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Foreword

On behalf of the Government and people of the Republic of
The Gambia, it is a great honour and pleasure for me to
present this First National Communication of The Gambia to
the United Nations Framework Convention on Climate
Change (UNFCCC).

The development of this First Nationa Communications has
enabled my Department of State to develop an institutional
framework that has brought together and consolidated the
networking and dialogue between different economic sectors,
CBOs and NGOs, and grassroots level communities.

Technicians and scientists of different backgrounds and disciplines have pooled their expertise and
worked together to develop this informative document.

In this National Communication we have outlined the emissions of greenhouse gases from the major
economic sectors and activities of the country, developed plausible climate change scenarios and based on
these scenarios we have assessed the potential impacts of the projected climate change. The National
Communication also contains measures and strategies to mitigate the concentration of greenhouse gases
in the global atmosphere and adapt to the negative impacts of climate change. No detailed cost-benefit
analysis was conducted on the mitigation and adaptation measures due to inadequate capacity to cost the
effects of climate change.

The potential impacts of climate change on crop production, biodiversity and wildlife, coastal resources,
forestry, fisheries, rangelands and livestock, and water resources have been studied in great detail. Most
of the impacts are negative and the populations are vulnerable. Although The Gambiais a small country,
there are opportunities to invest on small-scale projects to mitigate greenhouse gas emissions and adapt to
adverse impacts of climate change. These projects would be in policy development, fuel switching
including the efficient use of both renewable and non-renewable energy, use of efficient modes of
transportation and conservation and sustainable use of forests.

Cooperation between developed countries and The Gambia will enable all Parties to meet their
commitments based on the principle of common but differentiated responsibility. The mitigation and
adaptation measures presented in this first national communications will require funding to build national
adaptive capacity and provide appropriate technologies to address climate change.

Honourable Susan Waffa-Ogoo
Secretary of State for Fisheries, Natural Resources
and the Environment
State House, Banjul
THE GAMBIA



CHAPTER 1

NATIONAL CIRCUMSTANCES

1.1:  Geography, Climate and Demography
1.1.1: Location

The Gambiais the smallest country (~11,000 km?) on the African continent, lying between latitude
13 and 14 degrees North, and 17 and 12 degrees West. It consists of a narrow strip of land some
400 km long and 30 km wide on both sides of The Gambia River. It is bordered on the north,
east and south, by the Republic of Senegal and on the west, by the Atlantic Ocean.

1.1.2: Climate

The country has a Sahelian climate, characterised by along dry season (November to May), and
a short wet season (June to October). Rainfal ranges from 850 - 1,200 mm. Average
temperatures range from 18 - 30°C during the dry season and 23 - 33°C during the wet season.
The relative humidity is about 68% along the coast and 41% inland during the dry season and
generally about 77% throughout the country during the wet season. The prevailing climatic
pattern favours only a short agrarian production regime (on average three months) which is the
main source of employment and food supply for 80% of the population. Low rainfall and its poor
distribution in the past two decades resulted in drought conditions that have affected the
vegetation cover and food production potential.

1.1.3: Population

The population is now estimated at 1.33 million with a density of 130 persons’km?, placing it
among the five most densely populated countries in Africa (UNDP, 2000). Population growth
rate is estimated at 4.2%, of which, 2.8% is the natural increase while 1.4% is net immigration
resulting from the influx of refugees from the war-torn countries in the sub-region. Almost 38%
of the population is concentrated in the urban areas around Banjul, the capital city and environs,
and the rest (62%) in the rural areas. About 60% of the population is less than 25 years old
(about half of this number is under age 10). The implication of this for education, health, and
other social sector public expenditures is daunting. More importantly is the implication for
growth in the labour force for which the prospects of employment opportunities, and training, are
bleak at the moment. The relatively high population growth rate has been recognized as one of
the constraints on development. The challenge lies in the fact that the population of the country
will double every 16 years with the possibility of neutralizing the benefits of economic growth
and undermining the country's oft avowed goals of poverty reduction.

The Gambia's social diversity is reflected in the different ethnic groups as shown in Figure 1.1
below. The ethnic groups and local languages are Mandinka, Fula, Wollof, Jola, Sarahule,
Serere, Manjago and Aku (Creole). The mgority of the population is Muslim (95%) and the rest
are Chrigtians. Despite the ethnic pluralism, there is harmony among the groups and



intermarriage is common. There is no religious extremism and Muslims and Christians
peacefully co-exist in the country.

Figure 1.1: Ethnic groups (%) of The Gambia

1%
o

A

EMandinka B Fula OWollof EJola B Sarahule O Serere
EAKu O Manjago O Bambara B Others

1.2 Economic Policiesand Trends

The main features of The Gambia s economy are its small size, narrow economic base and heavy
reliance on agriculture, with limited number of cash crops, mainly groundnuts. This makes the
economy vulnerable to the vagaries of the climate and to price changes in the international
markets for these products. In the late seventies and early eighties, the country experienced
significant decline in economic growth. To address this situation, The Gambia embarked on a
series of structural adjustment programmes aimed at restoring maco-economic balance and
economic growth.

Despite the gains recorded under these programmes, the structure of the economy remains weak
and highly vulnerable to external shocks due mainly to the volatile nature of the major sources of
revenue, namely re-export trade, ground nut export and tourism.

1.2.1: Analysisof general country situation

The Gambia is classified as one of the Least Developed Countries (LDC) in the world. The
UNDP Human Development Report 2001 (UNDP, 2002) ranks The Gambia at 149 out of 161
countries, with a Human Development Index (HDI) of 0.396. The country has a GNP per capita
of US$ 340 and a GDP per capita of US $1,100. The GDP growth rate in the 1999-2000 period
was an impressive 5.6%. About 64% of the total population live below the national poverty line,



whereas 59.3% of the population live below US$ 1 per day, and 82.9% live below US$ 2 per
day.

The agricultural sector employs about 75 % of the labour force and contributes 21% of GDP with
a growth rate of 2.7%. The sector is characterized by low productivity stemming largely from
poor rainfall and over reliance on outdated technology. Structural and cultural problems hamper
the development of the sector thus frustrating efforts to achieve food security. Of those who are
extremely poor, 91% work in agriculture. According to the Poverty Reduction Strategy Paper
(PRSP), groundnut farmersin The Gambia are the poorest of the poor.

As a percentage of GDP, the tourism industry grew by 3.7% as against 7.5% in 1998. The
sector's contribution increased from 5.4% in 1998 to 5.7% in 1999. The telecommunication
industry once again registered a significant growth of 8% and has emerged as the second most
important industry in 1999 contributing 27.3% to the GDP. The electricity and water industries
combined, grew moderately and registered a 2% growth, while the trade industry, the third most
important in the economy contributed 21.1% to GDP. The total road network in The Gambia is
2,700 km long, of which 956 km are paved. The Gambia has 400 km of waterways, which include
the Gambia River, the most navigable river in West Africa

Preliminary estimates indicate the balance of payments accounts recorded an overall surplus of
101.2 million Dalasis in 1999. This positive upturn is, however, largely attributed to an
improvement in the capital account as a result of the increase in official loans and grants. The
current account deficit including official transfers deteriorated, slightly, from 3% in 1998 to
3.8% in 1999 of GDP reflecting the influence of the merchandise trade deficit.

During 1999 the total value of international trade was about 2.8 Billion Dalasis, a 5.4% increase
over the 2.7 Billion Dalasis recorded for 1998. In 1999, total imports were valued at 2.6 Billion
Daasis, a 7.6% increase over 1998 while total domestic exports were valued at about 239
Million Dalasis. Thisresulted in atrade deficit of about 2.4 Billion Dalasis.

