46 percent of chickens are raised in the savanna (GSS,
2008b).

The savanna can be further classified as Guinea Savanna and Sudan Savanna, although some discrepancy exists
regarding the delineation between the two. In the Guinea Savanna, soils are generally poor and are most
productive in floodplains and along river banks (Menczer and Quaye, 2006). Moving north from the Guinea
Savanna, grass cover becomes sparse, and erosion becomes more pronounced. Agricultural production begins to
diminish, and livestock production plays a more important role in local livelihoods. In the Upper West and Upper
East administrative regions families begin to depend more on nonfarm forms of self-employment and wage jobs
for income (GSS, 2008b). Small-scale tourism operations have begun to pop up; however, the impact of the
tourism industry on overall employment remains minimal.
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6. VULNERABILITY TO
CLIMATE CHANGE

The African continent is considered to be among the most likely to suffer adverse impacts of climate change
because of vulnerable social and natural systems (Dixon, Smith et al. 2003), multiple interacting stresses, and low
adaptive capacity (Boko, Niang et al. 2007). Ghana spans a range of climatic and edaphic zones from coastal
mangroves and rainforests along the coast to savanna in the north. The previous section described this variability
in natural systems and livelihood strategies. The following discussion of vulnerability of natural and social systems
builds on this framework. In much of sub-Saharan Africa, precipitation is inherently variable from year to year.
This is often expressed as recurrent drought and periodic flooding. Between 1991 and 2008 Ghana experienced
six major floods with >2 million people affected by the floods in 1991 (GFDRR, undated). The northern savanna
zone is exposed to floods as well as drought. In 2007, floods followed a petiod of drought and affected >325,000
people. In most of Africa, climate is a key driver of food security (Gregory, Ingram et al. 2005; Miiller, Cramer et
al. 2011). Because most agriculture is rain-fed and rural populations in many countries lack resources to moderate
or adapt to drought (Dixon et al. 2003), the agricultural sector is patticularly vulnerable (Haile 2005).

The major findings for Africa of the Fourth Assessment Report of the IPCC confirm eatlier reports, including a
warming trend since the 1960s (Boko, Niang et al. 2007). In West Africa, rainfall has declined 20 percent to 40
percent (average of 1968-1990 as compared to 1931-1960), although the decline in the tropical rainforest zone has
been only 4 percent (Malhi and Wright 2004). Despite advances in our understanding of the complex mechanisms
driving rainfall patterns, much uncertainty remains. Drought, a manifestation of extreme rainfall variability, has
long been a feature of the continental West African climate with severe and long-lasting impacts on natural and
social systems. The decline in rainfall from the 1970s to the 1990s, for example, caused a 25-35 km southward
shift of the savanna zone (Sahelian, Sudanese, and Guinean savanna zones) with loss of grassland and woodland
and displacement of human populations (Gonzalez 2001). Besides long-term climatic trends and extreme events,
ecosystems in West Africa have been degraded by human activity, which often interacts with climate. Major
stressors (drivers of degradation) are deforestation, wildfire, and soil erosion in upland areas and overfishing in
coastal areas. In this chapter, we examine resource and social vulnerability.

NATURAL SYSTEMS VULNERABILITY

Most natural resources are climate-sensitive; plant and animal species are sensitive to weather extremes and
communities are broadly distributed along climatic gradients. Soil resources are less sensitive to climate extremes
but develop over time within a climatic regime characterized by mean values. Thus, climate variability and change
potentially could affect these resources and the human communities that depend upon them. Here, we examine
resource vulnerability at the national level in terms of climate hazards, stressors, resoutrce systems, and outcome.
We further categorize hazards as continuous or discrete; discrete hazards are further divided between those that
are recurrent or singular. Brooks (2003) provides the rationale for approaching hazards in this fashion, noting that
climate hazards operate over different timescales that may require different adaptation responses. Continuous
hazards relate to changes in mean climate over many years or decades, such as the decreased rainfall in the
savanna zones. Discrete recurrent hazards are transient, often extreme weather events such as storms, drought, or
extreme rainfall events that lead to flooding. Discrete singular hazards are sudden shifts in climatic conditions that
prevail for centuries or millennia — for example, the onset of Ice Ages (Brooks, 2003). Contemporary examples
would be the melting of the Greenland or west Antarctic ice sheets (Schneider, Semenov et al. 2007). In our
treatment, we regard sea-level rise as such a singular event because it is best regarded as exceeding a threshold
level.
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For our purposes, we examine how climate hazards stress natural systems, realizing that there is often an
anthropogenic component to the stress mechanism. We list both the current stressors that increase vulnerability
or future stressors induced by climate change; many stressors do both. These stressors are water or heat stress,
wildfire, desertification, deforestation, soil health (erosion, low fertility, salinization), flooding, coastal erosion,
overfishing, and saltwater intrusion (Table 6.1). Many of these stressors manifest throughout the country (e.g.,
heat stress) but some, such as coastal erosion, are limited to one region. Similarly, some resource systems are
impacted by most stressors but in different ways depending on the resource subsystem, such as agriculture (e.g.,
small holder versus commercial operator). Following this overview, we detail how some current stressors increase
vulnerability in specific resource sectors and ecological zones.

Table 6.1 Natural Systems Vulnerability

Hazard Hazard Stressor Resource System Rationale References Ecological
category! (Potential Zone
Outcome)
Discrete Drought Water stress Agriculture Reduced yields
Recurrent Small holder rainfed ~ or loss
Agriculture Reduced yields
Livestock/mixed or loss
systems
Wildfire Agriculture Reduced yields
Small holder rainfed ~ or loss
Agriculture Reduced yields
Livestock/mixed or loss
systems
Desertification Agriculture Reduced yields
Small holder rainfed ~ or loss
Agriculture Reduced yields
Livestock/mixed or loss
systems
Extreme Flooding Agriculture Crop loss
rainfall Small holder
irrigated
Extreme heat  Heat stress Agriculture Reduced yields
Small holder rainfed ~ or loss
Intense
storms
Continuous Increased
temperature
mean
Increased
rainfall mean
Decreased Water stress Agriculture Reduced yields
rainfall mean Small holder rainfed  ©or loss
Increased Soil erosion Agriculture Reduced yields
wind Small holder rainfed ~ or loss
Discrete Sea-level rise
singular

I After Brooks (2003); discrete recurrent are transient phenomena; continuous occur over many years or decades; discrete singular
are abrupt shifts or possibly continuous events that reach a threshold value (e.g., sea-level rise). According to Brooks, these
general hazard types relate to the likelihood of adaptation.
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DESERTIFICATION

“Desertification” as defined by the United Nations Convention to Combat Desertification means land
degradation in arid, semi-arid, and dry sub-humid areas resulting from various factors, including climatic
variations and human activities (UNCCD, 1994; 2002). Land degradation, which in drylands can lead to
desertification, is one of the consequences of mismanagement of land and results frequently from a mismatch
between land quality and land use (Beinroth et al., 1994). Activities that can degrade drylands include high
population densities, uncontrolled urbanization, land over-exploitation (e.g., excessive use of marginal lands, short
bush fallow periods), misplanning of large agricultural projects, mechanized farming, overgrazing, bad irrigation
practices, mismanagement of land input and neglect of land improvement, inappropriate land use systems and
policies, bush and forest fires, deforestation, and mining and prospecting. Along with these human-caused
factors, a range of natural factors appear to influence the process of land degradation (e.g., soil types, year-round
aridity, high variability or energy in rainfall, recurrent drought) (Virmani et al., 1994; Reich et al., 2001; UNCCD,
2002; EPA, 2003).

When land degradation causes desertification, soil productivity diminishes, food production decreases, and
vegetative cover is lost. Desertification can even negatively impact areas not directly affected by its symptoms, for
example by causing floods, increasing soil salinization, decreasing water quality and quantity, and increasing
sedimentation of natural waters and reservoirs (EPA, 2003; Andah and Gichuki, 2005).

VULNERABILITY AND RISK OF DESERTIFICATION IN GHANA

Three ecological zones in Ghana are classified as drylands based on the aridity index (ratio of mean annual
precipitation to mean annual potential evapotranspiration, UNEP, 1997). These are the Sudan, Guinea, and
Coastal savanna zones with aridity indices of 0.60, 0.60, and 0.54, respectively (EPA, 2003), which place the zones
in the dry sub-humid category of drylands (UNEP, 1997). The administrative regions within these zones are the
Upper East, Upper West, Northern, Greater Accra, Central, and Volta (EPA, 2003). Rainfall is unimodal in the
Guinea and Sudan savanna zones and is concentrated into about four to six months of the year, with the
remaining period being dry. During the long dry season, bush and forest fires are frequent because of the dryness
of the atmosphere (i.e., low humidity, high evapotranspiration) and availability of combustible materials. The fires,
overgrazing, and other poor land use practices (Table 6.3) leave much of the landscape essentially barren. The
period of excessive, highly erosive rainfall occurring just after the prolonged dry period predisposes these areas,
which have erodible and low infiltration soils, to a high risk of land degradation, particularly from erosion. In the
Coastal Savanna and the Forest-Savanna Transition zones, rainfall is bimodal, but the minor wet season is
unreliable. In these areas considerable variation exists between successive rainy seasons in time of onset, duration,
spatial distribution, amount of rainfall, and number of rainy days. These conditions contribute to reductions in
vegetative cover, crop yield, and food security in the affected areas (EPA, 2003).
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Table 6.2 Values of aridity index, rainfall, evapotranspiration, and water deficit for three
meteorological stations representative of four ecological zones in Ghana: Sudan, Guinea,
Forest-Savanna Transition, and Coastal savanna zones

Meteorological Site Mean Mean annual Mean annual Total annual Mean

(Ecological Zone) aridity  total rainfall effective potential annual
index (mm) rainfall evapotranspiration  water

(mm) (mm) deficit

Navrongo 0.54 885 782 1662 86%

(Sudan Savanna Zone)

Tamale 0.60 1250 964 1720 66.4%

(Guinea Savanna Zone)

Wenchi 0.87 1250 964 1430 12.6%

(Forest-Savanna
Transition Zone)

Accra 0.54 810 659 1504 46.1%

(Coastal Savanna Zone)

Source: EPA, 2003

Three independent sources categorized the risk or vulnerability of drylands in Ghana to land degradation and
desertification, and all three show general spatial agreement of where the highest vulnerability exists. A global soil
degradation assessment using expert opinion and (semi-)qualitative criteria identified three areas with the most
severe degradation (GLASOD, Global Assessment of Soil Degradation, survey, Oldeman et al., 1990; FAO,
2005). That assessment placed the northeastern corner of Ghana (essentially the Sudan Savanna) and southeastern
corner (the Ho-Keta plains area) in the “very severe” soil degradation class (FAO, 2005). The degradation in this
area is long standing and a result primarily of poor land use, such as prolonged intense grazing, frequent
widespread burning, cultivation to the point of near exhaustion of soil fertility, and historically high population
densities and associated pressures on the landscape (Figure 6.2) (Dickson and Benneh, 1988). A strip along the
Togo-Ghana border in the Volta Region was placed in the “severe” soil degradation class, and most of the
Guinea Savanna and Forest-Savanna Transition zone were regarded as having “moderate” levels of soil
degradation.

A quantified, large-scale (1:30 x 106) spatially explicit assessment of vulnerability to desertification based on soil
types and qualities and rainfall variability was conducted for all of Africa (Reich et al., 2001). Reich et al. (2001)
classified about 36,000 km? (16 percent of total land area) in Ghana as having a “high” or “very high”
vulnerability to desertification. The largest area encompasses most of northern Ghana north of about 10°N
latitude (all or parts of Upper East, Upper West, and northern Northern regions), including the Sudan Savanna
Zone and northern Guinea Savanna Zone, and another smaller area was identified in the southeastern corner of
Ghana (Ho-Keta plains area) (Figure 6.1). Notably, another 112,000 km? (about 49 percent of total land area of
Ghana) was identified as “moderately” vulnerable to desertification (Reich et al., 2001). This includes the
remaining Guinea Savanna Zone south of the 10°N latitude belt, the Forest-Savanna Transition Zone, and the
Coastal Savanna Zone.

Because accelerated land degradation is associated with increased population density, Reich et al. (2001) spatially
overlaid the desertification vulnerability classification with population densities to produce a map of the risk of
human-induced desertification for Africa (Figure 6.2). In that analysis, most (about two-thirds by inspection) of
northern Ghana, inclusive of the Guinea Savanna and Forest-Savanna Transition zones, were in the “high” to
“very high” risk categories for human-caused desertification. Close inspection of that map highlights the “very
high” risk for desertification of many of the urban centers and adjacent hinterlands within these zones (e.g., Wa,
Tamale). The remaining third of land in these regions was classified at “moderate” risk of human-caused
desertification. Also in the “very high” risk category was a band along the coast corresponding roughly to the
Coastal Savanna Zone and the southeastern section of the Forest-Savanna Transition Zone (Accra-Ho plains
region; Reich et al., 2001), areas with the lowest rainfall in Ghana (Minia, 2008).

94 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



In the National Action Plan to Combat Desertification, EPA (2003) indicated that about 35 percent (83,489 km?)
of Ghana’s land area is prone to desertification. Assessments were apparently based on in-country expertise, not
quantitative analysis. The savanna zones were acknowledged as prone to desertification. Particular high risk areas
(hazard areas) in the Sudan and Guinea savanna zones were delineated in the northwestern corner of the Upper
West Region, the entire Upper East Region, and eastern part of the Northern Region, enclosing an area bordered
roughly by Damongo to the west, Kete Krachi in the south, Burkina Faso to the north, and Togo to the east
(78,718 km?). The Coastal Savanna Zone was also identified as a hazard zone.

Notably, none of these vulnerability-risk assessments were conducted in the context of global climate change but
used current conditions as a basis for judgment (e.g., rainfall, soil types and qualities, land use, population density,
or other features). In addition, two of these methods (Reich et al., 2001; FAO, 2005) were large-scale assessments
(continental to global scale), and should be interpreted with caution when applied to a smaller area like Ghana.
Further, two of the three are not based on empirical data (EPA, 2003; FAO, 2005), but relied on expert opinion
or qualitative information to identify degraded areas or areas at risk of desertification. Cleatly, a quantified
evaluation of the temporal pace of vegetation change and soil degradation is urgently needed given the possible
consequences to evaluate rates and extent of desertification in Ghana with or without climate change. Even so, a
large number of pressing key issues can be linked directly to desertification in areas of Ghana identified as
drylands at risk or vulnerable to desertification (Table 6.3). Even given these considerations and caveats, only
tentative inferences can be put forward concerning the interaction of desertification and climate change in Ghana.

Table 6.3 Key Biophysical and human-related issues affecting vulnerability to desertification of
the dryland zones (Sudan, Guinea, and Coastal savanna zones) of Ghana

Key issue Issue/Cause-Effects/Vulnerable Zone(s)

Biophysical

Rainfall erosivity High energy rainfall increases erosion on sparsely vegetated or bare areas; Sudan and Guinea
savanna especially vulnerable to sheet and gully erosion.

Salt intrusion Salt intrusion into soils causes crop failure; affecting much of the soil in the Coastal Savanna Zone
(Asiamah, 1995; Asiamah et al., 2000)

Soil properties Predominantly sand textured surface horizons; rockiness common causing poor water retention,

dryness, poor structure; underlain by hard pan, limits infiltration and enhances runoff; limited root
growth volume; Sudan and Guinea savanna zones.

Soil fertility Inherently low N and P, low organic matter, low buffering capacity and cation exchange; low
fertility exacerbated by regular, intense bush fires and use of organic matter for fuel, animal feed,
or building, and erosive rainfall; Sudan and Guinea savanna zones.

Water logging Causes flooding and crop failures; exacerbated by soil compaction by livestock, raindrop
compaction, shallow upland soils; exacerbates silting of rivers causing greater flooding;
experienced every rainy season in Sudan and Guinea savanna zones, periodic in Coastal Savanna
Zone.

Drought Droughts of 1968-73, 1982-85, 1990-92 adversely affected soil quality, water supplies; each
drought cycle may exacerbate the vulnerability to desertification.

Groundwater resources  Limited over much of region because of lack of geological porosity, low direct recharge via
precipitation, variable but generally low borehole yields, and low hydraulic transmissivity
(horizontal flow of aquifers). Characteristic of White and Black Volta River and Oti River basins,
Sudan and Guinea savanna zone.

Human-related

Population Rapidly increasing population of people (and livestock) results in overexploitation of and
intensified stress on natural resources; Sudan and Guinea savanna zones.

Cultivation Low input-output farming may result in: nutrient mining; decreased fallow periods; farming of
marginal lands, hill slopes, and fragile river margins; forest and woodland removal or degradation;
exposure of plinthite to permanently harden into ironpan over extensive areas of Sudan and
Guinea savanna (Asiamah and Dedzoe, 1999). Because of soil textures and clay pans,
inappropriate mechanized plowing has resulted in topsoil loss, subsoil compaction, and exposure
of clay subsoil in Sudan and Guinea Savanna (e.g., 1970s rice farming in northern Ghana).
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Key issue Issue/Cause-Effects/Vulnerable Zone(s)

Deforestation Increasing demand for fuelwood, charcoal production, and building materials as well as losses to
bush fires and bush-fallow farming. Especially high demand in Guinea and Sudan savanna zones
where over one third of the landscape has been degraded from 55.6% savanna woodland (>25
trees/ha) and 44.0% cultivated savanna (6-25 trees/ac) to widely open, cultivated savanna
(<5trees/ha) since 1972 (ldinoba et al. 2010). Natural savanna climax vegetation adapted to
overland flow on slopes, removal/deforestation/bush fires exposes soil to high energy erosive
rainfall. Wood use in Sudan and Guinea savannas appears unsustainable at present.

Bushfires Whether for land clearing or from uncontrolled causes: decreases soil organic matter; induces
rapid soil nutrient leaching; increases soil acidity to limit crop types and produces unpalatable
forage. Prevalent in Guinea and Sudan savanna zones.

Overgrazing Removes vegetation (leaves land bare in dry season); exposes and compacts soil, especially in
watering areas; increases runoff and erosion exacerbating flooding and silting of waters. High
numbers and density of livestock occur in Sudan and Guinea savanna zones.

Indirect and off-site Increased downstream flooding; reduced water quality; silting of waterways, reservoirs, dugouts,
effects and ponds; dust storms.
Water scarcity Projected water demand in Ghana for irrigation for 2020 over 2000 in the Volta Basin is 538%

(and high in every riparian country); stems from growing precariousness and unreliable nature of
rain-fed agriculture in the basin; current water demands not being met in Basin; in upper Basin
rivers and boreholes go dry.

Sources: EPA, 2003; Andah and Gichuki, 2005; Andah et al., 2005, and references therein

INTERACTION OF DESERTIFICATION AND CLIMATE CHANGE

Climate trends and climate projections suggest the future possibility of hotter temperatures, and if current trends
hold, drier conditions in areas of Ghana already at risk of or undergoing desertification (i.e., Sudan, northern
Guinea, and Coastal savanna zones). Climate trend data over the last four decades indicated increasing
temperatures across Ghana and decreasing rainfall in most ecoregions (McSweeney et al., no date a) including the
Sudan, Guinea, and Coastal savanna zones (Gyau-Boakye and Tumbulto, 2000; Jung, 2006; Minia, 2008; Dontwi
et al., 2008; Idinoba et al. 2010; see Climate Section). The rate of temperatute increase generally was more rapid in
northern (Sudan and Guinea savanna zones) than southern regions (McSweeney et al., no date a). Further, the
frequency of “Hot” nights increased across the country with increases being strongest during the transition in the
Guinea and Sudan savanna zones from rainy to dry season (about September to November). In contrast, the
frequency of “Cold” days decreased, most rapidly so in summer (June, July, and August), near the rainy season
peak in the northern zones, as did the frequency of “Cold” nights, particulatly during the rainy to dry season
transition (McSweeney et al., no date a).

For rainfall, the Sudan and Guinea savanna zones experienced an overall decrease in total annual rainfall over the
past 40 years (Minia, 2008). Meteorological and hydrological trend data from the Volta Basin also show a decline
in rainfall amounts and duration of the length of the rainy season (Jung, 2006; Kasei, 2009). The frequency of
rainfall deficiency has increased since the early 1970s, and moderate to severe drought years show reccurrence
intervals of about 9-10 years. Notable years of drought extending to =50 percent of the basin area or more are
1961, 1970, 1983, 1992, and 2001 (Kasei, 2009). From the early 1980s to 2006 frequency of dry years increased
with a probability of 0.7. Notably the large White Volta and Oti river basins, draining much of the Guinea and
Sudan savanna zones, showed significant reduction in mean annual flows of 23.1 percent and 32.5 percent,
respectively, when the periods 1953/54-1970 and 1971-1990/91 were compared. Peak September flows were
reduced by 27.1 percent and 26.4 percent and October flows, those occurring in the transition between rainy and
dry seasons were reduced as much as 44.2 percent and 54.4 percent, respectively. Rainfall from selected stations
showed a decreasing trend from 1.5 percent to 11.3 percent between the two periods with the highest decreases
north of 10°N latitude in Wa and Navarongo (Gyau-Boakye and Tumbulto, 2000). The reduction in river flow
was attributed mostly to increased aridity (e.g., prolonged Sahel drought) in the watersheds outside Ghana but
also to increased temperature over this period which increased evaporation and perhaps increased water
withdrawal from boreholes. Emphasizing these trends, the volume of water behind Okosombo dam had not
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significantly recovered by the late 1990s to fill the dam for optimal operating hydropower generation since the
droughts of the early 1980s (Kasei, 2009).

Projections from climate modeling also predict increases in temperature and increased frequency of “Hot” days
and nights, producing higher peak rainy season temperatures (McSweeney et al., no data a; Kunstmann and Jung,
2005). Projected temperatures from modeling increased most rapidly in the interior of Ghana but were largest
along the coast (McSweeney et al., no data a; Dontwi et al., 2008). Results from projected rainfall changes
countrywide or in the Volta Basin are mixed with various models and SRES scenarios trending upward,
downward, or showing little to no future change (McSweeney et al., no data a; Andah et al., 2005; Lehner, 2005;
Kunstmann and Jung, 2005; Jung, 2006; Minia, 2008). Increased temperatures might also increase
evapotranspiration rates in the Volta Basin although again climate projections are mixed (see model details in
Kunstmann and Jung, 2005; Jung, 2006; Kasei, 2009). In sum, climate trend data and to some extent GCM
projections indicate lower rainfall, higher temperature, and perhaps increased evapotranspiration rates, all
conditions that exacerbate desertification in those areas already affected and increase risk to vulnerable but now
only moderately affected areas.

Regardless of climate change effects being negative or positive, the continuance along the current human-natural
resource trajectory of population growth, over-exploitation, and overall extensive land degradation in the
desertification-prone zones of Ghana (e.g., Idinoba et al. 2010) is clearly unsustainable over the long term. At
best, the resilience and productivity of much of the Sudan and Guinea savanna zones will be progressively
weakened and at worst those same areas, particularly those in northern Ghana, will succumb to complete
desertification.
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Figure 6.1 Vulnerability to Desertification based on soil qualities and rainfall variability
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Figure 6.2 Risk of Human- Induced Desertification across Africa

DEFORESTATION AND DEGRADATION

Estimates of forest cover in Ghana vary considerably and depend on how forest is defined and the method of
assessment. To date, no complete forest inventory of the country exists. Most estimates of forest in Ghana focus
on the high forest zone, about the southern third of the country (the Rain Forest and Deciduous Forest zones,
Figure 5.1). Until 1900, it was estimated that 33 percent of the country had forest cover (Wagner and Cobbinah
1993). By the late 1980s, forest cover had declined 78 percent (to 1.8 million ha) and forest areas are now
fragmented. Estimates of deforestation rates for Ghana vary from 1.3 percent-3 percent/yr (Appiah, Blay et al.
2009). The Forestry Commission estimates the amount of high forest in Ghana in 1900 was about 8.2-8.8 million
ha, consistent with estimates of the HFZ as 8.5 million ha (Hansen, Lund et al. 2009). Official statistics of forest
cover, on which estimates of deforestation are based, seem to pertain only to the HFZ. Nevertheless,
considerable forest cover exists outside of the HFZ (Wardell, Reenberg et al. 2003) and figures for land in forest
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reserves include areas in the Forest-Savanna transition and Guinea and Sudan savanna zones. Hansen et al. (2009)
argue that definitions of forest have been applied inconsistently and that substantial areas outside forest reserves
remain classified as forest but have been in agriculture for some time and should be classified as “other land with
tree cover.” The practical implication of these difficulties is that current deforestation in the HFZ may be over-
estimated, which has implications for estimating the baseline under REDD+ and the potential reductions in
carbon emissions (Hansen et al., 2009). A further consideration is that degradation probably contributes more to
carbon depletion than deforestation (Hansen et al., 2009).

Regardless of actual deforestation rates, forest habitat is clearly increasingly fragmented in all zones in Ghana
(Figure 6.3). Nearly all of the forests of West Africa have sustained some form of logging or commercial timber
utilization (Wagner and Cobbinah 1993), and it is important to distinguish between logging and deforestation. We
view deforestation as the removal of forest cover and the conversion into another land use such as agticulture.
Slash and burn agriculture, often cited as a primary cause of deforestation, lies somewhere in between degradation
and deforestation. At low levels of intensity with a relatively long interval or fallow period between slashing, this
common form of smallholder agriculture could be called forest degradation where primary forest is converted
into secondary forests with depletion of some species. As the fallow period becomes shortened and land is
cropped almost annually, true deforestation occurs. But even this definitional distinction is too simplistic a view
of deforestation in Ghana, which is a complex phenomenon with historical as well as contemporary threads
(Wagner and Cobbinah 1993; Wardell, Reenberg et al. 2003; Asante 2005; Hansen, Lund et al. 2009).

A land-use land cover analysis emphasizes the loss of land cover types, especially classes of forest, and associated
extent of land degradation in Ghana (Idinoba et al. 2010). In 1972 55.6 percent and 44.0 percent of the northern
savanna zones were covered by savanna woodland (>25 trees/ha) and open, cultivated savanna (6-25 trees/ha),
respectively. By 2000, 33.6 percent of the northern savanna zones had been degraded to widely open, cultivated
savanna (<5 trees/ha). Under cutrent trends, the degradation is projected to increase to 65.5 percent of the area
by 2050, cleatly increasing risk of desertification. Similar dramatic shifts were revealed in the Forest-Savanna
Transition Zone. In 1972 it was dominated by open forest (32.3 percent, <60 percent canopy) and closed
cultivated woodland (59.4 petrcent, >25 trees/ha) but now 57 percent of the zone is widely open, cultivated
savanna (<20 trees/ha). Projecting current trends, open forest will cover only about 1.2 percent of the area by
2050. In the HFZ, 57.6 percent of the land cover was closed forest (>60 percent canopy) but that decreased to
34.2 percent by 2000. In contrast, the moderately dense bush forest (<15 trees/ha) increased from 35 to 60
percent of the land cover in the HFZ from 1972 to 2000. About 24 percent of the zone is projected to be
converted to open, cultivated woodland (<5 trees/ha) by 2050 (Idinoba et al. 2010).
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Figure 6.3 Increasing Fragmentation of Forest Cover in Ghana 1975 -2000

Deforestation drivers are proximate or underlying (Geist and Lambin 2002; Kanninen, Murdiyarso et al. 2007). In
the HFZ, proximate factors are agricultural expansion and intensification, wood extraction, and infrastructure
expansion (Hansen, Lund et al. 2009). Although these activities can be traced back centuries before European
contact in Ghana, inter-tribal warfare localized their effects (Asante 2005). Large-scale deforestation began with
commercial timber exploitation and expansion of cocoa export in the late 1800s (Asante 2005). By the 1930s,
slash and burn agriculture, bushfires, and grazing were seen as causes of forest degradation throughout the
country (Wardell, Reenberg et al. 2003). Customary ownership of land, vested with the tribal chiefs (Stools in the
south, Skins in the north), was seen as incompatible with rational forest management and areas were set aside as
gazetted forest reserves by the colonial administrations, regulating use of these lands, a process completed by the
1950s in the whole country (Wardell, Reenberg et al. 2003; Asante 2005; Hansen, Lund et al. 2009). The system of
forest reserves has been maintained by the post-colonial governments and currently resides with the Forestry
Commission; Wardell et al. (2003) argue that pre-colonial land use patterns and colonial forestry interventions
continue to influence current land use and natural resource management.

In the HFZ, forest clearance for cocoa production began in the east and has been spreading westward. Most
canopy trees were removed although some were left to provide shade for the coca seedlings. Large areas were
cleared by local farmers but also by migrants from the north who gained cultivation rights from the Stool chiefs
(Hansen, Lund et al. 2009). The boundaries of the Forest Reserves were by and large respected and the clearance
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of the off-reserve land was largely completed by the 1970s (Hansen, Lund et al. 2009). An inventory from 1996
shows the area of off-reserve lands in various land use/land cover classes (Table 6.4).

Table 6.4 Off-reserve land use/land cover in the high forest zone,
southern Ghana from a 1996 inventory

Land Use/Land Cover Class Area (ha) Percentage of total area
Natural forest 664,104 12
Secondary forest 183,906 3
Fallow 1,440,594 26
Newly cleared farms 439,330 8
Cocoa farms 1,001,264 18
Food crops 1,236,255 22
Grass lands 439,330 8
Other 102,170 2
Total 5,506,953 100

Source: Hansen et al., 2009

According to Asante (2005), Ghana’s forests have always been regarded as a source of income regardless of
policies and legislation to protect and conserve the forest. During the early phases of land clearing in the HFZ,
wood had little commercial value; domestic timber demand was limited and export demand was minimal until
after World War II (Hansen and Treue 2008) when it rose rapidly. By the 1960s, off-reserve resources were
insufficient to meet demand and the on-reserve share of exports rose. Harvest peaked at 2 million m? annually in
the 1960s, dropped during the economic crisis in the late 1970s-early 1980s, rebounded to pre-crisis levels but
stabilized at around 0.9 million m3 in 1995 (Hansen and Treue 2008). Generally, commercial demand was for a
limited number of species and many areas were selectively logged, effectively contributing to forest degradation.
An estimated 32 percent of forest reserves (exclusive of timber production and protection areas) in the HFZ were
classified as degraded (Donkor and Vlosky, 2003). Over-exploitation of a number of species led to an export ban
on 14 commercial species in 1979 that was expanded with an additional four species in 1987 (Abugre and
Kazaare, 2010). These figures under-estimate actual removals; the current actual harvest is estimated to be >3
times the official tally at about 3.3 million m? yr! (Hansen and Treue 2008) because of under-reporting and illegal

logging.

Illegal logging is widespread in Ghana and most (75 percent) is conducted by the informal sector who produce for
the domestic market, variously called chainsaw operators or pit-sawyers (Hansen and Treue 2008; Marfo, Halladay
et al. 2010). Chainsaw milling for commercial purposes is illegal in Ghana but provides jobs for about 130,000
people and livelihood support for 650,000 people (Marfo, Halladay et al. 2010). Additionally, chainsaw milling
supplies 84 percent of domestic lumber supply at prices 12-74 percent lower than conventional sawmill lumber
(Marfo, Halladay et al. 2010). Hansen and Treue (2008) estimated that much of the illegal timber is taken from
forest reserves, <1.5 million m?3 yr-!, which is clearly unsustainable. Commercial species are favored by the illegal
loggers, who selectively harvest the higher-value species (Hansen and Treue 2008; Abugre and Kazaare 2010;
Marfo, Halladay et al. 2010).

Fuelwood accounts for two-thirds of the energy consumption of Ghana; 84 percent of households use firewood
and 13 percent use charcoal (Hansen, Lund et al. 2009). Even though much of the firewood comes from
deadwood from farm and fallow land, fuelwood is estimated to consume 25-28 million m? yr! of raw wood
(Hansen, Lund et al. 2009), which is about 7.5 to 8.5 times the estimated national volume of harvested timber.
Charcoal is produced primarily in the transition and savanna zones but due to dwindling resources, more wood is
coming from the HFZ within reserves (Hansen, Lund et al. 2009). Our observations in the Northern Region were
that much of the locally produced charcoal was being transported to the south, and that younger farmers were
abandoning growing crops for the more lucrative charcoal production. Because of the low value of the on-reserve
timber in the savanna zones, the reserves have been degraded by charcoal harvests (Wardell and Lund 2000).
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Two other proximate causes of deforestation and degradation are mineral mining and wildfires (see subsequent).
Artisanal gold mining has occurred for >500 years and indeed gave Ghana its colonial-era name of the Gold
Coast. This pit mining, locally termed Galamsey mining, has contributed mostly to forest degradation. Industrial
mining for gold and other minerals began in the late 1800s. Although mining within forest reserves is hotly
debated in Ghana and was briefly banned in 1997, anecdotal evidence is that some forest reserves have been
severely degraded by Galamsey mining and would be open to industrial mining that has shifted from underground
to surface mining (Hansen, Lund et al. 2009).

Underlying causes of deforestation and degradation include macroeconomic, technological, demographic, and
governance factors (Kanninen, Murdiyarso et al. 2007). Macroeconomic factors include the global demand for
primary resources; for Ghana this has been cocoa, timber, and minerals (Asante 2005; Hansen, Lund et al. 2009).
Various governmental policies, incentives, and tax exemptions have at one time or another favored these
industries. Technological developments in these industries have also contributed to deforestation and degradation.
New “sun-tolerant” cocoa varieties requiring less shade than the traditional varieties have prompted clearing of
trees on farms, especially in the cocoa-expanding western region of the HFZ (Hansen, Lund et al. 2009). As noted
above, the industrial mining industry has adopted new technologies for surface mining, thereby increasing the
amount of forest removed in their operations.

Ghana’s population has grown at a fast rate and is becoming increasingly urban through migration from rural to
urban areas. The growing urban population has increased domestic demand for construction wood, charcoal, and
agricultural products; this demand is met chiefly by increasing the area of productive land rather than increasing
the productivity of already cleared land. As noted above, most of the domestic demand for construction material
comes from illegal harvesting (Hansen and Treue 2008; Marfo, Halladay et al. 2010). Migration from the poorer
savanna zones to the south has long been a reality in rural Ghana, dating from colonial days and before (Wardell,
Reenberg et al. 2003). Over time, this seasonal and permanent labor migration has included the slave trade
(international, regional, and national), regional trade in kola nuts and salt, export of mahogany, expansion of
cocoa, wild rubber, and public works construction. More recently there has been an exodus of young women to
cities in the south to work in menial and domestic jobs. Another factor in the savanna zones has been vectors of
human and livestock diseases that have caused cycles of depopulation and repopulation that influence

deforestation and natural regeneration of savanna woodlands and floodplain gallery forests (Wardell, Reenberg et
al. 2003).

Governance factors in Ghana are complex with customary or traditional rights overlain by often counteracting
colonial and post-independence impositions by the central government. Customary rights affect not only land
tenure but also tree tenure. Historically, much deforestation was driven by customary rules that granted usufruct
or use rights to land by clearing virgin forest; this custom is common throughout West Africa. The customary
chiefs (Stool, Skin, and lesser chiefs) managed the granting of these usufruct rights, including rights to certain tree
species such as mango and shea nut. As noted above, the colonial administration alienated the rights of about 20
percent of the forest land into gazetted reserves. The 1962 Concessions Act section 16 went further and vested all
natural forests and trees, on- and off-reserves, in the President in trust for the Stools and Skins. Management of
this trust has devolved to the Forestry Commission (Wardell, Reenberg et al. 2003; Asante 2005; Hansen, Lund et
al. 2009).

Tree tenure and access to trees in Ghana is complex and the right that a person has for use or sale of a tree
depends on whether it is planted or naturally regenerated; occurs on communal/family land or rented land; and
how much of the tree is needed (branches or fruit versus whole tree) and whether it is meant for commercial or
domestic use (Matfo, Halladay et al. 2010). This means that a tree growing in a farmer’s field belongs to the
farmer if he/she planted it and can prove so with a certificate obtained from the Forestry Commission, but
harvesting of that tree still requires a permit from the Commission. On the other hand, if that tree occurred
naturally and the land is within a timber concession granted to a company by the Forestry Commission, the
company can harvest that tree even if it means damaging the farmer’s crops, usually without any compensation to
the farmer because of low enforcement of rules by the Commission (Hansen, Lund et al. 2009; Hansen 2011).
Community members can generally use parts of trees on communal lands for domestic needs but cannot harvest
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the products for commercial use (Marfo, Halladay et al. 2010). In practice, these rules and their selective or low
enforcement encourage farmers to remove trees to avoid damage or by sale to chainsaw operators to gain some
financial return (Hansen and Treue 2008; Hansen, Lund et al. 2009). Discussion of other issues such as benefit
sharing that provides petverse incentives to forest management by farmers and forest fringe communities are
deferred to the section on REDD+.

The foregoing discussion of deforestation and degradation of Ghana's forest estate begs the question of why does
it continue and who benefits from the status quo? The answer from several authors who have studied these
matters in greater depth suggests that we look at the political economy of timber in Ghana (Asante 2005; Hansen
and Treue 2008; Appiah, Blay et al. 2009; Hansen, Lund et al. 2009; Hansen 2011). The encapsulatation of these
analyses (Hansen et al. 2009; Figure 6.4) suggested that it begins with the failure of policies to protect and
conserve the forests, the dominance of executive and bureaucratic actors who pursue revenue generation from
the forest estate, and external factors such as global demand for the products of resource extraction and service of
national debt (Asante 2005). This constellation of underlying drivers provides the context for urban elites who
finance the illegal loggers and an industrial timber industry focused on export who maintain pressure for
supporting a forest regime that effectively subsidizes log prices (Hansen, Lund et al. 2009). Because of a biased
benefit-sharing arrangement, the small portion of forest fees that are channeled back to local government and
customary authorities are used for recurring expenses or semi-private purposes (Hansen, Lund et al. 2009; Hansen
2011).

Figure 6.4 The political timber economy of Ghana
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Horizontal straight arrows signify the sequence of governance effects that lead to deforestation and forest

degradation while curved arrows signify associated, unofficial cash flows. Source: (Hansen, Lund et al. 2009)

WILDFIRE

The complex role that wildfire plays in shaping ecosystems can be described in terms of four vegetation

responses: fire-dependent, fire-sensitive, fire-independent, and fire-influenced. Fire is largely absent from fire-
independent ecosystems such as the evergreen rainforest in Ghana where conditions are wet burn. At the other

104

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT




extreme, fire is essential in fire-dependent ecosystems where species have evolved to withstand burning and to
facilitate fire spread. The northern Savanna Zone in is such an ecosystem. Fire-sensitive ecosystems have evolved
without fire as a significant process but humans have made them vulnerable to wildfire. Many of the deciduous
forests would be fire-sensitive. Fire-influenced ecosystems generally are adjacent to fire-dependent vegetation
where wildfires originate and spread; this type characterizes much of the forest-savanna transition. The response
to fire in fire-influenced ecosystems is variable and often subtle. Government policy since the colonial era has
been to reduce the occurrence of wildfire as much as possible by restricting its use and limited attempts to
suppress wildfires (Laris and Wardell 2000). Such policies ignore the ecological role of fire as well as the
traditional use of fire by agriculturalists, pastoralists, and hunters. There are few data on fire occurrence in Ghana
but anecdotal evidence suggests that fires are common in the Northern Savanna zone, almost annual events.
Wildfires are not as widespread in the forests regions, yet there may be a wildfire every year in many districts
(Appiah, Damnyag et al. 2010) where the most common ignitions were caused by slash and burn land preparation
followed by fires set by hunters.

Wildfires and biomass burning are a significant component of Ghana’s GHG emissions. The draft National
Wildfire Policy (as of 2006) seeks to overcome past policy limitations (unclear authorities, lack of deterrents,
disregard of traditional practices and no involvement of traditional authorities in policy formulation or
implementation). Nevertheless, the draft policy is overly focused on fire prevention and suppression, ignoring the
role of fire as an ecological agent and a traditional management tool.

FISHERY RESOURCES AND OVERFISHING

The fishing industry in Ghana is based primarily on a large, marine fishery, and to a lesser but important extent,
on inland or freshwater fisheries and aquaculture. Fish make up about 40-60 percent of the protein in the
Ghanaian diet (Finegold et al., 2010). Much (about 42 percent) of the population lives <100 km from the coast,
and a majority (65 percent) live <200 km from the coast (Perry and Sumaila, 2007). The Volta Lake
impoundment, other reservoirs, aquaculture, and coastal lagoons are the sources of inland or freshwater fish. Lake
Volta is the main source of inland fish landings, contributing >90 percent of inland fish landings annually. Lake
Bosumtwi, a natural crater lake in the Ashanti Region, also provides a freshwater fishery, but for this fishery, the
inland river fishery, and lagoonal fisheries little to no quantitative information exists (Dontwi et al., 2008; Finegold
et al., 2010). Even so, even without consideration of climate change, clear evidence is available of over-
exploitation of the marine fishery and at least anecdotal evidence is available of declining fisheries in Lake Volta
and Lake Botsumtwi (Koranteng and Pauly, 2004; Andah and Gichuki, 2005; Dontwi et al., 2008; Finegold et al.,
2010).

MARINE FISHERY

The coastline of Ghana is about 528 km long, and the associated continental shelf covers about 23,700 km? (DoF,
2003; Perry and Sumaila, 2007). The continental shelf varies in width from about 20 km at Cape St. Paul to about
100 km between Takoradi and Cape Coast (Bannerman and Cowx, 2002). Ghana’s Exclusive Economic Zone is
218,100 km? in area (Finegold et al., 2010). There are 310 beach landing sites, 189 coastal fishing villages, and
major ports where fish are landed (DoF, 2003).