The Gambia's total outstanding external public debt amounted to US$420.8 millionin 1999. The
World Bank and Debt Relief International have indicated that The Gambia is entitled to 18 to
20% of debt relief. Worthy of mention is the fact that no external arrears were accumulated.
The IDA, IMF and ADB have indicated their commitment to giving debt relief to the Gambia.
The Government of the Gambia is also engaging bilateral development partners in negotiations
for morerelief. It isenvisaged that the Gambia will benefit about US$67 million in debt relief.

The Gambia has been operating a liberal exchange rate system since 1986, with the Dalasis
floating within the context of an inter-bank market. There are no exchange controls or
restrictions on current or capital accounts. In 1999, the Dalasis depreciated against all the
currencies traded in the inter-bank market asillustrated in Figure 1.2 below.

1.2.2: Macro- economic policy and strategy

The Gambia continues to implement free market policies and strategies as enshrined in
Economic Recovery progranme (ERP) and its successor programme, the Programme for



Sustained Development (PSD). These two development programmes were subsumed into a
long-term devel opment strategy, known as Vision 2020.

Figurel2  Percentage depredation of the Gambian Dalas in 1999 againg
mag or international currendes
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A number of reforms have been and continue to be undertaken on both the fiscal and structural
fronts. On the fiscal front, public finances will be strengthened through a further reduction in the
budget deficit and an improvement in the structure of government revenue and expenditure,
including a reduction of import tariffs.

The structural measures will include encouraging private sector development, attracting foreign
investment, facilitating economic diversification, deepening financial intermediation and
upgrading the soundness of the banking system, resuming public enterprise reform, reforming
the energy sector, strengthening the agricultural sector, strengthening the institutional capacity of
the public administration, and implementing a comprehensive social agenda, especialy in the
education and health sectors.

The Gambias medium term strategy is embedded in the Policy Framework Paper, which has
been replaced by the PRSP. An interim PRSP (SPA I1) has been prepared and was launched in
November 2000 and the final document was prepared and adopted in 2001. The PRSP defines
and outlines a people-centered approach to the eradication of poverty. It sets out the poverty
reduction strategy and the implementation modalities for Vision 2020.




1.3: Social Development
1.3.1: Human development and poverty

According to the 2000 National Human Development Report (NHDR, 2000), HDI for The
Gambia is 0.363 (Figure 1.4 below). The Life Expectancy Index (LEI) is 0.5, Educationa
Attainment Index (EALI) is 0.364 and the Real GDP Index (RGI) is 0.226. The figures reported
in the global HDR are dightly different from those in the NHDR. The Global HDR (GHDR)
reports an HDI of 0.396, an LEI of 0.37, an EAI of 0.37 and an RGI of 0.45. In terms of gender,
the GHDR reports a gender-related development index of 0.388, while NHDR reports an index
of 0.340. It must be noted that the GHDR figures have a two to three year time lag while those
of the NHDR have a one-year lag.

Life expectancy at birth is till low at about 53 years overall, 52 years for men and 55 for
women. Infant mortality was 73 per 1000 babies born in 2000, down from 159 per 1000 babies
born in 1980. The under-five mortality rate is about 110 per 1000 children. Prevaence of
mal nutrition declined to 30% in 2000. About 62% of total population, (53% in the rural and 80%
in the urban areas) have access to safe water supply. Sanitation services are available for 37% of
the total population (35% of the rural population and 41% of the urban population (see table 1.1
below for additional health indicators for The Gambia)).

Table 1.1: Health indicatorsfor The Gambia

Physicians per 1,000 people 0.04
Hospital beds per 1,000 people 0.6
Child immunisation rate (under 1 year)

- Measles 88%
- Tuberculosis 97%
Preval ence of under —hourishment 25%
Child malnutrition (under 5 years) 30%
Births attended by skilled health staff 44%

In the area of education, the overal illiteracy level stands at 63% and that for females at 78%.
Industry and manufacturing sectors account for 12% and 11% of GDP, respectively. The services
sector, which is dominated by the hotel industry and a vibrant informal sub sector, contributes
about 67% of GDP (Figure 1.3), and is the main foreign exchange earner. The growth rate of the
services sector is 4.3%.

Rapid population growth and increasing urbanization have posed a threat to the environment and
put pressure on limited natural resources, thus aggravating environmental problems such as soil
degradation, loss of forest cover, loss of biodiversity and poor sanitation. Coastal erosion has
become a serious problem. For example, in some areas along the Atlantic coastline, the beach
has been retreating at a rate of 1-2 m per year for the past thirty years while severe coasta
erosion has produced sandy cliffs two meters high in other areas. Soil salinity is another threat to
the environment. Saltwater intrusion has destroyed many farmlands making many farming
households poorer.



Figure 1.3: Contribution to GDP by main economic activity
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1.4: Sectoral Trends, Policiesand Initiatives
1.4.1. Agriculture

The draft Agriculture policy objectives and strategies for agricultural development have been
extended to the year 2020 and has been submitted to Cabinet for approval. Environmental
degradation and depletion, increased pest and disease outbreaks, decreased use of vital inputs
and low level of labour supply due to rapid rural to urban migration are maor constraints
besetting the agriculture sector. The focus of the new policy will be to increase farm
productivity, diversify the farm household production and marketing mix and increase the share
of household production to be marketed. The government is currently assisting farmers through
the Federation of Agricultural Cooperatives. Government will continue to support the Agro-
business Service Centre Association to introduce better seed varieties and to develop a
commercially managed agricultural credit system. It has aso taken cognizance of the fact that
previous initiatives lacked the "ownership” element required to sustain them. As a result,
Government is emphasizing grassroots-level empowerment of people and improvement of
capacity at local levels.

1.4.2: Fisheries

The specific policy objectives of the fisheries sector as spelt out in the Strategic Plan for the
Management and Development of the Fisheries sector include the following:
(a) to effect arational long-term utilisation of marine and inland fisheries resources;
(b) to use fish as a means of improving nutritional standards of the population;
(c) to develop and expand artisanal fisheries and increase Gambian participation, especialy
women in the fishing industry;
(d) to increase employment opportunities and net foreign exchange earnings in the sector;
(e) to improve the economic environment of fisheries with a view to enhancing the sector’s
contribution to the national economy;
(f) to develop aguaculture, and
(g) toregulate industrial fishing activities with aview to achieving sustainable output.

Because fisheries resources are non-renewable, and subject to over exploitation, depletion and
the influence of environmental factors, the under-pinning principle of the fisheries management
system in The Gambia advocates for the enforcement of judicious and rational practices,
consistent with the optimum exploitation and utilisation of fish resources.

14.3:. Energy

The energy resource base of The Gambia comprises mainly of electricity, petroleum products,
fuelwood, liquefied petroleum gas (LPG) and renewable energy. Electricity generation is amost
exclusively produced using petroleum products. Because of the limited generation capacity, load
shedding is frequent. The policy guidelines put in place to address the outage are increase
efficiency of the utility sector, promotion of private sector participation in power generation and
provision of affordable tariffs for the utility services by rehabilitating the transmission and
distribution lines, installation of effective meters, together with vigorous billing system, use of



heavy fuel oil (HFO) generating sets instead of diesel oil sets and introduce demand side
management.

Other policy objectives in place include the encouragement of the use of renewable energy
technologies and private sector participation in the supply and distribution of electricity.