A coastal upwelling system, known as the Central West African Upwelling, supports the productivity of the
marine system of Ghana (Cury, 2004). Upwelling systems seasonally bring cool, nutrient-rich water to the surface,
resulting in high productivity, and sustaining a high biomass of organisms relative to most of the open ocean.
Four distinct and predictable hydrographic seasons occur in the Gulf of Guinea: a short “cold” season (minor
upwelling, December—]anuary); a long “warm” or “low” season (thermocline 1, February-June); a long “cold”
season (major upwelling, July—September); and a short ‘warm” season (thermocline 2, October-November). The
upwellings are interspersed with periods of stratification (the warm periods or low periods of pelagic fish catch),
typically with a thermocline 30-40 m below the surface (Koranteng and McGlade, 2001; Wiafe et al., 2008).
Upwelling systems are directly linked with atmospheric and ocean circulation, and hence, the productivity
associated with upwelling varies greatly seasonally and interannually. Peaks in production of zooplankton, a
primary pelagic fish food source, are tied closely to the strength of the upwelling (Wiafe et al., 2008). The inherent
unpredictability of marine productivity along the Ghanaian coast (Perry and Sumaila, 2007; Wiafe et al., 2008) is
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one of its natural characteristics. On evolutionary time-scales this instability within and between years is favorable
to small plankton-eating fish with high fecundity and rapid generation times that can exploit unpredictable periods
of exceptional high productivity and persist through periods of exceptionally low productivity.

The high biomass of these, mostly schooling, water-column dwelling species, collectively termed “small pelagics,”
are the foundation and mainstay of the fishery of Ghana. Their life cycles, adapted to exploit times of high
productivity, can be resilient to even high fishing pressure and can sometimes recover rapidly from
overexploitation (Bakun, 1998). Additionally, the small pelagics, because of their richness in oils and
micronutrients, provide quality nutrition (e.g., Lokko et al., 2004). Small pelagic species dominate the catch, but
in the sea, they are preyed upon by a high diversity of high-value, large pelagic species in Ghana’s fishery (e.g.,
tunas, billfish, and marlin). The productivity supported by the upwelling system also increases productivity on the
sea floor, supporting a rich fauna of demersal, or bottom-dwelling, fish on the continental shelf of Ghana. About
90 lagoons along Ghana’s coast are also among the available habitats for marine resources, and provide vital
seasonal income and subsistence fish and crustacean catches for nearby communities (Finegold et al., 2010).

The productive marine ecosystem of Ghana has supported a massive increase in fishing yield since the 1970s, but
strong signals indicate it is under increasing strain (KKoranteng and Pauly, 2004; Finegold et al., 2010). Catch of
prominent species in the fishery have declined; most notably those high in the food web as is often the case in
heavily exploited systems (Pauly et al., 1998; Koranteng and Pauly, 2004), but also more recently the small prey
species (Bannerman and Cowx, 2002; Koranteng, 2004; Finegold et al., 2010). Striking, sudden system shifts
(disappearance and appearance of fish species, e.g., round sardinella Sardinella anrita; sudden proliferation of
otherwise uncommon species) can at least in part be attributed to high fishing pressure (KKoranteng and Pauly,
2004). These observed changes indicate the future of the services provided by marine and coastal habitats are by
no means assured (Finegold et al., 2010). The vulnerabilities of this system are multi-faceted with or without
consideration of climate change.

MARINE FISHING FLEET

One of the most notable changes in recent decades is the tremendous growth in fleet size in nearly every category
(Table 18), one, but only one indication of the increasing pressure being put on the marine fishery resource. The
fleet today can be divided into 5 primary categories; the canoe fleet, the inshore fleet, the industrial fleet, the tuna
fleet, and an extremely data poor segment, the coastal lagoon fisheries (Table 18, Ferraris and Korangeng, 2004;
Dontwi et al., 2008; Finegold et al., 2010). A host of other biological symptoms of decline coupled with changes
in fishing practices also emphasizes the increasing vulnerability of the matine fishery resource without any
consideration of climate change (Table 19; see also State of the marine fishery).

Canoe Fleet: The canoe fishery is the most numerous and diverse fleet segment in Ghana, harvesting fishes from
all resource sectors: large pelagic fish (tuna, billfish, sharks) by drift gillnets and hook and line gear; small pelagic
tish via purse and beach seines; and demersal species with set nets and beach seines. Ghanaian canoe fishers are
adaptable using >20 identifiable gear types (Doyi and Neequaye, 1990; Marquette et al., 2002) in the fishery to
increase catch efficiency. The canoe fleet can be further subdivided by size, which also reflects the types of gear
employed (Finegold et al., 2010).

Small or “one man canoes,” typically 4-5m long and powered by paddle or sail, are used inshore for line fishing,
small gill nets, and cast nets (especially in lagoons). During the last canoe census (2004), small canoes comprised
only 5 percent of the surveyed canoe fleet. Subsistence fishing, particularly in lagoons, is not captured in landing
statistics (Finegold et al., 2010).

Mid-sized canoes are 6-11 m long, typically crewed by 2-11 fishers, propelled by sail, paddle, or 8-40 hp motors
(depending on length), and are used primarily for bottom-set, floating, or drifting gill nets and line fishing. Some
are also used with smaller beach seine nets (Finegold et al., 2010).

Large canoes are 11-17 m long, crewed by 10-25 fishers, and propelled primarily by 40 hp motors. The large
canoe category can be subdivided into the larger Ali/Poli/Watsa (APW) canoes and the large beach-seine canoes
(Finegold et al., 2010). The former are named after the type of traditional fishing gear once used: “ali” nets were
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gill nets constructed from traditional fibres; poli and watsa nets ate types of purse seine. Gear types have evolved
considerably over the last century. Large canoes also employ large drift nets (e.g., the “nifa-nifa” net). Large
beach-seine canoes make up the second sub-category; these usually have high planking at the bow to prevent large
waves coming on board when operating in the surf (Finegold et al., 2010).

Without registration requirements and no limits on access to the fishery, the number of active canoes in Ghana
has continually increased from 7,000 in 1980 to an estimated current fleet size of 13,500 (projected from last
canoe survey in 2004, Finegold et al., 2010). From 1970 to 1980, about 85 percent of all canoes were reported to
be motorized; now the figure has fallen to a fairly consistent 55 percent. Substantial growth occurred in motorized
canoes, canoes, and canoe fishers in all coastal administrative regions from 1995-2004, but growth was notably
strong in the Western Region which now represents about 36 percent of the canoe fleet of Ghana (Finegold et al.,

2011).

Semi-industrial or inshore fleet: The semi-industrial or inshore fleet consists of mostly locally-built, planked
wooden-hulled vessels (8-30 m long) with inboard diesel engines (90-400 hp) (Bannerman and Cowx, 2002; DoF,
2003; Nunoo et al., 2009). These vessels use trawling gear to catch demersal fish and purse seines to capture small
pelagic fish during the major and minor upwelling periods. Smaller vessels in this class are generally
underpowered for trawling and with the adoption of light fishing in the minor or low seasons, they have tended to
specialize in purse seining. Most purse seine nets are 400-800 m long and 40-70 m deep with a mesh size of 25-40
mm; nets >2 km long are used by the large vessels. First deployed in Ghana in 1948, the numbers of these vessels
quickly peaked in the early 1970s. Following steep decline from the eatly 1990s to early 2000s, vessel numbers
rose sharply again through early 2000s, an impending warning sign of significantly increasing effort and perhaps
stock overexploitation. The rapid and continued increase in this fleet likely relates to the adoption of light fishing,
and the associated year-round access to the small pelagic resource (Finegold et al., 2010).

Industrial fleet: The industrial fleet consists of large, steel hulled foreign-built vessels that are further distinguished
from the inshore fleet by their ability to freeze fish at sea, and hence, their ability to stay at sea for long petiods of
time (Finegold et al., 2010). Apart from the tuna fleet (see subsequent), the industrial fleet largely engages in
demersal trawling. A sub-fleet targeting shrimp operated in the 1990s (22 operational vessels maximum); however,
since 2002 only two operational shrimpers were reported. Another sub-fleet consists of ships practicing pair
trawling, in which two industrial vessels pull a trawl net between them. Pair trawling was introduced in 2000, and
the fleet grew to 20 vessels before the practice was banned in 2008. Though pair trawlers were supposed to be re-
fitted as single trawlers following the ban, some may still be operating in pairs, leaving port separately and meeting
up at sea. Fishermen in the Western Region continue to report observing pair trawlers operating off the coast
(Finegold et al., 2011).

The industrial fleet has steadily expanded with a sharp increase over the last three decades when government
policy targeted this fleet to promote fishery development and improved incomes from the sector. A problematic
gap in the Ghanaian sampling system is that industrial vessels provide information on their own catches (self
report), and no method is in place to verify the information provided. Extremely low catch and effort are
reported by this fleet, so low it is inconceivable they could make a profit, providing strong indications that vessels
substantially under-report catches (Finegold et al., 2010). Given the catch potential of these large vessels and their
ability to stay at sea for long periods and transship catch to places other than Ghana, better data on this fleet
segment is urgently required. The industrial fleet also supports another emergent but illegal “fishery”; one where
so called “trash fish” (low value, small or damaged fish) are transferred at sea from trawlers to canoes specially
modified to transport large volumes of fish (Nunoo et al., 2009). These fish then enter the normal beach-based
market chain as accessed by canoe fishers. If this trade continues, Ghana’s long-standing traditional fishing
vocation, which is ranked among the best in West Africa (Atta-Mills et al., 2004) may be lost. Also, the increase in
discards on the market tends to encourage offshore vessels to fish much closer to shotre and also to use small,
illegal mesh sizes. The continuation of trash fish trade puts more pressure on Ghana’s depleting fish stocks, yet
another situation that may push the already overfished stocks towards collapse. In addition, a government subsidy
on fuel for artisanal fisheries, which is supposed to be used for legal fishing activities, is channeled into trans-
shipment of catch at sea (Nunoo et al., 2009).
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Tuna fleet: The tuna fleet is commonly considered to be part of the industrial fleet. The tuna should be
considered as a separate entity because it is subject to a different governance system, regulated to some degree by
international conventions (under the International Commission for the Conservation of Atlantic Tuna — ICCAT),
targets a different resource with different gear types, and often fishes much further from shore than the other
fleets (Finegold et al., 2010). The fishery was initially exploited by foreign-flagged vessels, peaking at some 80
active vessels in 1970. The first Ghanaian-flagged vessel went to sea in 1973; the last foreign vessels left in 1984.
Since this time the number of active tuna vessels has numbered 35 to 40 (Finegold et al., 2010).

Lagoon-based subsistence/commercial fisheries: As the smallest fishery segment in Ghana, lagoon fisheries are
the least known from scientific or national fishery authority perspectives (Finegold et al., 2010). Given the 90
lagoon systems along the coast, they are significant in terms of subsistence and seasonal commercial fishing for
many communities (Koranteng et al., 2000). Gear types used in lagoons is for the most part not recorded in gear
surveys, but along with nets operated from small canoes, cast nets, line fishing and various types of traps are
commonly employed. Catch data are practically non-existent outside of a few studies in the scientific literature. In
many ways, lagoon fisheries stand apart from marine fisheries. Their degree of exposure to external
environmental drivers (up-stream effects, competition for water resources, erosion, and extreme pollution) is
more akin to inland fisheries resources than their marine counterparts. The strong traditional belief systems
around lagoons and the de-facto property right due to proximity of villages exploiting the resource present an

entirely different set of incentives for governance to those seen in coastal and offshore fisheries (Finegold et al.,
2010).

Table 6.5 Characteristics of fishing fleets in Ghana

Fleet Crew Length (m) Power Gear types Estimated fleet
growth

Canoe fleet About 7,000
(1980) to 13,000
(2010)

Small Canoe | 4-5 Paddle or sail Lagoonal/near coast line fishing,

small gill nets, drag nets, cast nets,
traps (esp. in lagoons)

Mid-size 2-11 6-11 Sail, paddle, 8- Inshore bottom set, floating,
Canoe 40 hp gasoline drifting gill nets or line fishing; also
motor small beach seines
Large Canoes 10-25  11-17 Primarily 40 hp Inshore gill nets, purse seines, drift
gasoline motors  nets, large beach seines; also light
fishing
Semi-industrial 8-30 90-400 hp diesel Inshore, trawls and purse seines, About 154 (1990)
or inshore motors light fishing to 339 (2008)
fleet
Industrial fleet Large, steel hulled Large diesel Demersal trawling; pair trawling About 32 (1970)
seagoing vessels, >35m,  motors to 73 (2008)
stay at sea long period
Tuna fleet Large, steel hulled Large diesel Line fishing, Long lines, purse seine,  Stable at 35-40
seagoing vessels >30 m, motors fish aggregation devices

stay at seas long periods

Source: Marquette et al., 2002; Koranteng and Pauly, 2004; Dontwi et al., 2008, Feingold et al., 2010)

STATE OF THE MARINE FISHERY

Although catch data from Ghana’s coastal fisheries go back to 1950 (Figure 6.5), methodological changes dictate
caution in comparing reported catches before and after 1972 (Finegold et al., 2010). Even so, a broad overview
indicates slow development up to the early 1970s is followed by a fairly consistent increase in catch until the late
1990s. The variability between 1970 and 1990 likely reflects environmental drivers (e.g., sea temperature,
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upwelling strength) involved in regulating pelagic productivity (Koranteng, 2004; Koranteng and McGlade, 2004;
Perry and Sumaila, 2007). Notably the sizeable dip in pelagic catches from 1972 to the mid 1980s coincides with a
near-complete crash and subsequent slow recovery of the round sardinella (Sardinella anrita) (KKoranteng, 2004), a
primary target and mainstay of the pelagic fishery. Since 2000, total catches showed a continuing declining trend,
driven largely by a marked decrease in several species in the pelagic fish catch, which is offset somewhat by a rise
in catch of demersal species.

Marine landings by species group, 1950 - 2008
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Figure 6.5 Total reported catches by major group from Ghana’s marine fisheries

Pelagic stocks: Because they are not associated with seafloor habitats, but rely totally on oceanic productivity, the
dynamics and therefore management of pelagic fish resources is complex. Pelagic species tend to be fast
swimming, schooling species which migrate widely, often crossing national boundaries. Effective management
must be applied at a broad spatial scale, encompassing neighboring regions, districts, and countries sharing the
resource. This represents an added level of vulnerability to pelagic tesource sustainability.

All fleet segments exploit the pelagic fishery resource in Ghana although catches by industrial trawlers are largely
incidental. Small, schooling species (sardinellas, anchovies, mackerel) make up the vast majority of this catch, but
the small pelagic catch is currently at its lowest level since the 1970s (Figure 6.5). Given the inherent,
environmentally driven variability of the small pelagic resource (e.g., Wiafe et al. 2008), the current decline cannot
with certainty be assigned to a fishery-driven stock collapse that will have lasting effect. However, the most
sustained period of decline is currently occurring in this resource since heavy exploitation began. The decline
coincides directly with the uptake of light fishing (discussed below), which massively increased the pressure on
this resource.

Decline in catch of small pelagic species since the mid-1980s (Figure 6.6) is not caused by the crash of one
dominant species (as in the 1970s case with round sardinella), but rather of simultaneous decline of three (of four)
main small pelagic species. Interviews with fishers in the Western Region (Finegold et al., 2010) and Central
Region (pers. obs.) indicate this trend continued in 2010-2011.
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Figure 6.6 Data on changes in catch of the small pelagic resource

Demersal stocks: Demersal fish (bottom associated) are less mobile than pelagic species and as such depend to
varying degrees on the integrity of seafloor habitat. Even though the transboundary migration issues associated
with pelagic stocks are less of a problem, the habitat association and the sedentary nature of this group make
them highly susceptible to overfishing and habitat damage. The resource in Ghana is exploited in inshore waters
and on the continental shelf to a depth of about 75-m. Demersal fishes are targeted by all three prominent fishing
fleets: line fishing in the canoe fleet; bottom-set gill nets, beach seines, and low (“warm”) season trawling by the
semi-industrial fleet; and trawling by the industrial fleet.

Several lines of evidence suggest demersal stocks are overexploited in the Ghana fishery. By the early 1970s, the
heavily exploited status of demersal stocks in this region was apparent (Gulland et al., 1973). Recent reviews of
demersal stocks in Ghana (e.g., Koranteng and Pauly, 2004) report clear trends in the reduction of biomass of
longer lived and predatory fishes (e.g., snappers, groupers, seabreams, and Atlantic bigeye), suggesting
overexploitation of the fishery. These results come from national catch statistics, but also from fishery-
independent sources (research trawl surveys between 1963 and 2000). The independent surveys showed a marked
decline in the abundance of demersal fishes in the 0-30 m depth zone, clear indication of overfishing (Karenteng
and Pauly, 2004). The reason deeper water does not show a decline is twofold: methodological changes in the
survey would mask recent declines and that much of the deeper waters are rocky and hard for trawlers to exploit
(Karenteng and Pauly, 2004).

Ghana’s demersal fishery is exhibiting symptoms of an unstable ecosystem. Some notable examples indicative of
instability are the repeated collapse and recovery of a shrimp fishery operating around the Volta estuary
(Koranteng, 1998; Koranteng and Pauly, 2004) and the massive proliferation in trigger fish (Balistes carolinensis) in
1973 followed by near-total collapse in the eatly 1980s, a near total recovery in the late 1980s, and a sustained and
perhaps permanent collapse in 1989 (Ansa-Emmim, 1979; Koranteng, 1984; Caveriviere, 1991; Aggery-Fynn,
2007). The latter species had not previously been reported in the area prior to 1970s, yet it rapidly came to almost
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completely dominate trawl catches before it collapsed. Its appearance is likely related to the availability of newly
created “niche space” because of the wholesale removal of other demersal species by trawl fisheries. Other
examples of symptoms of instability include the decline and subsequent recovery of round sardinella, Sardinella
aurita, populations (Pezennec 1995), and the increase in abundance of cuttlefish, Sepia officinalis and globefish,
Lagocephalus laevigatus (Ramos et al., 1990; Koranteng, 1998).

Multivariate analysis of demersal catch composition in Ghana from 1972 until 2008 is also informative (Finegold
et al., 2010). The most significant shift occurred between 1988 and 1989. This coincides with the crash of the
trigger fish fishery and an increase in burrito catch. The increase in burrito catch might reflect fishers targeting
burrito as a replacement for trigger fish. The second shift in catch composition occurred between 1997 and 1998
and is driven by a decline in burrito catch and an increase in cassava fish catch. The continuing change in catch
composition to 2008 (last sample analyzed) is driven by the increasing dominance of cassava fish in the catch.
Although these community shifts cannot with total certainty attributed directly to fishing pressure, demersal
communities typically are more stable than pelagic communities. Shifts in community structure caused by
environmental factors (e.g., upwelling strength) are unlikely to lead to the permanent changes seen here. Similar
analysis conducted on pelagic catches in Ghana showed no long-term consistent changes in composition
(Finegold et al., 2010). The shifts apparently coincide with the removal of species dominant in catches, and as
such, suggest fishing pressure as a principal cause of compositional changes (Finegold et al., 2010).

FISHING EFFORT AND TECHNOLOGY CHANGES

One of the significant shortfalls of fishery regulation and management in Ghana is a failure to document fishing
effort among fleets. However, at the coarsest level, fleet size provides a measure of fishing effort. Increased
numbers of active fishing vessels will likely lead to greater fishing pressure on resources. In Ghana, all fleets have
expanded, some substantially so, since the 1990s, but the expansion is not reflected in total landings. To the
contrary, as fleet size increased, catch has dropped. This coarse level of measurement is not the whole story, but it
is a warning sign regarding the state of resources (Finegold et al., 2010).

Another indicator of fishing effort is time spent fishing or catch per unit effort (CPUE). If vessel numbers
increase, but the time spent fishing by each vessel decreases, then vessel numbers viewed in isolation may
represent an overestimate of the change in fishing effort. Data suggest a severe decline in CPUE for the inshore
fleet, but no particular trends for the canoe or industrial fleet (Finegold et al., 2010). Although an improvement
beyond simple measures of fleet size, measuring effort only as the number of fishing trips, which is how
Ghanaian fisheries authorities measure effort, can be misleading in comparing across decades. Changes in
technology and fishing practices can have a dramatic impact on effective fishing effort with no associated change
in number of fishing trips (Finegold et al., 2010).

Fishers in Ghana have adopted a number of changes to their fishing practices that could substantially increase the
effective fishing effort of a single trip. In the canoe and inshore fleets in particular, continued innovation and
change have massively increased fishing power, even in the last decade. Among these are the use of outboard
motors, changes in net type, net construction, or net size, and light fishing (Finegold et al., 2010).

Outboard motors and increased travel: Outboard motors allow fishers to travel great distances and track and
exploit schools of small pelagic fishes as they move seasonally (Finegold et al., 2010). Similatly, gill netters or line
fishers using outboard motors can target the relatively sedentary demersal stocks and maintain catches despite
dwindling fish stocks. In Ghana, as shallow water stocks declined, outboard motors allowed canoe fishers to go
farther along the coast and offshore to find new fishing grounds as others are depleted, a process termed serial
depletion of a fishery. Over the last 10 years in the Western Region, interviews with fishers revealed that today on
average they travel 2.7 times longer to get to fishing grounds than they did only 10 years ago (Fig. 6.7, Finegold et
al., 2010). Given the increase in engine power over the past three decades, the increase in distance which they
must travel to find fish would be even higher. Serial depletion masks fish stock declines until no fishers cannot
locate productive fishing grounds, at which point CPUE will decline abruptly and severely. The shift to higher
power, more efficient engines (i.e., 23-30 hp in 1981 to 40 hp engines, today) and improved propellers likely
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represents a doubling of effective engine power over the past three decades (Finegold et al., 2010). Similarly, small
canoes are now often equipped with small (generally 8 hp) engines, again increasing effective range.

S5yearsago

/" 10yearsago

Figure 6.7 Relative time taken for fishers to reach their fishing grounds

Change in net systems: Effort measured in terms of fishing trips does not account for changes in net type, net
construction, or net size, all of which enormously impact fishing power. Detailed data on gear changes over time
in Ghana are unavailable; however, field observations, interviews with fishers, and a few reports point to
significant changes (Finegold et al., 2010).

To effectively double fishing effort, a fisher could double the length of net deployed. Data on changes in net
length are unavailable for Ghana, but are available for a Cote d’Ivoire canoe fishery for large pelagic species
(targeting billfish, sharks, and tuna; Bard and Goran, 2001). Between 1984 and 2000, the average length of gill
nets doubled and the fishery data system reported an increase in fishing trips from low levels in 1984 (<500 trips)
to around 7,000 trips in 2000. Standardizing the information based on the average net length deployed rather than
simply the number of trips, results in a 30-fold increase in effective fishing effort rather than a trip-based 14-fold
increase. The situation is likely similar in Ghana. In recent Ghana surveys among fishers using multi-panel gill
nets (such as tenga and karadwee), an almost invariably a progression occurs from an initial purchase of a small
number of net “bundles,” perhaps purchasing 12 “bundles” initially, and over time adding =2 per year (Finegold
et al., 2010).

Substantial changes in the materials used to construct nets over the years have had a marked impact on catch
efficiency (Finegold et al., 2010). Early nets were constructed by fishers from natural fibers, which tended to rot,
required frequent repairs, and required frequent replacement, all reducing time fished. Easy access to synthetic
fibers substantially improved net efficiency and longevity, and allowed soak times (time in water) to increase.
Monofilament gill nets, which have increased massively in use by fishers over the past 10 years, catch fish far
more efficiently than synthetic multifilament nets. With the switch to monofilament, mesh sizes have continued
to decrease, also increasing catch rates but potentially fishing down the stock. During interviews, a number of
fishers in the Western Region noted that they do not travel as far to fish as they used to, because their catches
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have increased substantially due to using smaller mesh monofilament gill nets. Mesh sizes used in the
construction of purse seine nets and drift nets may also have decreased in recent years (Finegold et al., 2010).

Light fishing: The technique of light fishing, as the name implies, involves using lights at night to attract large
aggregations of small pelagic fish, increasing their catchability. Over the past two decades, light fishing rapidly
became the technological innovation with the greatest impact on Ghanaian fishing (Finegold et al.. 2010). The
technique was initially introduced by the Marine Fisheries Research Division (MFRD) as a means of alleviating
poverty and increasing food availability. Canoe fishers found it difficult to make a living fishing outside of the
major upwelling season (the “maura” season) because their main target species, the small pelagics (i.e., herrings,
sardinella, and anchovies), were inaccessible. Early trials conducted initially in 1962 and showed promise
(Bannerman and Quartey, undated cited in Finegold, et al. 2010), but the equipment was too expensive for most
fishers and the potential benefits were not fully understood. In the early 1990s, the incentives for light fishing
changed when the inshore fleet adopted the technology, and canoe fishers soon followed. The inshore fleet
benefited considerably. The inshore vessels were originally designed to operate purse seines during the upwelling
season, and then convert to trawling in the low season, but most were underpowered for trawling. Light fishing
provided the option of continuing purse seine operations even in the low season. In interviews, fishers indicated
catch in the low season was 3-8 times higher when using lights (Finegold et al., 2010). Many fishers suggested that
with the current level of fish stocks, fish catch would be low to nonexistent in the low season without lights.

Purse seiners (predominantly “watsa” gear) from the large canoes and the inshore fleet now use light fishing.
Small generators power high wattage incandescent lights that are lowered into the sea on long cables (Finegold et
al.,, 2010). The technique has essentially extended the targeted small pelagic fishery from a three-month to a year-
round fishery. For many canoe fishers, prior to their use of light fishing, fishing activities in the low season were
largely for subsistence purposes, rarely were enough fish caught to sell for profit. With the use of lights, despite a
decline in fish stocks, the chance of a profitable catch in the low season has substantially increased. Fishers who
once changed to line or drift net fishing in the low season now purse seinet year-round. Since lights are not
effective near the period of the full moon, many fishers only fish for two weeks a month, one week on either side
of the new moon. In effect, this may act to decrease fishing effort as measured in number of trips. Yet once the
uptake of light fishing is considered, the overall increase in fishing pressure is still considerable, once again
confounding CPUE estimates from the fisheries information system. Light fishing activities were addressed in
interviews of fishermen in the Western Region. Although the inshore fleet was first to use the technique, since
2000 increasing numbers of canoe purse-seiners are light fishing (Figure 10). Coupled with the large increase in
the canoe and inshore fleets, this likely has produced in the last 10 years a massive increase in the fishing pressure
on the small pelagic resoutce (Finegold et al., 2010).
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Table 6.6 Symptoms of decline, sensitivities, and vulnerabilities of the marine fishery resources
and associated changes in fishing effort and technology posing increasing risk to the resource

Figure 6.8 Percentage of interviewed purse-seine (wasta) fishers

in Western Region Using light fishing

Category

Symptoms, sensitivities, and vulnerabilities

Pelagic Fishery

Inherently variable in productivity because of environmental drivers (e.g., sea-surface temperature,
upwelling strength and duration), but species tend up to a point to be resilient and adapted to boom-
and-bust cycles.

Currently, experiencing most sustained period of catch decline across multiple important fishes (i.e.,
anchovies, sardinellas) (lowest level since the 1970s, when all fleets were much smaller) (Fig. 6.6).

Decline coincides with initiation of light fishing which allows near year- round exploitation, primarily by
canoe and semi-industrial fleets.

Nearly all fleet categories exploit pelagic fishes, so pressure is from multiple zones on the continental
shelf, depths, and gear types.

Demersal Fishery

Inherently more stable and less susceptible to environmental variability than pelagic fishery, but less
resilient to over exploitation.

Biomass of longer-lived, predatory fishes reduced.

Decline in abundance of demersal fishes at 0-30 m depths.

Other symptoms of inherent instability include:

shifts in catch composition coinciding with apparent sequential over exploitation of dominant species;
repeated collapses and recovery of stocks across multiple disparate species sudden appearance,
dominance, and disappearance of species new to the fishery

rapid population growth of formerly uncommon or moderately abundant species

Targeted by the canoe, semi-industrial, and industrial fleets which have shown rapid growth in the last
several decades suggesting increasing fishing pressure in multiple continental shelf zones, depths, and
gear types.
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Category Symptoms, sensitivities, and vulnerabilities

Fishing effort and Key catch statistics are lacking to quantify effort expended (e.g., effort among fleets, time spent fishing,
technology changes | net size and mesh differences and other gear differences, catch and effort often underreported,
fabricated).

Rapid sustained expansion in last few decades of canoe, semi-industrial (inshore), and industrial fleets
coincide with drops in catch (Fig. 6.5).

Semi-industrial fleet experiencing declines in catch per unit effort.

Fishing effort and fishing pressure expanded enormously due to:

®  no registration or limits to access (canoe fleet)

e extremely low self-reporting of industrial fleet of catch and effort provides strong indication of
substantial under-reporting of catches

e  outboard motors (continued increase in power and expanded adoption allow canoe fishers to
move farther along shore and offshore which combined with fisher reports of having to make
longer trips to catch fish, suggests serial depletion of fisheries) (Fig. 6.5).

e light fishing (opened up pelagic fish exploitation near year round) and rapidly adopted by semi-
industrial and more recently canoe fleet (Fig. 6.8).

e low maintenance, longer lasting netting allows more time fishing, increasing pressure per fisher

e longer nets, more nets, and smaller mesh size per fisher increase fishing effort and pressure
tremendously, but the effects on and trends in catch remain unquantified

e  pair trawling (illegal but apparently still commonly practiced)

e transshipment and trade of by-catch (so called ‘trash fish’, small, low valued or damaged fishes)
from industrial trawlers to canoe fishers encouraging near shore trawling and use of small mesh
size, both increasing pressure on already highly pressured fisheries.

e use of poisons and explosives as a non-selective fishing technique

Sources: compiled from Koranteng and McGlade, 2001; Koranteng and Pauly, 2004; Perry and Suamaila, 2007; Wiafe et al., 2008;
Finegold et al.,, 2010 and references therein.

LAKE VOLTA FISHERY

The Volta River is one of West Africa's largest rivers, draining an area of 390,000 km? (Petr 1986). It is fed by the
Black Volta, the White Volta, the Red Volta, and the Oti rivers. The Volta Basin covers parts of six countries:
small portions are in Mali (4.8 percent), Cote d’Ivoire (3.2 percent), Togo (6.4 percent), and Benin (3.6 percent),
and the majority of the basin lies in Burkina Faso (42 percent) and Ghana (40.2 percent) (Taylor et al., 2000).

Lake Volta, an impoundment on the Volta River covering 8,700 km? at maximum pool, extends some 400 km
inland from Okosombo dam in the southern Eastern Region. The reservoir extends from the dam north into the
Volta, Brong Ashafo, and Northern Regions. Not surprisingly, this large impoundment provides a large
freshwater fishery. This lake reportedly produces about 98 percent of the inland freshwater fish in Ghana
(Braimah, 2001; Andah and Gichuki, 2005; Lemoalle and Condappa, 2009), but apparently little to no accounting
is made for fishes harvested from flowing rivers and streams in most of Ghana. In tonnage, Volta Lake reportedly
produced about 87,500 tonnes of fish in 2000, but annual catch statistics are contradictory ranging from 40,000 to
250,000 tonnes/year depending on the author (Lemoalle and Condappa, 2009). An estimated 1,232 fishing
villages and 79,900 fishers were estimated in 1998 to be scattered along the 4,300 km shoreline. Fishers used at
least 11 gear types to fish, ranging from widespread use of nets (especially gill nets, cast nets, and beach seines) to
traps, hook and line, and to a small extent spears. Fishing vessels consisted of an estimated 24,035 plank canoes
most of which are open and non-motorized but a small percentage (<5 percent) are open motorized, decked non-
motorized, or decked and motorized (Braimah, 2001; Dontwi et al., 2008). This fishery is reportedly already
experiencing overexploitation, but the data or analyses on which these are based are unclear. Some indicate if the
current practices (illegal nets, such as beach seines and purse seines and small mesh sizes) are not regulated, the
fishery could collapse in the near future (Andah and Gichuki, 2005). The construction of the Akosombo Dam
for hydropower, which drastically altered the annual flooding downstream, also resulted in the loss of several
lagoons and creeks in the estuary which served as important fishing grounds. Associated with the shift in the
estuarine salt wedge was the loss of the clam and prawn fisheries in the main channel that were a major source of
livelihood (Andah et al., 2005; Lemoalle and Condappa, 2009).
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The potential impacts of increased temperatures or changes in rainfall as a result of climate change are at this
point unpredictable for Lake Volta or any other inland fisheries in Ghana. Little up-to-date, quantitative data is
apparently available for this important fishery although as noted, some sources indicate the fishery is declining or
at risk of decline under current fishing pressure. Continued warming as predicted by current trends and climate
model projections could, for example, affect primary and secondary productivity in feeder rivers and the reservoir,
changing the seasonality, quality, and quantity of the food source of fishes in unknown ways. Warming would
likely also affect rates of egg development, fish metabolism and growth, and ultimately recruitment, and perhaps
even the timing of reproduction of Lake Volta fishes. Similatly, future climate scenatios resulting in dramatically
decreased or increased river flows (Kasei, 2009, see Desertification section) would also likely affect the fishery but
in less easily conceptualized ways. For example, in the case of reduced flow, lower water levels in Lake Volta and
tributaries would reduce the area of shallow, shoreline habitat. In turn, loss of the vegetated shoreline-lake
interface would affect fishes using such habitats for feeding, spawning, or nursery areas. Depending on timing and
variability, higher flows could change seasonal turbidity (and perhaps primary and secondary productivity) and
dilute food resources, resulting in largely unpredictable changes on larvae, juveniles, and adult fishes. Clearly, the
current state of the inland fishery resource in Ghana deserves further scientific attention as does the potential
impacts climate change might have on this resource.

CLIMATE CHANGE AND THE MARINE FISHERY

The most prominent effect of climate change on marine productivity and ultimately the fishery could be increased
sea temperatures, even though the primary proximate driver of productivity, the upwelling system, is admittedly
complex and certainly not totally understood (Wiafe et al., 2008). Changes in sea temperature could affect primary
(phytoplankton) and secondary (zooplankton) production which in turn could dramatically increase or decrease
the abundance of pelagic fishes and their predators.

Historical trend analyses of sea temperature in the Gulf of Guinea tend to show increasing trends in sea-surface
temperatures for the period of record in the late 20 century. Simple regression of annual mean data from about
1960-2001 indicated generally low interannual variability and an increased trend, albeit non-significant, in sea-
surface temperature (Dontwi et al., 2008). Another more detailed analysis (covering through 1992) showed: an
overall increase in offshore sea-surface temperature from 1946-1990 with some evidence of short-lived, cyclical,
decadal decreases; consistently increasing temperatures during the second warm (or low) season between 1975-
1992, generally increasing sub-surface temperature (100 m depth) from 1969-1992, increasing sea-surface and sub-
surface temperatures during the second warm or low season, generally reduced temperatures during the minor
upwelling period (i.e., the upwelling was intensified), and slight increases in temperatures during the main warm or
low season (i.e., intensification of warming).

The period 1963-1992 could be divided into three distinct periods: an unsettled period from 1963-1974; a “cold”
period from 1975-1980; and a “warm” period from 1981-1992. These periods apparently influenced the dynamics
of the pelagic fishery resources with significant changes in the distribution and abundance of species coinciding
with climatic periods (Koranteng and McGlade, 2001). Notably, another detailed analysis of seasonal trends over
a 24-year period (1968-1992) showed the annual cyclical nature of temperature and zooplankton productivity but
also revealed gradual increases in sea-surface temperature for the major upwelling and second warm or low season
(second thermocline) periods (Waife et al., 2008). Notably, these upward trends in sea-surface temperature were
associated with significant decreasing trends in zooplankton biomass. Although other factors certainly influenced
biomass of zooplankton (e.g., biomass of and predation by sardinella larvae), increased sea-surface temperatures
accounted for >50 percent of the variation in zooplankton biomass (Waife et al., 2008). Notably, future
projections of sea-surface temperature from Global Climate Models estimate a 0.4, 1.4, and 2.7°C increase in sea-
surface temperature in coastal waters of Ghana by 2020, 2050, and 2080, respectively (Minia, 2008).

The most abundant pelagic species in the upwelling region of the Gulf of Guinea all are zooplankton dependent
at early life stages and some are zooplankton dependent as adults (i.e., round sardinella, Sardinella anrita; Madeiran
sardinella, S. maderensis; European anchovy’ (Engranlis encrasicolus; in some years, chub mackerel, Scomber japonicas,
Mensah and Koranteng, 1988; Koranteng, 1995). Plankton abundance, providing forage for juvenile or adult fish,
may be more important for sustaining stock biomass of some species than spawning success and larval survival
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(Binet, 1995). Even if the declining zooplankton biomass is adequate for survival of the main fishery stocks
(Mensah, 1995), a month’s lag exists between the peaks of sardinella larval abundance and total zooplankton
biomass, suggesting, not surprisingly, a temporal matching between predators and peak larval food. As such, a
potential exists for climate change to cause a mismatch between larval pelagic fish abundance and their food,
which could compromise recruitment. Significant decline in zooplankton biomass occurred from the late 1960s to
the early 1990s, a decline attributed to the trend in global warming (Wiafe et al., 2008). Although biological (top—
down) control was also important, no long-term trend in the abundance of the predatory fish larvae was detected.
The zooplankton time-series analysis at the biomass level combined with the knowledge of the biology and
distribution of the dominant species during the major upwelling (i.e., the copepod, Calanoides carinatus) indicated
the current trend in warming of the ocean, especially during the major upwelling, could shift zooplankton
community abundance and structure and impact fishery resources (Wiafe et al., 2008).
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/. SOCIALVULNERABILITY TO
CLIMATE CHANGE IN GHANA

DEFINING AND ASSESSING SOCIAL VULNERABILITY TO CLIMATE
CHANGE

New definitions of climate change vulnerability are constantly evolving (Kelly and Adger, 2000; O’Brien et al.,
2004). In the context of climate change, definitions of vulnerability typically fall into two camps. The more
traditional definitions assess vulnerability from what Kelly and Adger (2000) deem “the end point of a sequence of
analyses.” An end point analysis would determine the level of vulnerability by summarizing the net impact of
problems associated with climate change. The second school considers vulnerability as “a starting point for
analyses... Here, vulnerability is considered a characteristic of social and ecological systems that is generated by
multiple factors and processes.” (O’Brien et al., 2004a). Kelly and Adger (2000) take this definition further,
defining vulnerability “in terms of the ability or inability of individuals and social groupings to respond to, in the
sense of cope with, recover from or adapt to, any external stress placed on their livelihoods and well being.”
Critical to the starting-point definition of vulnerability is the understanding that it is dynamic and in a continuous
state of flux, as the biophysical and social processes that shape people’s ability to cope with external stress change
over time and across space (O’Brien et al., 2004a).

For purposes of this assessment, we adopt a “starting point” definition of social vulnerability to climate change,
adhering to the Kelly and Adger (2000) definition of social vulnerability. We treat vulnerability as a measurable
characteristic present within a population, and influenced by multiple socioeconomic and biophysical factors. Our
assessment approach includes four main steps. First, we identified variables that contribute to social vulnerability
to climate change, on the basis of the academic literature. Second, we selected socioeconomic indicators that
served as proxies for evaluating these variables at the district level in Ghana. Third, we scaled the index values
and combined them into an index to measure overall social vulnerability to climate change at the district level.
Finally, using GIS we mapped the values generated by the index (high values correspond with high vulnerability)
across districts. (Please see the methods section for a more detailed explanation of this process.) The scaled,
mapped index values can be used to compare social vulnerability to climate change across districts in Ghana, and
to facilitate analysis of social vulnerability in relation to ecological zone, climate, and natural resource vulnerability
to climate change.

Social vulnerability varies by spatial scale: among members of a household, between households in a community,
from community to community, and between districts and administrative regions. Given the need to provide a
nationwide assessment, our objective was to characterize vulnerability at the smallest scale practicable using
existing data sets. Thus, the purpose of this assessment is to help identify vulnerability “hot spots” within Ghana
that may deserve attention when making decisions about where and how to implement development interventions
(such as improving food security) to help people and communities build their adaptive capacity and increase their
resilience to climate change and its impacts. These are places where more fine-scaled analysis is called for to
reveal actual vulnerabilities and strategies to address them. It is important to note that vulnerability is a relative
term. The districts ranking lower on our vulnerability scale are not necessarily invulnerable to climate change; and
some individuals, households, and communities within these less vulnerable districts may be as vulnerable to
climate change as those in the high vulnerability districts.
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METHODS

As described above, to assess social vulnerability to climate change in Ghana, we developed a vulnerability index
based on socioeconomic variables that were identified through a review of the climate change social vulnerability
literature. We then selected indicators capable of serving as proxies for those variables for which we could obtain
district-level data from existing sources. Our decision to focus on the administrative district limited our choice of
indicators. The 11 indicators we used to construct the index are presented in Table 7.1, along with our rationale
for choosing them and the sources from which we obtained the data.

To construct the social vulnerability index we first compiled data for the 11 indicators selected to serve as proxy
measurements of social vulnerability to climate change. We then analyzed the data for each individual indicator
using a variety of methods in ArcGIS, and chose the “natural breaks” classification method. Natural breaks
(Jenks method) is a classification method that uses a statistical approach to group values into a pre-determined
number of classes in a manner that minimizes variance within each class, and maximizes variance between classes,
resulting in “natural breaks” in the dataset that are based on the data’s distribution. We chose to create 10 classes
for our data in order to examine differences between districts at a more refined level than fewer classes would
allow, but that would still be visually discernable when mapped. (Note, due to the natural breaks approach, each
class does not have an equal number of districts, nor is the range of values within each class set at consistent
intervals, as indicated in the map legends.) After sorting the data for an indicator into 10 classes, we assigned each
district a score for that indicator (from 1 to 10), depending on which class it fell into. One signified the lowest
vulnerability class, and 10, the highest. Because we used 11 indicators in our vulnerability index, each district
ultimately received 11 different scores, one for each indicator.

To combine the individual indicator values for purposes of creating one vulnerability index value for each district,
we summed the 11 indicator scores for each district. Indicators were equally weighted because there is no
evidence in the literature to suggest that any one indicator is more or less significant than another in influencing
social vulnerability to climate change. Thus, the highest possible vulnerability score a district could receive was
110, and the lowest, 11. Finally, the index values were mapped, using ArcGIS software, into five vulnerability
categories and 10 vulnerability categories, for compatison, based on their total scores and using the natural breaks
method. The actual overall district vulnerability scores ranged from 25 to 93.

A number of factors limit our assessment. First, we used data from only one time period — the most recent for
which data were available — rather than looking at temporal trends in the indicators. The lack of long-term,
historical data at the district level for Ghana, combined with widespread changes in district boundaries over time,
necessitated this approach. Second, the data we used are not recent; many of them come from Ghana’s 2000
Population and Housing Census. Although Ghana conducted another population and housing census in 2010,
initial results will not be released at the district level until 2012 (GoG, 2011). Because of this, our data pertain to
the 110 districts that existed prior to 2006. Today, Ghana has 170 districts; we have not attempted to ovetlay
current district boundaries on the 110 for which we have data because maps depicting newly created districts are
not readily available. Another limitation was our inability to capture some components of social vulnerability to
climate change with a proxy measure that best suited that component, or with any measure at all. For example,
the literature suggests that health as a vulnerability indicator is best measured through life expectancy. However,
life expectancy data were not easily accessible at a district level in Ghana; instead, we used childhood malnutrition.
Moreover, we were unable to obtain any proxy measures for variables such as political involvement, social
networks, and governance — all of which can play an important role in determining vulnerability to climate
change. Despite these limitations, we believe that our index is useful for drawing attention to districts of Ghana
that are likely to have high social vulnerability in the context of climate change.
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RESULTS AND DISCUSSION

The final section of this social vulnerability analysis contains a reference map and tables that can be used to
identify individual Ghana districts. It also contains a map for each of the 11 indicators used in the social
vulnerability index that shows data pertaining to that indicator for each district.

Upper East

]

i

RERREREO0

Figure 7.1 Social Vulnerability to Climate Change in Ghana, by District
(Based on the 110 district boundaries in place prior to 2006)

The districts of Ghana that have the highest overall social vulnerability to climate change are
concentrated in the Upper West, Upper East, and Northern Regions (Figure 7.1). Within these three
regions, the districts having the lowest vulnerability scores are those containing the regional capitals,
making them the more urban districts: Wa, Bolgatanga, and Tamale, respectively. Tamale District has the
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lowest vulnerability of any district in the three northern regions, which is not surprising, considering that
Tamale is the largest city in northern Ghana. Nevertheless, this district exhibits medium vulnerability relative
to the rest of the country. Other districts exhibiting high social vulnerability to climate change are located in
northern Volta Region and eastern Brong-Ahafo, most of them bordering the Northern Region. The
southern-most part of Volta Region also has high social vulnerability to climate change. As a whole, Volta
Region had the fourth highest overall social vulnerability to climate change. The vast majority of Ghana
districts having high social vulnerability to climate change lie in the Sudan and Guinea Savanna ecological
zones, with the remainder clustered in the Forest-Savanna Transition zone.

Sudan Savanna

]

REREREADO

Evergreen
Forest

Figure 7.2 Social Vulnerability to Climate Change in Ghana, by Ecological Zone
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Examination of the average district scores for each indicator in the index sheds light on why the Northern,
Upper East, and Upper West Regions scored highest in overall social vulnerability (Table 7.2). Infrastructure-
related indicators (road access, distance from drinking water, and distance from a food market) stand out as
influential. Extremely high rates of illiteracy are also found in these regions. And, they exhibit the highest
dependency on agricultural employment. Finally, perceived poverty is substantially higher in the northern
regions. Interestingly, these three regions exhibit the lowest percentages of female-headed households in
Ghana, making them less vulnerable to climate change from this standpoint.

Two other socioeconomic indicators that are important in considering social vulnerability to climate change
are population growth and poverty. Population growth increases pressure on natural resources, exacerbating
the negative effects of climate change. Poverty makes households more vulnerable to climate change because
poor households generally have fewer options and less capacity for adaptation. We were unable to obtain
data for these variables at the district level for purposes of this analysis. However, regional-level data make it
possible to examine population growth and poverty in the regions most socially vulnerable to climate change.

Population growth rates for each region were provided in Chapter 5, Section C (Population and Economy).
Here we focus on changes in regional population density (Table 7.3). Population density in the Upper East
and Upper West regions of Ghana more than doubled between 1960 and 2010, and more than quadrupled in
the Northern Region. Although the increase in population density in Upper East and Upper West was below
the national average for this same time period, population density in the Upper East Region in 2010 (117
persons/km?) was above the national average (102 persons/km?), and more than three times higher than in
the other two northern regions. This is surprising, considering the Upper East Region lies in the Sudan
Savanna, which is drier and more matginal for agriculture than the Guinea Savanna. High population density
in the Upper East Region may be a partial reflection of immigration by migrant herders from the north
during the 20t century, but also reflects other more complex historical factors (e.g., military strength and
stability, lack of slave raids, hosting refugees from neighboring tribes [Dickson and Benneh, 1988]). Annual
population growth in the Northern Region between 2000 and 2010 was 3.1 percent, well above the national
average of 2.5 percent. Nevertheless, this region had the lowest population density of any in Ghana in 2010.
Population growth rates in Upper East and Upper West were 1.1 percent and 1.6 percent, respectively,
suggesting out-migration to regions farther south. These findings indicate that all three northern regions are
experiencing increases in population pressure — particularly the Northern Region — an additional challenge for
climate change adaptation in these regions that have a high dependence on agricultural employment.

Regarding poverty, over the past two decades, rural areas in the Guinea and Sudan savanna ecological zones
in northern Ghana have consistently exhibited the highest incidence of poverty in the country (Table 7.4).
The most recent data (2005-06) show that poverty incidence in the rural savanna is more than double that of
any other ecological zone; 60.1 percent of all households were living below the poverty line. At the scale of
administrative regions, the Upper West Region has the highest poverty, with 88 percent of households living
below the national poverty line in 2005-06 — three times the national average (Table 7.5). It was closely
followed by Upper East, at 70 percent. The Northern Region exhibits the next highest poverty incidence in
Ghana, at 52 percent. Although overall poverty in Ghana has steadily declined since the early 1990s, this was
not the case in the Upper West or Upper East Regions.
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Table 7.3 Population Density, 1960-2010, by Region

Region
Western
Central
Greater Accra
Volta
Eastern
Ashanti
Brong-Ahafo
Northern
Upper East
Upper West
Ghana

Area (km?)
23,921
9,826
3,245
20,572
19,324
24,390
39,557
70,383
8,842
18,477
238,537

Population
(2010)

2,325,597
2,107,209
2,909,764
2,099,876
2,596,013
4,725,046
2,282,128
2,468,557
1,031,478
677,763
24,223,431

Population density (per km?)

1960
26
76
167
35
54
45

15
8
53
16
28

1970

32
91
278
46
63
6l
19
10
6l
17
36

1984

48
116
44|
59
87
86
31
17
87
24
52

2000
8l
162

896
80
109
148
46
26
104
31
79

2010
97
214
1,205
102
134
194
58
35
117
37
102

Source: Adeku and Kwafo 2005; Ghana 2010 Population and Housing Census Provisional Results

% Incidence of poverty is given as a percentage of households within the given ecological zone living on <3,708,900 cedis/yr. The

by Ecological Zone»

Table 7.4 Incidence of Poverty (Percentage)

Ecological Zone 1991/92 1998/99 2005/06
Accra (GAMAb) 23.1 4.4 10.6
Urban Coastal 283 31.0 55
Urban Forest 25.8 18.2 6.9
Urban Savanna 378 43.0 27.6
Rural Coastal 525 45.6 24.0
Rural Forest 61.6 38.0 27.7
Rural Savanna 73.0 70.0 60.1
Urban 27.7 19.4 10.8
Rural 63.6 49.5 39.2

Source: Ghana Statistical Service, 2007

Ghana Statistical Service uses two levels of poverty: the upper line of poverty is set at the above figure, the lower line of

poverty is set at 2,884,700 cedis (survey conducted prior to Ghana’s currency adjustment). The US equivalent is about $245 for

the upper level and $191 for the lower, based on spring 201 | exchange rates.

® Greater Accra Metropolitan Area
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Table 7.5 Incidence of poverty (percentage)
by Administrative Region, 1991/92 to 2005/06

Administrative

Region 1991/92 1998/99  2005/06
Western 60 27 18
Central 44 48 20
Greater Accra 26 5 12
Volta 57 38 31
Eastern 48 44 15
Ashanti 41 28 20
Brong-Ahafo 65 36 29
Northern 63 69 52
Upper East 67 88 70
Upper West 88 84 88
Ghana 52 40 29

(See footnote to Table 6.C.4 for definition of poverty levels)
Source: Ghana Statistical Service, 2007

Ghana increases its social vulnerability to climate change, and will pose additional challenges for climate change
adaptation.

CONCLUSIONS

Based on the measures used in this analysis of social vulnerability to climate change in Ghana, we find that
the Upper East, Upper West, and Northern administrative regions have the highest overall social vulnerability
to climate change. The eastern portion of Brong Ahafo Region and the far northern and southern-most
districts of Volta Region, also exhibit high social vulnerability to climate change. Urban districts appear to be
less vulnerable than rural districts, probably because of the relatively well-developed infrastructure and
opportunities for economic diversification. The Upper East, Upper West, and Northern regions also have a
much higher incidence of poverty than other regions of Ghana; and more than doubled (Upper East, Upper
West) or quadrupled (Northern) in population density between 1960 and 2010. These three regions lie in the
Sudan and Guinea Savanna ecological zones. The Forest-Savanna Transition Zone has the next highest social
vulnerability to climate change in Ghana, following the savanna zones. Notably, the social vulnerability
index, which contains no direct meteorological information, describes a general north-to-south decreasing
vulnerability gradient which is congruent with a north-to-south decreasing gradient in rainfall. The congruent
pattern of the two data sets, social vulnerability to climate change and rainfall patterns, is not likely a
coincidence. Should climate change bring decreased rainfall, higher temperatures, or both, concomittant
increased social vulnerability along this gradient is a logical expectation (see Chapter 3, Ghana’s Climate and
Projected Changes). These data emphasize that Ghana’s three northern regions deserve attention for
investments that support climate change adaptation. Nevertheless, other parts of the country that are highly
vulnerable, such as eastern Brong-Ahafo Region and northern Volta Region, also warrant assistance. In
addition, this vulnerability assessment is relative; less vulnerable districts are nevertheless still vulnerable to
climate change. Finally, this assessment focuses at a fairly broad geographic scale. As the following chapter
on climate change adaptation indicates, it is also important to assess climate change vulnerability and
adaptation at the local level.
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REFERENCE AND INDICATOR MAPS’

Regions

I:l Acghanti
I:l Brong Ahafo
[ ] central

I:l Upper East
I:l Upper West
[ voia

Figure 7.3 Reference Map for Identifying Ghana Districts.
(see Tables 7.6 and 7.7 that follow)

5 The legend values on the indicator maps represent actual percentages of the population or of households, based on survey data; they do not
signify the district vulnerability score (assigned on a scale of |-10) for a given indicator.
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Table 7.6 Ghana District Names, Referenced by Map Number

Nos. | District Nos. District Nos. District

1 Jomoro 42 Birim South 83 Nkoranza

2 Nzema East 43 West Akim 84 Kintampo

3 Ahanta West 44 Kwaebibirem 85 Atebubu

4 Shama Ahanta East Metropolis 45 Suhum-Kraboa-Coaltar 86 Sene

5 Mpohor-Wassa East 46 East Akim 87 Bole

6 Woassa West 47 Fanteakwa 88 West Gonja

7 Wasa Amenfi 48 New Juaben Municipality 89 East Gonja

8 Aowin-Suaman 49 Akuapim South 90 Nanumba

9 Juabeso-Bia 50 Akuapim North 91 Zabzugu-Tatale
10 Sefwi-Wiawso 51 Yilo Krobo 92 Saboba-Chereponi
11 Bibiani-Anhwiaso-Bekwai 52 Manya Krobo 93 Yendi

12 Komenda-Edina-Eguafo-Abirem 53 Asuogyaman 94 Gushiegu-Karaga
13 Cape Coast Municipality 54 Afram Plains 95 Savelugu-Nanton
14 Abura-Asebu-Kwamankese 55 Kwahu South 96 Tamale

15 Mfantsiman 56 Atwima 97 Tolon

16 Gomoa 57 Amansie West 98 West Mamprusi
17 Awutu-Effutu-Senya 58 Amansie East 99 East Mamprusi
18 Agona 59 Adansi West (North) 100 Builsa

19 Asikuma-Odoben-Brakwa 60 Adansi East (South) 101 Kassena Nankana
20 Ajumako-Enyan-Essiam 61 Asante Akim South 102 Bongo

21 Assin 62 Asante Akim North 103 Bolgatanga

22 Twifo-Heman-Lower Denkyira 63 Ejisu-Juaben 104 Bawku West

23 Upper Denkyira 64 Botsomtwe-Atwima Kwanwoma 105 Bawku East

24 Accra Metropolis 65 Kumasi Metropolis 106 Wa

25 Ga 66 Afigya-Kwabre 107 Nadowli

26 Tema Municipality 67 Afigya Sekyere 108 Sissala

27 Dangme West 68 Sekyere East 109 Jirapa Lambussie
28 Dangme East 69 Sekyere West 110 Lawra

29 South Tongu 70 Ejura-Sekyedumasi

30 Keta 71 Offinso

31 Ketu 72 Ahafo Ano South

32 Akatsi 73 Ahafo Ano North

33 North Tongu 74 Asunafo

34 Ho 75 Asutifi

35 Hohoe 76 Tano

36 Kpando 77 Sunyani

37 Jasikan 78 Dormaa

38 Kadjebi 79 Jaman

39 Nkwanta 80 Berekum

40 Krachi 8l Wenchi

41 Birim North 82 Techiman
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Table 7.7 Ghana District Names, Alphabetical, and Associated Map Number

District Nos. Nos. | District Nos.
Abura-Asebu-Kwamankese | 14 Dangme East 28 North Tongu 33
Accra Metropolis 24 Dangme West 27 Nzema East 2
Adansi East (South) 60 Dormaa 78 Offinso 71
Adansi West (North) 59 East Akim 46 Saboba-Chereponi 92
Afigya Sekyere 67 East Gonja 89 Savelugu-Nanton 95
Afigya-Kwabre 66 East Mamprusi 99 Sefwi-Wiawso 10
Afram Plains 54 Ejisu-Juaben 63 Sekyere East 68
Agona 18 Ejura-Sekyedumasi 70 Sekyere West 69
Ahafo Ano North 73 Fanteakwa 47 Sene 86
Ahafo Ano South 72 Ga 25 Shama Ahanta East Metropolis | 4
Ahanta West 3 Gomoa 16 Sissala 108
Ajumako-Enyan-Essiam 20 Gushiegu-Karaga 94 South Tongu 29
Akatsi 32 Ho 34 Suhum-Kraboa-Coaltar 45
Akuapim North 50 Hohoe 35 Sunyani 77
Akuapim South 49 Jaman 79 Tamale 96
Amansie East 58 Jasikan 37 Tano 76
Amansie West 57 Jirapa Lambussie 109 Techiman 82
Aowin-Suaman 8 Jomoro | Tema Municipality 26
Asante Akim North 62 Juabeso-Bia 9 Tolon 97
Asante Akim South 61 Kadjebi 38 Twifo-Heman-Lower Denkyira | 22
Asikuma-Odoben-Brakwa 19 Kassena Nankana 101 Upper Denkyira 23
Assin 21 Keta 30 Wa 106
Asunafo 74 Ketu 31 Woasa Amenfi 7
Asuogyaman 53 Kintampo 84 Wassa West 6
Asutifi 75 Komenda-Edina-Eguafo-Abirem 12 Wenchi 8l
Atebubu 85 Kpando 36 West Akim 43
Atwima 56 Krachi 40 West Gonja 88
Awutu-Effutu-Senya 17 Kumasi Metropolis 65 West Mamprusi 98
Bawku East 105 Kwaebibirem 44 Yendi 93
Bawku West 104 Kwahu South 55 Yilo Krobo 51
Berekum 80 Lawra 110 Zabzugu-Tatale 91
Bibiani-Anhwiaso-Bekwai I Manya Krobo 52

Birim North 41 Mfantsiman 15

Birim South 42 Mpohor-Wassa East 5

Bole 87 Nadowli 107

Bolgatanga 103 Nanumba 90

Bongo 102 New Juaben Municipality 48

Botsomtwe-Atwima 64 Nkoranza 83

Kwanwoma

Builsa 100 Nkwanta 39

Cape Coast Municipality 13
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Upper East

e LA e
Upper West

Figure 7.4 Percentage of district population >15 years old engaged in agriculture-related
employment (including hunting and forestry)
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Upper East

Greater Accra

Figure 7.5 Percent of district population <15 and >65 (Dependent Population)
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Upper East

Greater Accra

Figure 7.6 Percentage of female-headed District households
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Upper East
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Figure 7.7 Percentage of children 0-59 months old who are underweight for their age

136 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Upper East

Figure 7.8 Percentage of the District population >15 years old that is llliterate
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Upper East

[ Jea-

. s

Figure 7.9 Percentage of District households that can access their homes
by road year-round
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Upper East

Figure 7.10 Percentage of District households that travel =230 minutes

to reach a food market
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Upper East

Figure 7.11 Percentage of District households that travel 230 minutes
for drinking water
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Upper East

Greater Accra

Figure 7.12 Percentage of District households that depend on unimproved drinking water
sources (rainwater, rivers, lakes, ponds, and unprotected wells)
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Upper East

Upper West

Northern

‘ Brong Ahafo

Figure 7.13 Percentage of District Households that self-identify
as being “Poor” or “Very Poor”
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Upper East

Northern .

Greater Accra

Figure 7.14 Percentage of total District households that feel “Somewhat’ or “Very”
insecure about their ability to withstand a crisis
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8. ADAPTING TO CLIMATE
CHANGE IN GHANA: CASE
STUDIES FROM THE
COASTAL AND NORTHERN
SAVANNA REGIONS

INTRODUCTION

Adaptation to climate change in Ghana calls for measures that reduce the vulnerability of natural resources
and people to its impacts, increase people’s ability to adapt to the long-term challenges posed by climate
change (their adaptive capacity), and strengthen people’s ability to absorb, cope with, and recover from
unexpected changes that result (resilience) (following Ensor and Berger, 2009). To promote climate change
adaptation, it is necessary to: 1) understand what the biophysical effects of climate change have been and are
expected to be in specific places (e.g., increased drought, unreliable rainfall, rising sea levels, flooding); and

2) understand the nature of social and environmental vulnerability in a given place, including how and why
people may be susceptible to the adverse effects of climate change. Thus, adaptation strategies are most likely
to be effective if they are developed using a community-based approach that takes into account the local
circumstances of specific communities.

Two case studies of climate change adaptation are presented in this chapter: one from coastal Ghana, and one
from the northern Guinea and Sudan savanna ecological zones, which include the Upper East, Upper West,
and Northern administrative regions. The adaptation strategies described in these case studies are not meant
to be prescriptive; instead, they provide examples of how climate change is being experienced in parts of
Ghana that USAID has expressed a particular interest in, and of approaches to adaptation that are currently
underway in some communities or that could potentially be pursued.

Figures 8.1 and 8.2 indicate the percentage of Ghana’s population employed mainly in agriculture, hunting
and forestry, and fishing by district across Ghana. It is evident that the Upper East, Upper West, and
Northern administrative regions — generally corresponding to the Sudan and Guinea savanna ecological zones
— have among the highest percentages of the population employed in agriculture, hunting, and forestry in
Ghana. Similarly, the Coastal Savanna Zone has a high percentage of the population employed in fishing.
Thus, our focus in this chapter is on rural livelihoods in the context of climate change with an emphasis on
food security, in line with USAID’s planned investments in food security in Ghana through the Feed the
Future program. We assume that a main goal of climate change adaptation in these zones is to ensure
sustainable livelihoods — defined as the capabilities, assets, and activities required to make a living in a manner
that is resilient to stresses and shocks, and that maintains or enhances these capabilities, assets, and activities
without undermining the natural resource base (Scoones, 1998). The areas discussed in these case studies
deserve special attention for potential investments in climate change adaptation because climate change in
Ghana is predicted to have significant impacts on coastal areas and on the dryland, northern savanna regions;
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people residing in these regions are highly dependent on fishing and agriculture, respectively; and social
vulnerability to climate change is particularly high in northern Ghana.

Sudan Savanna

[ ]ar-1s9
[ ] 1s0-
o
[]470-
[ ses-
B s23-

Evergreen
Forest

Source: 2000 Population and Housing Census (GSS, 2005)

Figure 8.1 Percentage of Ghana’s population aged 15 and over employed mainly in
agriculture, hunting, and forestry, by district.
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Sudan Savanna
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Coastal Savanna

Source: 2000 Population and Housing Census (GSS 2005)

Figure 8.2 Percentage of Ghana’s population aged 15 and over
employed mainly in fishing, by district.
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CASE STUDY: CLIMATE CHANGE ADAPTATION IN GHANA'’S
COASTAL ZONE

OVERVIEW

Ghana’s coastal zone, commonly defined as the land atea below the 30 meter contout, has a shoreline of 528
km in length, and encompasses an area of 5,800 — 16,000 km? (EPA, 2008), roughly 2-7 percent of the
country’s land mass, depending on exact boundary placement (see Chapter 5.C, Physiography, Ecology, and
Livelihoods). The shoreline transitions from sandy, relatively flat beaches of the western coast (roughly 95
km), to rocky beaches of the central coast (321 km), to the sandy east coast (149 km). Most of the country’s
major rivers drain into the sea, forming estuaries and lagoons along the shore.

Despite its relatively small landmass, the coastal zone is Ghana’s most densely populated area, holding 25
percent of the total population (EPA, 2008). Of the 10 most populous cities in Ghana, six are located along
the coast: the capital city of Accra (population 1,695,136); the twin cities of Sekondi-Takoradi in the Western
Region (combined population 289,595); Ashiaman (150,312), Tema (141,479), and Teshie (92,359), all in the
Greater Accra Region; and the former colonial capital of Cape Coast (population 118,105) in the Central
Region (GSS, 2002). As a result of these urban centers, districts within the coastal area tend to have high
population growth rates, ranging from 1.0 — 4.4 percent/year (median =2.9 percent) (Ghana Districts, 2000).
The most rapidly growing urban areas are increasing at a rate nearly twice the national average, and will
double in size over 16 years. However, even with this burgeoning population, social vulnerability to climate
change along the coast is not as severe as in the northern regions of the country. This is due, in part, to
superior transportation and communication networks, higher quality educational opportunities, better
developed commercial markets, and the corresponding increase in potential for livelihood diversification that
exists in urban areas. However, extraordinarily high growth rates still outpace the rate of development,
exerting continually increasing pressure on resources that are already in decline (CRC 2010). And, it is
important to note, although social vulnerability at a district level is less severe along the coast, households and
settlements located farther from urban centers can be just as socially vulnerable as households in the northern
reaches of the country (Apombwe, 2011).

LIVELIHOOD STRATEGIES AND CLIMATE CHANGE IMPACTS

Inhabitants of the coastal zone depend primarily on marine fisheries for their livelihoods (EPA, 2008; CRC,
2010; Chapter 6, Fishery Resources and Overfishing). There are five distinct fleets operating within Ghana’s
marine fisheries: artisanal canoe, semi-industrial, industrial, tuna, and lagoon. Men are responsible for
harvesting the fish, and women dominate the onshore post-harvest activities of processing, storing,
marketing, and trading the catch (EPA, 2008). In addition to fishing, most households practice some form of
subsistence agriculture (CRC, 2010; GSS, 2005, 2008). Aside from fishing, urban areas benefit from tourism.
Visitors come to the area to enjoy the beaches, to visit the colonial slave castles, or to venture inland and
experience the biodiversity of the evergreen forests. At the present moment, little infrastructure exists to
support a lucrative tourism industry outside of urban areas and many beaches are routinely used as toilets by
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local residents and as depositories for untreated liquid and solid waste and refuse (Briggs, 2010). The newly-
established oil and gas industry, off the coast of the Western Region, promises a surge in development and
has the potential to create jobs for the local population. In part because of the rather limited estimated
production life of the confirmed oil finds and field development to date, the true impact of the industry
remains to be seen (one field so far, producing for about 20 years, Tullow Ghana Limited, 2009; CRC, 2010).

Since occupations of coastal residents depend primarily on the marine fishery resource, livelihood
vulnerabilities are tied to threats confronting this resource. Vulnerabilities of the marine fishery resource are
multi-faceted with or without considerations of climate change. Climate change-related threats often increase
pre-existing human induced threats to the system. Potential climate change-related threats confronting the
marine fisheries include a potential rise in sea level, increased ocean temperatures, and perhaps most
threatening, changes to the seasonal upwelling patterns. Persistent human-induced threats include: increased
pressure on the fisheries as a result of a drastic increase in fleet size; changes in water quality from pollution
caused by ineffective waste water treatment plants, agricultural runoff, and aerial mosquito spraying;
destruction of mangrove, lagoon, and wetland systems that previously played important nursery roles for
juvenile fish; a shift towards more destructive fishing practices and a lengthening of the harvest season, both
actions that reduce the potential for stock recovery; sand harvesting practices, coupled with the construction
of sea walls or harbors that disrupt nearshore currents and interfere with natural sedimentation cycles; and a
general lack of management, regulation, or monitoring of any sort within the industry (EPA, 2008; CRC,
2010; Nelson & Agbey, 2005). The general outcome of these combined threats is an overall decline in the
marine fishery (EPA, 2008; CRC, 2010; Atta-Mills, et al. 2004, Chapter 6, Fishery Resoutces and
Overfishing).

When asked how this decline in the fisheries impacts individuals participating in the industry, common
responses were that, on an individual level, the resulting loss of income makes feeding the family difficult,
school fees unaffordable, protein too expensive, and unemployment increasingly prominent (EPA, 2008).
When asked to characterize climate change-related concerns within the community, respondents observed
that without a reliable source of income from the fishery, households face financial hardships that worsen
living conditions and reduce standards of living (EPA, 2008).

CLIMATE CHANGE ADAPTATION STRATEGIES

Livelihood adaptation strategies can be broken down into three distinct categories. The first category,
insurance strategies, can be defined as activities undertaken to avoid or prevent stress in the future (van der
Geest, 2004). The second strategy, coping, has been defined as “a short-term response to an immediate and
unhabitual decline” (Davies & Hossain, 1993: 60). Insurance and coping strategies can be erosive or non-
erosive. Erosive strategies are activities that harm future resilience; non-erosive strategies, the preferred
approach, do not jeopardize future security (van der Geest, 2004). Both insurance and coping are short-term
solutions and are unsustainable in the face of permanent, long-term change. The third and final strategy,
livelihood adaptation, is defined as “the dynamic process of constant changes to livelihoods which either
enhance existing security and wealth or try to reduce vulnerability and poverty” (Davies & Hossain, 1997: 5).
Livelihood adaptations address long-term changes and typically occur when coping strategies are exhausted
and individuals are forced to “alter fundamentally the ways in which they subsist” (Davies & Hossain, 1997:
5). Adaptation can be positive or negative. Positive adaptation occurs by choice and is reversible if fortunes
improve; negative adaptation tends to occur out of necessity, is usually irreversible, and often does not make
contributions to lasting reductions in vulnerability (Davies & Hossain, 1997). On Ghana’s coast there are
examples of all three forms of the more generally defined adaptation.

Insurance strategies involve, first, developing an early warning system that enables individuals to better anticipate
hazardous events or declines in production. With some level of awareness of future events, individuals can
then act in ways that temporarily insure them against lost income. Minimal efforts have been made in this
area; however, some fishermen have started anticipating financial hardship and putting more fish into cold
storage to sell in the off season, or simply foregoing income from sales in order to put away extra reserves of
smoked fish for personal consumption (EPA, 2008). Other insurance strategies include borrowing money
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from friends and family to get by during an economic slump or redirecting money from other areas of the
household finances to temporarily cover the loss of fishing income (van der Geest, 2004). These strategies
tend to be erosive because they threaten future resilience by depleting overall household resources to a point
from which they might not recover if income reduction persists for more than one season.

Many of the coping strategies employed on the coast could be considered borderline adaptations because they
have been practiced over a long period of time. That said, to combat declining catch sizes, artisanal fishermen
have transitioned to semi-industrial outfits or simply increased the time they spend at sea, added engines to
their canoes to travel greater distances, switched to nets with much smaller weaves to capture smaller fish,
and incorporated the use of lights, dynamite, or poison into their practices (CRC, 2010; Impraim, 2010).
Semi-industrial, industrial, and canoe fishers have coped with declining fisheries by adopting light fishing,
extending their range, illegally moving into the inward exclusion zone, or fishing off the shore of neighboring
countries (CRC, 2010, Personal Interview). All three fleets are believed to under-report their catch, which
enables them to pay less of a remittance to the lead fisherman® (CRC, 2010; Impraim, 2010). Nearly all of
these coping strategies can be considered erosive because they harm the health of the resource in the future.
The Government of Ghana has invested in a more coordinated short-term coping strategy, known as the Pre-
Mix Program. The Pre-Mix Program is a fuels subsidy program by which artisanal fishermen are provided
with fuel for use in their two-stroke engines. The program has been controversial and riddled with corruption
and mis-management, but many artisanal fishermen rely on the low-cost fuel provided through the program
(CRC 2010). Although not completely clear, this practice may also be erosive by subsidizing an already over-
capitalized or at least over-sized fleet relative to the sustainable fishery resource.

In addition to these short-sighted coping mechanisms, individuals on the coast have also started adopting
longer term fvelihood adaptations. Most livelihood adaptations revolve around livelihood diversification,
expansion, or improved practices. Communities and households have invested in under-developed industries,
like tourism, as an alternative to fishing-dependent livelihoods. An unseen benefit of this particular adaptation
is that many of the new tourism-based businesses have the potential to become partners in conservation
efforts that benefit the fisheries. A few examples of this are occurring already. The Green Turtle Lodge, a
beach front eco-tourism lodge in the Western Region, has partnered with local and international conservation
organizations to protect nesting sea turtles that their visitors come to see (CRC, 2010). Local lead fishermen
have worked to instill a land ethic within their villages by discouraging destructive practices and making better
attempts to monitor catches. The success of chief fishermen depends largely on their status and respect
within the community, and while effective over a small area, chief fishermen do not have the authority or
reach to influence change across the fisheries as a whole unless they work with collaborating partners (CRC,
2010). The Ghanaian government with funding from the World Bank experimented with Community-Based
Fisheries Management Committees, hoping to strengthen the influence of local community leaders by
transferring management responsibilities to local committees. The program suffered from a lack of funding
and has been discontinued (Braihmah, 2009). However, the Coastal Resource Center (CRC), based in
Sekondi-Takoradi in the Western Region, has resumed this movement of community involvement in fisheries
management. The CRC is working today to develop a unified civil society platform with the ability to
influence change in the overall governance of the artisinal fishery (CRC, 2010). Their efforts include chief
fishermen, konkohene (leader of the fish sellers), traditional chiefs, and other community leaders with the
potential to influence local behaviors.

Other adaptive measures are less overarching. Working to improve or diversify their existing livelihoods,
fishermen have added crew members and shifted towards larger canoes, thereby increasing the capacity of
their operations. Fish sellers have delved into better smoking techniques to eliminate inefficiencies by
reducing waste. Communities have invested in cold storage facilities, enabling better storage and marketing

6 At the community level, fishing is managed through lead fishermen. A lead fisherman was traditionally a particularly skilled fisherman
sanctioned by the chief to regulate the activities of fishermen throughout the village, generally by assigning individuals days of the week on
which they were permitted to fish. Today these positions are inherited father to son, although their function remains the same (Impraim,
2011).
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(CRC, 2010). Despite these efforts to improve community resilience, many households depend upon outside
remittances to subsidize their annual budgets, and many young adults or children migrate to urban centers to
work in manufacturing or trade.

CLIMATE CHANGE ADAPTATION: OPPORTUNITIES AND CHALLENGES

A rapidly growing population is exerting continuous pressure on marine resources. Finding ways to reduce
that pressure before it causes a collapse is the most important way to avoid disaster. Many preventative steps
that are currently under-utilized can be taken to reduce this pressure. One key way to address the demand and
use of resources is through democracy and governance. The Coastal Resource Center, as touched on
previously, is working to evaluate the effectiveness of existing government systems and reform government
policy that pertains to fisheries governance (CRC, 2010). They hope to strengthen fisheries governance by
contributing to long-term planning exercises, supported by an educated and aware public.

Aside from political engagement, many other activities and strategies could help reduce vulnerability.
Investments in forestry, agriculture or tourism have the potential to lessen dependence on fisheries by
providing viable employment alternatives in the area. Implementing efforts to restock marine resources, and
supporting the growth of alternative fishery-based industries such as cage culture or aquaculture could help
release some of the pressures on the marine resource (CRC, 2010; EPA, 2008). Education and capacity
building with local populations will help encourage best practices in the industry as well as open doors to
other forms of employment (such as the emerging oil and gas industry). Many internationally-based
conservation organizations and local businesses have partnered to restore coastal lagoons, estuaties, and
mangroves, which would create better rearing habitats for juvenile fish populations. Such partnerships could
create potential employment opportunities and also lessen the costs of conservation for the government by
sharing the responsibility for conservation. Furthermore, by partaking in environmental stewardship, local
businesses can help restore an influential land ethic in local communities to better encourage individuals to
care for the remaining natural resources (CRC 2010).

Currently the marine fisheries are considered an open-access resource, which has led to an industry that
grows exponentially and unchecked. Some efforts have been made to initiate a permitting or registration
system; however, these attempts have been grossly unpopular with local populations. A huge potential exists
for the fisheries to improve if access is better regulated or managed. Alternatives to an open access system
might be introducing closed seasons to allow the fisheries time and space to regenerate, or better enforcement
of catch limits and size (CRC, 2010). Another related need is for dramatically up-scaled monitoring of and
enforcement across all fleets and sectors (Finegold et al., 2010). This includes trained personnel to gather
accurate and timely fishery-dependent statistics and independent marine research surveys for comparative and
predictive purposes to develop catch limits, season closings, gear restrictions, and other actions needed for a
sustainable fishery. Currently in Ghana, monitoring, enforcement and marine fishery research are all
inadequate, often woefully so, for sustainably managing an already strained fishery (see Chapter 6.B, Fishery
Resources and Overfishing). Growing civil society platforms, together with community-based management
and conservation initiatives, have the potential to better regulate the fisheries at a local level. Local leaders are
unable to influence change across an industry as extensive as the marine fisheries; however, a coordinated
approach that incorporates them into resource management could build on their positions of authority in
local communities to help bring about change.
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CASE STUDY: CLIMATE CHANGE ADAPTATION IN GHANA'’S
NORTHERN SAVANNA REGIONS

o

OVERVIEW

Ghana’s three northern administrative regions — Upper East, Upper West, and Northern — lie in the Sudan
and Guinea savanna ecological zones. Roughly 23 percent of Ghana’s population resides in these three
regions (GSS, 2005), and the vast majority resides in rural areas (84.3 percent percent in Upper East, 82.5
percent in Upper West, 83.9 percent in Northern) (Ghana Districts, 2006). A high percentage of each region’s
population depends on agriculture for their main source of employment (67.2 percent in Upper East, 73.4
percent in Upper West, 70.9 percent in Northern) (GSS, 2005a, 2005b, 2005¢). Agricultural-dependent
percentages rise in each administrative region if their most urban districts are not factored in (i.e., Bolgatanga
Municipal, Wa Municipal, and Tamale Metropolitan). The most important crops are millet, sorghum, maize,
yams, tice, soy beans, cotton, groundnuts, beans, onions, and tomatoes. Most agricultural production is
rainfed, though some rice is under irrigation. Many households also raise livestock. Agricultural production
takes place largely by smallholders. Mole National Park, Ghana’s largest national park, is located in the
Guinea Savanna in the Northern Region, covering 4,840 km? (OWGT, 2011).

As detailed earlier in this report, these are Ghana’s most vulnerable regions to climate change from both a
natural resource and a social standpoint. The Sudan Savanna (roughly corresponding to the Upper East
Region) suffers long-standing and very severe soil degradation; soil degradation in the Upper West and
Northern Regions (the Guinea Savanna) is moderate (See Chapter 6, Resource Vulnerability--Desertification).
However, all three regions exhibit either high or very high vulnerability to desertification (with the exception
of the southern portion of the Northern Region, south of 10°N latitude). It is unclear how climate change
will affect the process of desertification and the rate at which it occurs. The Sudan and Guinea Savanna
ecological zones also have the hottest temperatures, and the second and third lowest rainfall levels (after the
Coastal Savanna), in the country (see Chapter 3, Ghana’s Climate and Projected Changes). Rainfall is variable,
as 1s characteristic of dry, subhumid drylands.

Temperatures have been increasing more rapidly in northern Ghana than elsewhere in the country, and are
projected to keep getting hotter. At the same time, annual decreases in total precipitation have been
documented for the Guinea Savanna, and rainfall is projected to decrease in the future in both the Sudan and
Guinea Savanna zones (Chapter 3). The Upper East, Upper West, and Northern Regions have high social
vulnerability to climate change (Chapter 6) and the highest poverty rates in Ghana (Nelson and Agbey, 2008;
Chapter 0).
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PERCEPTIONS OF CLIMATE CHANGE AND ITS EFFECTS IN THE NORTHERN
SAVANNA

Research has documented changes in climate taking place in Ghana’s northern savannas based on the
perceptions of local residents. These perceptions are described here, though it is important to note that they
come from community-level studies and should not be ovetly generalized. In some communities in the Upper
East Region, residents have reported a shorter and more unpredictable rainy season from the standpoint of
both amount and timing of rain (Dietz et al., 2004). Changes to biophysical resources observed by residents
that are attributed to climate change include shifts in natural vegetation from trees to grasses and a gradual
disappearance of economically-important trees; the drying up of riverbeds that once supported dry-season
cultivation after the rainy season ends; early drying of flowing streams in the dry season, leaving stagnant
pools of mosquito-infested water of low quality; salinization of water sources; fewer swimming holes along
rivers; and unreliability of traditional signs that signal the start of the rainy season (e.g., bird and insect
behavior, changes in winds, onset of new leaves, water table levels in wells) (Dietz et al., 2004). In the Upper
West Region, increasingly erratic rainfall is also reported with the amount, timing, and geographic distribution
of rain becoming more unpredictable and the total amount of rain declining over time (Van der Geest, 2004).
Shorter rainy seasons are also reported. Through interviews in Ghana’s Northern Region, we learned of more
frequent occurrences of floods, wind storms, and heavy rains late in the rainy season.

In Ghana’s northern savanna zones (Idinoba et al., 2009), savanna woodlands (>25 trees/ha) and open
cultivated savanna (6-25 trees/ha) have decreased significantly between 1972 and 2000 (Figure 8.3). In 1972
“widely open cultivated savanna” (<6 trees/ha) did not exist, but by 2000 33.6 percent of the savanna
ecosystem fell into this category with a 5.9 percent increase projected by 2050. This study supports
observations of local residents regarding the conversion of forests to grasslands. Anthropogenic disturbances
are an important factor driving this change. However, climate change and variability are also believed to play a
role, because rising temperatures and decreased rainfall increase stress on trees, making it hard for them to
adapt and increase the potential for destructive bushfires. The rapid, widespread conversion of forests to
grasslands in these arid zones could also greatly increase the risk of desertification for the northern savanna
zones of Ghana (see Chapter 6, Resource Vulnerability, Desertification).

Legend
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Source: Indinoba et al., 2009

Figure 8.3 Land Use/Land Cover in the Savanna Zones, 1972-2000 with projection to 2050
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At Mole National Park, managers expressed concern that climate change would affect the distribution of
wildlife that currently resides in the Park causing them to move outside of park boundaries in search of
resources, especially during the dry season. The movement of wildlife near to neighboring villages can lead to
conflict.

LIVELIHOOD STRATEGIES AND CLIMATE CHANGE IMPACTS

AGRICULTURAL PRODUCTION

Millet and sorghum are the most important grain staples grown in the Upper East and Upper West regions,
and maize, millet, and sorghum are important staples in the Northern Region (Dietz et al., 2004; Gyasi et al,,
2008). Yams are also an important food crop in the Northern and Upper West regions (EPA, 2008). Of these
crops, millet is the least risky with regard to climate-induced fluctuations in yield followed closely by sorghum
and maize, making all of them important for food security. Rice and cotton lie at the other extreme exhibiting
much wider variation in productivity year to year. Some farmers also grow vegetables in gardens and irrigated
plots during the dry season.

Northern Ghana is also the most important part of the country for livestock production, giving it an
advantage over the south in this regard. Cattle, goats, sheep, chicken, guinea fowl, and pigs are the main
animals raised (Dietz et al. 2004, Hesselburg and Yarro 20006). For some agriculturally-dependent
communities in the Upper East and Upper West regions, household food security relies more on livestock
than on farming (Dietz et al., 2004; Hesselburg and Yarro, 2006; Van der Geest, 2004). Weather and the high
cost of farm inputs can make farming unreliable unless households have access to irrigated fields. Livestock
represent a form of savings that people can invest in in good times and that provide a critical buffer in bad
times because they can be sold for cash that can then be used to purchase food when needed. Goats, sheep
and pigs have high value and play an especially important role in food security (Hesselburg and Yarro, 2000).