1.4.4. Forestsand forestry

Forests are estimated to cover about 48% of the land area of The Gambia and the forest cover is
classified into four broad categories. Closed forest (26,800 ha), Open forest (62,600 ha) Tree and
Shrub Savannah (347,000 ha) and Mangroves (68,000 ha) (Forster, 1983). The Forestry sector
share of GDP is estimated at less than 1%. This does not, however, take into consideration the
significant informal trade in timber and non-timber forest products (fuelwood, fencing posts,
wood carvings, honey palm oil and kernel, and wild fruits) that occur locally in the rural areas
and across the border.

Forests provide more than 85% of the domestic energy need of the country in the form of
woodfuel and about 17% of the domestic saw timber needs (EU/MNRE, 1992). The natural
forest cover continues to be altered by forest fires, which remain the single most important cause
of forest degradation. It is estimated that not less than 85% of the land area of The Gambiais
burnt annually. Apart from wiping out regenerating trees and shrubs, forest fires also kill
matured trees especially when the fires occur at the peak of the dry season when most of the
vegetation is under severe water stress.

The main objectives of the national forest policy are to:
1. preserve, maintain and develop forest land resources covering at least 30% of total land
area,
2. ensurethat 75% of forest lands are managed and protected; and
3. ensure that sufficient supply of forest produce needed by both urban and rural population
Isavailable.

To achieve the above objectives, the forest policy will promote and encourage:
1. popular use of affordable alternatives for energy in urban areas to bridge the gap
between the demand and what the forest can sustainably supply;
2. community ownership and management of forest lands;
3. multiple use of forest and forest lands;
4. effortsin the development of new strategies for the prevention and the control of bush
fire;
5. active participation of private individuals and the private sector in the production of
forest produce and its marketing;
nationwide tree planting;
national awareness concerning conservation and rational utilization of forest
resources; and
8. urban forestry.

No



1.4.5: Water resources

The water policies of The Gambia are obsolete due to the increase demand and commensurate
expanded mandate of the agencies responsible for the management of the water resources of the
country. The Department of Water Resources (DWR), with the collaboration of donor partners
(EC/EDF, UNDP, UNCDF and UNICEF), is working towards the updating of the policies,
strategies and regulations of the water resources sector.

There is undoubtedly a continuing need for the provision of basic water supply facilities in the
rural areas to assure 100% access to potable water by the rural population. As a matter of policy,
the modern concrete-lined well and the Mark Il (improved type) hand pump have been adopted,
as the standard well and hand pump in the country. The introduction of renewable (solar and
wind) energy-powered pumps and complementary borehole construction as well as the
installation of reticulation systems in towns and villages with large population is being
vigorously pursued.

The Private Hand-pump Maintenance Scheme and the training and use of Area Mechanics,
initiated by the Gambia-German Hand-dug Wells (GITEC) Project is a policy that is presently
being replicated across the country. Effective community participation includes community
education with regard to water sanitation, well utilisation and maintenance, the appointment of a
Village Well Committee and the financia contribution towards the cost of maintenance of the
constructed well and hand pumps and water supply facilities in the villages. The introduction of
economic incentives and user chargesis being considered in the new policy and regulations.

It islogical that the water resources of the nation should be controlled by law. This law should
invest the DWR with statutory powers and responsibilities to control the abstraction of water by
means of the issue of water licenses and other regulatory measures. The Water Resources Act
should define the type of water rights to be adopted as regards surface water and groundwater.
Basic and applied research are the key to future progress, and increased attention should be given
to the overall coordination of research and exploration programmes in the water resources sector.
It should be government policy to allocate funds to areas that promise the greatest advances in
water management and technology use.

1.4.6. Biodiversity and wildlife

In The Gambia, the development of a strategy and policy concept for biological diversity started
with the Banjul Declaration and the Wildlife Conservation Act of 1977. These documents,
particularly the Banjul Declaration, provide the basis for the conservation and sustainable use of
biological resourcesin The Gambia.

Over the last two decades, the Government of The Gambia has taken various legal, policy and
institutional measures to promote the conservation and sustainable use of the country’s
biodiversity. The most recent policy focuses on developing a comprehensive devel opment
policy framework, which includes institutional strengthening of public education to create
greater awareness, conservation and research. The first ever comprehensive biodiversity/wildlife
policy and a bio-safety and biotechnology framework for The Gambia have been developed and



are currently under review for Cabinet approval, before enactment into a law by the Nationa
Assembly.

In the wildlife sector, the initial policy strategy was to set up a system of protected areas and a
total of six national parks were established. The new policy objective is to increase national
parks to 5% of total land area, and put an emphasis on community conservation and bio-diversity
research to acquire baseline data. Various biodiversity-related sectoral laws support the above
mentioned policy measures. These include the Nationa Environmental Management Act
(NEMA) of 1994, the Fisheries Act of 1995, the Fisheries Regulations of 1995, The Wildlife
Conservation Act of 1977, the Wildlife Regulations of 1978, the Banjul Declaration of 1977, the
Forest Act of 1997, the Forestry Regulations of 1998, the Plant Importation and Regulation Act
of 1963 and the Prevention of Damage by Pests Act of 1962.

1.4.7. Waste management

The present policy direction on waste management is to relocate old solid waste dump sites to
more appropriate sites and create land fills to better manage the ever increasing solid waste being
generated in the country. Supporting policies and legidation include the NEMA, 1994; Public
Health Act, 1990; Public Health Regulations, 1990; Banjul Market Slaughter House Regulations
and Banjul and Kombo St. Mary’s Slaughter House (Licensing and Management) Regulations
Local Government Act (1963) CAP.33: 0130.

The Loca Government Authorities (LGA) (Dissolution and Appointments Decree 1994)
appointed management committees with functions of regulating the disposal of refuse, the
prevention, abatement and removal of nuisances, and generally for the oversight of health and
sanitation. There are no set guidelines as to disposal methods in the legidation.

The Waste Management policy objective isto preserve and improve the health and quality of life
of al Gambians through sound environmental management. Problems addressed include poor
sanitation, waste management and disposal. The policy targets the minimization of the waste
management's impacts on human, fauna, flora and natural environment and minimization of
landfill/dumpsite volume. The principle of the waste management policy is the prevention of
waste production, waste utilization and recycling, and controlled disposal of waste, which cannot
be utilized (after biological, thermal or chemical-physical treatment).

15: References
UNDP Human Development Report, 2000
Strategy for Poverty Alleviation (SPAIl — PRSP), SPACO, April 2002

Forster, H., 1983. Evaluation of the National Forest Inventory of The Gambia, Technical Report
no. 10. Gambia-German Forestry Project, Banjul.

EU/MANR, 1992. The Gambia Environment Action Plan, 1991.

10



CHAPTER 2

2: NATIONAL INVENTORY OF GREENHOUSE GASEMISSIONS

2.1: Introduction

The United Nations Framework Convention on Climate Change (UNFCCC) seeks to stabilise
concentrations of greenhouse gases (GHGS) in the atmosphere and commits Parties to take
measures to mitigate GHG emissions, in accordance with the principle of common but
differentiated responsibility and taking into account their national priorities and aspirations.
Inventories of GHGs provide the means for monitoring reductions of GHGs by Parties and are
therefore important components of national communications.

The Intergovernmental Panel on Climate Change (IPCC) has developed guidelines for
computing of GHGs (by Parties) to enable their comparison. The inventory presented below was
calculated using methodol ogies recommended in the GHG inventory reference manual produced
by the IPCC. This inventory used 1993 as the base year because more data was available that
year than any other. In fact specific surveys were conducted in 1993 to generate data needed for
the inventory exercise.