Climate change may affect agricultural production in a number of ways. Declines in total rainfall and
increasingly unpredictable rainfall patterns make farming more risky, increasing the likelihood of crop failures
and reducing agricultural productivity. Too much rain (total or at the wrong time) is bad for drought-adapted
crops like millet and sorghum. Too little rain is bad for maize, yams, and rice. The timing of rain is also
important; mid-season dry spells can cause crops to fail even if total rainfall for the season as a whole is
normal. Flooding wipes out dry season crops grown in river valleys and stream beds, as shown by recent
experience in northern Ghana. Wind storms can destroy millet tassels once they form late in the season. And
bushfires, a common phenomenon, sometimes burn crops before they are harvested, burn crop residues
following harvest that could otherwise be used for feeding livestock or fertilizing fields, and can alter soil
structure to make it less productive for farming.

Farmers we interviewed near Mole National Park stated that they were cultivating larger areas, but overall
productivity was declining. Climate change is likely one of several factors contributing to this problem. Where
land is available, extensification to increase productivity is an option. But unless a household owns a tractor,
oxen, and a plough, or can hire one of these, extensification requires higher labor and capital inputs. In areas
of high population density, most farmers must pursue intensification strategies to maintain or improve crop
yields. These strategies are often labor intensive, a barrier for some households.

Regarding livestock, we heard several reports that water and forage are becoming more difficult to obtain in
the dry season. Declines in dry season grazing and water have led to reductions in livestock holdings for some
households in the Upper East Region, and shifts in herd structure for others, for example, rearing more goats
which are easier to feed than cattle and sheep (Gyasi et al., 2008). A growing incidence of bushfires —
exacerbated by a hotter, drier climate — is reportedly burning animal fodder, also making it more difficult to
obtain dry season forage.

NON-FARM ACTIVITIES
Non-farm activities play a critical role in household livelihood security in the northern savanna zones (e.g.,
Whitehead, 2002), as they help households widen and diversify their income-earning portfolios. Most
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households depend on a combination of farm and nonfarm activities (Hesselberg and Yaro, 2006). Non-farm
activities help people cope with temporary adversity in the agricultural sector and also represent a longer-term
adaptation strategy when other options fail (Scoones, 2008). In northern Ghana, these activities include
hunting, fishing, non-timber forest product harvesting, local manufacturing, charcoal production, petty trade,
and wage labor (Dietz et al., 2004; Hesselburg and Yarro, 2006; Whitehead, 2002). Non-farm income earning
activities are especially important during the dry season.

Climate change may pose problems for non-farm activities that are natural resource-based. For example,
declines in tree cover will make it more difficult to engage in charcoal production, the sale of firewood, and
the gathering and manufacture of products from some non-timber forest species such as dawadawa and shea
nuts, despite the protected status of these trees in many communities. Nevertheless, non-farm activities are
likely to play an increasingly important role in household livelihoods in the future because they offer
opportunities for diversification when agriculture becomes more risky.

MIGRATION

A third common livelihood strategy in the northern savanna zones is migration, often by select household
members who send remittances back home. Migration includes seasonal, temporary and permanent
movement between places, whether short or long distance. Migration from Ghana’s three northern regions to
its southern regions has been ongoing since the turn of the 20t century, when British colonial rule was
introduced (Van der Geest, 2008). Between 1984 and 2000, 18.4 percent of the people who were born in
northern Ghana migrated south with the Upper West Region exhibiting the highest rates of outmigration
(26.9 percent) followed by Upper East (22.2 percent). The main destinations of migrants from the north are
the cities of Kumasi and Accra, the cocoa belt frontier in the northern part of the Western Region, and the
productive farming areas to the south (Van der Geest, 2008). Those who have skills, such as mechanics,
carpenters and teachers typically migrate to urban areas; unskilled farmers typically migrate south to places
where farming is more favorable. In the Upper East Region, migration is more common from areas where
population density is high, there are land shortages, and opportunities for irrigated agriculture are lacking
(Hesselburg and Yaro, 2006). Key factors causing migrant farmers living in the Upper West Region to move
to the Brong-Ahafo Region were land scarcity, reduced soil fertility resulting in low agricultural productivity,
and the abundance and fertility of land in the Forest-Savanna Transition Zone, where rainfall and farming
conditions are better than in the north and there ate more opportunities to earn income (Van der Geest,
2008). Climate was also a factor that led to outmigration from Upper West.

Notably, Ghana’s northern savanna regions, particularly the Upper East, are also receiving areas for migrants.
Fulani herders from Burkina Faso, Mali, Niger and Nigeria began moving into northern Ghana eatly in the
20t century (Tonah, 2006). At first, their movements were seasonal, took place mainly during the dry season,
and were confined to the Upper East Region. They were drawn by relatively low populations of humans and
animals and lush vegetation. Drought and growing difficulty obtaining pasture and water at home, particularly
during the dry season, caused the number of migrants to rise and to settle more permanently in northeastern
Ghana. By the 1960s, the Fulani population in northern Ghana had grown considerably. Competition over
resources became severe leading to conflicts between herders and farmers. This caused many Fulani migrants
to move farther south, especially to Ghana’s Lake Volta Basin. Some worked as hired herders for farmers and
traders, and others simply moved wholesale with their own cattle herds to pursue pastoral livelihoods.
Although economic relations between Fulani herders and farmers can be symbiotic and mutually
advantageous, they can also be contentious. The main cause of herder-farmer conflict is crop destruction by
cattle (Tonah, 2006). The reasons for this conflict are many and complex (see Moritz, 2010; Tonah 2006) with
the result that conflict between herders and farmers in recent years has become more violent. If climate
change results in greater aridity in the region, it is likely to intensify this conflict as more herders are displaced
from the even drier Sahelian region, migrate south into Ghana, and settle permanently and as resident farmers
expand dry season farming in river valleys, river bottoms, and wetland areas where cattle concentrate during
the dry season. Given current conditions of the savanna zones in Burkina Faso and northernmost Ghana, this
may occur regardless of climate change effects, short of increase in rainfall.
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ADAPTING TO CLIMATE CHANGE IN THE NORTHERN REGION

Because Ghana’s northern savanna zones have historically experienced unpredictable rainfall and periodic
drought, as is characteristic of dryland regions, people have developed coping mechanisms to deal with
climate variability over time. Thus, they can draw on past experience to help them adapt to climate change.
Traditional ecological knowledge plays an important role in this regard. Nevertheless, people’s abilities to
adapt will depend on the range of options they have available to them, which are a product of several factors.
These include social networks, access to capital, household assets and capacities, knowledge, skills,
information resources, local institutions that influence resource access and use, enabling policies, and access
to infrastructure.

A number of shifts in livelihood strategies that support climate change adaptation are documented for
Ghana’s Upper East, Upper West, and Northern regions (Table 8.1). These can be organized into the three
main categories of livelihood strategies that prevail in northern Ghana described in the preceding section.
Most strategies focus on the agricultural sector. It is important to note that the drivers of these strategies may
or may not be climate change per se; climate change is generally one of many social and environmental
variables that interact to affect rural communities. Nevertheless, they are activities that support climate
change adaptation in the northern savanna zones. Our summary is not meant to be exhaustive (Table 8.1) but
rather to provide examples of adaptation strategies in the northern savannas.

Table 8.1 Climate Change Adaptation Strategies in the Northern Savannas 7

Changes in agricultural practices Livelihood Migration Source
diversification

Sudan Savanna

e Early-maturing millet varieties on the rise ¢ Women are e Migration Dietz et al,,
e Late-maturing millet varieties declining diversifying thelrb Increasing 2004
- . - income streams over time i
e More drought-tolerant varieties of red sorghum increasing in L y Whitehead,
. engaging in petty 2002
importance .
trade and selling Hesselberg
¢ Sheep, goats, pigs and poultry becoming more prevalent, cash crops and Yaro
cattle diminishing due to forage and water stress . . ’
g g e Gathering wild foods 2006
¢ Increased production of cash crops, like cotton, tomatoes, . .
soy beans and onions e Becoming a galamsey Gyasi et al,,
Y (local artisanal gold 2008
e Multi-location farming, whereby a household cultivates plots miner)
in multiple places such as around the home compound, in the
bush, in marshy areas and in irrigated areas
e Expansion of land holdings, where possible
o Shift towards cultivation in low lying areas, marshy areas and
river valleys where soils retain more moisture
o Increased irrigation development through construction of
small water dams and water harvesting to grow rice and
vegetables
e Adoption of dry season irrigation of vegetable crops like
lettuce, onion and cabbage
o Greater reliance on livestock
e Purchasing more food
Guinea Savanna
e Increasing emphasis on sorghum and millet, which are drought e Adopting animal e Remittances
resistant husbandry from Sagoe, 2008
. )
o Cultivating a greater variety of crops to spread risk, including e Foraging for wild relatives Interviews
sorghum, millet, maize, rice, yams, groundnuts and beans foods who have during

7 Strategies listed may not be confined to either the Guinea or Sudan Savanna ecological zone; they merely reflect strategies
documented in the literature from these regions, and described in interviews.
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Changes in agricultural practices Livelihood Migration Source
diversification

¢ Planting crops in diverse locations having different soils types e Brewing beer migrated mission
and drainages e Sheanut processing permanently  Van der
e Staggering the planting of seeds over time, and planting o Selling firewood e seasonal Geest, 2004
several seeds per hole to enable transplanting labor
e Petty trade ieration b
e Shift planting dates . migration by
. P * Fishing youth in
e Intercropping to reduce weeds, retain soil moisture and .
i i ; * Wage labor particular
intensify production
i P e Rent property to e tothe
e Mulching yam mounds to prevent dessication h
earn income southern
¢ Planting legumes as cover crops between grains to reduce soil regions,

e Charcoal production
and water runoff Kumasi, and

e Bee-keeping and

3 Accra to
poultry production

earn money

e Planting early-maturing and higher yielding crop varieties

e Increasing crop density in fields .
g P Y e Ecotourism

* Weeding more often development around

e Enhancing soil fertility by adding organic amendments such as Mole NP
agricultural waste, animal droppings or compost; retaining e Manufacture of shea
crop residues in fields; banning burning butter

e Adopting mechanical measures to enhance soil fertility and
retain soil moisture (e.g., contour tillage, grass strips, earth
bunds, stone lines across slopes)

e Using minimal tillage
e Engage in dry-season gardening

e Increasing use of lowland and valley bottom fields for
cultivation to reduce vulnerability to drought

e Accumulation of livestock as insurance against crop failure
¢ Improving crop storage methods

e Plant several varieties of yams that have different maturity
periods and introduce drought-resistant and early maturing
varieties

e Introduce soil amendments

o Intercrop fast-growing trees with yams to prevent soil
degradation and increase wood products

e Improve crop storage post-harvest
¢ Increasing reliance on livestock and tree crops

o Digging wells to access water for dry season vegetable
growing (market is good for vegetables); dry season vegetable
growing can occur as a backup to rice production if rice fails

CLIMATE CHANGE ADAPTATION: OPPORTUNITIES AND CHALLENGES

The preceding summary of climate change adaptation strategies in Ghana’s northern savanna zones indicates
that there are many opportunities for adaptation that could be supported to increase livelihood security in the
face of a changing climate. Nevertheless, challenges are also associated with many of these strategies.
Households may have limited capacity to diversify; development assistance could help people widen their
options by reducing bartiers. Some of the opportunities and associated challenges are outlined in this section.

IMPROVING ACCESS TO CREDIT

Access to credit is important for helping people diversity their livelihood strategies inside and outside the
agricultural sector. Northern Ghana suffers from high poverty, meaning many households cannot afford to
invest in new businesses or agricultural production techniques because the cost of credit is extremely high in
Ghana with interest rates hovering around 30 percent. Moreover, many banks require borrowers to repay
loans quickly because of high default rates, often before an investment has begun to generate profits
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(interview). An opportunity exists to assist farmers in gaining access to credit on terms that are feasible for
them. This could take place for example through micro-financing projects.

LOW-COST DIVERSIFICATION STRATEGIES

Diversification strategies that are lucrative and have low startup costs are attractive, especially for poorer
households lacking access to credit. Examples are beekeeping, raising poultry, and charcoal production.
Sustainable supplies of wood for charcoal production are difficult to find, and loss of tree cover may make
charcoal production less viable in the future. Low-cost diversification strategies that are ecologically

sustainable should be pursued.

TREE PLANTING

Planting trees to promote intercropping, increase the number of economically-valuable trees (e.g., mango,
shea, dawadawa), reduce soil erosion, increase fuelwood supplies, and promote a host of other benefits that
enhance livelihood security can be beneficial from an environmental and an economic standpoint. A barrier
to tree planting is the tree tenure system in northern Ghana. In interviews, we were told when a person
plants an economically-valuable tree they do not own it; it is the property of the chief. The chief has the right
to its products, though he usually shares them with the person who planted the tree. Land and tree-tenure
systems can be a strong disincentive to tree planting and need to be considered and perhaps addressed if tree

planting programs are pursued.

LIVESTOCK PRODUCTION

Livestock play a critical role in supporting the livelihood security of many households in northern Ghana.
Food security increases with the number and diversity of livestock owned. Although of low value, poultry are
relatively low cost and maintenance and easily sold to help households respond to minor stresses. Goats,
sheep, and pigs are more desirable but are more expensive to obtain and the first two require labor for
herding. Livestock loan programs modeled on traditional practices in which relatives loan animals to kin who
have lost their herds or who wish to start new ones have been successful in some parts of Africa. High
potential exists for developing livestock husbandry as a climate change adaptation strategy in northern

Ghana.

IMPROVING WATER INFRASTRUCTURE

Water infrastructure in the Northern Region is relatively under-developed compared to the rest of the
country. Access to adequate water supplies for drinking, household use, livestock, and farming is likely to
decrease under climate change scenarios of increased temperature and current levels or decreases in rainfall.
Improving water infrastructure could help improve household drinking water quality and health; reduce travel
time to water, freeing up labor; increase water supplies for livestock, an important factor limiting their
production; and increase water availability to support dry season household gardens and cash crop
production. Before developing new water infrastructure, careful assessment should be made to avoid some of
the pitfalls that have been encountered elsewhere in Africa and Ghana in association with water development
(e.g., boreholes, poorly planned irrigation projects and water diversions, pootly planned large-scale agriculture
projects).

IRRIGATION DEVELOPMENT

Access to wetter areas or irrigated plots for at least some crop production increases the livelihood security of
households in the northern savannas. Thus, irrigation development to support agricultural diversification by
smallholders may be desirable if done appropriately. Large-scale irrigation schemes are uncommon in the
three northern regions, though some irrigation schemes exist in Upper East. Irrigation development is
expensive and on a large-scale relies on high input farming; poor households may not be able to afford it. It
also has several risks: water management becomes more challenging, siltation can be a problem, soil quality
and productivity can be decreased, existing land uses are often displaced, herder-farmer conflict can be
exacerbated, and disease-carrying insects may proliferate. A community-based approach to evaluate how
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irrigation development can be implemented in a manner appropriate to the local context is desirable to
minimize the associated risks.

IMPROVING FOOD STORAGE

Traditionally, farmers in northern Ghana stored excess grains produced in good years to serve as a reserve in
bad years (Dietz et al., 2004). Grains were stored for =3 years in some places (Van der Geest, 2004). Today,
surplus grains produced in good years are more commonly sold to obtain cash or used to brew beer to sell
locally. Grain storage can provide an important buffer against crop failures resulting from climate variability.
Efforts to improve food storage facilities could help promote this practice but alone may be insufficient. It
may also be necessary to expand food production in order to create surpluses and to find alternative means of
generating cash to meet household monetary needs.

ECOTOURISM

Ecotourism development in northern Ghana as a source of non-farm income generation has perhaps the
greatest potential around Mole National Park. About 33 communities border the park. A large, unrealized
potential exists to develop ecotourism around Mole and to generate associated jobs in the park and in
surrounding communities. The A Rocha Ghana project has helped two local communities develop
ecotourism infrastructure. Our interviews with residents of one of these villages revealed that ecotourism
generates some money, but if the money must be shared with all households in the community, it gets spread
too thin. The greatest benefits go to the people directly employed in tourism-related activities. Finding ways
to best shate the benefits of ecotourism development is one challenge that must be faced.

COMMUNITY RESOURCE MANAGEMENT AREAS (CREMAS)

Wildlife movements outside of Mole National Park boundaries are expected to occur under climate change
scenarios which increase aridity. If local communities suffer more crop-raiding as a result, they may wish to
kill wildlife. Animals are also more susceptible to poaching outside of park boundaries. In some parts of
Ghana, CREMAs are established to give local communities a vested interest in wildlife and to help them
benefit economically from their conservation. CREMAs are places where the government devolves authority
to manage wildlife outside of national park boundaties to local communities. Communities develop wildlife
management plans, control hunting, and benefit from revenue generated by hunting and tourism within their
areas. Wildlife benefit because CREMAS create a buffer zone around parks that is otherwise lacking. The A
Rocha Ghana project has been active in helping communities around Mole develop CREMAs and integrate
natural resource management activities into local production systems. CREMAs represent a positive climate
change adaptation strategy.

IMPROVING MARKET CONDITIONS

As this chapter indicates, cash crop production is an important climate change adaptation strategy for farming
households in northern Ghana. But road infrastructure and access to markets is relatively poor in the north.
Investments in improving access to markets and roads would improve market conditions. A need also exists
for policies promoting stable and favorable crop prices. Better access to credit will also help farmers invest in
cash crop production. Projects in northern Ghana that focus on improving the entire value chain that links
farmers to agricultural services and markets, for example the Ghana Agricultural Development and Value
Chain Enhancement Program (ADVANCE), also hold promise.

LOCAL PROCESSING FACILITIES

Local processing facilities are lacking or essentially so for agricultural and wild-harvested products.
Establishing local processing facilities — for example, for producing shea butter or soybean oil — would make
it possible to manufacture value-added products that bring higher prices than the sale of raw products. It
would also help create non-farm jobs.

EDUCATION
Northern Ghana has the highest rates of illiteracy in the country. In the Northern Region, 72.3 percent of the
population never attends school; in the Upper East Region, (9.4 percent never attends school; and in the
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Upper West Region, 69.8 percent of the population never attends school (GSS, 2005a, 2005b, 2005¢). Of
those that do go to school, less than a quarter progress to secondary school. Investments in education enable
people to develop skills and knowledge that can help them pursue off-farm livelihoods and work outside of
the natural resource sectors, making them less vulnerable to climate change impacts. Education can also help
migrants get better jobs in urban areas, earn more and increase remittances back home.

CONCLUSION

Growing population pressure in Ghana’s coastal and northern savanna regions, high social vulnerability to
climate change in the north, and climate change impacts such as unpredictable rainfall and sea-level rise, have
necessitated that households, communities, and government respond to resulting livelihood vulnerabilities
with insurance and coping strategies and livelihood adaptations. The best of these adaptations reduce
vulnerabilities and contribute to long-term sustainable livelihoods. Others serve to provide for the short term
but threaten the system’s long-term health. Development organizations have the opportunity to help better
coordinate approaches to adaptation and ensure that best practices emerge as solutions.

USAID’s Feed the Future program is well positioned to support climate change adaptation strategies that
increase the livelihood security of households in Ghana’s coastal and northern savanna zones because of its
focus on enhancing food security. Many of the activities proposed under Feed the Future directly address the
opportunities for adaptation described here. It will be important to take a community-based approach in
developing and implementing specific interventions to support both food security and climate change
adaptation to ensure that they are appropriate to the local context and will be beneficial.
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9. CLIMATE CHANGE
MITIGATION IN GHANA —
OPPORTUNITIES AND
CHALLENGES

Climate change mitigation — actions that either reduce or limit greenhouse gas emissions or increase carbon
storage in vegetation and soils — is critical in order to stabilize global climate change. A central focus of the
2010 United Nations climate change conference in Cancun, Mexico, was to address the need for nationally-
appropriate mitigation plans for developed and developing countries. This section provides an overview of
the current status of climate change mitigation activities in Ghana, and associated opportunities and
challenges. To date, most attention has been given to REDD+ (reduced emissions from deforestation and
forest degradation, plus conservation co-benefits that enhance other ecosystem services); therefore, REDD+
is the focus of this overview. Nevertheless, a number of other opportunities for climate change mitigation
exist in Ghana, including the development of forest-based carbon offset projects under the Kyoto Protocol’s
Clean Development Mechanism; low carbon development projects, including low carbon agriculture;
improved fire management; the capture and use of natural gas associated with offshore oil development (an
alternative to flaring); and the production of biofuels to replace fossil fuels. We address all of these activities
below.

CLEAN DEVELOPMENT MECHANISM PROJECTS

The Clean Development Mechanism (CDM) is one of two carbon offset mechanisms included in the
international cap-and-trade system established by the Kyoto Protocol. The CDM enables developing
countries that are signatories to the Kyoto Protocol to develop carbon offset projects from which they earn
certified emission reduction credits (each equivalent to 1 ton of carbon dioxide). These credits can be traded,
sold, and used by industrialized countries to meet part of their emissions reduction targets under the Kyoto
Protocol. At the same time, the CDM aims to promote sustainable development in developing countries. The
CDM accepts certified emission reduction credits from several sectors: energy, industrial processes, solvent
and other product use, waste and land use, land-use change and forestry. Regarding land use, land-use change
and forestry, afforestation, reforestation, and improved forest management projects qualify for CDM credits,
but REDD+ projects do not.

Ghana’s Designated National Authority (DNA) for CDM projects is the Environmental Protection Agency.
The DNA has a governing council responsible for evaluating and approving CDM projects. According to the
head of the Climate Change Unit at Ghana’s Forestry Commission, Ghana’s CDM strategy focuses on
integrating CDM into its plantation development program. Although the government target for plantation
development was 60,000 acres/year, Ghana has been unable to attract investment funding for plantation
projects, so the target has been reduced to 30,000 actres/yeat. The national plantation development program
would become part of a programmatic offset project using a bundling approach to reduce transaction costs
and could include small projects. To date, only one CDM project has been advanced and passed through the
CDM Project Design Document phase — a rubber plantation managed by Ghana Rubber Estates Limited in
the Western Region. Another plantation project is under development in a government forest reserve in

160 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Brong-Ahafo Region that entails reforesting an area that is currently mostly grassland. A Project Design
Document is not yet completed for this project. No plan is developed as yet that identifies how the money
earned by selling certified emission reduction credits will be distributed. However, the Ministry of
Environment recently established a carbon credit policy committee to help facilitate development of CDM
projects in Ghana and a policy for how the money generated by selling credits should be distributed.

Ghana was a participant in the Capacity Development for the Clean Development Mechanism (CD4CDM)
Project, established to help developing countries gain awareness of, obtain information about, and build
institutional capacity to implement CDM projects. Nevertheless, progress in developing forest carbon offset
projects under the CDM in Ghana is hampered by a number of obstacles: (1) the rigorous nature and high
cost of verification and compliance; (2) lack of financing to invest in plantation development and help meet
transaction costs; (3) weak carbon markets; and (4) uncertainty over the future of the CDM once the Kyoto
Protocol expires in 2012. Some CDM-related concerns raised by people we interviewed in Ghana included
the biodiversity impacts of plantation development, the cost and effort needed to maintain plantations once
established, the fact that CDM projects do not encourage real emissions reductions, and a belief that most of
the money generated by the projects will be made by “middle men” who speculate in trading carbon credits
on the carbon market, rather than to the country that develops the projects. For tracking up-to-date
information about the status of CDM projects in Ghana, please visit Ghana’s newly-established CDM
website: http://www.epa.gov.gh/cdm/index.htm.

NATURAL GAS AND OFFSHORE OIL DEVELOPMENT

In Ghana, the issue of gas flaring from the Jubilee Oil field has created concern and controversy in civil
society (e.g., Adam, 2011) and donor countries (van Tilburg and Wirtenberger, 2010). Gas flaring is the direct
burning of natural gas at the oil production site. This is an extremely wasteful practice — acutely so, given
Ghana’s ever increasing energy needs and demands. With increased international emphasis on curtailing the
practice, gas flaring globally has remained largely stable over the past 12 years, but still 134-162 billion m3
(BCM) are flared each year (data 2006-2010, World Bank, 2011). Nigeria, a nearby West African country, is
the second largest contributor to the flared gas totals in the world (behind Russia). The global gas flaring
estimate of 168 BCM for 2006 represented 27 percent of the natural gas consumption of the United States
with a potential market value of US$40 billion. From a climate change perspective, flaring adds about 400
million tons of carbon dioxide into the atmosphere each year. In terms of reducing greenhouse gas emissions,

curtailment of gas flaring and use of the gas for fuel is seen as a practical and relatively low-hanging fruit
(World Bank, 2011).

Currently, the Jubilee Oil Field is the only developing offshore field in Ghana, and statements in the media by
oil industry officials indicate it is in or nearing the initial stages of production (Adam, 2011). Other fields with
oil producing potential will likely take 4-6 years to begin production. The target production level of the
Jubilee field is 120,000 bartels of oil/day and 120 units/day (MMscfd, million standard cubic feet) of natural
gas (Figure 9.1, Tullow Ghana Limited, 2009). Total projected production through the 2030 life expectancy
of the field is about 760-1,140 billion cubic feet of natural gas at gas recovery levels of 40-60 percent,
respectively. Of the daily gas production, about 20 units are planned to furnish power to the Floating
Production, Storage, and Offloading (FPSO) vessel, which separates the oil and gas from the wells, and stores
the oil for shipping. Another 30 units of gas are planned to be re-injected into the wells to maintain reservoir
pressure and enhance oil recovery. The remaining 70 units of natural gas are available for other uses such as
transfer to an onshore processing plant (Tullow Ghana Limited, 2009). If the processing plant removes about
20 percent of liquefied petroleum gas (LPG) and condensates, enough gas would remain to continuously
power a 380 megawatt electric (MWe) modern gas power plant (3 terrawatt hours, TWh, annually), which is
equivalent to about 35 percent of Ghana’s national electric grid production (van Tilburg and Wiirtenberger,
2010).

Given the substantial production, the gas from the Jubilee Oil Field will need to be stored, transported, or
flared. The Environmental Impact Statement (EIS) for the Jubilee Oil Field development repeatedly states
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that flaring will be short-term, minimal, and primarily related to safety and maintenance operations (Tullow
Ghana Limited, 2009), and the government policy is zero gas flaring (van Tilburg and Wiirtenberger, 2010).
The EIS also indicated a longer period of flaring will occur during the initial commissioning period of 3-6
months as the gas compression is brought to steady state (Fig. 9.1, Tullow Ghana Limited, 2009). Apparently
this process is now ongoing according to oil industry statements in the media (Adam, 2011, quoting Mr.
Thomas Manu, Director of Exploration and Production at the Ghana National Petroleum Corporation,
GNPC).

The EIS also indicated that during full oil production, <100 MMscfd could be re-injected into the oil field
reservoir if necessary. As noted the 100 MMscfd figure is the full daily gas production less power needs for
the FPSO. However, the re-injection storage capacity has been questioned because of uncertainties of geology
and reservoir operations. Further, the infrastructure to pipe gas ashore will not be ready as oil production is
initiated and ramped up (van Tilburg and Wiirtenberger, 2010). Oil industry officials indicated in the media
re-injection of gas after an 18-month period will not be possible at the Jubilee Field (Adam, 2011), but no
explanation was forthcoming. Hence, long-term gas flaring at the Jubilee Field may be inevitable without
accelerated development of infrastructure for storage, shipping, and processing of the gas.
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Figure 9.1 Estimated peak, average, and flaring weekly volumes of natural gas

(From Jubilee Oil Field, Ghana (Tullow Ghana Limited 2009) Note projected decrease in gas flaring about 18 weeks after oil
production ramp up based on re-injection and off-site processing of gas of about 30 and 70 MMscd. Respectively)

It is critical to re-emphasize that no infrastructure is in place to transport the gas from the FPSO although
time to first oil is apparently close (Adam, 2011). Minimally, a pipeline to the shore, a processing plant, and a
power plant are needed to use the gas. The lead time for this infrastructure to develop is =3-4 years after the
decision to go forward has been made (Tullow Ghana Limited, 2009; van Tilburg and Wiirtenberger, 2010).
Ghana did recently announce a gas development joint venture partnership (Reuters, 2011); if this means rapid
progress an operational natural gas transport and processing infrastructure could not be expected until 2014
(or even later). Existing infrastructure plans vary from the basic combination of pipeline, processing plant and
power plant to more extensive plans of connecting to the West African Gas Pipeline in Takoradi (Tullow
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Ghana Limited, 2009). Given the confirmed gas finds to date, the gas could only supply an initial basic
configuration. An alternative to pipeline transport is the construction of an offshore LNG processing plant
with shipping of the LNG gas. However, the high cost of LNG plants has limited their use globally. The lead
time for an LNG plant is significant, and the amount of gas currently expected in Ghana is not sufficient to
economically justify an LNG plant (Tullow Ghana Limited, 2009; van Tilburg and Wiirtenberger, 2010).

Prolonged gas flaring, the risk of which appears high at this point, of the Jubilee natural gas would produce
about 1.5 million tons of COzannually or about 7 percent of Ghana’s total national emissions. If the gas is
not flared but is used in a power plant, >13,000 batrels of oil/day are saved and 0.9 million tons of CO»
emissions are avoided. The total emissions reduction potential from using the gas for power production
instead of flaring is 2.4 million tons COz equivalent or 10 percent of national emissions. Further emission
reductions could be realized by domestic use of liquefied petroleum gas if it replaces diesel generation (van
Tilburg and Wiirtenberger, 2010). Unfortunately, if the gas infrastructure development takes four years to
become reality and high re-injection capacities are not feasible, the life of this valuable gas field will be
reduced by about 20 percent (16 versus 20 years, Tullow Ghana Limited 2009), an estimated 152-228 billion
standard cubic feet of gas will be lost for energy production, and some 6 million tons of COz will be released.
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0. ENERGY SECTOR

SOCIAL IMPACTS OF OIL AND GAS DEVELOPMENT

The coast makes up 2-7 percent of Ghana’s land mass and holds roughly 25 percent of the country’s
population (Dontwi et al., 2008a). District growth rates along the coast range from 1.0 percent to 4.4 percent
annually, indicating that the most rapidly growing areas are on track to double their populations in the next 16
years. Coastal inhabitants depend primarily on marine fisheries for their livelihoods (Dontwi et al., 2008a;
CRC, 2010). However, the tourism industry has been rapidly growing over the last decade and currently
supports about 319,000 jobs (5.9 percent of the country’s total employment) and constitutes an estimated 6.7
percent of Ghana’s national GDP (WTTC, 2011). Many residents anticipate that oil and gas development
will play a large role in both local revenue and employment in the future; however, the full complement of
impacts of the oil and gas industry have yet to be realized (Quagraire, 2011). Local governments (in the form
of both district and regional assemblies) and chiefs located in coastal areas anticipate that they may receive a
share of the revenues generated by the oil and gas industry. Thus far the government has not agreed to any
form of benefit sharing with local communities, and the issue remains contentious.

According to Publish What You Pay, a civil society coalition based in Accra, the Ghanaian government
committed to having 80 percent of managerial positions in the oil and gas sector filled by Ghanaian citizens
five years after beginning production from the Jubilee Oil Field. Due to a lack of technical expertise and
capacity to develop the expertise, this quota is far from being met. The few local employment opportunities
available so far have been labor intensive jobs such as janitorial work (Adam, 2011; Quagraire, 2011). Coastal
residents are beginning to express concern not just over the lack of local hiring, but also over the lack of
available technical training opportunities. No local institutions are capable of teaching necessary skills and no
training opportunities are provided by either the government or Kosmos Energy (Adam, 2011; Quagraire,
2011).

Meanwhile, in the absence of employment opportunities associated with the oil and gas industry, coastal
residents have expressed concern over the long-term viability of their present livelihoods. Fishers complain
that their catch is reduced, and while not attributable exclusively to oil and gas development, it is noteworthy
that increasing numbers of fishers report an oil sheen on the sea surface or dead wildlife (e.g., dead whale) off
the coast of the Western Region. More troublesome, fishers complain that their nets are seized when they
unknowingly cross into waters zoned for the oil field, making it impossible for them to continue fishing and
make any necessary payments to the bank (Adam, 2011; Quagraire, 2011). On shore, fledgling resort
operators worry that pollution from gas flaring, potential oil spills or general industrial development will
detract from tourism, and residents complain that landlords are increasing rents as they anticipate that oil and
gas workers can afford to pay more (Adam, 2011; Quagraire, 2011).

In response to these potential disruptions, and the potential costs of long-term environmental damage that
could arise from a spill, chiefs and local governments in the Western Region have asserted that they deserve a
share of the revenue generated by the oil and gas industry. In early 2010 local chiefs banded together and put
a unified request before Parliament that the state grant 10 percent of all revenue to the region, to be
distributed between the district assembly and the stool lands (Adam, 2011; Quagraire, 2011). This follows the
precedent set forth by the mining industry, whereby local chiefs and district assemblies surrounding state-
owned mines are granted a share of the profits, to be distributed throughout the district. The central
government has not been happy with this system, feeling it leaves too much room for corruption at the local
level. Parliament rejected the request put forward by the chiefs, and has stipulated that revenue should go
directly into a central government account to be spent on high priority development areas, including the
coast. It remains to be seen how this money will be distributed in actuality, and what social impacts it will
have at the national or local level. Thus far the lack of transparency in the process threatens to undermine any
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positive impacts, and has upset communities along the coast who argue that they bear the higher costs of oil
and gas development without receiving any of the benefits (Adam, 2011; Quagraire, 2011). Still, communities
remain hopeful that they might eventually see some benefit from these revenues. There is, however, growing
resentment towards the industry over the impact it has had on the local way of life, and frustration over lack
of employment opportunities to date. There is also a growing fear that Ghana will replicate the errors of
countries such as Libya and Nigeria when it comes to managing oil and gas revenues.

CLIMATE CHANGE IMPACTS ON THE ENERGY SECTOR

COASTAL EROSION AND SEA-LEVEL RISE EFFECTS ON OIL AND GAS

The combined effects on the oil and gas sector of Ghana of ongoing coastal erosion and climate change-
induced sea-level rise are for the most part uncertain. Even so, obviously the highest risk will be for
infrastructure and associated facilities located close to the coast or low-lying coastal lagoons or river estuaries.
Historic shoreline rates of change in complex and dynamic large-scale coastal systems, such as the currently
eroding coastline of Ghana, cannot be assumed to continue into the future (Lakhan, 2005). Recent
acceleration in sea-level rise due to global warming is evident and at the upper boundary (worst-case) of initial
projections (Rahmstorf et al., 2007). With the expectation that sea-level rise will continue for centuries IPCC,

2007), future coastal recession can generally be expected to accelerate relative to the recent past (Addo et al.,
2008).

Coastal erosion is a long recognized, widespread problem and concern along most of the Ghanaian coastline
(e.g., Ly, 1980; Tsidzi and Kumapley, 2001; Addo et al., 2008; Addo, 2009; CRC-URI, 2010). Crude estimates
derived from aerial photographs in the mid-20% century indicated coastal recession was most severe along the
eastern coast of Ghana (Keta, Ada on the Volta Delta), moderately severe along the central coast (i.e., Accra),
and least severe in the west (Sekondi, Cape Coast) (Ly, 1980; Tsidzi and Kumapley, 2001). However, these
undetlying rates, if accurate, are likely primarily related to natural conditions (e.g., geology, longshore currents,
wave action), but recent human interventions (e.g., vegetation destruction, dams, pootly placed breakwaters,
groynes, or gabions, uncontrolled sand mining or sand winning activities) also have accelerated or directly
caused coastal erosion in all these areas (Ly, 1980; Mensah, 1997; Tsidzi and Kumapley, 2001; Campbell,
2006; CRC-URI, 2010).

A recent carefully quantified estimate of coastal erosion was made for three sections of the coast at Accra
using bathymetry maps and aerial photographs from 1904-2002 (Addo et al., 2008, 2009), which can illustrate
potential changes elsewhere in Ghana. Although highly variable along the included coastal sections, the
average rate of historical coastal erosion was 1.13 m/yr (range, 0.05-1.86 m/yr) with 82 percent of the
coastline eroding. When projected increases in sea-level were modeled (2-6 mm/yr) with erosion and
projected into the future, coastal recession increased in all study sections. For example, one section with
historical erosion rates of 1.15 m/yr is projected to increase to 1.47-1.63 m/yr with rising sea level. Simply
put, in 50 years that coastline is projected to recede by 74-82 m. Global climate models estimate sea-levels
along Ghana will increase 8.6 cm (range, 3.8-14.4) by 2030, 12.0 cm (5.5-20.2 cm) by 2040, and 34.5 cm (161-
58.4 cm) by 2080 (Minia 2008; see Chapter 3). Exactly how these two phenomena, coastal erosion and sea-
level rise, might interact is not fully understood, but even taken singly, future effects will obviously be felt first
and be most severe in the lowest lying coastal areas IPCC, 2007; Addo et al., 2008; Addo, 2009).

The analyses made for Accra provide a basis for what to expect in other areas of Ghana, like the port of
Takoradi, the land-based center of the Jubilee Oil Field development. Clearly, placement of infrastructure
(port facilities, pipelines, storage, processing, and other physical structures) in Takoradi should be made with
the risk of coastal erosion and inundation fully and seriously considered. Likewise, establishment of actual
rates of erosion along the coast of Ghana is clearly needed to reduce uncertainty about future changes as the
coast line advances through developed areas (e.g., housing, commercial and industrial centers, roads) in
Takoradi and other coastal communities. Such information is also needed to help prioritize areas that are
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projected to be the first or most affected and select technically appropriate and feasible mitigation actions
(Addo et al., 2008; Addo, 2009).

CLIMATE CHANGE AND HYDROPOWER

Ghana is highly dependent on hydropower for its electrical supply, and the vast majority of that energy is
derived from Akosombo dam and the smaller downstream Kpong dam on the Volta River. These dams lie
about 100 km from the Volta River estuary in southeastern Ghana. Lake Volta, the large impoundment
behind Akosombo dam, covers 8,500 km? at full supply level or about 4 percent of the land area of Ghana
(Andreini et al., 2000; van de Giesen et al., 2001; Lemoalle and Condappa, 2009). These two hydropower
facilities at full generating capacity provide 1,180 megawatts (total annual capacity of 6,100 GWh and actual
production of 4,800 GWh depending on water levels, Lemoalle and Condappa, 2009), which represents >95
percent of Ghana’s power supply. Electricity from the dams is also sold to neighboring countries (Andah and
Gichuki, 2005). The Bui dam, on the Black Volta, now under construction, will impound 440 km? and is
designed to provide 980 GWh/yr under optimal operating conditions (Lemoalle and Condappa, 2009).

Water levels (and volumes) on the lake are critical to hydropower production. If water levels of Lake Volta
are <71.8 m, power generation is impossible (Fig. 12). Water demand for the two operating hydropower
dams is about 33 km3/yr depending on the period considered (Lemoalle and Condappa, 2009). Akosombo
dam and power plant were planned in a wet period when inflows were >40 km3/yr. Low, irregular flows of
recent decades (36.5 km3/yr, 1985-2000) lowered generating capacity. Past droughts have lowered water levels
enough in Lake Volta to cause national power disruptions for industry and urban consumers (rolling
blackouts, 12 h without power every other day). Media accounts indicate 2007 low lake levels shutdown
mining operations and major aluminum smelters (Valco), increased use of diesel or gasoline generators by
businesses and consumers, and even motivated plans to build private coal-fired power plants (Harvey, 2007).
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Figure 10.1 Water levels (m) in Lake Volta since dam in 1965

(Note the minimum operating level for power production at Akosombo dam is 71.8 m.

The distribution of the basin in riparian countries, dam construction, and the overall water balance of the
Volta River Basin inform the complexity and potential precatiousness of the situation from the standpoint of
water supply to the hydropower dams in Ghana (van de Giesen, 2001). About 43 percent of the Volta River
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Basin (total area 416,382 km?) lies north of Ghana in Burkina Faso within the Sudan Savanna Zone (Sudano-
Sahelian zone), a naturally more arid region (about 500-990 mm /yr) than the Guinea Savanna Zone of Ghana
Nicholson et al., 2000; Lemoalle and Condappa, 2009). The Basin covers 63 percent of Burkina Faso.
Another 40 percent of the Basin is in Ghana, covering about 63 petrcent of that country, mostly in the Guinea
Savanna and Forest-Savanna Transition zones. Other riparian countries in the basin include Togo (6 percent),
Benin (4 percent), Cote d’Ivoire (3 percent) and Mali (4 percent).

Three main tributaries comprise the Volta River basin. The Black and White (including the Red) Volta Rivers
flow from Burkina Faso into Ghana and supply 19 percent and 24 percent of the water behind Akosombo
dam, respectively. Even though small relative to the Black and White Volta river sub-basins, the Oti River,
flowing from Benin through Burkina Faso and Togo into Ghana, supplies about 28-44 percent of the lake’s
waters (Andreini et al., 2000; Andah and Gichuki, 2005). The lower Volta River sub-basin (tributaries in
Ghana) supplies the remaining 24 percent to the impoundment.

Increasing population size and a prolonged period of decreased rainfall and recurring drought (Figure 10.2) in
the late 20t century (Nicholson et al., 2000; Andah and Gichuki, 2005; Andah et al., 2005; Kasei, 2009), led to
a proliferation of dams in the Volta River Basin adding further complexity to managing water for hydropower
generation in Ghana. Benin has a 15-megawatt hydroelectric power station on the Oti River (storage capacity,
350 million m3) and another is planned (Andah and Gichuki, 2005). In recent decades, Burkina Faso has
tremendously increased the number of dams in the Volta River Basin to an estimated 600 dams with a storage
capacity of 4.7 billion m3. Two hydropower dams exist (Bagre, 65 GWh/yr, Kompienga, 19 GWh/yr) and
two more are planned (Nooumbiel, 203 GWh/yr; Samandeni, 17 GWh/yr, upper Black Volta basin).
Notably, 1,000s of dugouts and small reservoirs exist in Burkina Faso and northeastern Ghana (Lemoalle and
Condappa, 2009). Cote d’Ivoire has 43 minor dams with a storage capacity of 2.97 million m3, Togo has five
dams in the Basin (volume, 33.6 million m?), and Mali has one significant dam, Pont-barrage of Baye.
Notably, even though the Volta River Basin is critical for meeting water and power demands in Ghana and
several riparian countries (especially already arid Burkina Faso), no inter-country agreement is in place
concerning water allocation in the Basin (Andah and Gichuki, 2005).
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Figure 10.2 Variation of rainfall since 1900, 4 locations in the Volta River Basin

(The deviation from each decadal mean is expressed as a percentage of the long-term 100-yr average. After a wet period from
1950-70, rainfall consistently remained below the long-term average. Akosombo dam hydropower facilities were designed based
on much wetter conditions than experienced since 1970)
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Water balance models indicate for the Basin as a whole that small changes in rainfall totals (negative or
positive) can produce large changes in runoff totals (negative or positive) (Andreini et al., 2000; Lemoalle and
Condappa, 2009). For example, mean runoff between 1936-1961 (pre-Akosombo dam closure) and 1965-
1998 decreased between 8-14 percent in response to a small, 5 percent decrease in Basin rainfall. The models
also indicate that only about 9 percent of the rain falling in the basin appears in Lake Volta as runoff. Other
evaluations indicate a 10 percent change in annual rainfall produces a 39 percent change in river inflow into
the Lake Volta (Figure 10.3; Lemoalle and Condappa, 2009). Hence, shifts in land use, water storage or use,
or climate vagaries that have relatively small impacts on water flux through the upland areas (e.g., a change in
evapotranspiration of a few percent) can result in large changes in percentage of runoff reaching the lake.
Again, this also emphasizes the potential risk to hydropower production with increases in temperatures (and
evaporation) and decreased or highly variable rainfall induced by climate change.

Observed inflows to Lake Volta (1985-99)
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Figure 10.3 Observed inflows to Lake Volta as a function of rainfall, 1985-1999

Water flowing through the Akosombo Dam increased from 28 km?/yr to 35 km?/yr in the 1990s, an inctrease
of 25 percent (Andreini et al., 2000). As demand for electricity increases, the temptation to generate power at
higher rates may trump concerns over drought or storage deficits. Because of drought deficits in the 1980s
and continued power generation, Lake Volta levels never recovered to optimal operating conditions in the
1990s (van de Geisen et al., 2001; Kasei, 2009, Figure 10.4). The mean volume stored in the reservoir in the
1970s was 132 km?® but in the 1980s and 1990s the mean volume was 102 km?, a reduction of 20 percent
(Andreini et al., 2000).

The response of Lake Volta to relatively small changes in runoff is also demonstrated in hydrological
modeling. Hydrological model runs (WEAP software) were aimed at assessing effects of climate change and
upstream reservoir storage on water levels and power generating capabilities in Lake Volta (de Condappa et
al., 2008, 2009; Lemoalle and Condappa, 2009). Twenty-year scenarios (with 2000 as the initial condition)
were simulated under wetter (meteorological CRU grids shifted 1° north) and warmer (2° C increase)
conditions, drier (grids shifted 1° south) and warmer conditions, warmer conditions, and reference condition
(no change from 1980-2000 conditions) (Figure 10.4). The scenatio of increased temperature affected Lake
Volta by slightly reducing the water level, but the scenarios with changed rainfall had a much more dramatic
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effect. In the drier scenario, the water level of lake is low and most often below the level at which
hydropower production is impossible. The wetter scenarios push lake levels to near maximal operating
capacities. In the reference (or no change) scenario target releases were met but storage was close to
inadequate. Similar sensitivity to climate variability was indicated in another hydrological simulation
(Leembhuis et al., 2009) and assessments focused on the Black Volta basin (i.e., Bui dam project, Laube et al.,
2008) predict reduced water availability from reduced seasonal rainfall and river flows which will be
exacerbated by higher temperatures and evapotranspiration. These factors, apparently not accounted for in
dam planning and design, could negatively affect the hydropower operations at Bui dam (Biney, 2010).

Interestingly, in another 20-year modeling scenario, small upstream reservoirs with a steady state annual
increase of 10 percent were projected to reduce Lake Volta inflows by about 3 percent at the end of 20 years.
This is a small impact on power production relative to present variability in storage volume or to possible
changes caused by climate change (Lemoalle and Condappa, 2009) but is nevertheless a reduction in power
generating capacity. A question remains of whether the 10 percent annual increase in upstream reservoir
capacity is an under-or over-estimate of water development in northern Ghana and riparian countries in the
next 20 years.
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Figure 10.4 Simulation of water storage in Lake Volta under a reference condition

(No change from 1980-2000) and three scenarios of climate change. The black line labeled “Top of inactive (70 km3)” indicates
the storage level at which hydropower generation is impossible at Akosombo dam and the one labeled “Storage capacity (148
km3)” is the capacity of Lake Volta at full pool)

Clearly the issue of future hydropower production from Akosombo (and Kpong) dams is complex, not
simplistically related to potential climate change, and is replete with transboundary implications. First, the
water development focus between the two major countries in the Volta River Basin is fundamentally
different. Burkina Faso has and is concentrating effort in the Basin on improved use and increased retention
of water for agriculture with demands in that country (as well as northern Ghana) expected to increase
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rapidly. In contrast, Ghana’s primary objective is to keep Lake Volta at optimal levels for power production.
Clearly potential exists for major conflict. Second, past meteorological data and hydrological modeling
indicate water levels in Lake Volta are highly sensitive to even small changes in rainfall. Rainfall projections of
global climate models are mixed adding to the uncertainty; however, trends from historical data indicate fairly
dramatic decreases from long-term averages. Third, the design of Akosombo dam was premised on one of
the wettest periods on record affecting optimal power production even during relatively short or modest dry
periods in an inherently variable precipitation regime. Fourth, water allocation agreements are lacking among
Ghana and the other riparian countries in the Volta River Basin. Finally, the future power production at
Akosombo dam cleatly will affect Ghanaian choices of alternate energy sources (i.e., fossil based or
alternative) in an attempt to meet shortfalls and ever increasing demand.

SOCIAL IMPACTS OF PRESENT AND FUTURE HYDROELECTRIC DEVELOPMENT

In Ghana, dams have been a major feature of post-colonial development. The construction of the Akosombo
dam was part of Ghana’s “Ten Great Years,” a national development plan intended to “rapidly modernize
and transform an agrarian economy to an industrial-based economy |...] within a generation.” (Alhassan
2009, 151). Today, most Ghanaians recognize the Akosombo dam as the core of Ghana’s socio-economic
and industrial development. The widely perceived success of the Akosombo dam has led to the establishment
of the smaller Kpong dam, and the Bui dam, now under construction. Climate change, and the increasing
cost of crude oil, has led to a re-emphasis on hydroelectric power as a way to reduce global carbon emissions
(Alhassan 2009). There are indeed benefits to hydro power, but there are also serious social costs that should
be considered.

The chief social benefit of the Akosombo Dam was the provision of power to more than half of Ghana,
making the nation one of the most industrialized countries in West Africa (Energy Commission 2005).
However the construction of the dam also created Lake Volta, the world’s largest artificial lake (8,520 square
kilometers), and caused the forced resettlement of 80,000 people (Chambers 1970, Raschid ez a/.). Villages on
the lake’s periphery suffered a loss of fertile farming lands and forests, as well as a host of other ecological
and health-related problems created by the flooding. Water borne diseases (such as bilharzias, river blindness,
malaria, and schistosomiasis) became common around the lake: for example, prior to the dams construction
schistosomiasis affected 1-5 percent of the population, but by 1979 the disease affected 75 percent of lakeside
residents (Gorman & Werhane 2008). Downstream, lucrative livelihood activities, such as creek fishing and
clam digging, were entirely eliminated (Tsikata 20006). Farming along the river was previously structured
around seasonal cycles of floods which deposited nutrient-rich silts along the floodplains. After the
construction of the dam downstream floods were interrupted and agricultural production, livestock rearing,
and fishing virtually collapsed (Rahaman ez 2/ 2004, Rubin ez a/. 1998, Gorman & Werhane 2008). These
losses were largely ignored in the years following the dam’s construction. Resettled communities did not
receive much governmental support (Chambers 1970), and did not even receive power from the dam until
2001. Programs intended to offer assistance to individuals residing downstream and on the lake’s periphery
were often the first to experience budgetary reductions (Tskikita 2006). This lack of attention can perhaps
help explain the low economic activity and high poverty rates found in resettled areas (Alhassan 2009).

Given the social impacts of the Akosombo dam on local communities, one would expect residents in the
vicinity of the Bui Dam (currently under construction) to feel extremely apprehensive. Some stakeholders,
largely conservation groups and non-governmental organizations, have expressed concerns centered on the
loss of biodiversity and land to flooding in Bui National Park (estimates anticipate that 21 percent of the park
will be flooded). Groups also express concern over the social implications that will arise from resettling the
2,500 people currently living in the area, perceived negative impacts on fishing and agriculture (resulting from
erosion, sedimentation, and altered flow of the river), increased health risks from water borne diseases, and an
influx of guest workers during construction to compete with for employment (Alhassan 2009, Raschid ez 4/.
20XX). However, interestingly, despite these concerns, field interviews conducted in communities likely to be
impacted by the flooding suggest that the Bui Dam is perceived as, “a socio-economic instrument for
transforming their society and the country.” (Alhassan 2009, 154).
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Communities are, rightly or wrongly, anticipating benefits ranging from investments in schools, health
facilities, and roads (which would make the area more accessible to the rest of the country and enable
residents to access broader commercial markets), increased employment opportunities as the dam is
constructed, anticipated improvements in fisheries and agriculture, and superior accommodation options
available in resettlement villages (Alhassan 2009). This response is undoubtedly linked to the proximity of
these local communities to Bui National Park (BNP). Communities in the area were “unanimous that the
BNP was not beneficial to them because they did not have access to its resources, as it is a strict conservation
area which limits their economic activities. [The Bui Dam] will ‘serve the nation and the communities better
than the park” (Alhassan 2009, 155). Despite the many identified environmental and socio-economic issues
presented by the establishment of large dams, the generally positive response of Ghanaians to new and
existing projects suggests that the public still sees a place for hydroelectric power in Ghana’s future, while
emphasizing the need for better education regarding the costs and benefits of hydro projects.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 171



| 1. OPTIONS FOR USAID
PROGRAMMING

MAINSTREAMING CLIMATE CHANGE

Incorporating or “mainstreaming’ climate change, climate variability, vulnerability, and adaptation into
USAID programming offers many opportunities for USAID to help the GoG prepare for the future. The
suggestions summarized below (Table 11.1) are based on the analyses conducted by the Assessment Team.
Many of the options are multi-level, in that the vulnerability addressed will have to be attacked at several
levels within Ghanaian society. Underlying all the options is a need to address the disconnect between
customary and statutory rights in land that precludes improvements in many aspects of food security and
environmental management. Without secure rights to land, smallholders lack incentives to adopt new
technologies, invest in agricultural improvements and are unable to access the resources needed to increase
crop productivity because they cannot obtain operating capital at less than usurious interest rates.

We categorize intervention options into five types of barriers to climate change adaptation and mitigation:
Policy Environment, Governance and Tenure, Capacity and Infrastructure, Information and Analysis, and
Awareness and Implementation. Under each barrier, we briefly indicate intervention options and
parenthetically identify USAID programs as we understand them that could address that intervention
(FtF=Feed the Future, Edu=Education, H&S=Health and Sanitation, Dem/Gov=Democracy and
Governance, Gen=Gender). Options could have certainly been categorized differently, but the purpose is to
communicate important information the Assessment Team gleaned regarding potential interventions.
Additional ideas for intervention in the agricultural sector are contained in Table 5.6.

The policy environment barrier exposes vulnerabilities in areas directly and indirectly relevant to climate
change. Decided vulnerabilities arise from uncoordinated responses to climate change. Options for
intervention include supporting the completion and implementation of the Ghana National Climate Change
Strategy, focus in that strategy on adaptation responses and incorporation of climate change in urban
planning efforts (FtF, Edu, H&S, Dem/Gov, Gen). A national enetgy policy is needed that includes climate
change mitigation and low emission strategies (i.e., advanced biofuels development, capturing not flaring
natural gas) (Dem/Gov, FtF). Integrated national and regional level coastal development adaptation planning
is needed to address sea-level rise and coastal erosion (Dem/Gov, Edu, FtF). The FtF program focuses with
justification on the northern regions, but other areas exhibit high social vulnerability to climate change
indicating need for a more targeted, district-based approach (i.e., expansion to Brong-Ahafo and Volta
regions). Indirectly but most certainly related to climate change are uncoordinated policy responses to water
allocation among tipatian countties in the Volta Basin (FtF, Dem/Gov) and lack of integrated fire
management and regionally adapted policies (including traditional practices) focused on managing
environmentally destructive fires (FtF, Dem/Gov). Because farmers need stable and favorable crop prices to
make commercial crop production profitable, a favorable policy environment is needed for cash crop
production (FtF).

The governance/tenure battiers and the associated vulnerabilities to climate change adaptation and mitigation
in Ghana were viewed by the Team as overarching, keystone issues not only in the climate change arena but
in development generally and FtIF specifically. Key interventions include advocating for examination of land
tenure and property rights issues at the community level, capacity building with traditional land management
authorities (e.g., chiefs, Tendanas) for transparency and equality in land use practices, and a national
examination and correction of tree tenute issues that result in perverse, counterproductive incentives against
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carbon sequestration and maintenance and creation of forests (all FtF, Dem/Gov, Gen). Retention of carbon
benefits at the national level without local benefits sharing creates yet another perverse incentive system
affecting carbon sequestration. Advocacy is needed for legislation defining carbon rights to provide equity to
smallholders (FtF, Dem/Gov, Gen). The land tenure system also imposes insecurity on tenants and increases
their vulnerability to climate change by restricting access to credit and discouraging if not precluding long-
term planning and investment by tenants and landowners. Local strategies are needed to provide affordable
credit to landowners and tenant farmers (FtF). The extreme reliance on wood-based fuels in Ghana is a
significant vulnerability that seems largely unaddressed by any sector at any level. The Team viewed the
wood-based fuel situation as a critical issue from the perspectives of dramatically increasing social
vulnerability to climate change, its clear unsustainability and environmental ramifications thereof, and for
USAID, the ability of FtF to succeed. Addressing forest management and tenure challenges to sustainable
firewood and charcoal production are sorely needed as are community based approaches to managing wood-
based fuels sustainably (Dem/Gov, FtF). The FtF program emphasizes agricultural development which could
affect land access and allocation of water resources. Social impact assessments of agricultural development
projects are needed to identify mitigation measures, to ensure people are not displaced or lose land access,
and to ensure conditions for marginalized groups (i.e., women and migrants) are improved not worsened
(FtF). Irrigation development will redistribute water resources and perhaps increase competition for water
access. An equitable system of water allocation and management should be developed as an integral part of
any irrigation development project (FtF).

Many vulnerabilities under the capacity and infrastructure bartier cascade directly from the policy and
governance/tenure vulnerabilities. Several relate directly to carbon sequestration and forestry issues. FtF
activities need to be melded with reforestation and afforestation projects to meet community and family
needs for fuel and construction wood, to produce NTEPs, to protect riparian areas, and to sequester carbon
(FtF). Further, partners need to be identified that can link FtF activity to carbon financing or payments for
ecosystem services markets as part of carbon offset payments (FtF). Technical capacity is needed to develop
more efficient wood-based stoves to reduce deforestation, carbon emissions, and smoke (FtF, H&S, Gen).
Community fuelwood programs need to be developed with technical assistance in species selection,
plantation establishment and management and governance structutes (FtF, Gen, H&S, Dem/Gov). Scarce
fuelwood most impacts women, the traditional gatherers of wood for cooking. A national integrated fire
management program, including traditional practices, is needed to manage destructive bush fires to protect
soil quality, increase forage quantity and quality, increase rates of reforestation and afforestation, and mitigate
trends toward desertification in vulnerable areas (e.g., northern Ghana).

Several interventions related to the agriculture sector (and thus FtF) fall under the capacity and infrastructure
barrier. Transportation infrastructure limits access to markets with most households in most districts of
northern Ghana traveling >30 minutes to reach a food market and in many districts <50 percent of
households have year round road access to their homes. Agricultural development and crop marketing in
northern Ghana should focus on carefully planned improvements to market access and transportation
infrastructure (FtF). Similarly, in most districts of the Upper West and Northern regions, 15-50 percent of
households travel 230 minutes to get drinking water with a high dependency on unimproved water sources
(FtF, Gen, H&S). Well-planned development of water infrastructure will help improve human health, free up
labor (especially for women), and increase household livelihood security (FtF, Gen, H&S). To adapt to
climate change, people need to diversify economically, but options are limited. Investment is needed in local
processing facilities to add value to agricultural and wild-harvested products, increase income, and create
nonfarm jobs (FtF). Because climate variability creates food shortages, investment also needs to focus on
developing improved grain storage methods and facilities so excess grains produced in good years can be
stored to buffer against crop failures (FtF). Harvesting and handling losses could be lowered by developing
community or cooperative drying and storage facilities (FtF). Illiteracy (15 years and older) in Ghana’s
northern regions is high (61.3 petcent to 87.5 percent in most districts), limiting people’s capacity to
understand and adapt better agricultural practices and to negotiate climate change. Programs developing
literacy should be emphasized (Edu, FtF).
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Given a declining fishery and the threat climate change poses for that resoutce, the GoG should be strongly
encouraged to develop the capacity and infrastructure to scientifically monitor, regulate, and manage all
sectors of the marine and freshwater fisheries for long-term sustainability (FtF, H&S, Gen). Local monitoring
authorities should be strengthened and connected with local, regional, and national partners and counterparts
(FtF, H&S, Gen). Most coastal residents are fisheries dependent, are vulnerable to disruptions in the resource,
and have few employment alternatives. Tourism, while promising, lacks the infrastructure to provide
substantial income. Investments in tourism infrastructure could provide coastal residents viable alternative
livelihoods. Investments in education could broaden skill sets and widen employment opportunities for youth
and young adults (Edu).

The energy sector is also hampered by significant capacity and infrastructure barriers. The GoG should be
encouraged to develop as soon as possible natural gas processing capabilities to avoid prolonged (months to
years) gas flaring and increased GHG emissions from the Jubilee Field and use that gas to supplement an
already inadequate national power grid. The lack of electricity in rural areas impedes entrepreneurial activity,
calling for exploration of alternative energy systems (e.g. solar, biofuels) to meet local community needs.
Because of education, training, and skill deficits, local populations are disadvantaged for competing for jobs in
the nascent oil and gas industry. The GoG should be encouraged to provide training to atford locals
employment opportunities in that industry (Edu).

Several other interventions were identified under the capacity and infrastructure barrier. Mainstreaming
climate change in GoG activities could be advanced by improving data-sharing policies among agencies,
especially for meteorology data (Dem/Gov) as well as partnering with institutions to supply climate
adaptation information (FtF, H&S, Gen). Lack of technical capacity and infrastructure limits the ability to
share large data files between agencies and could benefit from improved internet capabilities. Efforts to
decentralize government are impeded in rural areas by lack of infrastructure. Cell phone texting features
should be explored for use in online registrations, permit applications, etc. to avoid long distance travel to
government offices and to increase participation. Likewise, development of a practical system of farmer
credit banks in rural areas is needed to establish farmer accounts that can be used remotely to conduct
financial transactions (FtF). As noted, this latter intervention needs to be superseded by addressing land
tenure issues that constrain credit and by making credit affordable to smallholders.

Information and analysis represents a significant barrier to climate change adaptation and mitigation in
Ghana. Data is lacking for critical decision making, planning, and forecasting. Climate change should be
investigated at a sub-national level using appropriately scaled GCM models and within the context of
desertification, sea-level rise, and coastal erosion, marine and inland fishery sustainability, water supply in the
Volta Basin, and hydropower production (FtF, Gen). Rates of coastal erosion should be investigated
nationally with an emphasis on identifying causes and on impacts to coastal infrastructure and natural
resources (e.g., towns, ports, biodiversity hotspots, lagoonal and inshore fisheries) (FtF). Regional
organizations (e.g., CILSS, AGRHYMET, CORAF, INSAH, FEWSNET) should be engaged in partnerships
to ensure availability of and access to data (e.g., weather data, hydrological data, ground cover change,
agricultural expansion, improved land productivity, fish populations) and projections (FtF).

Several items identified under the information and analysis barrier relate directly to agriculture and food
security. Research and technology development programs are needed in climate prediction, to improve crop
models, and to link process-based crop models to high resolution regional climate models (FtF). To help
adapt to climate change, soil suitability analysis should be incorporated into agricultural development planning
and updated with soil suitability analysis data on new crop varieties (FtF). The uncertainties of FtF
commercial and large-scale agriculture sustainability needs to be investigated in light of increasing future costs
of petroleum-based fuels and agricultural chemicals and a changing climate (FtF, Gen). Likewise, FtFF
irrigation projects should be analyzed in regard to impacts on surface and ground water quantity and quality
and downstream effects (FtF). An evaluation of the temporal pace of vegetation change and soil degradation
is needed to assess desertification in northern Ghana, especially in the context of projected population
increases, food security, water demands, ecological services, and climate change.
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Information and analysis needs for forestry-related items are also apparent. Land cover/land use inventorties
and forest inventories are needed to set baselines for deforestation, carbon pools under REDD+, and to
meet MRV requirements. Investigation is needed in areas where carbon sequestration can complement FtF
efforts, e.g., increasing mangroves, rangeland management, agro-forestry, farmer-managed natural
regeneration (FMNR), and riparian forest management (FtF). Optimized shade-grown cocoa management
schemes are needed that provide high levels of return to farmers, reduce deforestation and degradation and
also offer greater biodiversity benefits than sun-grown cocoa (FtF).

Many in Ghana have a lack of awareness of and skills to use climate change, agricultural, natural resource
management, or other information that would reduce their vulnerability. Partnerships with local
implementers would build the climate change awareness of end users (e.g., farmers, fishermen, media,
government) and enhance their ability to use information (FtF, Edu). Workshops should be organized on
various topics (e.g., climate change, adaptation, carbon sequestration) for agriculture sector partners and FtF
implementers. Cocoa producers lack the skills and knowledge to implement the whole technology package for
sun-grown cocoa; cocoa productivity could be increased by intensification and access to inputs (FtF). Top-
down approaches to fire management are unsuccessful in part because of a lack of awareness of traditional
methods. GoG agencies and personnel should be educated on modern integrated fire management
approaches and traditional approaches and the two integrated on the ground. Not all adaptation measures
currently used are sustainable and many are erosive to future economic health and well-being at the
household, community, and regional levels. Adaptations should be considered carefully so that unsustainable
approaches are avoided (e.g., marine fuel pre-mix program). Short-term temporary and long-term coping
mechanisms should be distinguished and the difference communicated to the public (FtF, Edu). Livestock
production in the north offers a potential to diversify livelihoods in the north and hence decrease
vulnerability to climate change. This potentiality should be communicated and promoted; and support should
be given to schemes that help farmers adopt livestock keeping (FtF). Most crop yields in Ghana are below
potential, requiring intensification to meet MIC goals. Agricultural productivity could be increased by
improving distribution channels and access to technology and inputs (e.g., fertilizer) and by providing farmers
access to operating capital and crop insurance to mitigate effects of climate variability. (FtF). Farmers lack
information on consumer quality expectations and fail to meet market demand. Awareness of consumer
expectations should be raised and quality assurance programs instituted for improved marketability (FtF).

NEW INTERVENTIONS FOR USAID PROGRAMMING

To mainstream climate change into USAID programming in Ghana, and indeed for the GoG and other
donor partners to integrate climate change into their development efforts, the availability of meteorological
data and interpretive information must be increased. To effectively utilize available climate information, the
capacity within Ghana to use the information must also be enhanced. This need presents an opportunity for
USAID Ghana to develop programs or partner with others to build capacity. The two sides of the issue are
increasing available data and enhancing capacity to use the data and climate projections. Increasing data
availability can be achieved by partnering with regional institutions and non-governmental partners to
increase meteorological monitoring capacity by increasing the number of weather stations, especially in rural
areas in the northern regions where the current monitoring network is sparse. Other initiatives could focus on
building relationships among regional institutions such as FAMNET, AGRHYMET, and others to deliver
data interpretation. Climate modeling at the scale of the Global Climate Models is already available over the
internet, but the expertise necessary to interpret these data, state their uncertainties, and effectively use them
to downscale to regional climate models is generally lacking in Ghana and elsewhere in sub-Saharan Africa,
except possibly in South Africa. Thus, another opportunity for USAID is to develop interpretation and
communication capacity within Ghana, either at a university, within the GoG, or in a jointly funded and
maintained center.

Other options are more sectoral in nature. One need seems to be an integrated and realistic energy strategy
for Ghana that depends on internal resources. There are few opportunities to expand hydropower; in fact, the
current capacity will likely diminish over time as precipitation within the Volta basin declines, and
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neighboring countries expand their extractions for drinking water and irrigation. Ghana is developing oil and
gas that will provide new energy sources, but they will have to be developed, for example by capturing the
natural gas from the Jubilee Field and using it to power an energy plant. Perhaps the greatest opportunity for
Ghana is to develop advanced biofuels or at least to utilize advanced conversion technology along with
comparative advantages in growing woody feedstocks. Such a policy should, however be integrated with
agricultural and other uses of land and is predicated upon raising the productivity of food crops to their full
potential under intensification.

Woody biomass for bioenergy already provides a large share of the energy needs of the average Ghanaian,
specifically fuelwood for cooking. Currently this use is inefficient (open fires, inefficient charcoal production
methods) and often damaging to the environment. In addition to programs to increase fuelwood availability,
improve cookstove efficiency, and improve charcoal production, the entire forestry sector of Ghana needs to
be transformed. One starting point would be the transformation of the Forestry Commission into a land
management and stewardship agency. Thus a transformed FC would no longer be focused simply on
generating income from timber concessions and permitting fees. Rather, the FC would be responsible for
conserving the remaining high forests, restoring degraded forest reserves and wetland forests, and providing
technical assistance to communities in developing community forests and fuelwood plantations. In addition,
the wood industry in Ghana needs to be rationalized to remove subsidies that maintain an inefficient export
market, and to improve provision to meet domestic lumber needs. Improved forest management will also
maximize opportunities to capture payments for carbon and other ecosystem services.

Ghana’s mid-term development strategy and goal of obtaining MIC status by 2015 depends heavily upon
improvements in the agricultural sector. Although we have suggested some interventions in the agricultural
sector in Table 10.1, one change that requires multiple and continuing interventions is the need to overhaul
agricultural research and extension in Ghana. The GoG does not provide adequate suppott for applied
agricultural research internally, which causes research scientists to seek funding from outside sources. This
usually means that agricultural research focuses more on basic research than is needed in Ghana, leading to
the charge that it is irrelevant. Extension is also underfunded and is removed from the needs of the
smallholder. Without a strong applied research focus on issues that matter to the smallholder, delivered by
extension agents in affordable technology packages, the existing agricultural research and extension
infrastructure will not contribute to meeting the needs of the Ghanaian farmer.

Finally, there is a need to conduct climate change vulnerability and adaptation analyses at the community and
household levels in the different regions. Because variability and changes in climate will be felt locally, and
there are a myriad of possible adaptation responses, vulnerability analysis needs to be situated in a local spatial
context. USAID Ghana, working with donor partners, GoG agencies, NGOs, and CSOs should develop
vulnerability and adaptation analyses as part of the project planning and design phase, and require that the
results be used to modify projects before embarking on them.

176 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



LL]1  INIWSSISSVY NOILVLdVAV ANV ALMIGVYINTNA IDNVHD ILVIWITO VNVHD

44

44

434 ‘np3 ‘AoH/weg

AoHjwRQ ‘44

usD ‘A0D/uRQ ‘44

434 A0D/weg

us9
‘AoD/wRq ‘S8H ‘NP3 ‘4

uonaonpoud doud ysed Joj JuswuodiAud Adijod 9|qeIoAR) B d4nsug

suoi8aJ 1o

pue ojeyy-Suoug Surioqysiau jo seade Ajiqesaulna y3iy o3 uoisuedxs
aJo|dxa pue ‘papaau 3sow si 31 d4aym sade|d ul weaSoud J14 ayd
Sunuswa|dw o1 yoeoudde paseq-1o13sip ‘pa193.e] S40W B JSPISUOD)

(suonainsad Sujuiw pues ‘ssuoz

dA0J3UBW “8'3) UOISOID [BISEOD MO|S O) Saunseaw uopzesniw [ednjeu
pue (ssuoz ssauisnq pue ‘Buisnoy ‘uoneriodsue.) Jo uonedoad “8-9)
9S1J [9AS]-E3s 0y sa18a3e.3s uopeidepe apnjdul Jey3 suejd 3uswdoPASp
[eISBOD |9A3] [BUOISS. pue [euoneu jo uonelusws|dwi 3uoddng

uiseg J9AY BIJOA SY3 Ul S311IUNOD ueliedl
||e Suowe JuaWwa3.8e UONEIO||e Ja3eMm B Jo Juawdojaasp 1ioddng

(eueyo uiayyaou “8-3) seade

3|qEJSUINA Ul UOIIBIIIISSIP P.JEMO] SPUS. 31ES[IW PUE ‘UOIIBISIIOHE
PUE UOEISAI0JD. JO sa3eJ dseaJdul ‘Aijenb pue Anuenb a8euoy
aseaJdul ‘Aufenb [10s 10910.d 03 sauly pue|pjim Suideuew Joj sadnde.d
[euonipeas apnpaui Jey3 sapijod pajdepe-£|jeuoiSad pue Juswadeuew
2.1y pajea3aul a0y Ad1jod |euoneu e dojpAsp 03 Hor) adeanodul

se3 pauejy Sulumydes pue JuswdojaAsp sjanjoIq
pacueApe 3uipn|oul s31891eJ3S UOISS|WS MO| pue uonedniw a3ueyd
a1ewI[d sapnjpul 1eys Ad1jod A8uaua [euoneu e jo Juswdojaaap uoddng

(e142142 3uswdojaAsp suoissiwa mo| Sunndope ‘A3ljiqeJaujnA
Suiseaudap) s1ioys 3uiuuejd umol ojul 3ueyd dewWI| edodaodu)

sasuodsa.
uoneydepe uo A3a3e.3s S3UBYD S3BWI|D [BUOIIBU U] SNDO} SSEIIDU|

A3a1e.0g 98Uy SBWID
[euoneN eueys) ay jo uoneuswsa|dwi pue uonasjdwod ays 3uoddng

Jasood swod3q

ued Asys asimIaylo ‘3|qeayo.d
uonoNpoJd doud [Bl2J3WWod Ul
SJUSWIISIAUL S¥jew 03 sadld doud
9|qe.OAR) PUE 9|qEIS PODU SJdULIR

a3ueyd arewd 01 AljIqeJSUINA
[er2os y31y uqIyxs osje suoidau
BJJOA UJaYlJiou pue ojeyy-3uoig
uJIa1IsaMm Y31y si AJIADE Jouop
9J9YMm suoiSaJ uiayliou Yy

uo sasndoy weaSoud 434 s,QIVSN

juswdojaAsp

[e3seod pue Yyamo.3 uonejndod

Jo s91BJ Y31y pue ‘UoISOJS [BISEOD
pUe 35l [9A3]-83S padnpul-a3ueyd
a1eWI|d Suowe suondeIalul

03 asuodsa. pajeulp.aoodun

$3143Unod

uersedid Suowe fyuenb Jsyem

uo s329)49 a3ueyd aew||d [enualod
0} asuodsaJ pajeulpioodun)

uoneidepe adueyd ajew||d pue
98ueBYD 93BWI[D Y3IM UORDBIIUI
J13y3 pue saJy ysnq 1oy
‘uanbaJj Jo syuswis[e 9ANdNIISOP
01 asuodsa. pajeulp.aoodun

a3ueyd sewIp
01 asuodsaJ pajeulpioodun

a3ueyd s1eWID
03 asuodsaJ pajeuipaoodun

JuswWuoJIAUg Ad1jod

swea8oad AIVSN

SUOIJU3AJRlU]|

Anqessuinp

uonesnipW
pue uoneydepy
03 sJaLieg

(19puaH=uUa9 ‘@3ueuIaA0D pue AJBIDOWI=A0D/WIQ ‘UOIIE}UES PUB Y}ERH=S8H ‘UO[1EINPI=NPT ‘DININH dY} Paa4=4}4 :sweiBold gIySN J0} SUoleinaiqqy)
A31j1qesaulnA 2onpaJ pue uonedniw pue uonydepe aSueyd 3jewWi|d 0) SI3LLIE] SUWO0D.JIA0 03 JIP.J0 Ul SUOIJUIAIIIUI Joj suonndO |°| | dI9elL



44

44

414 “Jopuen

434 ‘AoDjwsg

U9 ‘A0D/WaQ ‘434

usD) ‘A0D/WRq ‘434

LINIWSSASSY NOILVLdVAVY ANV ALITIGVYINTNA IDNVHD FLVIWITO VNVHD 8.1

awayds jJuswdojaasp uonedlidl Aue jo ued [eu3ajul ue se padojoasp
9q p|noys juaWwa3euewW puUe UOIIBDO|[E JIBM JO WISAS d|qelinba uy

*SJSWL.Ie) JUBUD) pUB
SJ9UMOPUE| 01 3IpaJD 3|qepJoye Suipiroad Joy saidare.ans [ed0] dJ0|dx]

pazijeuiSew Jayauny Jou aJe Aoy

Jey3 aunsua pue sdnoud asayy Joj suonipuod aroadwi djpy o1 weadoad
a4ning ay1 pasa4 aya Sunuawa|dwi pue Sujudisap UsYM s924nosad

pue pug| 3uissadde ul 928} sdnoug pazijeuidaew A3ndiyip 3yl JapISUOD)

A|qeureasns asn s[any

paseq-poom 3uiSeuew o) saydeoidde paseq-A3unwwod SANIAYS oy
[enuszod s1e8nsaAul tuondnpo.d [eodJeyd> pue pooma.ly S|qeuleIsns o)
$3[2®15qO 3. 1Y) S93Ud||BYd SNU) PUB JUSWSBUBL IS0} SSIPPY

sJap|oy|ews
03 Aunba sapiaoud 1eys s3ySia uogued Suiuyep uone|siSa| o) 31eD0APY

UOI1e}Sa.10Jap JOj S2AIU3dUI Ul 3 NSaJ Jey) sanss|
2JNU3] 3343 JO UOI1334J0D puUk UOIJEUIWEXS |[EUOIIBU JOj 3]EDO0APY

saonoe.d asn pue| ul Ayjenbs

Joj apiaoud pue swiSaa aunua) Asewolsnd ay3 aJ4o3sad djpy pjnom
s3uijeap J13y3 Ul Adouauedsuedy 40w SpN[dUl O3 ‘SBUBPUD | 33 PUE SJBIYD
Se yons ‘sanlioyine Juswadeuew pue| [euonipesy yum 3uipjing Aldeder)

[9A9] Alunwiwiod ayy 1e

$$920€ 10} UoiNadwod sasea.dul
PUE ‘sJ9sN U99MIDQ S32INOSII
J93eM JO uonnqLiIasipaJ e saldwi
ua)j0 JuswdojaAap UonNESLL]|

"P12141S3J S| SJOISIAUI pUE

P34 01 $S32E ‘AdUBUS) S4NJ3SUl
Yyum ‘Ajleuonippy ‘saiSojouyda
MaU Jo saondedd 1s9q

u1 3s3Aul Jo suejd wua) Suo| djew
03 SIUBUS 10J 3NDIYIP Il S>eW
yoiym Aindasul Aq paziiaioedeyd
S| Wa3sAs 94nuS) pug| 3U.LIND By |

pug| Suissa35e 03 SaW0od
31 USym pazieuiSsew Ajjedadsa
9JE SJUBJSIW pUB USWOAA

3up|ood Joj sjany
Paseq-poom uo ddueljaJ AAeaH

SARUDUI

9sJaAlad Jsyloue sarea.d
SSNIUNWWOD [BJ0]| YIIM SIyauq
SulieyS INOYUM [9A3] [BUONIEBU
33 18 $3YS1d UogJed JO UonUIIL.
ts3y1a uoqued jo ANdiquiy

$159.10} 91B3.D IO UlEIUleW
03 suoseaJ d3ewiSs| Jaylo

pue uone.ssanbas uoqued surede
S9AIIURDUI DAIdNPO.IdI3IUNOD
9sJaAlad Jayo ‘leuonipe.y

PUE [BUOIIBU ‘D4NUS) 33|

‘3ulw.iey Joj pue| 01 ss9I08
UIBIUIBW O3 SJ9WLIR) 3[BDS -||BWS
O} INOIYIP 31 sXBW SIY | "BUBYD
Jo 3sow noydnouys pasnoe.d
Wi3)SAs 24nua) pue| AJewoIsnd
JU344Nd Y3 Ulyam Aduadedsue.ay
JO >JoE| & pue ‘A1andasul

usn ‘Aooywaq ‘434  sanss! s3y3iu L1uadoud pue 2unuI3 pue| JO UOITBUILWIEXS UE IO} SIBIOAPY JO 9suas aAIseAsad e s1 ausy | 9JNU3 | /9DUBUIDAOD)
uone3nIW

pue uoneydepy

sweJa3oad AIVSN SUOIJUSAJIIU| fyqessuinp 0) sJaaliieg




6L1

INIWSSISSY NOILV.LdVAV ANV ALTIGVIINTNA IDNVHD FLVIWITO VNVHD

AOD/WRQ ‘UID) ‘fi

AoH/weQ S8H ‘USD ‘414

44 ‘ueD ‘YyedH

uso ‘SgH ‘434

wedsdoud q|vsSN oN

Jo Ad1jod [euoneu e jo JuswdojaAsp 33BI0APE O) H)Or) d3eInodu]

(pooy Anq pue mo.g 03 A11jiqe WOy $I9e13IP SIyl Aem Jayale aseyd.and
0} pasn 9q IsNW Ysed p|oyasnoy Jo Jayresd o) Jaylie) |EM O3 USWOM
Aq 3uads swn eU1Xd SUBSW POOM|IN) 92.IBDS) S9INIDNIIS SDUBUISAOS
pue Quawadeurw pue Juswysijqelss uonejue|d ‘UonI3|as sa1dads

U] 9DUEISISSE [BD1UY23] YaIM we.Soad poomjany Adlunwwod dojaasq

‘poomadly 3utuayed Joy s|qisuodsau

A|[RUONIPE.Y S4B OYM USWOM UO USP.NQG Y3 USSSS| PUE ‘Dyows

ss3] 92npo.d OS[e |[IM S9A0IS Paseq POOM JUSIDIYS 3O "UONEBISDIOJP
PUE ‘SUOISSIWS UOG.ED ‘SN [9Nn) PasSeq-POOM 2oNpa. A|enueisqns

03 sapiepow 3upjood ueleUBYD) YIMm 3|qredwod A|[eamynd aJe 3eys
S9A03s 3uluang pooMm pue [eod.eyd JuaIyd A|ySiy jo uondope 1uoddng

*(423uaD) 924NOSAY [EISEOD) dXJ) ‘SJauried [euoneu pue ‘[euoi3au
‘[B20] YIIM WiSY3 305UU0D pue ‘seilIoyIne 3uliolluow [ed0] usyadua.a1g

a1ewi|d Suidueyd e ul A31|IqeUIBISNS WI9)-BUO| 4O} SIIIBYSI) JOIBMYSDIY
PUE SulJew dY3 JO 103235 |[& (SUOIIDIIISAI 39U pue [euoseas “8-3)
a8eurw pue ‘(ssadde pajiwi| “8-9) 91e|n3a. (SI9AI9SqO SALIBYSI ‘SASAINS
juspuadapui A1aysyy “8-3) Jolluow A|jea13USIDS O £)or) d3eunoduy