Not all emission categories of the 1996 Revised Guidelines (IPCC.OECD.IEA, 1997) are
reported on in this chapter of the National Communication. This shortcoming is due to the
following:

1. Sub-category B: Fugitive emissions from Fuels of Category 1. Energy is also not
reported. Estimation of fugitive emissions could not be conducted because there is no fuel
produced in The Gambia. Primary fuels do not exist and oil and gas activities such as
coa mining and oil refining are not conducted.

2. The bulk of the emissions from Category 2: Industrial Processes could not be estimated.
Metal, cement, lime/limestone, soda ash, adipic and nitric acid, pulp and paper, ammonia,
carbide and glass production do not exist. Asphat roofing, road paving with asphalt, and
concrete plumise stone production are conducted but datais lacking and documentation is
inadequate for use in the development of a credible national inventory. Consumption of
halocarbons and sulphur hexafluoride (SFs) from refrigeration assembly, operation and
disposal could not be quantified due to inadequate |abeling, documentation and age of the
equipment that enter the country. Similarly, data on foam products, fire extinguishers,
solvents, aerosols and propellants, and equipment containing SFs are not readily
available. Some study is necessary because the equipment are found in most public,
commercial facilities and residential properties.

3. Category 3. Solvent and Other Product Use has not been reported on because the
methodology for this category is still being devel oped.
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The details of the methodology and data sources are under the respective emission categories
below.

2.2.  Emissionsof Greenhouse Gases from the Energy Sector

In The Gambia, energy sector activities that contribute directly to the emission of GHGs have
been identified as electricity production, transportation, domestic consumption of energy, and
industrial and agricultural processes. The emissions consist of direct GHGs from energy
consumption (Carbon Dioxide (CO,), Methane (CH,), Nitrous Oxide (N2O), Nitrogen Oxides
(NOx), Carbon Monoxide (CO) and Non Methane Volatile Organic Compounds (NMVOC)) and
Sulphur Dioxide (SO;). Emissions from energy systems are calculated from fuel combustion,
including fuelwood. It is assumed that all fossil fuel imported and all wood fuel gathered are
consumed. Details of the methodologies can be found in the National Inventory (NCC, 2002).

2.2.1: Resultsof estimation of emissions from the energy sector dueto fuel combustion

From Table 2.1 below, total emissions due to fuel combustion and based on the 1996 IPCC
Guidelines, consist of 181,064 tonnes (t) CO,, 2,911t CHy4, 40 t N2O, 54,536 t CO, and 6,987 t
NMVOC. CO, constitutes 73% of the emissions while CO represents 22% (Figure 2.1).

The bulk of CO, emissions came from road transport, representing 60% and the energy
industries emitted 30% of the CO,. The residential sub-sector is the major emitter of CH4. The
sector emitted over 99% (3Gg) or 3,000 t CH,4. Energy Industries emitted about 94% of the total
N-O emitted, the manufacturing and construction industries emitted about 6% while the
combined emissions of the remaining sectors is less than 1%. The residential and road transport
sub-sectors are responsible for the bulk of NOx emissions from the energy sector. Together, they
emit about 93% of the total, while energy industries emit about 7%. The residential sub-sector
emitted 47,000 t (47 Gg) and the road transport sub-sector emitted 6,000 t (6 Gg) of the total CO
emissions. Similar to the emissions of CO, 86% or 6,000 t(6 Gg) of the NMVOC emissions are
from the residential sub-sector while 14% or 1,000 t (1 Gg) came from the road transport sub-
sector.

2.2.2. Data gaps, expertise, sustainability and recommendations

The Gambia has a good activity data set for the development of the national inventory of
emissions of GHGs in the energy sector. Between the development of the 1993 Inventory in
1994 and 1999, discrepancies have been found in the quantity of fuel imported. The values
collected during this study have been confirmed as the most accurate and have been
computerized.

Data on fuelwood needs improvement. In 1993 the National Climate Committee (NCC)
conducted the only nation-wide survey on fuelwood consumption. As this was conducted during
the dry season it has become necessary to conduct another survey during the wet season so as to
eliminate the effect of seasonal variation on fuelwood consumption.
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More than 20 members of the NCC received training on the development of national inventory
of GHG emissions using the Revised 1996 IPCC Guidelines and Software. The training was
conducted during the national workshop on Inventories of GHGs and included activity data
needs and collection, emission coefficients and factors, hands-on-exercises on the recording of
the data in the worksheets, and reporting of the results. Out of the members trained during the
workshop 2 have continued to enter the data in the modules and developed the energy sector
inventory. Thus expertise has been developed in the development of the inventory.

Table2.1: Emissionsof GHGsfrom theenergy sector in 1993
CO, | CH, | NO | NOx | co [ NmvoC | so,
®
TOTAL 181,064 | 2,911 40 2,224 | 54,536 6,987
Energy Industries 54,369 2 145 11 4
[Manufacturing Industriesand 3,376 9
Construction
Road Transport 108,000 1,000 6,000 1,000
Commercial/lnstitution 8,000 1,000
Residential 4,000 3,000 1,000 | 47,000 6,000
Agriculture/Forestry/ Fisheries 3000

Figure 2.1: Emissi'bns of greenhouse gases by g:ils (%) from the energy sector in
’ 1993 ’
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Sustainability in the development of the inventory is assured by the signing of a Memorandum-
Of-Understanding (MOU) between DWR (Focal Point of the UNFCCC) and the DOSTIE,
Central Statistics Department (CSD), Gambia Public Transport Corporation (GPTC) and Gambia
Civil Aviation Authority (GCAA). By signing the MOU, concerned institutions have agreed to
make data available to the Inventory Team through the DWR as and when required.

It is recommended that the Department of Energy under the Office of the President, be provided
with the required logistics such as a computer and the inventory software to be fully responsible
for the development of the energy sector inventory as and when required.

Due to the lack of country-specific emission factors and coefficients, default values provided in
the IPCC Guidelines are used in this inventory. Its is recommended that the Inventory Team
should, as a matter of priority, develop country specific emission factors and coefficients where
found necessary. This aspect is a national priority and the National Communications Support
Programme (NCSP) in New Y ork and UNDP have understood it that way and have included The
Gambia in the Regional Project on the Improvement of Inventories through the development of
regional and national emission factors.

2.3:  Emissions of Greenhouse Gases from I ndustrial Processes
2.3.1; I ntroduction

The industrial sector in The Gambia is underdeveloped. Banjul Breweries produces beer, malt
and mineral water. Various cottage industries exist and these process and produce food on a
relatively small scale. Therefore, only emissions from beverage and food production are assessed
for the Industrial Processes category. These activities are not related to energy but chemically or
physically transform materials. During these processes Non-Methane Volatile Organic
Compounds (NMVOC) are released. The methodology employed is described fully in NCC,
2002.

2.3.2. Results of estimation of emissions from industrial processes
2.3.2.1: Emissions of NMVOC from alcohol beverage production

In 1993 Banjul Breweries produced about 120.5 million litres of Julbrew Lager, about 48 million
litres of Guinness and about 50 million litres of malt drink (Table 2.2). Production of these
quantities of beverages resulted to emissions of about 422 kg of NMVOC for Julbrew lager, 168
kg of NMVOC for Guinness and 174 kg of NMVOC for the malt drink. Thus, in 1993, atotal of
764 kg of NMVOC were produced due to production of beverages at Banjul Breweries.