19UJ3)UI ‘SS9JE BIEP dA0IdW|

uonew.iojul uoneidepe s1ewl|d A|ddns

pue Auoeded [ed1uyda) jo yoeT

Supjood Jo} s|on} paseq-poom uo
dduelad AABSY puE 24mIdnJ3se.ul
pue A31oeded [ed1uyd3) jo XoeT

sjany 8upjood
PoSeq-pOOM UO ddUEI[3. 9oNpaJ
o1 Adeded [es1uydan jo e

92.nosau

a3 3dnusIp Jaylny 03 suseAJYd
a3ueyd a1eWI|D> pue dulPsp

ul 9. saLIaysy Qusawadeuew
$31JaYsl) 40} 94nIdNAISEUl

pue A31deded [ed1uyda) jo XoeT

sa1puade usamiaq (eaep SO

SE Uons) sa|iyerep 93.4e| dAOW O3
A1|IgE s)WI| SUONEDIUNWIWOD3[)
ul 94n3oNJISEUI

pue Adeded [edo1uyda) jo e

uan) S9H ‘434 ey suonmnsui Je Aydeded pjing 03 suuawa|dwl [e20] YIM Jaudied Aoeded [ed1uyda) jo e
uoqJed Ja1sanbas 01 pue ‘sauoz uerredil 199104d 01 ‘sd4] N 92npo.d
01 ‘POOM UOIIDNIISUOD PUE [aN) JOJ SPIBU AIUNWWIOD pUE A|ilue) 199W pausyidua.is 9q 031 pasu
usn) ‘44 01 s123(/o4d UONEISIIOYE PUB UONEISIIOP. YIIM SINIANDE 14 PIBIA $1S3.10§ PUE {14 U99MIDq SHUIT
(s3u0ye 21BUIPJ0OD pUE dJeys 01 S3IDuUSTe A1AnoE ooy
10y} A31]Iqe $95Npa.U SN20j AI9A03. SNUSAS.) BIep A30[0.109313W I0) ojul 93ueyd S1BWID WESJIsulew
AODH /W Ajle1>adsa ‘pano.duwil aq 03 pasu sapuade Suowe sapijod Sulieys eleq 03 sapiumJoddo passijy
S19)]JBW SIDIAIDS WISASODD 40§ sIUdWARd JO SID)JBW syuswiAed 19syo uogJed o) aJn1dnaIsedu|
424 Sudueuly uogaed 03 AJIAINDE {34 djul| UBD JBY) SUONEZIUESIO UM Jaulied 434 >ui] 01 saumuoddo passily pue Aipeder
saJnseawl sasn Jayro pue ‘Suize.s ‘Suiwiaey
uonedniw AJuspl 01 pue ‘s92INOS3J PUB pue| O3 SS93JE 350| 10U  Joj pash 3ulaq Apea.fe pue| dunsn
op 9|doad 3ey3 aunsus 03 uddjerIapun aq pjnoys sidafoud Juswdojaasp pue pade|dsip aq 031 9jdoad asned
44 [eanajnorige Sunusws|dwi jo s1oedwi Sy3 JO JUSWSSISSE [BID0S Y Aew Juawdo|aAsp [eanandlidy
Ja1eM O)
uone3nIW
pue uoneydepy
sweJa3oad AIVSN SUOIJUSAJIIU| fyqessuinp 0) sJaaliieg




JAETIETS)

uoneonpg

uoneonpg

‘wea3ouad qysn oN

434 ‘AoDjwsg

AoH W

S8H ‘AoH/weQq

LINIWSSASSY NOILVLdVAVY ANV ALITIGVYINTNA IDNVHD FLVIWITO VNVHD 08I

S913IUNWIWOD [BJ0] JO SPIdU Y3
uns y3iw eyl (;s|pnjolq ‘Jdejos “8-9) swaisAs ASuaua aAneuI|e dJ0|dX]

Ansnpui seg pue |10 ay3 ul Juswojdws
>|93s 03 AJBSSIDU S||DS [B2IUYDSI 3y S0 eyl ‘Aued pJiys e
ygnouya Jo o511 Suiure.d apiaoad Jayaie 03 JusWUIRA0S a1 a3einodug

s3)npe 3unoA pue yanoA oy seniuniioddo juswAojdws uspim pue
195 ||DS Pauyap 491194 & apiroJad djay pjnod UONEINPS Ul SIUSUWISIAU|

spooy1[aAl|
aAneuJalfe d|qelA Suipiaoad Aq sSLIYSH) duUlIBW UO SIUSPISA. [€ISEOD
JO 9DUEI[SJ DY USSS3| P|NOD 34NIDNAISBIUI WSIINOD Ul SPEW SIUSWISIAU|

Aj210WaJ 219 ‘syiwad Joj Aed 03 pasn 9q Ued JBYI SIUNOIDE JSWLIE)
US1|qeISS O3 SEaJE [BJNJ Ul SHUeq IIPaJd JaWLIe) Jo Juswdo|aAap a4o|dx3

233 ‘suonedijdde Jwaad ‘suonesiSau
aujjuo puas 01 sainiea) 3uixal auoyd |92 jo uonezinn aioldx3y

pli3 uamod [euonreu a3enbapeur Apeadje

ue Jusws|ddns 01 pue ‘pjal4 IO 93]Ign[ 3B SUOISSIWS H)HE) pasea.dul
pue (sueak o3 sypuow) Surie)y sed paguojoud pioAe o3 sanijiqeded
Suissadoud sed [eanjeu |qissod se uoos se dojpAsp 03 Hor) ageanoduy

(eury) uiayriou “89) SEaJB S|QEJISUINA Ul UONEIYILISSIP

PJeMO] SPUS.] 91ESIW PUE ‘UO[IBISD.IOHE PUE UOIILISD.I0J

Jo saaeu aseaudul ‘Afenb pue Ainuenb s3euoj ases.oul ‘Aujenb [1os
12910.d 03 sauly pue|p|im S3eurwW 01 s9d1ORJd [BUORIPEII SPN|DUI IBY)
sapljod pardepe A|jeuoi3a. dojaAsp pue Juswadeurw 3.l paleasanul

AIAnoe [elanauaadaaus
SyWI| Ya1ym ‘AId1adsje
INOYIIM USO dJE SEIJE [BUNY

auswAojdws |njures

>93s 03 335 ||Dfs AJessad3u Y3
ssassod jou op Aay3 se ‘Ausnpul
se3 pue |10 Suimoud ays y3nouayy
sapiunlioddo Juswiojdwa

0) spJe3aJ ul 93ejueApesip

® Je aJe suope|ndod [edoT

awodul [enueisqns apiaoad

03 24n3onJIsedyul Auessadau ay3
syoe| ‘Suisiwoud 3Iym ‘wstino |
*S91ISYsl} dULIBW 3Y3 JO SPISINO
ISIX3 s9AnBUIRI[E JUSWAo|dws
M34 "224nosaJ ay3 uj suondnasip
03 3|qeJau|nA Ajje1dadsa
9.40j243Y3 4B pUE ‘SalIaysly
aulsew ays uo Ajluewiad puadep
SJUSpISaJ [eISEOD JO suonednddQ

sjeaided 101as1p wouy

JuelsIp seaue [ednd ul Ajjerdadss
9DUBUISAOS 9ZI[B.JIUSISP O3 SIIOYD
sapadwl 24mdnJIseul JO ST

s[eaided 30143SIp WOy JueISIp Seae
[ednd ul Aj[er>adsa ‘@dueularod
9Z|[eJIUIDIP O S1IOYD

sapadwi 24n3onJ3seIul JO ddET

se3 |ednjeu

WoJ} SUONINPa SUOISSIWLD HHD
pue sayauaq A3J4aus aya dz|jead
A[|n} 03 84n1dNJ3sEBIUI JO HoRT

saJly ysnq 10y
9uanbauy jo s193y0 aARONIISOP
aya Sune3niw Ul s4mdNAISEIUL

sweJa3oad AIVSN

SUOIIUIAIIU|

Ainqessuinp

uone3nIW
pue uoneydepy
03 sidLiieg




181

INIWSSISSY NOILV.LdVAV ANV ALTIGVIINTNA IDNVHD FLVIWITO VNVHD

‘sadedspueT] 9|qeuresng

44
44

$4

np3

34

SBH ‘U9 "4

434

©0) pOpaau dJB SILIOJUIAUI IS0} PUB SIIIOIUSAUI SN PUB|/IDAOD puET]

suonaafoidpsess.oy

pue (suonendod ysy ‘Aaanonpoud pue| paroadwi ‘uoisuedxa
[eamno1Se ‘98ueyd 49A0D punousd ‘eIep [ed130]|0JpAY ‘suiaied Jayream)
BIEp 0} $$920€ pue Jo A1|Iqe|ieA. a4nsud 03 (1 INSAATH ‘HVSNI
‘4VYOD ‘LIWAHYDV ‘SSTID “83) suoneziuedio [euoiSau yaim Jaulieg

SJOP|OY||eWS 40} 3|qISED} DJ. JBYI SOWDYDS
31paJd dojeAsp 31pa.d SuluIeIqO 03 SIUIBJIISUOD S4NUSY PUE| SSRUPPY

saJn|iej doud 3surede Jaynq 03 pa.ols 3q Ued sJeak pood
ul paonpoud sure.8 ss9dxa os sani|ide) a8e.ols ureds paroadwi dojpasg

Adeua)| aseaJou) 03 sweddoud Juswajdwi pue dojpAsg

sqol w.ejuou
9)ESJD PUB SWODU| 3SEIIDUI 01 $19NPO.d PaIsSSAIBY-P|IM puB [eand|ndLiSe
03 an|eA ppe ey sani|ioe} Suissado.d [e20] JO UONINIISUOD Ul ISIAU]

saouanbasuosjelusWUOIIAUS SANESSU BARY 10U SSOP

742 JSUUBW B Ul JN220 pnoys 1uawdo[aAap Ja1em ‘UaAamoy A11Indas
POOYI|2Al| pP|oyasnoy aseaJdul pue ‘(UsWom .o} A|[e12adsa) Joqe]

dn 934 ‘Yesy uewny aroadwi djay |Im sanadnaasesjur Jarem Suiaoadw|

syuswaAouadwi yans

Supjew u1 3s9AUI pue ‘parc.dwil 8q UBD S4MIdNAISEIUl UolIElIodsues)
PUE SS323€ 19)JeW MOY 33BN[BAS P|NOYS BUBYL) UJdYy3Jou

ur SunayJew doud pue JuswdojaAsp [eamndiide a1owoud o) s1u0y3

Sunpjew uoISIDAP U0} BIEP JO XOET]

Sunjew uoisIdap o} BIEP JO HOET

1IpaJd 03 ss9208
pJoje 1,ued sJawlLie) |[ews Auel

sadeyuoys
pooj se18a.d A31|IqELIBA 93BWI|D

'sodnoedd |eanynotiSe aroadwi
pue a3ueyd ajewi|d 03 idepe wayy
djay ||Im 1BY2 UOPEBWLIOJUI WO
JoUSQ PUE SSSUSJIBME JI9Yl 9SIBd
o3 Auoeded s ajdoad sy siy |
"9%0G 49AO SI 11 SJ9YM ‘SJewe |
1daoxa 10113sIp AI9AS Ul J9p|O

pue g| uoneindod ay1 jo %g'/8
01 %4€°|9 Wouy sadue. suoidad
uJayaiou ¢ sieueys) ul Adeaal)||

pauwi| aJe suondo Inq
Aj|eo1wouods AjisaaAlp o1 sjdoad
10} paau & 318340 93UBYD SBWI|D

Jayem 3upjurip 198

01 SAINUIW +(€ [9ABID SPlOyasnoy
JO %0S-G| PUE ‘suoi8aJ UJayLIoN
pue 1s9pA Jaddn o s1o1nsip

ISOW U pUB Y2Jou dY3 Ul $324NO0S
Jayem paroadwiun uo A>uapuadsp
PIoyasnoy yay s auay |
124MIdNIISBAJUL JSIBM PRI
*S32113SIp

Auew ul punoJ-Jeak sswoy Jidyl
03 SS9JOB PeO. SARY Sp|oyasnoy
92 JO J|BY UBYD JOM3} pUB I9}Jew
POO} ® UydBa. O3 sa3nuiw O

UBY) SJ0W [9ABJIBUBYL) UJSYLIOU
JO SI2113SIP 3SOW Ul spjoyasnoy
32 J|eY JIAO :s19)Jew 3ulsSaddE
40} 94n32N.3sejul paiwi

sisA[euy pue uopew.Ioju|

sweJa3oad AIVSN

SUOIIUIAIIU|

Ainqessuinp

uone3nIW
pue uoneydepy
03 sidLiieg




44

uso ‘434

44

uss ‘434

34

uso ‘434

44

uss ‘434

34

Aisaaalpolg

LINIWSSASSY NOILVLdVAVY ANV ALITIGVYINTNA IDNVHD FLVIWITO VNVHD T8I

UMOoJZ uns uey sayRUSq
A1SI9AIpPOIq 191833 OS[B PUE SJSWL.IE) O3 UJINIDJ JO S[9A3| y3iy spiro.d
Jey3 sawayds JuaWwaZeurwW BO20D UMo.S-apeys paziwndo dojpasq

28ueyd S1BWID pUE ‘SIIAISS [B2180]0d3

‘SpUBWIAP J33BM ‘A31UNd3s pooy ‘saseaddul uonendod padsfoud

4O 1X31U0D 3Y3 Ul A|[e1d3dss ‘BueYL) UJDYIIOU Ul UOIIEDNIIISSIP

JO JUSIX3 pUE SIEJ 3JEN[BAS O) UONEPEISIP |I0S pue 38ueyd
uoneladan jo aoed [esodwsl ay3 Jo uonenfeas papyiuenb e 3dnpuor)

(sa143ysyy aJdoysul pue [euoosge|

‘syodsyoy AsaaAlpolq ‘sanlioey sulaew ‘syod ‘skemydiy ‘sade||ia

‘san1d “8'3) $924NOS3. [BJANJBU PUE S4NIDNIISEIUI [EISEOD UO SIS
WJI9)-3Uo| pUE -JB3U UO pUE ‘sasned djew|n pue ajewixoad Suikjauapl
uo siseydws ue Yam Aj[euoiieu uoiso.d [eISeOd JO SDJBJ SIeN|eA]

s3oedwl J9sN WeauIsUMop
se [|om se saljddns ua1em adepns pue punoug [edo) jo Ajenb
pue Aanuenb ays uo s3oedwi ay3 s129loud uonesiaul 414 |8 ul 93enjeA]

Juswageurw 3saJ4o} ueldedid ‘(YNIAH) Uonetauadau

[eamyeu pageuew Jawlae) ‘A13sal0)-043e Quawadeuew pueadued
‘saroi3uew Suiseadsul Aq uolsoJs [e3seod 3uppnpad <83 ‘s1doyd

424 3uswd|dwod ued uone.Isanbas UogqJed uayMm seae 1e3ISIAU|

sJ0jeJ2uas Wep Ing pue ‘Suody| ‘oquiosod wo.y

uononpoud ysamod pue ‘uiseg I[0A aY3 ul A|ddns uarem ‘Ajiqeureisns
AJaysly pue|ul PUE SULIBW ‘UOISO.ID [BISEOD PUE 3SLI [9AS|-B3S ‘UiJou
SU3 Ul UOIIBDHI1I9SOP JO IXSIUOD BY3 UIYIM PUE S[9POW |5 Po[eds
Ajoreradoudde uisn [9A3] [euoneu-gns € 18 a8ueyd d1BWI[D 31BSNSIAU|

SaNALIBA
doud mau uo e3ep Yyum sasAjeue Aljiqedins |ios a3epdn pue Sujuue|d
auswdo|aAsp [ean3naLie olul sisAjeue Ajiqedins [ios ayedodiodu|

ajew|d
3uiBueyd e pue ‘sjedp1wayd [eanyndliSe pue sjany paseq-wnajotiad jo
$1502 a4mIny (ureauadun Ajjewiuiw Jo) 3uiseaJdul jo Y3 ul Aljiqeureisns
2un3 2113k 9[eds-a84e| PUB [BI2JSWWOD JO SIIIUIEIIDUN 3IBS1ISIAU|

s|opow a3ewi|d [euoidal uonnjosad y3iy oy
sjopow dou> paseq-ssad0.d >jui| pue ‘sppow doud aAoidwi ‘uonoipaid
a1ew|d> ul 3uswdojaAsp ASojouydal pue yoJeasad jo weagoud ysijqesy

syuswauinbau Ay 393w
01 pue ‘+gd3y J9pun sjood UoqJed ‘UOIIBISIIOJIP IO} SAUI|DSEQ 19§

BOD0D YaIM pajeIdosse uoliepei3ap
159.0§ pUe UOIIEISD.I0JOP
2onpau pue Aiaponpoud

20202 9A0dwi 03 Moy 3noge
BupjeW UOISIDAP J0j BIBP JO HDET

BUBYD) UJBYLIOU U] UOIEIIISSIP
JO s91e. JO sisA[eue jo yoeT

UOISO.IS [BISEOD JO SISA[BUE JO >OET]

s329(oud uonediuui jo 1oedwi pue
Ajiqeureasns ay3 Jo s[aAd| 123foud
PUE 10113SIp 3¢ SISA|eUE JO >[2eT

sapiumaoddo
uoneuisanbas uogqJes
3upueyua 0y sisA[eue Jo e

ue|d 03 Apiqe suw|

S$9|edS [euolleu-gns Je s|jopow
1J4e-ay3-jo-a3e3s Suisn s109Yd
a3ueyd a1BWI|D JO SISA[EUE JO DB

93ueyd ajeWID 03 duMndLISe
Sundepe oy Supjew uoisidap
10} sisA[eue pue e1ep Jo e

24mndLISe paziueydaw

puE [BIDJaWWod jo A3ljiqeurelsns
aya Jo sisAjeue jo e

93ueyd ajeWID 01 duMnNdLI3e
Sundepe o} Supew uoisidap
Joj} sisA[eue pue e3ep jo e
Suipuny

+dd3y 24ndas 01 Ajiqeul pue

sweJa3oad AIVSN

SUOIIUIAIIU|

Ainqessuinp

uone3nIW
pue uoneydepy
03 sidLiieg




€8l

INIWSSISSY NOILV.LdVAV ANV ALTIGVIINTNA IDNVHD FLVIWITO VNVHD

44

434

34

np3 ‘434

np3 ‘434

sadeospueT s|qeureisng ‘414

sap31|1oe} 98eu03s pue 3ulkip dAleIadoOd
Jo Ayunwwod Suidojaaap Aq sassoj Suljpuey pue SunsaAley JOMOT

ss9d0e
39>)4eWw paAro.dul 1oy sswsyds dueInsse Ajenb anansul pue ‘swek pue
9014 I sdoud 4oy suonerdadxs Aenb Jswnsuod Jo sssusJeme asiey

AljIqelIeA S3BWID JO SIORYR

31e3n1W 03 sawayds dduednsul doud pue ‘jesides Supesado o) ssadde
Jawey ‘(uaz1)1343) “8'9) sppuueyd uonnqglasip 3uiroadwi Aq sandul pue
ASojouyda1 03 ssadde 3uiseaudul Aq ANAnRdNpoud ednijndlide aseaudu|

‘passa.ppe

9Q 01 Pa3U ||IM SINSS| SSIIDB SINOSI.I/IIUBUISAOS PIBIDOSSY

‘8uidaay] >p03saA1| 3dope sjdoad djay 3eys sawayds jo uoneuswa|dwi
14oddns pue [enuaiod siya Jo ssausIeme Ssiey “Yiou a3

ul [enuaod spjoy 3eys AS93e.431S UOIIBDIISIDAIP B S| UodNPOoId >D01SaAIT

*211qnd 3Y3 03 DUIIIYIP Y3 IEDIUNWWOTD)

‘suoneidepe s|qeurelsns w.a3-8uo| pue swsiueydaw 3uidod Asesodwan
WI93-1J0Ys UdaMIRq ysindunsip 4a119g (‘weaSoud xiw-aud ays
‘9|dwrex3) ‘suonnjos juauew.ad se payuawa|dwi Jou aJe suoneydepe
3|qeureIsNsUN Jey3 aansua pue ‘suoneidepe pasodoud ySnouys duiy |

OM1 33 1e4393ul pue JusW3eUBW 3.1} 01 saydeoudde [euonipesy
uo yje3s 23ednpa ‘saydeo.dde JuswaSeuew .y paesSaiul usSpow uo
|ouuos.iad pue sa12uade HOL) JO SSAUIIBME 3SBIIDUI 01 S140Yd 34oddng

sindur 03 ssadde pue uonedyisualul Aq AIAdNpoad B0J0d aseaudu|

suojuawa|dwi 434 pue staulded J403d3s 24n3ndliSe

Joj uone.asanbas uoqued pue ‘uoneidepe ‘a8ueyd aewl|d St yons
s31do3 uo doysydom azjuedu uopew.ojul 3sh 03 A|Iqe J19Y3 dUBYUD
pue (JUSWUISAOS ‘BIPSW ‘USWL.IBYSY ‘sudulle) “8'9) sJasn pus jo

sJawLIey
01 UJN3aJ [BIDUBUI PUE d|qE|leA.
pooy aonpaJ sdoud [eanijnolide
Jo sasso| Suljpuey pue SunsaAseH

PUBWISP 13)JBW 193W
01 |IB} pUB S3USWS.INbaJ JswNsuod
UO UONBWLIOJUI >JB| SJoULIE]

smels J||
dA3IYDE 0] S140Yd 3Joddns jou [jIm
pue [enualod mo[aq aJe euryo)
ul umoug sdoud 3sow Jo sp|aIL

a3ueyd jewWID 01 AljIqeJaulnA
J19y3 9SBD.UD9P 03 SPOOYI|DA]|
41943 AjisuaAIp 01 pasu djdoad

'S|9A3| [euoiSau

pue ‘Ajunwwod ‘pjoyasnoy a1
e 3ulaq [|]9M PUE L3[ESY DIWOUO0ID
94mnj 01 SAISOJD Uk AuBW
‘3]qeureasns aJe pazi|nn ApusJdind
saJnseaw uopeidepe || 10N

JuswaSeurw

aJyy 03 saydeo.adde Aioren3au
umop-doa |nyssadonsun o3

spea| Juswageuew 3l Jo spoylaw
[BUORIPE.] JO SSSUSIBME JO >oET]
BOD0D UMOJS-uns

Joy ade>ded ASojouyday ajoym ayy
8uipJe8au suadnpoud 020> Suowe
S||D|S PUE SSOURIBME JO >Je

uonew.Ioyul d8ueyd BWI[D SN

uonejuawa|dw|

np3 ‘434  Ssauaseme d8ueyd 3eWI|d Y3 p|Ing 03 s4a3uswa|dwi [BI0] YUM Jauliey 03 ||D|S PUE JO SSDUDIBME JO o€ PUE SSSURIBMY
uondnpoud
uone3nIW
pue uoneydepy
sweJa3oad AIVSN SUOIJUSAJIIU| fyqessuinp 0) sJaaliieg




|2. LITERATURE CITED

Abugte, S. and Kazaare, F.P., 2010. Trends and status of illegal timber logging in three forest districts of the
Brong-Ahafo region of Ghana. Ghana Journal of Forestry, 26: 89-100.

Adam, B. 2011. Ghana: company flares gas. allAfrica.com, Public Agenda, Accra, Ghana. Available from:
http:// http://allafrica.com/stories/201104080904.html; accessed 2 May 2011.

Adam, J. C. and Lettenmaier, D. P. 2003. Adjustment of global gridded precipitation for systematic bias,
Journal of Geophysical Research, 108: 1-4.

Adam, M.A. 2011. Personal communication. National Oil Coordinator, Publish What You Pay Ghana. Accra,
Ghana.

Adams, M., and Sibanda, S. 1999. Land tenure reform and rural livelihoods in Southern Africa. Natural
resource Perspectives, Overseas Development Institute.

Addo, K. A, M. Walkden, and J. P. Mills. 2008. Detection, measurement and prediction of shoreline
recession in Accra, Ghana. ISPRS Journal of Photogrammetry and Remote Sensing 63:543-548.

Addo, K. A. 2009. Detection of coastal erosion hotspots in Accra, Ghana. Journal of Sustainable
Development in Africa 11(4):253-265.

Adeku, J.; Kwafo, S.K. 2005. Eastern Region: Analyses of district data and implications for planning. In:
Twum-Baah, K.A.; Kumekpor, T.K.B.; Addae-Mensah, 1.; eds. 2000 Population and Housing Census.
Accra: Ghana Statistical Services. Vol. 3 [of 10].

Adeoti, A., B. Barry, et al. (2007). Treadle pump irrigation and poverty in Ghana. Colombo, Sri Lanka,
International Water Management Institute (IWMI). IWMI Research Report 117.

Adger, N., 1999. Social vulnerability to climate change and extremes in coastal Vietnam. Wotld Development,
27(2): 249-269.

Adger, W. N., T. P. Hughes, et al. (2005). "Social-ecological resilience to coastal disasters." Science 309(5737):
1036.

Ahmad, O.B.; Nkansah, M.Y. 2005. Northern Region: Analysis of district data and implications for planning.
In: Twum-Baah, K.A.; Kumekpor, T.K.B.; Addae-Mensah, I.; eds. 2000 Population and Housing
Census. Accra: Ghana Statistical Services. Vol. 6 [of 10].

Agyeman, V.K; Marfo, K.A.; Kasanga, K.R.; Danso, E.; Asare, A.B.; Yeboah, O.M.; Agyeman, F. 2003.
Revising the taungya plantation system: new revenue-sharing proposals from Ghana. Unasylva 212.
54(1): 40-43. ftp://ftp.fac.org/docrep/fao/005/v4744¢/v4744¢10.pdf

Aggery-Fynn, J. 2007. The fishery of Balistes capriscus (Balistidae) in Ghana and possible reasons for its
collapse. Ph.D. Thesis. Center for Tropical Marine Ecology, University of Bremen.

Akoto, 1.O.; Ampabeng, I.; Fenny, A.P. 2006. Customarily Land Tenure Practices, Investment and
Agricultural Production in Ghana. Draft Report. On file with: Institute of Statistical, Social and
Economic Research (ISSER). University of Ghana. November, 20006.

Alhassan, H.S. 2009. Butterflies vs. hydropower: reflections on large dams in contemporary Africa. Water
Alternatives. 2(1): 148-160.

184 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Amanor, K.S. 2001. Share contracts in the oil palm and citrus belt of Ghana. IIED, London. 30 pp.
http://www.iied.org/pubs/pdf/full /9008ITED.pdfAndah, W.E.L. and Gichuki F., editors. 2005. Volta
River Basin: Enhancing Agricultural Water Productivity Through Strategic Research. Baseline Report
Report No. 8, CGIAR Challenge Program on Water and Food, P.O. Box 2075, Colombo, Sri Lanka.

Andah, W.E. L., N. van de Giesen, and C. A. Biney. 2005. Water, climate, food, and environment in the Volta
Basin. Contribution to the project ADAPT, Adapation strategies to changing environments.

Andreini, M., N. van de Giesen, A. van Edig, M. Fosu, and W. Andah. 2000. Volta basin water balance.,
ZEF-Discussion Papers on Development Policy Number 21, Center for Development and Research,
Bonn Universitat.

Angelsen, A. and Institute, M., 2009. Reducing emissions from deforestation and forest degradation (REDD):
an options assessment report. Meridian Institute.

Anim-Kwapong, G. J. and E. B. Frimpong Vulnerability of agriculture to climate change- impact of climate
change on cocoa production. Vulnerability and adaptation assessment under the netherlands climate
change studies assistance programme phase 2 (NCCSAP2). New Tafo Akim, Ghana, Cocoa Research
Institute of Ghana.

Ansa-Emmim, M. 1979. Occurrence of the triggerfish, Balistes capriscus (Gmel), on the continental shelf of
Ghana. Pages 20-27. In: Report of the special working group on the evaluation of demersal stocks of
the Ivory Coast - Zaire sector, CECAF/ECAF SERIES/79/14(En), FAO, Rome.

Apombwe, M. 2011. Personal communication. Head of Ghana’s national climate change unit, Environmental
Protection Agency, Accra, Ghana.

Appiah, M. et al,, 2009. Dependence on forest resources and tropical deforestation in Ghana. Environment,
Development and Sustainability, 11(3): 471-487.

Appiah, M., L. Damnyag, et al. (2010). Forest and agroecosystem fire management in Ghana. Mitigation and
Adaptation Strategies for Global Change: 1-20.

Asante, M.S., 2005. Deforestation in Ghana: explaining the chronic failure of forest preservation policies in a

developing country. Univ Press of America.

Asiamah, R. D. and C. D. Dedzoe. 1999. Plinthization: a threat to agricultural production. Ghana Journal of
Agriculturual Science 32.

Asiamah , R. D. 1995. Soils of the Ho-Keta plains, Volta Region. Ghana Technical Report No. 10, SRI,
Kwadaso-Kumasi.

Asiamah, R. D., C. Quansah, and C. D. Dedzoe. 2000. Soil degradation: management and rehabilitation in
Ghana- an overview report. Proceedings of the FAO/ISCW Expert Consultation On: Management
of Degraded Soils in Southern and East Africa (MADS-SEA), 2™ Network Meeting, 18-22
September, 2000, Pretoria South Africa, Pp 89-101.

Atta-Mills, J; Alder, J.; Sumaila, U.R. 2004. The decline of a regional fishing nation: the case of Ghana and
West Africa. National Resources Forum. 28: 13-21.

Bannerman, P.O., and 1.G. Cowx. 2002. Stock assessment of the big-eye grunt (Brachydenterus anritus, Val.)
fishery in Ghanaian coastal waters. Fisheries Research 59:197-207.

Bakun, A. 1998. Ocean triads and radical interdecadal stock variability: bane and boon for fishery
management science. Pages 331-358 in: Reinventing Fisheries Management, T. J. Pitcher, P.J.B. Hart,
and D. Pauly, editors. Chapman and Hall, London.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 185



Bard, F.X. and N.Y.N. Goran. 2001. Evolution of fishing effort of gill netting canoes targeting large pelagic
fish in the Gulf of Guinea. Collective Volume of Scientific Papers, ICCAT 52, 483-487

Bationo, A. and B. Ntare (2000). "Rotation and nitrogen fertilizer effects on pearl millet, cowpea and
groundnut yield and soil chemical properties in a sandy soil in the semi-arid tropics, West Africa."

The Journal of Agricultural Science 134(03): 277-284.

Batse, Z.K.M. 2005. Upper East Region: Analysis of district data and implications for planning. In: Twum-
Baah, K.A.; Kumekpor, T.K.B.; Addae-Mensah, 1.; eds. 2000 Population and Housing Census. Accra:
Ghana Statistical Services. Vol. 7 [of 10].

Batse, Z.K.M. 2005. Upper West Region: Analysis of district data and implications for planning. In: Twum-
Baah, K.A.; Kumekpor, T.K.B.; Addae-Mensah, 1.; eds. 2000 Population and Housing Census. Accra:
Ghana Statistical Services. Vol. 8 [of 10].

Becker, M. and D. Johnson (2001). "Cropping intensity effects on upland rice yield and sustainability in West
Africa." Nutrient Cycling in Agroecosystems 59(2): 107-117.

Belsky, J. M. and S. F. Siebert (2003). "Cultivating cacao Implications of sun-grown cacao on local food
security and environmental sustainability." Agriculture and Human Values 20(3): 277-285.

Benneh , G. 1970. The impact of cocoa cultivation on the traditional Land tenure system of the Akan of
Ghana. Ghana Journal of Sociology. 6: 43-61.

Benneh, G., and G. T. Agyepong. 1990. Land degradation in Ghana. Food Production and Rural
Development Secretariat, Marlborough House, Pall Mall, London, and Department of Geography
and Resource Development, University of Ghana, Legon, Ghana.

Beinroth, F.H., Eswaran, H., Reich, P.F. and Van den Berg, E. 1994. Land related stresses in agroecosystems.
In: Stressed Ecosystems and Sustainable Agriculture, eds. S.M. Virmani, ].C. Katyal, H. Eswaran and 1.P.
Abrol. New Delhi, India: Oxford and IBH.

Binet, D. 1995. Hypothesis accounting for the vatiability of Sardine/la abundance in the northern Gulf of
Guinea. Pages 98—133 in Dynamics and Uses of Sardinella Resources from Upwelling off Ghana and
Coite d’Ivoire. F.X. Bard, and K.A. Koranteng, editors. ORSTOM Edition, Patis.

Biney, C. A. 2010. Connectivities and linkages within the Volta Basin. Pages 81-105 in Proceedings of the
Global Dimensions of Change in River Basins, Threats, Linkages, and Adaptations, University Club,
Bonn, Germany. Global Water System Project, International Project Office, Bonn, Germany.

Birkmann, J. and K. von Teichman (2010). "Integrating disaster risk reduction and climate change adaptation:
key challenges—scales, knowledge, and norms." Sustainability Science: 1-14.

Blay, D., Appiah, M., Damnyag, L., Dwomoh, F.K., Luukkanen, O., Pappinen, A. (2008). Involving local
farmers in rehabilitation of degraded tropical forests: some lessons from Ghana. Environment
Development and Sustainability 10: 503-518.

Blench, R. and M. Dendo (2007) Working paper: agricultural production and the potential for commodity
chain expansion in the three northern regions of Ghana in 2006.

Boateng, E. (2005). "Geogtraphic Information Systems (GIS) as a decision supportt tool for land suitability
assessment for rice production in Ghana." West African Journal of Applied Ecology 7(1): 69-81.

Boko, M. et al., 2007. Chapter 9: Africa. Fourth Assessment Report of the IPCC: 441.

Braimoh, A. and P. Vlek (2004). "The impact of land cover change on soil properties in northern Ghana."
Land Degradation & Development 15(1): 65-74.

186  GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Braimoh, A. and P. Vlek (2006). "Soil quality and other factors influencing maize yield in northern Ghana."
Soil use and management 22(2): 165-171.

Braimah, I..I. 2001. Lake Volta Fisheries Management Plan. Fisheries Sub-sector Capacity Building Project.
Ministry of Food and Agriculture.

Braihmah, P. 2009. Lessons from previous experience of co-management initiatives in fisheries in Ghana.
Report. Ghana, Accra. World Bank. XX p.

Breisinger, C., X. Diao, et al. (2008). The Role of Cocoa in Ghana’s Future Development. Ghana Strategy
Support Program Background Paper No. GSSP 0011. IFPRI.

Breisinger, C., X. Diao, et al. (2008). Agticulture for development in Ghana: New opportunities and
challenges. IFPRI Disucssion Paper. Washington, DC, Intl Food Policy Res Inst.

Brooks, N. (2003). "Vulnerability, risk and adaptation: A conceptual framework." Tyndall Centre for Climate
Change Research Working Paper 38: 1-16.
Brooks, N.; Adger, W.N.; Bentham, G.; Gnew, M.; Eriksen, Siri. 2004. New indicators of vulnerability and

adaptive capacity. Tyndall Centre for Climate Change Research. Technical Report 7. January 2004.
102p.

Brown, O. and A. Crawford (2008). "Climate change: A new threat to stability in West Aftica? Evidence from
Ghana and Burkina Faso." African Security Review 17(3): 39-57.

Campbell, M.O. 2006. The sustainability of coconut palm Cocos nucifera Linnaeus 1753 groves in coastal
Ghana. Journal of Coastal Research 22 (5), 1118-1124.

Carter, T., R. Jones, et al. (2007). "New Assessment methods and the charactetization of future conditions.

Climate Change 2007: Impacts, Adaptation and Vulnerability." Contribution of Working Group 11 to
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change: 133-171.
Caveriviere, A. 1991. L’explosion démographique du baliste (Balistes carolinensis) en Afrique de ouest et son

évolution en relation avec les tendances climatiques. Pages 354-367 in P. Cury and C. Roy, editors.
Variabilité, instabilité et changement dans les pécheries ouest africaines. Editions ORSTOM, Paris.

Challinor, A., T. Wheelet, et al. (2007). "Assessing the vulnerability of food crop systems in Africa to climate
change." Climatic Change 83(3): 381-399.

Challinor, A. J., F. Ewert, et al. (2009). "Crops and climate change: progtess, trends, and challenges in
simulating impacts and informing adaptation." Journal of FExperimental Botany 60(10): 2775-2789.

Chamberlin, . (2007). Defining smallholder agriculture in Ghana: Who are smallholders, what do they do and
how are they linked with markets? GSSP Background Paper 6. Accra.

Chambers, R. 1970. The Volta resettlement expetience. London, UK: Pall Mall Press.

Clark, N. 1994. The Economy. In A Country Study: Ghana. L. V. Berry, editor. Library of Congress, Country
Studies. Federal Research Division, Library of Congress. Available:
http://memory.loc.gov/frd/cs/cshome.html, accessed April 2011

Coastal Resource Center. 2010. [CRC 2010]. Out coast our future: building capacity for adapting to a rapidly
changing coastal zone. October 2010 Report. Nansurgent, RI and Sekondi, Ghana: Coastal Resource
Center, University of Rhode Island. 64 p.

Cury, P. 2004. Comparison of the Ivoiro-Ghanaian Fishery with other exploited upwelling systems of the
world. Pages 169-193 in Dynamics and Use of Sardinella Resources from Upwelling off Ghana and
Ivory Coast. F.X. Bard and K.A. Koranteng, editors. Paris, OSTROM Editions.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 187



Daniel, S. (2011). Land Grabbing and Potential Implications for World Food Security. Sustainable
Agricultural Development. M. Behnassi, S. A. Shahid and J. D'Silva (eds.), Springer Nethetlands: 25-
42.

Dasgupta, A. and A. Baschieri (2010). "Vulnerability to climate change in rural Ghana: Mainstreaming climate
change in poverty reduction strategies." Journal of International Development 22(6): 803-820.

Davies S.; Hossain, N. 1993. Are coping strategies a cop out? Sussex: Institute for Development Studies.
Bulletin 24(4): 60-72.

Davies, S.; Hossain, N. 1997. Livelihood adaptation, public action and civil society: a review of the literature.
IDS Working Paper No. 57. Sussex: Institute of Development Studies.

de Condappa, D., A. Chaponniere, and J. Lemoalle. 2008. Decision-support tool for water allocation in the
Volta basin. Volta Basin Focal Project Report No 10. IRD, Montpellier, France, and CPWF,
Colombo, Sti Lanka, 28 p.

de Condappa, D., A. Chaponniere, and J. Lemoalle. 2009. A decision-support tool for water allocation in the
Volta Basin. Water International 34:71-87.

Dickson, K. B, and G. Benneh. 1988. A New Geography of Ghana. Longman.

Dixon, R.K., Smith, J. and Guill, S., 2003. Life on the edge: vulnerability and adaptation of African
ecosystems to global climate change. Mitigation and Adaptation Strategies for Global Change, 8(2):
93-113.

Dietz, T.; Millar, D.; Dittoh, S.; Obeng, F.; Ofori-Sarpong, E. 2004. Climate and livelihood change in North
East Ghana. In: Dietz, A.J.; Ruben, R.; Verhagen, A.; eds. Environment and Policy Series Volume 39:
The impact of climate change on drylands, with a focus on West Africa.
Dotdrecht/Boston/Londong: Kluwer Academic Publishers: 149-172.

DOF 2003. Directorate of Fisheries 2003. Ghana: Post-Harvest fisheries overview. Directorate of Fisheries,
Ministry of Food and Agriculture, GhanaFAO (2006) FAO yearbook. Fishery and Aquaculture
Statistics 2006. FAO Fisheries and Aquaculture Information and Statistics Service. Rome, FAO.
2008. 57p.

Dontwi, J.; Dontwi, I.K.; Buabeng, S.N. 2008a. Climate change impacts on fisheries production. In: Allotey,
J.; Mensah, L.; eds. Ghana climate change impacts, vulnerability and adaptation assessments, under
the Netherlands climate assistance programme. Accra, Ghana: Environmental Protection Agency: 14-
73. Chapter 2.

Dontwi, J., I. K. Dontwi, and S. N Buabeng. 2008b. Climate change impacts on fisheries production. Pages
14-71 in W. K. Agyemang-Bonsu, editor. Ghana Climate Change Impacts, Vulnerability and
Adaptation Assessments. Environmental Protection Agency, Accra, Ghana.

Doyi, B.A. and G. Neequaye. 1990. Report on pilot artisanal fishing gear survey in Ghana, Inf. Report No.
24, Fishery Research and Utilisation Branch, Tema, Ghana.

Dreze, J.; Sen, A.K. 1989. Hunger and public action. Oxford, U.K,, Clarendon Press.

Duguma, B., J. Gockowski, et al. (2001). "Smallholder Cacao (Theobroma cacao Linn.) cultivation in
agroforestry systems of West and Central Africa: challenges and opportunities.” Agroforestry Systems
51(3): 177-188.

Edwin, J. and W. A. Masters (2005). "Genetic improvement and cocoa yields in Ghana." Experimental
Agticulture 41(04): 491-503.

188 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Energy Commission. 2005. Strategic national energy plan 2005-2025: Part 1 electricity. Accra, Ghana: Energy
Commission.

Ensor, J.; Berger, R. 2009. Introduction: understanding community based adaptation. In: Ensor, J.; Berger, R.;
eds. Understanding climate change adaptation: lessons from community based approaches.
Warwickshire, UK: Practical Action Publishing. 13-14.

EPA (Environmental Protection Agency). 2003. National action programme to combat drought
desertification, April 2002. Environmental Protection Agency, Ministry of Environment and Science,
Accra, Ghana.

Eriksen, S.E.H.; Klein, R.J.T.; Ulsrud, K.; Naess, L.O.; O’Brien, K. 2007. Climate change adaptation and
poverty reduction: key interactions and critical measures. Global Environmental Change and Human
Security, University of Oslo. GECHS Report 2007:1. 42 p.

Evenson, R. E. and D. Gollin (2003). "Assessing the impact of the Green Revolution, 1960 to 2000." Science
300: 758.

FAO (Food and Agriculture Organization). 2005. Fertilizer use by crop in Ghana. Rome, Food and
Agricultural Organization of the United Nations.

FAO (Food and Agriculture Organization). 2005. National soil degradation maps. Land and Water
Development Division. Food and Agricultural Organizaton, United Nations, Rome. Available from:
http://www.fao.org/landandwater/agll/glasod/glasodmaps.jsp; accessed 18 April 2011.

FAO (Food and Agriculture Organization of the United Nations), Fisheries and Aquaculture Department.
2011. (UN FAO 2011). Fisheries and Aquaculture Country Profiles: Ghana.
http:/ /www.fao.org/fisherv/countrysector/FI-CP_GH/en. (April 14, 2011).

Ferraris, J. and K.A. Koranteng. 2004. Statistical analysis of canoe fishery data in Ghana with particular
reference to sardinellas. Pages 205-221 in F.X. Bard and K.A. Koranteng, editors. Dynamics and Use
of Sardinella Resources from Upwelling off Ghana and Ivory Coast. Paris, OSTROM Editions.