2.3.2.2. Emissions of NMVOC from bread and other food production
Table 2.3 shows emissions from the production of bread and other food items. Bread production
is responsible for 92.5% of the emissions while production of animal feed and fish processing

produce 4.9% and 2.1% respectively, of the emissions. Meat, poultry and production of cakes
has a combined emission of about 0.5%.
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Table2.2: Emissions of non-methane volatile organic compounds from industrial processesin The
Gambiain 1993
Alcoholic Quantity of | Emission Factor NMVOC NMVOC | Shareof Emissiong
beverage Type Alcoholic (kg NMVOC/hI) Emitted Emitted by beverage type
Beverage (kg) (Gg) (%)
Produced (hl)

Julbrew L ager 12048 0.035 421.68 0.00042168 92
Guinness 4795 0.035 167.83 0.00016783 4
IMalt 4969 0.035 173.92 0.00017392 4

Total (Gg) 0.00076343 100

Table 2.3: Emissions of NMVOC from bread and other food production
Food Quantity of Emission Factor NMVOC NMVOC Per centage Shar e of
Production [Food Produced| (kg NMVOC/t Emitted Emitted Emissions by type of
Type ) food processed) (k@) (Go) food (%)

IMeat 49 0.3 14.78 0.00001478 <0.5
Poultry 111 0.3 0.33 0.00000033 <0.5
Fish 7736 0.3 2,320.80 0.00232080 2.1
Bread 12975 8.0 103,796.87 0.10379687 925
Cakes 509 1.0 508.52 0.00050852 <0.5
Animal Feed 5538 1.0 5,538.02 0.00553802 4.9
Total (Gg): 0.11217933 100

2.3.3: Conclusions and recommendations

Presently, only the Alcohol Beverage and Food Production sub-modules of the industrial sector
of The Gambia can be assessed. Data on al other sub-modules are not readily available. An
attempt was made to collect data on other sub-modules but this ended up being a useless exercise
for this Inventory development process.

The data have not been properly recorded or not recorded at all. Some of the equipment are so
old that labels have faded or non-existent. The Industrial Processes category is likely to be a big
emitter because most of the equipment used is obsolete. These include used refrigerators,
freezers, air conditioners, and compressor units that are leaking even at the time of importation.

It is recommended that a complete data gathering and collection study should be conducted for
the Industrial Processes category in The Gambia. Since thisis the first time this category is being
assessed in The Gambia historical, data needs to be assembled in the data bank. Based on the
collected data, it will be possible to extrapolate emissions for past years.

All emissions factors used are those from the 1996 Revised |PCC Guidelines on the devel opment
of National GHG emissions (IPCC.OECD.IEA.UNEP, 1997).
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2.4. Emissionsof Greenhouse Gases from the Agriculture Sector

2.4.1: Introduction

Agricultural activities contribute directly to emissions of GHGs through a variety of different
processes. These include CH, emissions from enteric fermentation in domestic animals, animal
waste management, rice production, and non-CO, emissions from savannah burning and field
burning of agricultural wastes. Each of these activities is considered in this report and the results
of analysis from the worksheets are al so presented.

The data collection and analysis methods used are reported in the National Inventory (NCC,
2002). All the data collected were input in the IPCC/OECD/IEA Modules. The methodology
consists of step by step instructions and worksheets contained in the revised IPCC 1996 Revised
Guidelines (IPCC.OECD.IEA, 1997).

2.4.2: Resultsof estimations of emissions from the agriculture sector

24.2.1: Emissions from enteric fermentation

From Table 2.4 and Figure 2.2, a total of about 12,105 t CH, are produced through enteric
fermentation in livestock and about 522 t CH,4 are produced from manure management. This
convertsto atotal of 12.63 Gg CH4from livestock production in The Gambia.

24.2.2. Emissions from manure management

As shown at the bottom of Table 2.5, manure deposited by livestock that are grazing extensively

in pastures produces about 16,722 kg of nitrogen per year. This value is used to estimate
emissions from agricultural soils under section 4.2.5.

Table2.4: Emissions of greenhouse gases from livestock production
Livestock | Number Emission Emissions Emission Emissionsfrom| Total Annual

Type of Factorsfor | from Enteric Factorsfor Manure Emissions
Animals Enteric Fermentation Manure M anagement from

Fermentation M anagement Domestic

Livestock
('000s) | (kg/head/yr.) (thyr.) (kg/head/yr.) (thyr.) (Gg)
Cattle 304.852 32 9,755.26 1.000 304.85 10.06
Sheep 115.589 5 577.95 0.210 24.27 0.60
Goats 213.732 5 1,068.66 0.220 47.02 112
Donkeys 33.448 10 334.48 1.190 39.80 0.37
Horses 17.556 18 316.01 2.180 38.27 0.35
Mules/Asses 0.241 10 241 1.190 0.29 0.00
Swine 50.000 1 50.00 1.000 50.00 0.10

Poultry 740.000 0 0.00 0.023 17.02 0.02

Totals 12,104.77 521.53 12.63
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Figure 2.2: Emissions of methane from enteric fermentation in various animals
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Table2.5: Emissionsof greenhouse gases from manure deposited in pastures

Livestock Type | Number of Animals | Nitrogen Excretion | Fraction of Manure | Nitrogen Excretion
("000s) (kg//head/(yr.) Nitrogen per AWMS per
(%/100, a fraction) AWMS, Nex

(kg/N/yr.)

Non-dairy Cattle 304.852 40 0.96 11,706.32

Poultry 740.000 0.6 0.81 359.64

Sheep 115.582 12 0.99 1,373.11

Swine 50.000 16 0.93 744.00

Goats 213.732 12 0.99 2,539.14

TOTAL | 16,722.21

Note: A Nex value of 12 and Fraction of Manure Nitrogen value of 0.99 are assumed for Goats, as Goats and Sheep
have similar characteristics. It is assumed that all livestock manure in Africais managed as a solid on pastures and ranges
(IPCC 1996 Revised Guidelines for National Greenhouse Gas | nventories: Workbook).

24.2.3. Emissions from rice production

Table 2.6 shows that about 81% (22.1 Gg) of the CH,4 emissions from rice production activities
come from the deep water fields, 11% (2.1 Gg) come from activities in irrigated rice fields, and
8% (2.1 Gg) come from the shallow-water, drought prone “banta-faros’ of the country. “Banta-
faros’ is the local name for upland fields, which sometimes remain under water for about 2
months of the rice-growing season. The irrigated fields have alonger period under water than the
“bantafaros’ and the irrigation scheme is mostly tidal.
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Table2.6: Methane emissionsfrom rice cultivation in The Gambiain 1993

Water Management Regime Harveste| Scaling | Correction Seasonally CH,4
d Area Factor Factor for Integrated Emissions
(m?/1 for Organic |Emission Factor for (Go)
000 000 | Methane | Amendment Continuously
000) |Emissions Flooded Rice without
Organic Amendment
(gm?)
Irrigate |Intermittently (Single 0.148 0.5 2 20 2.960
d Flooded Aeration
Rainfed |Drought Prone 0.134 0.4 2 20 2.144
Deep Water Depth > 100 cm 0.692 0.8 2 20 22.144
Water

Totals 27.248

Note:  Default values provided in Tables 4.10 and 4.11 of the Workbook (I PCC, 1996) are used for Scaling
Factor Correction Factor for Organic Amendment and Seasonally | ntegrated Methane Emission Factor.

24.2.4. Emissions from Savannah burning (bushfires)

Net CO; released from the burning of savannah is considered to be zero because most of the
grasses that regenerate during the following wet season absorb the CO,. Other gases such as
CH,4, CO, N2O and NOx are emitted due to incomplete burning and other factors such as
temperature.

From Table 2.7, 94% (2.77 Gg) of the emissions from Prescribed Burning of Savannah are CO,
4% represent emissions of CH,4 (0.11 Gg) and emissions of NOx represent about 2%. Emissions
of N,O are insignificant. It should be noted that only three years of data were available for
savannah burning.

Table 2.7: Emissions of GHG from prescribed burning of Savannah in The Gambia

Year/Trace Gas

CH,
CO

N,O
NOx

24.25: Emissions from crop residue burning

Similar to the burning of savannas, crop residue burning is not thought to be a net source of CO,
but is a significant source of CH4, CO, NOx and N2O. Table 2.8 shows the quantity of carbon
and nitrogen released from burning crop residues in the field. For both carbon and nitrogen
release, burning of cotton residues contributes about half of the pollution. Burning of rice straw
contributes 28% of carbon and 26% of nitrogen released while burning of groundnut residues
contributes 9% of the carbon and nitrogen rel eased.
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Emissions of trace gases due to burning of agricultural residues are mainly in the form of CO
(Table 2.9) representing about 92% of the total emissions, while emissions of CH, and NOx
contributed about 8%. Emissions of N,O were comparatively insignificant.

Table 2.8: Total carbon and total nitrogen released from burning of crop residues

Crop type Total carbon released Total nitrogen released
Groundnuts 0.16 0.0023
Millet (Early & Late) 0.13 0.0020
Maize 0.09 0.0017

Rice 0.49 0.0069
Sorghum 0.01 0.0003
Cotton 0.89 0.0134
Sesame NA NA

1.7781 0.0267

Table2.9: Emissions of trace gases from burning of crop residuesin thefield
Emission Emissions Conversion Actual Percentage
Ratio (Gg C/IN) Ratio Emissions | distribution of
(Gg Trace emissions by
Gas) gas (%)
M ethane (CH,) 0.005 0.0089 16/12 0.0118 4.4
Carbon Monoxide (CO) 0.060 0.1063 28/12 0.2480 91.6
Nitrous Oxide (N,O) 0.007 0.0002 44/28 0.0003 0.1
Nitrogen Oxide (NOx) 0.121 0.0032 46/14 0.0106 39
2.4.2.6: Emissions of non-CO, trace gases from agricultural soils

To estimate emissions of GHGs from agricultural soils, it is necessary to use, as input, the
quantity of synthetic fertilizers applied to the soil, manure input from animal waste, production
of nitrogen-fixing crops, and amount of crop residues that is left on the soil as manure. These
inputs are shown in Table 2.9. Emissions of N,O from application of fertilizers occur through
volatilization of nitrogenous fertilizer into the atmosphere.

Tables 2.10 and 2.11, and Figure 2.3 show emissions of N,O from agricultural soils. About 98%
of the emissions come from agricultura fields and about 2% come from leaching due to
applications of synthetic fertilizers and animal waste. The nitrogen from these sources volatilizes
into the atmosphere.

2.4.3. Constraintsin the development of the inventory for the agriculture sector

1. Data on flood duration and water depth in rice production ecology should be determined.
Local emission factors and coefficients to be used in the calculation of emissions from rice
production should be developed locally or in collaboration with other regional institutions.

2. Only one survey has been carried out on crop residue burning, and to establish a trend that

will be usable with limited bias, more surveys should be conducted as crop production varies
with climate.
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Table2.10: Direct and indirect emissions of nitrous oxide from agricultural soils

Emission Nitrogen Input Fraction of Emission Factors Nitrous Oxide
Source Nitrogen in Input and Value Used Emissions
(GgN,0)
Direct Soil Synthetic Fertilizers, - EF,=0.0125 0.16630
Emissionsfrom | Animal Waste,
Agricultural Nitrogen-Fixing
Fields Crops, and Crop
Residue
Direct Soil Areaof Cultivated - EF,=10.0000 Not Estimated
Emissionsfrom | Organic Soils because area of
Cultivation of cultivated organic
Histosols soils could not be
established
Pasture range 16.722 tonnes - EF; = 0.0200 0.00053
and Paddock Nitrogen
(Grazing
Animals)
Atmospheric 56.5t volatized Fracgase EF, = 0.0100 0.00060
Deposition of nitrogen 0.1
NH; and NOx 3.3t volatized Fraccasm
nitrogen 0.2
Leaching 565 t synthetic Frac each EFs = 0.0250 0.00400
fertilizers 0.03
16.7 t nitrogen as
part of excretion
from livestock
Total 0.17143

Table2.11: Direct soil emissions of nitrous oxide from agricultural fields (seefirst row of Table 2.10

above)
Type of Nitrogen Amount of Emission Factor for Direct Sail Remarks
Input into the Nitrogen Direct Emission Emissions
Soil Input (Kg (kg N,O-N/kg N) (Gg N,O-N/yr)
N/yr.)

Synthetic Total nitrogen excreted

Fertilizers 508,500.00 0.0125 0.0064 and fraction of nitrogen
excreted were used to
calculate emissions

Animal Waste 13,043.32 0.0125 0.0002

Nitrogen-Fixing 4,603,200.00 0.0125 0.0575 Production figures for

Crops groundnuts were used in
the calculation

Crop Residue 3,343,655.70 0.0125 0.0418

3. Thereis no country specific data on savannah burning. Figures used were adopted from the
Centre de Suivi Ecologique (CSE) satellite image covering the period 1990, 1991 and 1993.
Default conversion factors from IPCC guidelines were used.

4. Annual fertilizer importation figures were used in the calculations because it could not be
determined how much of such quantities were actually applied on the soil. There are no
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organic (Histosols) soils in The Gambia. All other values used in the calculations were
obtained from the 1996 Revised |PCC Guidelines as default values.

Figure 2.3: Emissions of nitrous oxide from agricultural soilsin The Gambia
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2.5.  Emissionsof Greenhouse Gases from Land-Use Change and Forestry
2.5.1: Introduction

According to IPCC.OECD.IEA, (1997) land-use changes that result in alterations in the amount
of biomass on the land produce a net exchange of GHGs between the atmosphere and the land
surface. Biomass is a shorthand for organic material, both aboveground and below ground and
both living and dead, e.g. tree crops, tree litter, roots, etc. The primary land-use changes that
result in GHG emissions and uptake are conversion of forests to non-forests (e.g., conversion of
forests to pasture or cropland) and conversion of non-forests to forests (e.g., establishment of
plantations).

When forests are cleared, most of the carbon in the cleared biomass is released to the atmosphere

as CO,. Clearing by burning (e.g., biomass burning) releases other gases in addition to CO,,
which are by-products of incomplete combustion. These include CH4, CO, N0, and NOx. CO;
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emissions from land clearing may not imply a net release of CO, to the atmosphere but emissions
of these gases are net transfers from the biosphere to the atmosphere.

Land-use changes aso result in GHG emissions through the disturbance of forest soils. When
forests are converted to croplands, an average of about 25-50% of the soil carbon is released as
CO,, primarily through oxidation of organic matter. Loss of forests may also result in increased
net CH4 emissions to the atmosphere since forest soils are a natural sink of CHa, i.e.; forest soils
absorb atmospheric CHa.