Finegold, A. Gordon, D. Mills, L. Curtis, and A. Pulis. 2010. Western Region Fisheries Sector Review.
WorldFish Center. USAID Integrated Coastal and Fisheries Governance Initiative for the Western
Region, Ghana. 84 p.

Fischer, G., M. Shah, et al. (2005). "Socio-economic and climate change impacts on agricultutre: an integrated
assessment, 1990-2080." Philosophical Transactions of the Royal Society B: Biological Sciences
360(1463): 2067-2083.

Franzen, M. and M. Borgerhoff Mulder (2007). "Ecological, economic and social perspectives on cocoa
production wotldwide." Biodiversity and Consetvation 16(13): 3835-3849.

Fissel, H.M., 2007. Vulnerability: A generally applicable conceptual framework for climate change research.
Global Environmental Change, 17(2): 155-167.

Gedzi, V. 2009. Women and Property Inheritance after Intestate Succession, Law 111 in Ghana. Presented at
IAFFE Conference. Boston, 25-28 June 2009. https://editotialexpress.com/cgi-
bin/conference/download.cgi?db _name=IAFFE2009&paper id=325

Geist, H.J. and Lambin, E.F., 2002. Proximate causes and undetlying driving forces of tropical deforestation.
BioScience, 52(2): 143-150.

Geist, H., E. Lambin, et al. (20006). "Agricultural transitions at dryland and tropical forest margins: actors,
scales and trade-offs." Agriculture and climate bevond 2015: 53-73.

Ghana Districts. 2006. District Profiles. http://www.ghanadistricts.com. (April 29, 2011).

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 189



Ghana Forestry Commission. 2011. Personal Interview. Executive Director, Head of Planning. Accra, Ghana.
March 3, 2011.

Gildea, R.Y. 1964. Culture and land tenure in Ghana. Land Economics. 40(1): 102-104.

Gockowski, J. and D. Sonwa "Cocoa Intensification Scenarios and Their Predicted Impact on CO»
Emissions, Biodiversity Conservation, and Rural Livelihoods in the Guinea Rain Forest of West

Africa." Environmental Management: 1-15.

Gonzalez, P., 2001. Desertification and a shift of forest species in the West African Sahel. Climate Research,
17(2): 217-228.

Gorman, M.E.; Werhane, P.H. 2008. The Volta River Project. Case and Teaching Paper Series UVA-E-0161.
Charlottesville, VA: Graduate School of Business Administration, University of Virginia. 27 p.

Government of Ghana (GoG). 2010. Republic of Ghana Forest Investment Program (FIP) Scoping Mission
September 29 to October 1, 2010 Aide Memo1re Available on-line at

files/Ghana%20FTP%20Aide

%20Memo1re Final 010311.pdf

Griscom, B., Shoch, D., Stanley, B., Cortez, R. and Virgilio, N., 2009. Sensitivity of amounts and distribution
of tropical forest carbon credits depending on baseline rules. Environmental Science & Policy, 12(7):
897-911.

Gregory, P., Ingram, J. and Brklacich, M., 2005. Climate change and food security. Philosophical Transactions
of the Royal Society B: Biological Sciences, 360(1463): 2139.

GSS 2002. Ghana Statistical Service. 2002. 2000 Population and housing census: special report on 20 largest
localities. Accra, Ghana. 79 p.

GSS 2005. Ghana Statistical Service 2005. 2000 Population and Housing Census of Ghana: Demographic,
Economic and Housing Characteristics, Total Country. Ghana Statistical Service, Accra, Ghana. 275

p-

GSS 2007. Ghana Statistical Service. 2007. Pattern and trends of poverty in Ghana, 1991-2006. Accra, Ghana:
Central Office, Ghana Statistical Service. 74 p.

GSS 2008a. Ghana Statistical Service 2008. Ghana in figures. 32 p. Accra, Ghana.

GSS 2008b. Ghana Statistical Service 2008. Ghana living standards survey: report of the fifth round.
September 2008. 131 p. Accra, Ghana.

GSS 2010. Ghana Statistical Service 2010. 2009 Ghana's Economic Performance: in figures. December 2010.
12 p. Accra, Ghana.

GGOP 2011. Government of Ghana Official Portal. 2010 Provisional Census Results Out.
:/ /www.chana.gov.ch /index.php?option=com content&view=article&id=4712:2010-

provisional-census-results-out&catid=88:daily-news-summary&ltemid=236. (April 18, 2010).

Gyasi, E.A. 1996. Land holding and its relationship with biophysical status: case study of tenancy and non-
tenancy farming in Ghana. PLEC News and Views. 7: 21-25.

Gyasi, E.A.; Karikari, O.; Dugan, E. 2008. Climate change impacts on land management. In: Allotey, J.;
Mensah, L.; eds. Ghana climate change impacts, vulnerability and adaptation assessments, under the
Netherlands climate assistance programme. Accra, Ghana: Environmental Protection Agency: 110-
168. Chapter 4.

190  GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Gyau-Boakye P., and Tumbulto ].W. 2000. The Volta lake and declining rainfall and streamflows in the Volta
river basin. Environment, Development and Sustainability 2: 1-10.

Haan, N.; Farmer, G.; Wheeler, R. 2001. Chronic vulnerability to food insecurity in Kenya. A World Food
Program Study for improving vulnerability analysis.
http://one.wfp.org/operations/vam/documents/ken vip 2001.pdf

Haile, M., 2005. Weather patterns, food security and humanitarian response in sub-Saharan Africa.
Philosophical Transactions of the Royal Society B: Biological Sciences, 360(1463): 2169.

Haines, A., R. S. Kovats, et al. (20006). "Climate change and human health: impacts, vulnerability, and
mitigation." The Lancet 367: 2101-2109.

Hall, J. B., and M. D. Swaine. 1976. Classification and ecology of closed-canopy forest in Ghana. Journal of
Ecology 64:913-951.

Hansen, C.P., 2011. Forest law compliance and enforcement: The case of on-farm timber extraction in
Ghana. Journal of Environmental Management, 92(3): 575-580.

Hansen, C.P., Lund, J.F. and Treue, T., 2009. Neither fast, nor easy: the prospect of Reduced Emissions from
Deforestation and Degradation (REDD) in Ghana. International Forestry Review, 11(4): 439-455.

Hansen, C.P. and Treue, T., 2008. Assessing illegal logging in Ghana. International Forestry Review, 10(4):
573-590.

Harvey, D. 2007. Climate change turning the lights out on Ghana. Five Minutes to Midnight, June 2007
issue. Available from: http://www.11-55.0rg/issues3/issue.phpriss=48&art=48.3 ; accessed 4 May
2011.

Hayes, J.; Roth, M.; Zepeda, L. 1997. Tenure Security, Investment and Productivity. Gambian Agricultural
Economics. 79(2): 369-382.

Herold, M. and Johns, T., 2007. Linking requirements with capabilities for deforestation monitoring in the
context of the UNFCCC-REDD process. Environmental Research Letters, 2: 045025.

Herold, M. and Skutsch, M., 2009. Measurement, reporting and verification for REDD+: objectives,
capacities and institutions. National REDD Architecture and Policies.

Hesselberg, J.; Yaro, J.A. 2006. An assessment of the extent and causes of food insecurity in northern Ghana
using a livelihood vulnerability framework. GeoJournal. 67: 41-55.

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., Jatvis, A. 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25: 1965-1978.

Human Security Index. www.humansecurityindex.org. March 9, 2011. (April 26, 2011).

Hunter, H.M. 1963. Coca migration and patterns of land ownership in the Densu valley near Suhum, Ghana.
Transactions and Papers of the Institute of British Geographers. 33.

Idinoba, M.; Nkem, J.; Kalame, F.B.; Tachie-Obeng, E.; Gyampoh, B. 2009. Dealing with limitation of forest
ecosystem services through a vulnerability assessment and planed adaptation actions. In: April 26-30
International Human Dimensions Programme Open Meeting. Bonn, Germany: International Human
Dimensions Programme on Global Environmental Change. 20 p.

International Cocoa Organization (ICCO). 2009. Annual Report. London, UK. 36 p.

Impraim, C. 2011. Personal communication. Lead fisherman. Winneba, Ghana.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 191



IPCC. 2007. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Solomon, S., D. Qin,
M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA, 996 pp.
http:/ /www.ipcc.ch/ipccreports/ar4-wgl.htm

IPCC. 2007. Summary for Policymakers. In: Climate Change 2007: The Physical Science Basis. Contribution
of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L.
Miller (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
http://www.ipcc.ch/pdf/assessment-report/ard/wgl/ard-wgl-spm.pdf

IPCC. 2007. Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team,
Pachauri, R.K and Reisinger, A. (eds.)]. IPCC, Geneva, Switzerland, 104 pp.
http:/ /www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_syr.pdf

ISSER. No Date. Land Tenure, .and Use and Environment in Ghana.

Jenik, J. and J. B. Hall. 1976. Plant communities of the Accra Plains, Ghana. Folia Geobot. Phytotax.,
Praha, 11:163-212.

Jones, P. G. and P. K. Thornton (2003). "The potential impacts of climate change on maize production in
Africa and Latin America in 2055." Global Environmental Change 13(1): 51-59.

Jung G. 2006. Regional Climate Change and the Impact on Hydrology in the Volta Basin of West Africa.
Dissertation, Garmisch-Partenkirchen, Germany. Available from:
http://www.glowa.org/de/literaturliste/dateien/doc thesis jung.pdf; accessed April 2011.

Kalame, F.B., 2009. The modified taungya system in Ghana’s transitional zone.

Kanninen, M. et al., 2007. Do trees grow on money? the implications of deforestation research for policies to
promote REDD. Serie Centroamericana de Bosques y Cambio Climatico (FAO). 23(4).

Karsenty, A., Guéneau, S., Capistrano, D., Singer, B. and Peyron, J., 2008. Summary of the Proceedings of the
International Workshop “The International Regime, Avoided Deforestation and the Evolution of
Public and Private Policies Towards Forests in Developing Countries” held in Paris, 21-23rd
November 2007. International Forestry Review, 10(3): 424-428.

Kasanga, K. 1994. Land Tenure Systems and Ecological Degradation in Northern Ghana; What Role for
Local Authorities? The Royal Institution of Chartered Surveyors, London.

Kasanga, K.; Kotey, N.A. 2001. Land management in Ghana: Building on tradition and modernity. Prepared
for Department for International Development, London.

Kasei, R. A. 2009. Modelling impacts of climate change on water resources in the Volta Basin, West Africa.
Dissertation, Rheinischen Friedrich-Wilhelms-Universitit Bonn, Germany.

Kasperson, J.X.; Kasperson, R.E., eds. 2001. Global Environmental Risk. UN University Press and Earthscan
Publications. Tokyo and London.

Kelly, P.M. and Adger, W.N., 2000. Theory and practice in assessing vulnerability to climate change
andFacilitating adaptation. Climatic Change, 47(4): 325-352.

Koranteng, K.A. 1984. A trawling Survey off Ghana, CECAF/TECH/84/63. Dakar, Senegal: CECAF
Project (FAO). 72 p.

192 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Koranteng, K.A. 1995. The Ghanaian fishery for sardinellas. Pages 290-299 in Dynamics and Use of
Sardinella Resources from Upwelling off Ghana and Ivory Coast. F.X. Bard, and K. Koranteng,
editors. ORSTOM Edition, Paris.

Koranteng, K.A. 1998. The impacts of environmental forcing on the dynamics of demersal fishery resources
of Ghana. PhD Thesis, University of Warwick, UK. 376 p.

Koranteng, K. 2004. The Ghanaian Fishery for Sardinellas. Pages 243-257 in F.X. Bard and K.A. Koranteng,
editors. Dynamics and Use of Sardinella Resources from Upwelling off Ghana and Ivory Coast. Paris,
OSTROM Editions.

Koranteng, K.A., and .M. McGlade. 2001. Climatic trends in continental shelf waters off Ghana and in the
Gulf of Guinea, 1963-1992. Oceanologica Acta 24(2):187-198.

Koranteng , K.A., Ofori-Danson, P.K., and Entsua-Mensah, M. 2000. Fish and fisheries of the Muni lagoon
in Ghana, West Africa. Biodiversity and Conservation 9:487-499.

Koranteng, K. and D. Pauly. 2004. Long-term trends in demersal fishery resources of Ghana in response to
fishing pressure. In: M.L.D. Palomares, and D. Pauly, editors. West African marine ecosystems:
models and fisheries impacts. Fisheries Centre Research Reports 12(7). Fisheries Centre, UBC,
Vancouver.

Kunstmann H and Jung G (2005) Impact of regional climate change on water availability in the Volta basin of
West Africa. In: Regional Hydrological Impacts of Climatic Variability and Change. IAHS Publ. 295.
Available from: http://www.glowa-

volta.de/fileadmin/template/Glowa/Downloads/Kunstmann jung 2005.pdf; accessed April 2011

Kurukulasuriya, P., R. Mendelsohn, et al. (2006). "Will African agriculture survive climate change?" The
World Bank Economic Review 20(3): 367.

Kurukulasuriya, P. and S. Rosenthal (2003). Climate change and agriculture: A review of impacts and
adaptations. Climate Change Series, Environment Department, the World Bank.

Lakhan, V.C., 2005. Coastal modelling and simulation. In: Schwartz, M.L. (Ed.), In Encyclopedia of Coastal
Science. Springer, The Netherlands, pp. 266—269.

Langyintuo, A. S., E. K. Yiridoe, et al. 2005. Yield and income risk efficiency analysis of alternative systems
for rice production in the Guinea Savannah of Northern Ghana. Agricultural Economics 32(2): 141-
150.

Laris, P. and D. A. Wardell (2006). Good, bad ot'necessary evil'? Reinterpreting the colonial burning
experiments in the savanna landscapes of West Africa. Geographical Journal 172(4): 271-290.

Laube, W., C. Leemhius, and B. Amisigo. 2008. Impact of climate change on the Black Volta Basin and the
Bui dam. GLOWA Volta Policy Brief, Bonn. 3 p.

Leembhuis, C., G. Jung, R. Kasei, and J. Liebe. 2009. The Volta Basin Water Allocation System: assessing the
impact of small-scale reservoir development on the water resources of the Volta basin, West Africa.
Advances in Geoscience 21:57-62

Lehner, Bernhard. 2005. Climate change, human water use, and freshwater ecosystems in Africa: Looking
toward the future. Pages 86-89 in Michele L. Thieme, Robin Abell, Melanie L. . Stiassny, Paul
Skelton, Bernhard Lehner, Guy G. Teugels, Eric Dinerstein, Andre Kamdem, Toham, Neil Burgess,
and David Olson. Freshwater Ecoregions of Africa and Madagascar, A Conservation Assessment.
Island Press, Washington, D.C.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 193



Lemoalle, J., and D. de Condappa. 2009. Water atlas of the Volta Basin. Volta Basin Focal Project (BFP
Volta), PN55, Challenge Program on Water and Food, Consultative Group on International
Agricultural Research. Colombo, Marseille, France.

Lokko , P., E. Asibey-Berko, and G. Nerquaye-Tetteh, G. 2001. Iodine content of marine fish in Ghana.
Ghana Journal of Science 41:43-48

Ly, C. K. 1980. The role of Akosombo dam on the Volta River in causing coastal erosion in central and
eastern Ghana (West Africa). Marine Geology 37:323-332.

Malhi, Y. and Wright, J., 2004. Spatial patterns and recent trends in the climate of tropical rainforest regions.
Philosophical Transactions of the Royal Society of London. Series B: Biological Sciences, 359(1443):
311.

Matfo, E., Halladay, P., Zagt, R. and Wit, M., 2010. Chainsaw Milling in Ghana: Context, drivers and impacts.
Tropenbos International, Wageningen, the Netherlands, 12: 64.

Marquette, C.M., K.A. Koranteng, R. Overa, and E.B.D. Eryeetey E.B.D. 2002. Small-scale fisheries,
population dynamics and resource use in Africa: The case of Moree, Ghana. Ambio 31(4):324-336.

Maurer, E.P., Adam, J.C., Wood, A.W. 2009. Climate model based consensus on the hydrologic impacts of
climate change to the Rio Lempa basin of Central America, Hydrology and Earth System Sciences,
13: 183-194.

McSweeney, C., M. New, and G. Lizcano. not dated. UNDP Climate Change Country Profiles: Ghana.
UNDP Climate Change Country Profiles, School of Geography and Environment, University of

Oxford, Oxford, United Kingdom. Available from: http://country-profiles.geog.ox.ac.uk; accessed
April 2011.

Meehl, G. A., Covey, C., Delworth, T., Latif, M., McAvaney, B., Mitchell, ].F.B., Stouffer, R.J., Taylor, K.E.
2007. The WCRP CMIP3 multi-model dataset: A new era in climate change research. Bulletin of the
American Meteorological Society, 88: 1383-1394.

Menczer, K. and E. Quaye. 2006. USAID/Ghana Environmental Threats and Opportunities Assessment
(FAA 118/9 Assessment). USAID, Accra, Ghana.

Mensah-Bonsu, A.and D B. Sarpong. (Unknown Date). Land Tenure System and Land for Farming in Ghana: An
Empirical Analysis of Factors Affecting Access and Secutity. Theme: Customary and Statutory Land Tenure and
Land Policy in Ghana. University of Ghana, Institute of Statistical, Social and Economic Research.

Mensah, J. V. 1997. Causes and effects of coastal sand mining in Ghana. Singapore Journal of Tropical
Geography 18:69-88.

Mensah, M.A. 1995. The occurrence of zooplankton off Tema during the period 1969-1992. Pages 279—289
in Dynamics and Use of Sardinella Resources from Upwelling off Ghana and Ivory Coast. F. X. Bard,
and K. A. Koranteng, editors. ORSTOM Editions, Paris.

Mensah, M.A., and K.A. Koranteng. 1988. A review of the oceanography and fisheries resources in the
coastal waters of Ghana, 1981-1986. Marine Fisheries Research Report 8. 35 pp.

Minia, Z. 2008. Climate change scenatio development. Pages 2-13 iz W. K. Agyemang-Bonsu, editor. Ghana
Climate Change Impacts, Vulnerability and Adaptation Assessments. Environmental Protection
Agency, Accra, Ghana.

Moritz, Mark. 2010. Understanding Herder-Farmer Conflicts in West Africa: Outlines of a Processual
Approach. Human Organization 69(2):138-148.

194  GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



MSE (Ministry of Science and Agticulture). 2002. National biodiversity strategy for Ghana. Ministry of
Science and Agriculture. Accra, Ghana.

Miller, C., Cramer, W., Hare, W.L. and Lotze-Campen, H., 2011. Climate change risks for African
agriculture. Proceedings of the National Academy of Sciences, 108(11): 4313-4315.

Nelson, W., Agbey, S.N.D. 2005. Linkages between poverty and climate change: adaptation for livelihood of
the poor in Ghana. Report. Accra, Ghana: Climate and Development Knowledge Network. 71 p.

Nelson, W., Agbey, S.N.D. Climate change and poverty linkages. In: Allotey, J.; Mensah, L.; eds. Ghana
climate change impacts, vulnerability and adaptation assessments, under the Netherlands climate
assistance programme. Accra, Ghana: Environmental Protection Agency: 169-206. Chapter 5.

Nicholson, S. E., B. Scom, and K. Kone. 2000. An analysis of recent rainfall conditions in west Africa,
including the rainy seasons of the 1997 El Nifio and the 1998 La Nifia years. Journal of Climate
13:2628-2640.

Nunoo F.K.E., Boaten J.O., Ahulu A.M., Agyekum K.A., Sumaila U.R. (2009) When trash fish is treasure: the
case of Ghana in West Africa, Fisheries Research 96:167-172>

O’Brien, K., Eriksen, S., Schjolden, A. and Nygaard, L., 2004a. What’s in a word. Conflicting interpretations
of vulnerability in climate change research. Oslo, Senter for klimaforskning: Working paper: 16.

O’Brien, K.; Leichenko, R.; Kelkar, U.; Venema, H.; Aandahl, G.; Tompkins, H.; Javed, A.; Bhadwal, S.; Barg,
S.; Nygaard, L.; West, J. 2004b. Mapping vulnerability to multiple stressors: climate change and
globalization in India. Global Environmental Change. 14: 303-313.

Oldeman, L. R., R. T. A. Hakkeling, and W. G. Sombroek. 1991. World Map of the Status of Human-induced
Soil Degradation (GLASOD): An Explanatory Note, International Soil Reference and Information

Centre, Wageningen. Available from: http://www.fao.org/landandwater/agll/glasod/glasodmaps.jsp;
accessed 20 April 2011.

Oppong-Anane, K. 2001. Ghana: Country Pasture/Forage Resource Profiles. Grassland and Pasture Crops
Group, Food and Agriculture Organization. Available from
http://www.fao.org/ag/ AGP/agpc/doc/pasture/forage.htm, (updated 2006) accessed April 2011.

Osafo, Y.B. 2010. A review of tree tenure and land rights in Ghana and their implication for carbon rights in

a REDD+ scheme. Redd-net.org. http://redd-net.org/files/Ghana%20Case%20Study.pdf

Osei-Owusu, Y. 2011. Personal interview. Country Director, Conestvation Alliance. Accra, Ghana. February
22ad 2011.

Otsuka, K.; Aidoo, J.B.; Tachibana, T.; Quisumbing, A.R. Date unknown. Causes and consequences of
changing land tenure institutions in western Ghana. Policy Brief. Gender and forest resource
management: a comparative study in selected areas of Asia and Africa. International Food Policy
Research Institute, Washington DC. 2 pgs.Place, F.; Hazell, P. 1993. Productivity effects on
indigenous land tenure systems in Sub-Saharan Africa. American Journal of Agricultural Economics.

75(1): 10-19.
OWGT 2911. Official Website of Ghana Tourism. http://www.touringghana.com/ecotourism/mole.asp
(May 2, 2011)

Owusu-Ansah, D. 1994. The Society and Its Environment. In A Country Study: Ghana. L. V. Berry, editor.
Library of Congtress, Country Studies. Federal Research Division, Library of Congress. Available:
http://memory.loc.gov/frd/cs/cshome.html, accessed April 2011

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 195



Pauly, D., V. Christensen, J. Dalsgaard, R. Froese and F.C. Tozres Jr. 1998. Fishing down marine food webs.
Science 279:860-863.

Pezennec O. 1995. Ecological importance of the Ivorian and Ghanaian minor upwelling season. Pages 324-
345 in F.X. Bard and K.A. Koranteng, editors. Dynamics and Use of Satdinella Resources from
Upwelling off Ghana and Ivory Coast. Editions ORSTOM, Paris.

Perry R.I, and U.R Sumaila. 2007. Marine ecosystem variability and human community responses: The
example of Ghana, West Africa. Marine Policy 31:125-134.

Place, F.; Migot-Adholla, S.E. 1998. The economic effect of land registration on smallholder farms in Kenya:
Evidence from Nyeri and Kakamega Districts. Land Economics. 74(1): 360-373.

Prosterman, R.L.; Hanstad, T. 2003. Land reform in the 21t century: New challenges, New responses. RDI
reports on foreign aid and development, Rural Development Institute. 117.

Quagraire, F. 2011. Personal Communication. Program Manager, Oil and Gas Platform, Publish What You
Pay Ghana. Accra, Ghana.

Quan, J. 1997. The importance of land tenure to poverty reduction and sustainable development in Africa:
summary of findings. Chatham, Natural Resource Institute.

Rahaman, A.S.; Lawrence, S.; Roper, J. 2004. Social and environmental reporting at the VRA: institutionalized
legitimacy or legitimation crises? Critical Perspectives on Accounting. 15(2004): 35-56.

Rahmstorf, S., Cazenave, A., Church, J.A., Hansen, J.E., Keeling, R.F., Parker, D.E., Somerville, R.C.J., 2007.
Recent climate observations compared to projections. Science 316 (5825), 709.

Ramos A.R., Yraola LS., Peralta L.F, Jimenez ].F.G. (1990) Informe de la Campana Guinea 90. Instituto
Espafiol de Oceanografia, Malaga.

Raschid, L.S.; Koranteng, R.T.; Akoto, E.K. [no date]. Research, development, and capacity building for the
sustainability of dam development with special reference to the Bui Dam project. Accra, Ghana: The
International Water Management Institute. Submitted to: National Coordinating Committee of
Ghana Dams Forum, Accra, Ghana.
http://ghanadamsdialogue.iwmi.org/Data/Sites/2/media/projectdocuments/issuepapet-r&d.pdf.

(May 5, 2011).

Reich, P. F., S.T. Numbem, R.A. Almaraz and H. Eswaran. 2001. Land resource stresses and desertification in
Africa. Pages (not paginated) in E. M. Bridges, I.D. Hannam, L.R. Oldeman, F.W.T. Pening de Vries,
S.J. Scherrt, and S. Sompatpanit, editors. Responses to Land Degradation. Proceedings 2nd
International Conference on Land Degradation and Desertification, Khon Kaen, Thailand. Oxford
Press, New Delhi, India. Available from:
http://soils.usda.gov/use/worldsoils/papers/desertification-africa.html; accessed 20 April 2011.

Renaud, F. and Perez, R., 2010. Climate change vulnerability and adaptation assessments. Sustainability
Science: 1-3.

Reuters. 2011. Ghana taps Trinidad for natural gas joint venture. March 17, 2011. Available from:
http://ghanaoilonline.org/2011/03 /ghana-taps-trinidad-for-natural-gas-joint-venture/; accessed 2

May 2011.

Robertson, B. and P. Pinstrup-Andersen (2010). "Global land acquisition: neo-colonialism ot development
opportunity?" Food Security 2(3): 271-283.

196 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Rubin, J.A.; Gordon, C.; Amatekpor, J.K. 1998. Causes and consequences of mangrove deforestation in the
Volta estuary, Ghana: some recommendations for ecosystem rehabilitation. Marine Pollution Bulletin.
37(8-12):441-449.

Runger, M. (8-11 March, 2006). 'Governance, Land Rights and Access to Land in Ghana - A Development
Perspective on Gender Equity.” Quoted in Gedzi, V. 2009. Women and Property Inheritance after
Intestate Succession, Law 111 in Ghana. Presented at IAFFE Conference. Boston, 25-28 June 2009.

Sagoe, R. (20006). Climate change and root crop production in Ghana. A report prepared for Environmental

Protection Agency (EPA), Accra-Ghana February.

Sagoe, R. 2008. Climate change impacts on root and tuber crop production. In: Allotey, J.; Mensah, L.; eds.
Ghana climate change impacts, vulnerability and adaptation assessments, under the Netherlands
climate assistance programme. Accra, Ghana: Environmental Protection Agency: 207-233. Chapter 6.

Sandker, M., S. K. Nyame, et al. (2010). "REDD payments as incentive for reducing forest loss."
Conservation Letters 3(2): 114-121.

Sarewitz, D., Pielke Jr, R. and Keykhah, M., 2003. Vulnerability and risk: some thoughts from a political and
policy perspective. Risk Analysis, 23(4): 805-810.

Schlecht, E., A. Buerkert, et al. (2006). "A critical analysis of challenges and opportunities for soil fertility
restoration in Sudano-Sahelian West Africa." Nutrient Cycling in Agroecosystems 76(2): 109-136.

Schneider, S.H. et al., 2007. Assessing key vulnerabilities and the risk from climate change. Climate change:
779-810.

Schroéter, D., Polsky, C. and Patt, A.G., 2005. Assessing vulnerabilities to the effects of global change: an eight
step approach. Mitigation and Adaptation Strategies for Global Change, 10(4): 573-595.

Scoones, 1. 1998. Sustainable rural livelihoods: a framework for analysis. Working Paper 72. [place of
publication unkown]. Institute of Development Studies. 22 p.

Smit, B. and Wandel, J., 2006. Adaptation, adaptive capacity and vulnerability. Global Environmental Change,
16(3): 282-292.

Soussana, J.-F., A.-I. Graux, et al. (2010). "Improving the use of modelling for projections of climate change

impacts on crops and pastures." Journal of Experimental Botany 61(8): 2217-2228.

SRID (Statistics, Research and Information Directorate). 2010. Agriculture in Ghana (2009). Facts and
figures. Ministry of Food and Agriculture. Accra, Ghana. Available from
http://www.mofa.gov.gh/AGRICULTURE%20IN%20GHANA%20%202009.pdf, accessed April
2011.

Tanser, F. C., B. Shatp, et al. (2003). "Potential effect of climate change on malaria transmission in Africa."
The Lancet 362(9398): 1792-1798.

Taylor, ].C., N. van de Giesen, T.S. Steenhuis. West Africa: Volta discharge data and quality assessment and
use. Journal of the American Water Resources Association 2006 (August):1113-1126.

Teal, F.; Zeitlin, A.; Maamah, H. 2006. Ghana Cocoa Farmers Survey 2004: Report to Ghana Cocoa Board.
Centre for the Study of African Economies, University of Oxford. 26p. online at
http://www.gptre.org/pubs/reports/pdfs/2006-04-teal-zeitlin-maamah.pdf

Tonah, S. 2006. Migration and Farmer-Herder Conflicts in Ghana's Volta Basin. Canadian Journal of African
Studies 40(1): 152-178.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 197



Tsidzi, K. E. N., and N. K. Kumapley. 2001. Coastal erosion in Ghana: causes and mitigation strategies.
Pages 3941-3945 in Engineering Geology and the Environment, Proceedings International
Symposium on Engineering, Geology and the Environment, Athens, Greece, 23-27 June 1997. P. G.
Marinos and Greek National Group of IAEG, editors. Swets & Zeitlinger, Lisse.

Tsikata, D. 2006. Living in the shadow of the large dams: long term responses of downstream and lakeside
communities of Ghana’s Volta project. Leiden, Netherlands: Brill.

Tubiello, F. N., J.-F. Soussana, et al. (2007). "Crop and pasture response to climate change." Proceedings of
the National Academy of Sciences 104(50): 19686-19690.

Tullow Ghana Limited. 2009. Ghana Jubilee Field Phase 1 Development, DRAFT Non Technical Executive
Summary of the Environmental Impact Statement. Tullow Ghana Limited, Accra, Ghana.

Turner, B. L., R. E. Kasperson, et al. (2003). "A framework for vulnerability analysis in sustainability science."
Proceedings of the National Academy of Sciences of the United States of America 100(14): 8074.

UNCCD (United Nations Convention to Combat Desertification). 1994. Elaboration of an international
convention to combat desertification in countries expetiencing serious drought and/or desertification
particularly in Africa. United Nations General Assembly. Available from:
http://www.unccd.int/convention/text/pdf/conv-eng.pdf; accessed 18 April 2011.

UNCCD (United Nations Convention to Combat Desertification). 2002. An introduction to the United
Nations Convention to Combat Desertification. Fact Sheet 1-13. Available
from: http://www.unced.int; accessed April 2011.

UNEP (United Nations Environmental Program). 1997. Wotld atlas of desertification ( 2nd edition). United
Nations Environmental Programme, Nairobi, Kenya.

University of South Carolina, Hazards and Vulnerability Research Institute. Social Vulnerability Index for the
United States. http://webra.cas.sc.edu/hvri/products/sovi.aspx. February 7, 2011. (April 26, 2011).

US Agency for International Development Ghana. 2011. (USAID 2011). Feed the future: Initial
environmental examination and request for categorical exclusion. 58 p. Unpublished report. On file
with: USAID Ghana, Economic Growth Program, No. 24 Fourth Circular, Cantonments, Accra,
Ghana.

Valentin, C., J. L. Rajot, et al. (2004). "Responses of soil crusting, runoff and erosion to fallowing in the sub-
humid and semi-arid regions of West Africa." Agriculture, ecosystems & environment 104(2): 287-
302.

van de Giesen, M., Andreini, A. van Edig, and P. Vlek. 2001. Competition for water resources of the Volta
Basin. Regional Management of Water Resources. IAHS Publication Number 268.

Van der Geest, K. 2004. We’re managing! Climate change and livelihood vulnerability in Northwest Ghana.
Research Report 74/2004. Leiden, Netherlands: African Studies Centre. 289 p.

Van der Geest, K. 2008. North-South migration in Ghana: what role for the environment? In: 2008
International conference: Environment, Forced Migration & Social Vulnerability. Bonn, Germany.
[place of publication unkown)].

van Tilburg, X., and L. Wiirtenberger. 2010. Emissions from flaring Jubilee field gas. Policy Brief, Technical
Assistance to the Ghanaian National Climate Change Policy Framework, Energy Research Center for
the Netherlands, Amsterdam.

Virmani, S.M., Katyal, ].C., Eswaran, H. and Abrol, 1., eds. 1994. Stressed Agroecosystems and Sustainable
Agriculture. New Delhi: Oxford & IBH.

198 GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT



Wagner, M.R. and Cobbinah, J.R., 1993. Deforestation and sustainability in Ghana. Journal of
Forestry;(United States), 91(0).

Wardell, D.A. and Lund, C., 2006. Governing access to forests in northern Ghana: micro-politics and the
rents of non-enforcement. World development, 34(11): 1887-1906.

Wardell, D.A., Reenberg, A. and Tettrup, C., 2003. Historical footprints in contemporary land use systems:
forest cover changes in savannasavanna woodlands in the Sudano-Sahelian zone. Global
Environmental Change, 13(4): 235-254.

Whitehead, A. 2002. Tracking Livelihood Change: Theoretical, Methodological and Empirical Perspectives
from North-East Ghana. Journal of Southern African Studies 28(3): 575-598.

Wiafe, G., Yaqub, H.B., Mensah, M.A., and Frid, C.L.J. 2008. Impact of climate change on long-term
zooplankton biomass in the upwelling region of the Gulf of Guinea. — ICES Journal of Marine
Science, 65: 318-324.

Wood, A.W., Leung, L.R., Sridhar, V., Lettenmaier, D.P. 2004. Hydrologic implications of dynamical and
statistical approaches to downscaling climate model outputs. Climatic Change, 62: 189-216.

World Bank. 2011. Fact sheet: first global satellite survey on gas flaring. Global Gas Flaring Reduction
Project, Wotld Bank. Available from:
http://web.worldbank.org/WBSITE /EXTERNAL/TOPICS/EXTOGMC/EXTGGER; accessed 2
May 2011.

WTTC 2011. World Travel and Tourism Council. 2011. Travel and tourism economic impact, 2011: Ghana.
16 p. On file with: World Travel & Tourism Council, 1-2 Queen Victoria Terrace, Soverign Court,
London, UK. http://www.wttc.org/bin/file/original_file/ghana_report_2011-pdf.pdf (May 3, 2011).

Yaro, J.A.; Zackaria, A.I. 2006. Evolving Land Tenure Systems and Sustainable livelihoods in Northern
Ghana. Draft Report. On file with the Land Tenure and Policy Research Project. University of
Ghana.

Yiridoe, E. K., A. S. Langyintuo, et al. (20006). "Economics of the impact of alternative rice cropping systems
on subsistence farming: Whole-farm analysis in northern Ghana." Agricultural Systems 91(1-2): 102-
121.

Zhang, X. and X. Cai (2011). "Climate change impacts on global agricultural land availability." Environmental
Research Letters 6: 014014.

GHANA CLIMATE CHANGE VULNERABILITY AND ADAPTATION ASSESSMENT 199



LNIWSSISSV NOILVLdVAV ANV ALNIGVYINTAA IDNVHD FLVWITO VNVHD  00C
oyeowy juswdoaasq
UENpSSpPrmMMmm SLI9-0Th-+T-€€T+ Joss3j0.d enj3 Jay3sy Joy Aussemun | | 1-994-4T
saipnig
juesy auswdojpasq
S NpaSpN MMM WO O0YEBA(D)IUBSEIM S/Z19-0ChHT-€€T+ Jossajo.d Jadse[ wel|jIaA Joy AsdaAlun 1 1-924-%T
[TnyTIiou NETe[WETA BERERIRER]]
SOW/WOS WISLINOIBUUBARS MMM Aunwwo? afely 4a1yD | ‘s|enpiAlpul /| 1iousol| | 1-994-€T
dsersjouw;wsia $924n0say
N0J039/WOS BUBYSSULINOT MMM WIoS> 0oyeAp)Eeasan|eA [edmepN jo Jadeuely alysy yoou3g | >jJed [eUOEBN| 3[04 1 1-924-€T
:SMaIAI93Ul pue s3unaaw Suimo]jo} ay3 papnpuj dia] | 10T ‘ST-€T Adenugo4 sjewre] ‘dN 9|0 ‘uoiSay uasyzioN o3 dii] pioigd uideg
3un a3ueyD WD
(S"ACS A MMM |euonep jo pesH amquiody "l Vd3 eueyn 1 1-994-2C
BOLIY Ul J28unH puj
03 2AIIeNIU| [e13USpISaId
(W) €¥SE 1€¥ $T0 €€T+ “OSIAPY B0
Us/AOCS’plesn”MMM//:d1Yy Aos’plesnig)Xeus|nuul ‘€0¥ | ¥LT 0£0 E€T+ Yimous sluouody xeua||ny uyof avsn 1 1-994-T¢C
(WOES-E1€-PPT-€€T+ | 40323410 PO YO
© TEIN-pLT-0E0-EET+ YIMOJD) Jllouody Buiwsyy usjly aivsn | 11-924-t¢
422140 [e3UsWIUOIIAUg
Joluag ‘Yyimoun)
S/ACS PIeST MMM Aos’plesniy)szpe.ipeuu 9LSE- 1 EPVT-EET+ Jllouod3 JO YO | SZPrJIPEN OUIN aivsn I1-994-T¢
WOS 00URA)OfEWILLIRUN
‘81093 UBI[[ESAISSUOI (D) O el (W) 6SP-v¥8-PHT-£€T+ Ojel duel||yY
8J0735UEI|[ESAISSUCT MMM -nops ‘906-08L-1T-€€T+ 3s130jolg UOREAISSUOD | -MXO(] BuUnNSAUIg UOREAISSUOCT I 1-994-C¢
810733UEl[[E5AISSUCO D) S6L-LLTYHT-€€T+ nsNMQO aduel||y
8J10730UERI|[BSAISSUOT MMM NSNAMO-1950K ‘906-08L- 1 T-S€T+ Joidauiqg Anuno) - 19sQ MeL UOIBAISSUOD) 11-994-T
yewelisy
10 BUB(SBPUISEII [N MMM Jojeuipioo) pRIRETo NN | epuady dlqng 11-924-1T
w.iofie|d seo) pue Aed
IO eURYS-dAMA MMM [1O ‘498euely weJSodd | a4iedend) epiaJ4 noA 1BYAA Ysiiqnd 11-924-1T
J03eUIpI00D) wepy uiwy 'URYD) - Aed
8ioeueyE-dAMd MMM TTTTBEB-0L-EET+ 'O |euoneN pawweyoly noA3eyp ysiiand | 11-994-1T
SS2PPVY 9O |lrewg 32€3U0) ‘|91 3ejuod uonisod 93MBIIAIU] uopeziuesiQ ajyeq

S1OVLINOD ANV AUYVYUINILI WVILl '| XIAN3ddV




10T LNIWSSISSVY NOILVLIVAV ANV ALTIGVYINTNA IDNVHD ILVIWITO VNVHD

STTIEF9TI(0) LT+

P37 (Ad) aAneniy|
[eamN21ISy uedLyY

VIN ‘(W) 6959099€8(0)£Z+ | 49O 2AnNIXT JRIYD uinqda uef | 3|qeureIsns - |yvS | |1-994-9C
(weaBouy
JUaWadURYU]
ureyd anjep
pue juswdojprsg
IDNVAQVY 0£SL-T0T-LE-EETH [eamnoLiy)
BUBYS/Q]/33IS/SI0 BIOAIPIE MMM SJOBUBYSEIOAIPIRMIYAS | ‘69GLT-EET+ ‘0TLEO-EET+H JOSIApY ssaulsng LISy Miyd suisyze | 3DNVAQY divsn I 1-994-9¢
SdomiaN [ed18oj0d3 8uoqoapA
UENpSSpPrmMmm V/N V/N BuRyD “494N3d3Y 'V PRIUOD I san 11-994-9¢
M40MIBN [e2180[0d] S8uaqQ
USTpaSpN MMM V/IN VIN BUBYD 12.1n33937] suely Qg san | 11-994-S¢
€/=PPul|qns>g/ | | =p! Jezey [Npqy
S[UI[;dyd [ Xop Ul IO IS MMM 3SIN"03 OO BAD)>|NEIDIME V/N pawweyo|] 14VS 1 1-994-SC
dnoug youeasay
SWAISAg Sujw.ey
€/=PDIUlqnNS8/ [ =PI LSTET1LO-EET+ uoi8ay uJayrioN
dUI[;dYd” [ Xopul/s'sJO"JIST MMM 2"03"00UBAD)NSOJMA I I 1¥TC1L0-€€T+ 4O dIUSIdS NSO4 Mayne VS I 1-994-9¢
(Sremarepn)
199l04d sw.eq
7310 AR MMM WO 0OUeA@)IIe[ISeZ GTTE-8T8-0T- €€+ Jojeuipaood) o3uoly pireQq [ed180]027 luE|ISEZ | 1-994-4C
(Sremarepn)
uuew>aINg 1239(0uy sweq
[BICART MMM STCE-8T8-0C-EET+ g|iqof nyiss| [e2130j027 LigjiseZ I 1-934-%C
BUBRYD) ‘Ja3eUR| SIDIAIDS
BUBYS/SIO0SIO MMM 698L- | EFVT-EET+ Ayend weaSouq ABZQ H sk U3y 2oy I 1-994-4C
SIOSIET MMM 989€-€GE-HT-SET+ (d7V) 4o8eue 103foud | Suedo) snuewoy | [euoneuIIU| YYD 11-924-+C
810V-68YvT-E€T+ Sewe]
SI0STET MMM ‘00/ST-1£0-E€€T+ ‘1ojeUIpJ00D) Weidoud oquing pIABQ | [euOnBUILIU| TYVYD | 1-994-$C
salpnig
aimnnieg juawdojpasg
S NpaSpN"MMM Jossajoud pJeuJag Joj AsJaAlun 117924+
seIpms
SS94PPV 9OM |rewig 3083U0D ‘91 32®3U0D uonisod 99MBIAI]U| uoneziue3iQ ajeq