2.5.2: Estimates of emissions from the land-use change and forestry

25.2.1. Estimates of CO, emissions from changes in forest and other woody biomass
stocks

The category Changes in Forest and Other Woody Biomass Stocks as used in this inventory is
very broad, potentially including a wide variety of land-use practices. It includes plantations,
forests that are logged or otherwise harvested, the planting of trees in villages, farms and urban
areas and any other significant stocks of woody biomass. The method for calculating the net
changes in biomass stocksis given in NCC (2002a).

Estimates show that 0.05 kilotonnes carbon (kt. C.), 71.30 kt. C., 11.63 kt C. and 3.22 kt. C. were
realised by management of the Tectonic grandis plantations, open dry forest, gmelina
plantations, and our village and urban tress, respectively. On the other hand, 103.42 kt. C. are
pumped into the atmosphere from forest clearing and logging exercises conducted in The
Gambia. The net effect is the emissions of 63.15 Gg CO; into the atmosphere from changes in
the forest and other woody biomass in The Gambia (see Table 2.12 below).

Table 2.12: Emissionsdueto changesin forest and other woody biomass stocks

Total Biomass Consumption From Carbon Annual Net Annual Annual CO,

Stocks Fraction Carbon Carbon Uptake (+) or | Emission (-) or
(Commercial Harvest+ Traditional Release Release () Removal (+)
fuelwood+ other wood-Quantity of (kt C) (kt C) (Gg CO,)

biomass burned off site)
(kt dm)
206.84 0.5 103.42 -17.22 -63.15
25.2.2. Emissions from forest and grassland conversions

It is estimated that in 1993, 492 kilotonnes dry matter (kt dm) of the vegetation cover of The
Gambia were lost from conversion of savannah to other forms of land-use. This led to a release
into the atmosphere of 110.7 kt C due to the on-site burning of 246 kt dm. Another 193.5 kt C
was released due to off-site burning of about 184 kt dm. It is estimated that 292 kt dm has
decayed due to the conversion of 89,000 hectares (ha) of savannah during the 10-years, leading
to emissions of about 146.11 kt C into the atmosphere. From Table 2.13 below, atotal of 692.05
Gg CO,, 1.77 Gg CHg4, 15.50 Gg CO, 0.01 Gg N20 and 0.44 Gg NOx were released into the
atmosphere. About 99% of the emissions from this category are CO,.
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Table2.13: Emissions of carbon and trace gases from forest and grassland conversion

Carbon dioxide (CO,) Non-CO, trace gase
Carbon Carbon Dioxide Carbon and/or Quantity of
Released Released Nitrogen Trace Gases
(kt. C) (Gg COy) Released Emitted (Gg)
(kt C/kt N)
On-Site Burning 110.70 The carbon CH, 1.33 1.77
of Biomass (not released on-site co 6.64 15.50
included in translatesto
the Total release of trace N2O 0.01 0.01
bel ow) gases shown in NOXx 0.13 0.44
the next columns.
Off-Site Burning 193.50 281.38
of Biomass
Decay of 146.11 410.67
Aboveground
Biomass
TOTAL 339.61 692.05
25.2.3. Emissions from abandonment of managed lands

Based on assessments by Teusan (1994), about 361,000 ha of land were abandoned and
continued to regenerate during the 20 years preceding 1993 (i.e., from 1973). A total of about
43.3 million t dry matter has been accumulated due to this regeneration. As 50% of biomass is
assumed to be carbon, this accumulation of biomass trandates to carbon uptake in aboveground
biomass of 21.6 million t carbon. Total land area abandoned more that 20 years ago (i.e., before
1973) was 450,000 ha. This abandonment resulted in a biomass accumulation of 720,000 t dry
matter and 360,000 t carbon remova from the atmosphere. Thus, total carbon uptake by the
regeneration process is about 22 million t carbon and a removal of over 80,600 Gg of CO, from
the atmosphere.

25.2.4. Emissions and/or removals from mineral and organic soils

Based on the reclassification of the land-use system of The Gambia, Table 2.14 below was
arrived at. Some of the data collected for this analysis are extracted from the Land Resources
Survey (LRS, 1991) under the Department of Livestock Services (DLS).

Between 1973 and 1993 the soil carbon from mineral soils has decreased by about —534 kg. This
gives an annua carbon loss of 26.7 kg per year and CO, emissions of 97.9 kg per year from
disturbance of mineral soils. These emissions occur mainly from disturbance of the wetland soils
particularly due to the deterioration of our mangrove systems.

Based on atotal land area of 274,100 ha for upland crops and 505,300 ha for pasture/forest, the
net carbon loss per annum from organic soils is 8,008,500 Mg per year. This is equivaent to an
annual carbon loss of 8,008.5 Gg per year and total CO, emissions of 29,364.50 Gg CO,, per year
(Table 2.14 below).

23



Table2.14:

Emissions from mineral and organic soils

Changein Soil Carbon for Mineral Soils

Sail type Land area Soil carbon Net changein

1973 | 1993 1973 1993 SI\;"_' Ca; bgg_ I'”

Mha Mha T T Iner s

(Mha) | (Mha) (Tg (Tg (Tgper 20yr)

High Activity Soils 0.00 0.00 0.0000000000 0.0000000000 0.0000000000
Low Activity Soils 0.86 0.88 0.0000288210 0.0000290820 0.0000002610
Sandy 0.20 0.20 0.0000008020 0.0000007820 -0.0000000200
Volcanic 0.00 0.00 0.0000000000 0.0000000000 0.0000000000
Wetland (Aquic) 0.07 0.06 0.0000043510 0.0000035760 -0.0000007750
Totals 1.13 1.13 -0.0000005340

Carbon loss from managed or ganic soils

Land Area Annual Rate of L oss of Net Carbon Loss from
(ha) Carbon Organic Sails
(Mg Cl/halyr.) (Malyr.)
Upland Crops 74,100 20 5,482,000
Pastur e/For est 505,300 5 2,526,500
Total 8,008,500
Emissions from mineral and managed or ganic soils
Source Unit Conversion Total Annual Carbon Total CO, Emissions
Emissions (Gg C) (Gg CO,lyear
Total Net Change in Sail -50 0.0000267 0.0000979
Carbon
(-0.000000534 (T g/20years)
Total Net Carbon Loss from 0.001 8,008.5 29,364.50
Organic  Soils (8,008,500
Mglyear)
TOTAL EMISSIONSFROM SOILS 29,364.50

25.25: Net greenhouse gas emissions from land-use change and forestry

In 1993, the Land-Use Change and Forestry Sector can be regarded as a CO, sink. As shown in
Table 2.14 and Figure 2.4 the sector removed more than 50,000 Gg of CO, from the atmosphere,
but emitted 2 Gg CH,, 0.01 Gg N0, 0.44 Gg NOx and 15 Gg CO.

The net removal of CO, in the Land-use Change and Forestry sector (see Table 2.14 and Figure
2.4 below) consists of the following:

Emissions of 63 Gg CO, from changesin biomass stocks;
Emissions of 1,245 Gg CO, from conversion of forest and grasslands;
Removal of 80,696 Gg CO, dueto abandonment of managed lands; and
Emissions of 29,365 Gg CO- due to soil disturbance.

2.5.3: Conclusions and recommendations

The 1993 National Inventory of GHGs developed for the Land-use Change and Forestry in 1994
(NCC, 1994) was based on data from the 1982 Forest Inventory (Forster, 1983). The results
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obtained showed that the Forestry Sector of The Gambia was a major source of GHGs. In 1988 a
survey was conducted and the land-use and forestry data were updated. In 1993 a full Forest
Inventory was conducted and again data on forests were updated. It is these data that came out of
the 1988 reanalysis and the 1993 Forest Inventory that has been used to update the 1993 National
Inventory of GHGs for the Land-use Change and Forest sector.