LNIWSSISSY NOILVLdVAVY ANV ALIGVIINTNA IDNVHD FLVIWITO VNVHD 70T

(3sirerdadg juswdojaasg
810"dpun)IlNIuUsk swuwres3oud) uun wnjua A suoneN
3107Ey3-dpunmmMm -qenpruaydais 068€LL 1 T-€€T+ A310u3 % "Aug ‘peaH yenQ uaydaag PAIUN -dANN | | 14BN~ ]
92IAIRG
VIN 0L58-88E-FT-€€T+ uepnsneIg V/N [eonsnelg eueyS | | |-994-87
'UBYD) Assequu]
SN ‘BOY [ed3udd)
38 ISOAA 40} J2DIPO
A3ojouyda | pue ‘93ud|dg
AOZ'Assequuasn-eueys//:dny AOZ33EISE) gVuewysy LIV VL1 T-EE€T+ ‘JUSWUOJIAUT [euOISDY uewysly uodey uswiedag saelg | 1-994-8T
JOSIAPY 24n3n4 ay3 pas4
UB/ACS PIESN MMM V/N V/IN “IOSIAPY 3.mNoLSy pues uolua4 avsn | 11-9°4-87
BOl4JY Ul 428unH pug
01 9AIIENIU| [BIUSPISAId
(W) €vS€ 1EP-HT-€€T+ “IOSIAPY ‘@0
US/ACS PIESN MMM ACZ presN)xeus|nul ‘€0 | -¥LT-0€0-EET+ 4IMOID) dIWouod] xeua||njy uyof avsn | 11-9°4-87
U3/ACS PIESN MMM V/N V/N | 3sijeinads Aindag pooy 195Q PaIY avsn | 11-9°4-87
S/ACS PIeST MMM V/N VIN JOSIApY uoneanpy As)j0] sim avsn | 11-994-8¢
(yarean)
UB/AOS PIESN MMM VIN V/IN JosIAPY AISD B HY IYBLIAA uesng avsn | 11-9°4-87
(W)9ge | I€p-vT-e€T+ Joreulp.0o) 333l0.g
B/ACS PIEST MMM ‘9SL1-¥LT-0€0-E€T+ [e1>adg % Adeadownq sijeas "y |iwg avsn | 11-9°4-87
(S/ACS PIesm MMM V/N | 3si[eidadg [eauswuouiaug 1opQ @21sn[ avsn | 11-994-8¢
(W)OESE- 1 E-HT-€ET+ | 40322410 YO YO
B/ACS PIesn MMM ‘TEN 1-¥LT-0€0 €€T+ 4Imo.I9 dlwouody Buiwsly us|ly avsn | 11-994-87
42210
‘AU JOIUDS ‘YIMOUD)
US/ACS PIESN MMM AOZpIesN)SZpeJipeuu 9TSE-1E-HT-€ET+ J1Wouod3 Jo YO | dZPEJIPEN OUIN avsn | 11-9°4-87
B/ACS PIESN MMM V/N V/IN J0129.41q AindaQ 0.y 4333 avsn | 11-994-82
uosJapuy
S/ACS PIeST MMM V/N VIN 40123.11] UOIssI|y SElle} aivsn | 11-994-8¢
VIN VIN VIN uew.aysly pea | wieddw) suljo) | UBWLIYSIY BGIUUIAA | | |-9R4-LT
uoi3ay uJaayjyaoN o3 diij pjay pug
SS94PPY doM |'ewg 3de3uo0d ‘|91 3>e3U0d) uonisod S9M3IAID3U] uoneziuesdio ajeQq




€07  LN3IWSSISSY NOILLVLdVAV ANV ALMIGVIINTNA IDNVHD FLVIWITO VNVHD

SEERTRERLIEEEN
juswdojarsq astudasiug

S10°S55URI|[e-1SSIOJUIRT MMM gJoeag)reepnnys 0177 0ST 0F ££T ¢ Ansauoq Aunwwod Jeepnny| siA|g SdUuel||y IsaJ0julRy | 1-4B-T
'URYD)
‘weado.d S33YL/VVOA
‘10JeJISIUIWPY
(W) TST8ET ¥HT 3lo.g ‘uoisiaig nsNMQO
3J10°90UEI|[B-1SDJOJUIRS MMM SJoeI@NSNMOS €E€T+ ‘01TT0S TOE £€T+ Aasau04 ajqeureisng |enuewwy 9dURI||Y 3Sa.J0juiry | 1-4eN-T
WO ooyeAD)oBWAZE 845 989 +T (s2urUIRAOD) B1RWID) paaeg Y2IBAA 1S2.404
V/N ESIEN T EENRIINRI @) PEEES €ET+ ‘S061TS 1T €€T+ J9210 sewwea3oud Sezey-|npqy -asuodsay d1A1D | |-BIN-T
YC=pIusIg
SSINSIUIUIY, /=phe>gA30[ouyda) Aioyany Suneulpiood A8ojouyda |
~B-55US[2S-JUSWUOITAUS SUOIIUSAUOD pue ‘93udidg
-JO-AMSIUI: 6T £ =pPgo [eausWUO.IAUg ‘QuswuoJIAUg
[PRJTE=MS3IAgIUSIUCD Wod=uon (W) ¥855-650-+C BUBYD) JUEISISSY OMeueqeg Jo Ansiuny
0;dUd"XapUI/[S"AOS BUBS MMM 83 00UeA)pUOWAEISqEq -€€T+ ‘979-799- | T-€€T+ [ed1uyd3 | 339(oug puowsAey "uqg - 1S3 BUBRyD RS LENE
FT=PIuEIg
SS1ASIUIULY,/ =phE>gA30o[ouyss) Aioyany Suneuipioor A3ojouyds |
~8-35U3[05-JUSWIUOCITAUS SUOIIUDAUOD) pue ‘93udIdg
-JO-AMSIUIUL 4§ =pPgo [B3UWIUOIIAUT “JUaWUOJIAUT
[PRIE=M3IAgIUSIUCD Wod=uon (W) 979-799-1T BUBYD) ‘40JBUIPJIOOD) IPPI Jo Ansiully
do;dyd™xXspul/yS ACSBUBUS MMM W0 OOUBAD)IPPISE[OyDIU -€€T+ ‘979-7199- | T-€€T+ 199/0ud [euocareN | Y] SBIOYdIN I - 1S3\ BUBRYD | 1-JBIN-
31U 3uswadeuel,
$92.n0s3Yy [eJnieN
PUE JUSWUOIAUT BDLIJY
(W) ££01-5£9-4S |  sieidads JuswaBeueyy
810 |UBGP[MOM GoM//:d1Y SIOUBqPIOM@SOARYD) | -£€T+ ‘99 |+~ | TT-0E-EET+ $924N0saY [eJnieN| S9ABYD) OlAR|] Sueg PlIOAA | 1-4e-|
(ameN
€09C-9LI 3O uUoneAIasuo;
WO5 00YBA) TOIWEAW IES “LTEET+ T999-669+T (d4.LN awedN 9y3 Joj uolun
SICUSNTMMM | ‘SI0"UDNI@)SWRAUTON[9NWES | -£€7+ ‘98pT-178-0T-EET+ | 40j) 403eUIpIOOD) 3d3l0Ud 1JOY| [Snwies | |euoneulaIu]) NONI | |-JBIN-
0261-685-0T-E€T+ (pue|
‘(W) €0€b-19%~ ¥T-€€T+ uo uonifeo) A1a10g
VIN ‘sJ0"eUBYS|OOD)[TEW ‘1680-4TT-0£0-EE€T+ 403eulp.1003 101D aon.g el IA1D) TODID [ =181
weadodd
SS9UPPY G9AA |'ewig 3083U0D ‘|91 32'3U0D uonisod 99MaIAIR3U| uoneziue3iQ ayeQq




LNIWSSISSY NOILVLdVAVY ANV ALNIGVIINTNA IDNVHD FLVIWITO VNVHD 0T

uoIsIAIQ IPIIAA
6/€/1€TI0V ‘91TI0F ‘uoissiuwo)
WO BUBYSOI MMM WOSBUBYSDIPMMP)OUIT | ‘/TTIO0F ‘01TI0F 1T €T+ Jageuel | ESS| pawweyol, Ansauoy | |-4B-€
uoIsIAIg SHIPIIM
6/€/1€TI0F 91TIOY wswdoppasQ ‘uolssiwwo)
WOD BUBYIF MMM WO BUBYSIIPMPIOJUT | ‘/TTI0F ‘01TI0V 1T SE€T+ [eIJWIWo) uss|Q eJpuesg Aasauog | |-4e-€
UoISIAIQ SHIPI'AA
‘uolssiwwo)
WO BUBYSOI MMM 3N"03°00yeA)SUIOSE]! 6¥C10¥ 170 | 419210 SHIPJIAA 3uelSISSy osueq ®ljpuJo) Ansauoy | |-4B-€
uoISIAIg SHIPIIM
(W)TsI1TeL v¥T0 (eauy pa1da104y) ‘uojssiwwon)
WOS U3 MMM WO leWAD)3938UDY ‘68%5116 820 Jadeuel suonesad | SaneN Y SN Aasauo4 | |-Ie-€
nn
aduryd areWID
(W) TLLS €S¥ ¥T0 J4a3eue)y RIpy ‘uoissiluwo)
WO BUBYSOI MMM WO O0UBA)ASSOJRA | ‘9645|116 8T0/01T10¥-1T0 swuwe.3o.d uelsissy yenso4 uAjasoy Ansauoy | |-Je-€
(W)LLLL£T8 N
0T €£€T+ ¥059156 a3uey srewiD
8T €€+ '€€0010£ T0€ ‘uoissiuwo)
WOS BUBYSI MMM W05 00URA(D)IISqO.I0jliEq €ET+ ‘01210 TOE €€T+ a3ueyD L1eWI|D ‘pESH | Ojwieg Y 19qoy Aassuo4 | |-Je-€
S924N0saYy SpuejiayIaN
(W) TS9¥688HT | 49IBAA PUE JUSWIUOUIAUT uoz ay1 Jo wop3ury|
JIUBIDSBqUUE MMM |[UBZNQUIW@)UOZ JSpUBA-UO] €ET+ ‘TIEY 1T TOE €€+ ‘A432.29¢G 3SU14 Jap ueA uoj uQg 2y Jo Assequig | |-Je-€
un
(IU|W/RW/US/qaMUg /810 duruiul $92.N0SaY |ednieN|
“BUBUS MMM V/N Jo3jeuipJioo)) |euonieN| MIIBASY Iqe] | g spueT jo Ansiully | |-e-{
un
(IU|W/BW/US/qaMUS/3Io urui S92.N0SaY |ednieN
“BUBUS MMM WIoS> 00oUeA) PIeW,9qeqe V/N | 40122.41Q 8uiuuelq Adijod olqeqy mayiel| 2 spue jo Ansiully | |-Je-€
fun (W) 96£L 4220 Butuueig (A1sof)
(IU|W/RW/US/qaMUg /810 duruiul 76 o+ ‘(W) 9552818 Joluag/1ojeulpaoo) uemfeisQ $92.N0SaY [ednieN|
SRUBUS MMM 070+ ‘9¥€£89 1T €€T+ Aaiod ydeso[ | g spueT jo Ausiuy | 1-4B-T
nsnmQ
3J10790UEI|[B-1SDJOJUIRS MMM SIoeI@NSNMOS 01277 09T 0€ €€T Jojeaasiujwpy 123/oud |enuewwy 9dURI||Y 3Sa.J0juiey | 1-4eN-T
weadodd
SS3JPPVY M |lrewg 3283U0) ‘|91 Iejuo)d uonisod Q3IMBIIAIU] uoneziue3iQ ajyeq




S0¢

LNIWSSASSY NOILVLdVAV ANV ALNIGVIINTNA IDNVHD FLVIWITO VNVHD

weJsoud 1uswaseuel,|
QUo7 [e1seoD) oYy Ise0D)
(SNPa 2N MMM W05 00 BAD)USPIE|IOM pa3eudanu| ‘Uossajoud | OAUBLIOAA SIUSQ ader jo AnsasAiun | |-1e-S
sJaquialy
V/N V/N V/N V/IN | Aunwwo) +0§ a3e||IA dAeiueeq)y 11BN~
V/N V/N V/N SPPIYD SPPIYD § | SPIYD BRJY OjrIqY [ =48-S
dsewnses|/ws Sded
[IN03055/W0Y BUB3SULINOT MMM Jadeuel dJed Inm3 [plueq [euoneN wnxey| | |-IB-S
:SM3IAJJUI pue sSu3aaw SuiMmo||oj Y3 papnjpul diu] 6-S Yoiep Ipeaode] ‘dN wmje)] 9seod aded ‘suoiday uaa3sapp/[es3ua) o3 diaj piai4 uidag
WO SUTUIWIIBM[EIS MMM V/N 6/9% €1€ ¥S0 O30 [I9MOd wWo | 3ululy 1remierg [ 1-1eN-1
BUBYD) Ul Assequi ‘SN 92J3WwWoD)
AoSAssequuasn-eueys;/:dny AGS™91BIS(0)YSIUIAGIS B V/N 01 9YJENY [BIDJaWWOY) |  saudAg JayreaH Jo juauwnaedaq | |-JB-€
uoisiAiq uolIssIWLwWoD
SICUS-SIM MMM 6678 88T £70 Ja1eMpuno.r) ‘pesH aJesy yooug $92.N0S3Y JIIBAA | |-JBN-€
B> 03 TeuoneUISIUID)AS I35 uelsIssy auswdojpasq A2.33y vamp ‘uorssiwwiod)
303 BpPID-IPIT MMM -ueuuedIun 1ZS1-1TC0E-€€T+ |euoneudalu| -Ueuuy ad1ungj y3iH uelpeued | |-4B-€
5723 09+¢€ 19210 wswdoppasq valD ‘uoissiwwor
B3O3BPD-IPOTMMM | TEUONEUISIUID)SN[OWSS 99.10] X3 | TS 1-17T-06-€€T+ ‘A1e19439G puodag Jn[aWag 29407 y3iH uelpeued | |-4el-€
weadoud A114ndag poo4
iRl SShE 49210 wawdojprsqg vdajo ‘uolissiuwod
B303BPID-IPOT MMM | STTRUOREBUISIUID)IS> D0 Sulue] X3 | TS 1-1TT-0E-€€T+ Joluag ‘AJ4e12439g 1514 493207 suluef y3iH ueipeued | |-JB-€
CLLSILY
¥T €€T+ ‘(W) 0Z8500€ | 31U 3oddng wei3ouy Yyaeq
sioeueys 9T €€+ 8T | IX® “J0sIApY//asA[euy -Yewuopy | yQ|D ‘uoissiwwo)
SIoeURy3-NSd" MMM (931ep'oaWo] | 86SE///198TLL TOE €€T+ [BIUSWUOUIAUT JOIUSS oswoy y3iH uelpeued | |-JBN-€
yeowy uolIssIWLWoD
WO BUBUSOy MMM WO 00U, KSoMY| V/N 'S suely Aasauo4 | |-JB-€
makowy uolssiwwo?
WO BUBYSSf MMM V/N V/N afo[emy| Ansauoy | |-4eq-€
uolIssILwWoD
WO BUBUSOy MMM Npas[eABAe@UMOIq 3Ny V/N umo.g y3nH Aasauo4 | |-JB-€
UOIBAJIISUOD uoIsIAI HPI'AA
6/€/1€TIOY 91TIOY Spuepam ‘1aSeuew Yemjuelly ‘uolssiwwio
WOSBUBYSIF MMM | TIOD BUBYSIFBU@UEAMS|UBWRS | ‘/7Z10v ‘01210 1T €T+ S9DIAJSS [BISUDD) sajeyD Ansauoy | |-B-€
SS9UPPY G9AA |'ewig 3083U0D ‘|91 32'3U0D uonisod 99MaIAIR3U| uoneziue3iQ ayeQq




LNIWSSISSY NOILVLdVAY ANV ALNIGVIINTNA IDNVHD FLVIWITO VNVHD 90T

(so1ep snolieA 1uedap siaquiaw Wea) SNOLJIeA ‘93ep 3se|) BueYyc) Wwody syuedaq wes| | | |-Je -T|
‘du5 equiooley| BILIY aJueysy dnoug
810°dNoISEqUICOIES MMM WO oo eA@)AS|yseqa 69€6 0L ¥T E€T+ ISOAA JOJBUIPIOOD) |  A3Jysy BIDagaYy BqWOOIBY 3Y] | ||-JBe-] |
J21uaD) YoJeasay
Jojeuipaood) UONEBAIISUOD)
J3I0BURUS-OI0U MMM gJoTeueyS->1DUD)OJUI S9/1€T-1T-€€T 3uip|ing-Aidede | edoqip A UnRJel aunieN | | |-Jel-] |
(O¥oN)
J21U9)) YoJeasay
woSooyrA@)e66UOSEWI S9L1 €TT 0F €€T UOIIBAIISUOD)
78IGBURYS-510U MMM gJoeuey3->10U)OJUIl S9/L1€T-1T-€€T 03D Japunoy uosel, uyo[ aunmeN | | [-Je-] |
uoneluasald
ulod Jamod aivsn | 11-BKW-0l
SUOISaY UJISIAA [[ed3ua) o3 diaj pjal4 pu3g
69561
0l1=ph> 19T €€T+ “166LL18 0T 493U
3lo1d;dyd™Xapul/Npa N 315 MMM WO OO eAD)IOSPA|[ES €ET+ ‘€91/¥0T-1€-€€T+ | 492140 suonesunwwo’ Joyga A|les 924n0saYy [eISBOD) | |-JBN-8
0l1=pn> Ja3uaD)
3[0J1d;dyd™XapuI/Npa N1 MMM WO |Teli3 () yes0q3e 1joy| 1008 /9% ¥T E€T+ Jojeulpioo)) weudo.ud Yeyoqsy o 92.n0saYy [eISBOD) | |-4el4-8
Jadeuel s1onpo.d
V/N €69TC | E-EETH uoneoynn.Iay 159404 193py ulweluag poomauilld eueys [ 1-1BIN-8
dserwnyes|jws Sded
[JN0J059/WU0S EUEISULINOT MMM Jageuel| dJed anm3 [plueq [euonIEeN WnEY| | |-4e-2
WO YSeIo0 MMM TLES-OLY-VT-€ET+ | A4e19409G 2ANRIISIUIWPY uonss3 euisneq \/El®) | |-1el-8
WO [SeIBI MMM CLEB-0LY YT EET+ 4920 weaso.qg BRIYDY E||Idskid vIiad [ 1-1BIN-L
(vi3o)
sisAjeuy 3oedw|
Wo>YSeRd)IIGos [BUSWUOIAUT
WOS SBRY MMM WO |rel3m)sNUWesiiqo TLE8-0LY-YT-E€T+ 1012241 9ANRN9X] IqO [9nwes Joj Jaus) | |-4e4-9
SS9UPPY G9AA |rewig 3083U0D ‘91 32®3U0D uonisod 99MBIAI]U| uoneziue3iQ ajeq




APPENDIX 2. TEAM MEMBERS

Name

Role

Background

Frederick Armah

In-Country Coordination,
Resource Specialist

BS (Hons)Chemistry, University of Cape Coast, Ghana 2000

MS Environmental Studies and Sustainability Science, Lund University,
Sweden, 2008

Steve Brady

Team Leader

BS Forestry, University of Idaho 1973
BA Physics, University of Idaho 1973

US Forest Service 1970-2010: Forester, District Ranger, Forest
Resource Staff Officer

Dr. Susan Charnley

Climate Change, Social Scientist

PhD Anthropology, Stanford University, 1994

MA Anthropology, Stanford University, 1989

BA Biology, University of California, Santa Cruz, 1981
BA Environmental Studies, UC Santa Cruz, 1981

US Forest Service, 1999-present: Research Social Scientist, National
Program Leader for Human Dimensions

Joe Krueger

ETOA Specialist

B.S. Forestry, Cal Poly, 1990
US Forest Service, Environmental Planning Specialist, |988-present

Yaw Nyako

In-Country Coordination
Resource Specialist

B.Sc. Natural Resources Management, Kwame Nkrumah University
of Science and Technology, 1997

M.Sc. Forest Science, Kochi University, 2007

Sophia Polasky

Climate Change, Social Scientist

B.A. Environmental Studies, College of St. Benedict 2006
Peace Corps Ghana, 2006-2008: Agro-forestry

US Forest Service, 2009-present: Research Technician, Pacific
Northwest Research Station,

Dr. John Stanturf

Climate Change, Group Leader

B.S., Plant and Soil Science, Montana State University, 1974

M.S., Soil Science, Cornell University, 1979

Ph. D., Forest Soils, Cornell University, 1983

Lady Davis Post-Doctoral Fellow, Technion, Haifa, Israel 1982-1983
Honorary Doctorate, Estonian University of Life Sciences, Tartu 201 |
US Forest Service 1992-present, Research Ecologist

Dr. Melvin Warren

Climate Change, Research
Biologist/Fisheries/Aquatic
Ecology

B.S. Zoology, University of Tennessee 1974
M.S. Wildlife and Fisheries Science, University of Tennessee 1977

Ichthyologist and Project Coordinator, Kentucky Nature Preserves
Commission, 1978-83

Ph.D., Zoology, Southern lllinois University, 1989

Post-doctoral Research Associate, Department of Fisheries and
Wildlife Sciences, Virginia Tech, 1991-1992

US Forest Service 1992-201 |: Research Biologist and Team
Leader, Aquatic and Terrestrial Fauna Team
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APPENDIX 5. SCENARIOS OF TEMPERATURE CHANGES (MID-
RANGE VALUES) FOR THE VARIOUS ECO-CLIMATIC ZONES IN
GHANA

a. SUDAN SAVANNA

Baseline Mean Temp. Mean Temp. Change Climate Scenarios |
’ Month | T-Max. T-Min. T-Mean 2020 2050 2080 2020 2050 2080
Jan 35.2 19.5 27.3 0.6 25 4.0 279 29.8 31.3
Feb 37.6 220 29.8 0.7 2.1 4.1 30.5 31.9 33.9
Mar 38.9 25.0 32.0 0.7 2.1 42 32.7 34.1 36.2
Apr 38.2 26.1 321 0.8 2.6 5.0 329 347 37.1
May 36.0 25.1 30.5 0.8 22 5.2 31.3 327 35.7
Jun 33.0 233 28.2 0.6 1.9 4.0 28.8 30.1 322
Jul 31.2 22,6 26.9 0.5 1.8 34 274 28.7 30.3
Aug 30.4 223 26.3 0.5 1.7 34 26.8 28.0 29.7
Sep 31.2 22.1 26.6 0.5 1.6 3.6 27.1 28.2 30.2
Oct 34.2 222 28.2 0.5 1.6 33 28.7 298 315
Nov 36.2 20.1 28.1 0.6 2.0 42 28.7 30.1 323
Dec 35.1 19.0 27.0 0.6 2.0 4.0 27.6 29.0 31.0
Ann. 34.8 22.4 28.6 0.6 2.0 4.0 29.2 30.6 32,6

b. GUINEA SAVANNA

Baseline Mean Temp. Mean Temp. Change Climate Scenarios

Month T-Max. T-Min. T-Mean 2020 2050 2080 2020 2050 2080
Jan 35.0 18.9 26.9 0.6 2.0 4.1 27.5 289 31.0
Feb 36.9 220 29.4 0.7 22 42 30.1 31.6 33.6
Mar 37.0 24.1 30.6 0.7 2.1 42 31.3 327 348
Apr 353 244 29.9 0.6 23 45 30.5 322 344
May 335 23.5 28.5 0.6 22 44 29.1 30.7 329
Jun 311 223 26.7 0.5 1.9 38 27.2 28.6 30.5
Jul 29.7 21.8 25.7 0.5 1.7 35 26.2 27.4 29.2
Aug 294 21.7 25.5 0.5 1.8 34 26.0 27.3 28.9
Sep 30.2 21.5 25.8 0.5 1.6 3.2 26.3 27.4 29.0
Oct 325 21.7 27.1 0.5 1.6 34 27.6 28.7 30.5
Nov 345 20.2 27.3 0.6 2.0 3.9 279 29.3 31.2
Dec 344 18.4 26.4 0.6 2.0 4.0 27.0 28.4 304
Ann. 333 21.7 27.5 0.6 2.0 3.9 28.1 29.4 314
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Baseline Mean Temp.

c. TRANSITIONAL ZONE

Mean Temp. Change

Climate Scenarios

Month | | T-Max.| | T-Min.| | T-Mean 2020 2050 2080 2020| [2050| 2080
Jan 334 20.4 26.9 0.6 2.0 4.1 275|289 | | 310
Feb 35.2 22.8 29.0 0.7 22 42 297 | | 312 | | 332
Mar 34.9 238 29.3 0.7 2.1 4.2 30.0 | | 314 | | 335
Apr 335 238 28.6 0.6 23 4.5 292 | | 309 | | 33.1
May 322 23.2 27.7 0.6 22 4.4 283 | | 29.9 | | 32.1
Jun 30.3 224 26.3 0.5 1.9 38 268 | | 282 | | 30.1
Jul 28.8 21.9 254 0.5 1.7 35 259 | | 27.1 28.9
Aug 28.8 21.8 25.3 0.5 1.8 34 258 | | 27.1 28.7
Sep 29.5 21.8 25.7 0.5 1.6 32 262 | | 273 | | 289
Oct 30.6 21.9 26.3 0.5 I.6 34 268 | | 279 | | 29.7
Nov 32.0 21.8 26.9 0.6 2.0 3.9 275|289 | | 308
Dec 32.0 20.4 26.2 0.6 2.0 4.0 268 | | 282 | | 30.2
Ann. 31.8 222 27.0 0.6 2.0 3.9 275|289 | | 308
d. DECIDUOUS FOREST ZONE
Baseline Mean Temp. Mean Temp. Change Climate Scenarios
Month | | T-Max. | | T-Min. | | T-Mean 2020 2050 2080 2020 | [ 2050 | 2080
Jan 322 20.7 26.5 0.6 2.0 4.1 27.1 285 | | 30.6
Feb 33.6 223 27.9 0.7 22 42 286 | | 30.1 32.1
Mar 33.1 22.7 27.9 0.7 2.1 42 286 | | 30.0 | | 32.1
Apr 324 228 27.6 0.6 23 4.5 282 | | 299 | | 32.1
May 31.5 224 27.0 0.6 2.2 44 276 || 292 | | 314
Jun 29.7 21.9 25.8 0.5 1.9 38 263 | | 27.7 | | 29.6
Jul 284 21.5 24.9 0.5 1.7 35 254 | | 26.6 | | 284
Aug 28.2 21.3 24.8 0.5 1.8 34 253 | | 266 | | 282
Sep 29.1 21.5 25.3 0.5 I.6 32 258 | [ 269 | | 285
Oct 30.3 21.6 26.0 0.5 1.6 34 265 | | 276 | | 294
Nov 31.3 21.8 26.6 0.6 2.0 3.9 272 | | 286 | | 305
Dec 31.0 21.2 26.1 0.6 2.0 4.0 26.7 | | 28.1 30.1
Ann. 30.9 21.8 26.4 0.6 2.0 3.9 269 | | 283 30.2
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Baseline Mean Temp.

e. RAIN FOREST ZONE

Mean Temp. Change

Climate Scenarios

Month | | T-Max. | | T-Min.| | T-Mean 2020 2050 2080 2020 | {2050 | 2080
Jan 30.0 234 26.7 0.6 2.0 4.1 27.3 287 | | 30.8
Feb 30.6 24.4 27.5 0.7 22 42 28.2 29.7 | | 31.7
Mar 30.9 243 27.6 0.7 2.1 42 283 29.7 | | 31.8
Apr 30.9 24.2 27.6 0.6 23 4.5 28.2 299 | | 32.1
May 30.0 23.6 26.8 0.6 22 4.4 27.4 29.0 | | 31.2
Jun 284 233 25.8 0.5 1.9 38 26.3 27.7 | | 29.6
Jul 27.4 23.2 253 0.5 1.7 35 25.8 270 | | 288
Aug 26.9 22.8 24.8 0.5 1.8 34 25.3 26.6 | | 28.2
Sep 274 229 25.1 0.5 I.6 32 25.6 26.7 | | 283
Oct 28.5 234 25.9 0.5 1.6 34 26.4 275 | 293
Nov 29.9 23.1 26.5 0.6 2.0 39 27.1 285 | | 304
Dec 30.0 23.2 26.6 0.6 2.0 4.0 27.2 286 | | 30.6
Ann. 29.3 23.5 26.4 0.6 2.0 39 26.9 28.3 30.2
f. COASTAL SAVANNAH ZONE

Baseline Mean Temp. Mean Temp. Change Climate Scenarios
Month | | T-Max. | | T-Min.| | T-Mean 2020 2050 2080 2020 | {2050 | | 2080
Jan 31.2 237 27.5 0.6 2.0 4.1 28.1 295 | | 31.6
Feb 31.9 247 28.3 0.7 22 42 29.0 30.5 | | 325
Mar 31.9 24.8 283 0.7 2.1 42 29.0 304 | | 325
Apr 31.7 24.8 28.3 0.6 2.3 4.5 28.9 30.6 | | 32.8
May 31.0 24.4 27.7 0.6 22 44 28.3 299 | | 32.1
Jun 29.2 23.7 26.4 0.5 1.9 38 26.9 28.3 30.2
Jul 27.6 229 25.3 0.5 1.7 3.5 25.8 27.0 | | 288
Aug 27.5 224 249 0.5 1.8 34 254 26.7 | | 283
Sep 28.3 22.8 25.6 0.5 I.6 32 26.1 272 | | 288
Oct 29.7 23.2 26.4 0.5 1.6 34 26.9 280 | | 29.8
Nov 31.2 24.0 27.6 0.6 2.0 39 28.2 296 | | 31.5
Dec 30.9 23.5 27.2 0.6 2.0 4.0 27.8 292 | | 31.2
Ann. 30.2 237 26.9 0.6 2.0 39 27.5 289 | | 30.8
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APPENDIX 7. SCENARIOS OF TEMPERATURE CHANGES (UPPER
BOUND VALUES) FOR THE VARIOUS ECO-CLIMATIC ZONES OF
THE COUNTRY

a. SUDAN SAVANNAH

Baseline Mean Temp.

Mean Temp. Change

Mean Temp. Scenarios

Month | T-Max. | T-Min. | T-Mean 2020 2050 2080 | 2020 2050 2080
Jan 35.2 19.5 273 0.8 2.6 5.4 28.1 29.9 32.7
Feb 37.6 22,0 29.8 0.8 29 5.7 30.6 32.7 35.5
Mar 38.9 25.0 32.0 0.9 3.0 5.9 329 35.0 37.9
Apr 382 26.1 32.1 1.0 3.7 7.8 33.1 35.8 39.9
May 36.0 25.1 30.5 1.0 29 7.2 31.5 334 37.7
Jun 33.0 233 28.2 0.8 22 5.6 29.0 304 33.8
Jul 31.2 22,6 26.9 0.7 2.1 48 27.6 29.0 31.7
Aug 304 223 26.3 0.7 2.1 4.7 27.0 28.4 31.0
Sep 31.2 22.1 26.6 0.7 22 5.0 27.3 28.8 31.6
Oct 34.2 222 28.2 0.8 22 5.6 29.0 304 33.8
Nov 36.2 20.1 28.1 0.9 2.6 5.8 29.0 30.7 33.9
Dec 35.1 19.0 27.0 0.8 2.5 5.6 27.8 29.5 32.6
Ann. 34.8 224 28.6 0.8 2.6 5.8 29.4 31.2 344

b. GUINEA SAVANNAH
Baseline Mean Temp. Mean Temp. Change Mean Temp. Scenarios

Month | T-Max. | T-Min. | T-Mean 2020 2050 2080 | 2020 2050 2080
Jan 35.0 18.9 26.9 0.8 2.5 5.6 27.7 29.4 325
Feb 36.9 22,0 294 0.9 29 5.9 30.3 323 35.3
Mar 37.0 24.1 30.6 0.9 2.8 5.9 31.5 334 36.5
Apr 353 244 29.9 1.0 3.1 6.4 30.9 33.0 36.3
May 335 235 28.5 1.0 29 6.0 29.5 314 34.5
Jun 311 223 26.7 0.8 24 5.1 27.5 29.1 31.8
Jul 29.7 21.8 25.7 0.7 2.2 4.8 26.4 27.9 30.5
Aug 29.4 21.7 25.5 0.7 2.1 4.7 26.2 27.6 30.2
Sep 30.2 21.5 25.8 0.7 20 44 26.5 27.8 30.2
Oct 325 21.7 27.1 0.7 1.9 4.6 27.8 29.0 31.7
Nov 345 20.2 27.3 0.8 24 5.5 28.1 29.7 32.8
Dec 344 18.4 26.4 0.9 24 5.6 27.3 28.8 32.0
Ann. 333 21.7 27.5 0.8 2.5 5.4 28.3 30.0 32,9
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c. TRANSITIONAL ZONE

Baseline Mean Temp.

Mean Temp. Change

Mean Temp. Scenarios

Month | T-Max. | T-Min. | T-Mean 2020 2050 2080 | 2020 2050 2080
Jan 334 20.4 26.9 0.8 2.5 5.6 27.7 29.4 325
Feb 352 228 29.0 0.9 29 5.9 29.9 31.9 34.9
Mar 349 23.8 29.3 0.9 2.8 5.9 30.2 32.1 35.2
Apr 335 23.8 28.6 1.0 3.1 6.4 29.6 31.7 35.0
May 322 23.2 27.7 1.0 29 6.0 28.7 30.6 33.7
Jun 30.3 224 26.3 0.8 2.4 5.1 27.1 28.7 31.4
Jul 28.8 21.9 254 0.7 2.2 4.8 26.1 27.6 30.2
Aug 28.8 21.8 253 0.7 2.1 47 26.0 27.4 30.0
Sep 29.5 21.8 25.7 0.7 2.0 4.4 26.4 27.7 30.1
Oct 30.6 21.9 26.3 0.7 1.9 4.6 27.0 28.2 30.9
Nov 32.0 21.8 26.9 0.8 2.4 5.5 27.7 29.3 324
Dec 320 20.4 26.2 0.9 24 5.6 27.1 28.6 31.8

Ann. 31.8 222 27.0 0.8 2.5 5.4 27.8 29.4 323
d. DECIDUOUS FOREST ZONE
Baseline Mean Temp. Mean Temp. Change Mean Temp. Scenarios

Month | T-Max. | T-Min. | T-Mean 2020 2050 2080 | 2020 2050 2080
Jan 322 20.7 26.5 0.8 2.5 5.6 27.3 29.0 32.1
Feb 33.6 223 279 0.9 29 5.9 28.8 30.8 33.8
Mar 33.1 227 279 0.9 2.8 5.9 28.8 30.7 33.8
Apr 324 228 27.6 1.0 3.1 6.4 28.6 30.7 34.0
May 31.5 224 27.0 1.0 29 6.0 28.0 29.9 33.0
Jun 29.7 21.9 25.8 0.8 2.4 5.1 26.6 28.2 30.9
Jul 284 21.5 249 0.7 2.2 4.8 25.6 27.1 29.7
Aug 28.2 21.3 24.8 0.7 2.1 47 25.5 26.9 29.5
Sep 29.1 21.5 253 0.7 2.0 4.4 26.0 27.3 29.7
Oct 30.3 21.6 26.0 0.7 1.9 4.6 26.7 27.9 30.6
Nov 31.3 21.8 26.6 0.8 2.4 5.5 27.4 29.0 32.1
Dec 31.0 21.2 26.1 0.9 24 5.6 27.0 28.5 31.7

Ann. 309 21.8 26.4 0.8 2.5 5.4 27.2 28.8 31.7
e. RAIN FOREST ZONE
Baseline Mean Temp. Mean Temp. Change Mean Temp. Scenarios

Month | T-Max. | T-Min. | T-Mean 2020 2050 2080 | 2020 2050 2080
Jan 30.0 234 26.7 0.8 2.5 5.6 27.5 29.2 323
Feb 30.6 244 27.5 0.9 29 5.9 28.4 30.4 334
Mar 309 243 27.6 0.9 2.8 5.9 28.5 30.4 33,5
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Apr 30.9 24.2 27.6 1.0 3.1 6.4 28.6 30.7 34.0
May 30.0 23.6 26.8 1.0 29 6.0 27.8 29.7 32.8
Jun 284 233 25.8 0.8 2.4 5.1 26.6 28.2 30.9
Jul 27.4 23.2 25.3 0.7 2.2 48 26.0 27.5 30.1
Aug 26.9 22.8 248 0.7 2.1 4.7 25.5 26.9 29.5
Sep 274 229 25.1 0.7 2.0 44 25.8 27.1 29.5
Oct 28.5 23.4 25.9 0.7 1.9 4.6 26.6 27.8 30.5
Nov 29.9 23.1 26.5 0.8 24 5.5 27.3 28.9 32.0
Dec 30.0 232 26.6 0.9 2.4 5.6 27.5 29.0 32.2
Ann. 29.3 235 26.4 0.8 2.5 5.4 27.2 28.8 31.7
f. COASTAL SAVANNAH ZONE
Baseline Mean Temp. Mean Temp. Change Mean Temp. Scenarios
Month | T-Max. | T-Min. | T-Mean 2020 2050 2080 | 2020 2050 2080
Jan 31.2 237 27.5 0.8 25 5.6 28.3 30.0 33.1
Feb 31.9 247 28.3 0.9 29 5.9 29.2 31.2 34.2
Mar 31.9 248 28.3 0.9 2.8 5.9 29.2 31.1 34.2
Apr 31.7 248 28.3 1.0 3.1 6.4 29.3 31.4 34.7
May 31.0 244 277 1.0 29 6.0 28.7 30.6 33.7
Jun 29.2 237 26.4 0.8 2.4 5.1 27.2 28.8 31.5
Jul 27.6 229 25.3 0.7 2.2 48 26.0 27.5 30.1
Aug 27.5 224 24.9 0.7 2.1 47 25.6 27.0 29.6
Sep 28.3 228 25.6 0.7 2.0 44 26.3 27.6 30.0
Oct 29.7 23.2 26.4 0.7 1.9 4.6 27.1 28.3 31.0
Nov 31.2 24.0 27.6 0.8 24 5.5 28.4 30.0 33.1
Dec 30.9 235 27.2 0.9 2.4 5.6 28.1 29.6 32.8
Ann. 30.2 23.7 26.9 0.8 2.5 5.4 27.8 29.4 323
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APPENDIX 9. SCENARIOS OF MEAN SEA SURFACE AIR
TEMPERATURES IN THE OFF-SHORE WATERS OF GHANA

a. OFF-SHORE COASTAL AREA (Median values)

B-Line Mean Temp. Change( °C ) Mean Temp.(°C)

T-Mean. 2020 2050 2080 2020 2050
Jan 27.1 04 1.3 2.6 27.5 284
Feb 27.5 0.4 1.4 2.6 27.9 28.9
Mar 27.6 0.4 1.3 2.6 28.0 28.9
Apr 27.8 0.4 1.4 28 28.2 29.2
May 27.5 0.5 1.4 28 28.0 28.9
Jun 25.7 0.5 1.5 3.0 26.2 27.2
Jul 245 0.5 1.6 3.0 25.0 26.1
Aug 235 0.5 1.4 3.0 24.0 24.9
Sep 245 0.4 1.4 2.7 24.9 259
Oct 253 0.4 1.3 2.6 25.7 26.6
Nov 26.3 0.4 1.2 25 26.7 27.5
Dec 26.8 0.4 1.3 25 27.2 28.1
Ann. 26.2 0.4 1.4 27 26.6 27.6

b. OFF-SHORE COASTAL AREA (Upper bound values)

B-Line Mean Temp. Change( °C ) Mean Temp.(°C)

T-Mean. 2020 2050 2080 2020 2050
Jan 27.1 0.6 1.8 3.6 27.7 28.9
Feb 27.5 0.6 1.8 3.6 28.1 29.3
Mar 27.6 0.6 1.8 35 282 294
Apr 27.8 0.6 1.9 38 28.4 29.7
May 27.5 0.6 20 4.0 28.1 29.5
Jun 25.7 0.6 2.0 4.2 26.3 27.7
Jul 245 0.6 2.1 43 25.1 26.6
Aug 235 0.6 2.0 4.1 24.1 25.5
Sep 24.5 0.6 1.9 38 25.1 26.4
Oct 25.3 0.5 1.8 3.6 25.8 27.1
Nov 26.3 0.5 1.7 34 26.8 28.0
Dec 26.8 0.6 1.8 3.6 274 28.6
Ann. 26.2 0.6 1.9 38 26.8 28.1

2080
29.7
30.1
30.2
30.6
30.3
28.7
27.5
26.5
27.2
27.9
28.8
29.3
289

2080
30.7
311
3.1
3l.6
31.5
29.9
288
27.6
283
289
29.7
304
30.0
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APPENDIX 10. SCENARIOS OF SEA LEVEL CHANGE
WITH RESPECT TO 1990 MEAN (CM)

Year | Change (Central Value) (cm) | Change ( Range) (cm)
2010 3.6 1.6 to 6.0

2020 5.8 26t098

2030 8.6 3.8to 144

2040 12.0 5.5 to0 20.2

2050 16.5 7.6 to 27.6

2060 21.9 10.3 to 36.7

2070 28.0 13.1 to 47.1

2080 345 16.1 to 58.4
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