Table2.15: Emissions of greenhouse gasesin the land-use change and forestry sector of The Gambiain
1993

CO,
(Gg)

CH,
(Gg)

N,O
(G9)

NOx
(Go)

co
(Gg)

Total Land-Use Change and Forestry

-50,023

2

0.01

0.44

15

Changesin Biomass Stocks 63
Tropical Forests
Grasslands/Tundra

B Forest and Grassland Conversion 1,245
Tropical Forests 0
Grasslands/Tundra 1,245

C Abandonment of Managed L ands -80,696
Grasslands/Tundra -80,696

D CO2 Emissions from Soil disturbance 29,365

Note: For the purposes of reporting, the signs for removals from the atmosphere are always (-) and for
emissionsinto the atmospherethe sign is (+).

The updated inventory shows that the Land-use Change and Forestry Sector of The Gambia has
changed from being a carbon source in the 1980s to a carbon sink in 1993. This change is mainly
due to the intervention of the Gambia-German Forestry Project during the past 15 years and aso
the efforts of the Government of The Gambia in promoting tree planting and community
forestry. These activities should be taken into full consideration in identifying and developing
mitigation measures and policies.

2.6. Emissionsof Greenhouse Gases from Waste M anagement
2.6.1: Introduction

Domestic, agricultural and industrial waste is generated in the form of solid and liquid. Thereis
no form of waste management or separation in The Gambia. Solid waste is collected from
residential properties and commercial services, markets, recreationa areas, government offices
and institutions (schools and hospitals), fish and poultry processing plants, industries, hotels, etc.
The waste constitutes the following: leftover food, paper, grasses, construction waste and other
cuttings.

2.6.2: Estimates of emissions from waste M anagement
2.6.2.1. Methane emissions from solid waste disposal sites

Data in Table 2.16 shows results of the analysis of emissions due to total annual solid waste
disposed at the disposal sites in The Gambia in 1993. A total of 119.51 Gg of Municipa Solid
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Waste (MSW) was disposed of at solid waste disposal sites (SWDS). This amount could be
much higher if the Area Councils were collecting all the waste in the Divisions. Waste is only
collected infrequently in market areas, in Brikama, Basse and Mansakonko and other growth
centres. The result is a gross annual methane generation of 9.39 Gg of CH4. None of the CH4
generated is being recovered.

Figure24: Greenhouseflowsin theland-use changeand foregry category
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2.6.2.2. Methane emissions from wastewater produced in the domestic and commercial
sectors

As shown in Table 2.17, the urban population of over 270,000 in Banjul and the Kanifing
Municipality in 1993 produced a total of 3.65 million kg of wastewater. With a recommended
degradable organic component (DOC) of 13.5 kg per person per year, atotal of 0.73 Gg of CH,4
was emitted in 1993.

2.6.2.3 Methane emissions from wastewater produced in the industrial sector
The industrial sector of The Gambiais under-developed. Most of the industries (metal, fertilizer,
paper and pulp, petroleum refining and petrochemicals, and rubber) included in the IPCC

Guidelines for the development of National Inventory for Industries do not exist. Only the Food
and Beverage industry is considered in this study. Table 2.18 shows that a total of 6.9 Tg of
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wastewater from industrial source was produced. This quantity resulted to the emissions of
137.96 Gg of CHa.

Table 2.16: Quantity of methane emissions from solid waste disposal sitesin 1993

Methane
Correctio

Factor

Fraction

n DOC in
MSW

Fraction
of of
DOC
which
Actually
Degrades

Fraction
of
Carbon
Released
as
M ethane

Conversion
Ratio

Potential
Methane
Generation
Rate
per Unit of
Waste
(Gg CH,4/Gg
MSW)

Realized
(Country
specific)
Methane
Generation
Rate per Unit
of Waste
(Gg CH4/
GgMSW)

Emissions
(GgCH,)

0.131

0.08

Note: Thevalue 0.6 is default value from Table 6.2 of Workbook. The value 0.255 in the third Column ig
average of default values given in Table 6.3 of Workbook, as there are no country specific values. Valuesin
Columns 4 and 5 are recommended default values.

Table2.17:

Emissions of methane from production and management of waste water in the domestic
and commercial sectors

M ethane
Emissions
Without
Recovery/Flaring

Emission Factor
(kg CHu/kg
BOD)

Total
Domestic/Commer
cial Organic
Wastewater
(kg BOD/yr.)

Population
(2,000
per sons)

Degradable
Organic
Component
(kg
BOD/1000
personglyr.)
13,505.00

13,505.00

(Gg CH,)

42.326
228.214

571,612.63
3,082,030.07

3,653,642.70 0.20 730,728.54 0.73

Note: Population figuresin the second column are from CSD, (1996). Value of 13,505 in the third column
given in the Workbook (IPCC.OECD.IEA, 1997). BOD is Biochemical Oxygen Demand

2.6.2.4. I ndirect nitrous oxide emissions from human sewage

Sewerage system exists only in Banjul. With a per capita protein consumption of 9.125 kg per
person per year and a population of 42,326 served by the sewerage system, emissions of N,O are
estimated as 1,000 kg N,O (0.001 Gg) per annum (Table 2.19 below).

From Tables 2.15 to 2.19 above, the gross annual CH,4 emitted in The Gambiain 1993 was about
148 Gg. As shown in Figure 2.5, 94% of the CH4 emitted came from wastewater handling,
particularly from the industrial sector and 6% of the emissions came from solid waste disposal.

2.6.3: Conclusions and recommendations

From the data collected on the total annual waste produced in The Gambia the following
observations can be made:
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=

waste produced is not sorted;

2. lack of adequate resources to collect all the waste in magjor towns and municipalities makes
the results a gross underestimation;

3. all the waste dumped at the disposal sites are not managed;

4. thelocation of existing disposal sites are inappropriate in terms of environmental sanitation;

Table2.18: Emissionsof methane from industrial wastewater handling

Degradable| Total Organic Methane
Wastewater from

Emission Net Methane

Factor

Total
Industrial

Industries
Emissions without

Output
(thyr.)

Organic
Component
(kg COD/m?®
wastewater)

Industrial Source
(kg CODlyr.)

(kg
CHykg
COD)

Recovery/Flaring

2635

17

1,157,447,837.29

0.00

39961

25

407,105,645.16

130622

25

4,349,710,451.61

1240

17

256,320,628.33

53426

25

727,655,969.03

Tabl

Total

6,898,240,531.42

0.02

COD is Chemical Oxygen Demand

e2.19:

Emissions of nitrous oxide from human sewage

137,964,810.63

137.96

Per Capita Protein

Consumption
(Proteinin

kg/person/yr.)

Population
(number)

Fraction of
Nitrogen in
Protein Fracypg

(kg N/kg protein)

Emission factor
EF¢ (kg N,O-
N/kg sewage-N
produced)

Total Annual
N,O Emissions
(Gg N,Olyr)

9.125

42,326

0.16

0.01

0.0010

Figure 2.5: Emissions of methane from waste management

Sewerage
0%

Dump Sites pomestic W ater
6% 0%

Industrial-water
94%

28



5. Thereis no information on the proportion of the various constitutes that make up household
waste, and from waste from institutions;

6. fireout break iscommon at the disposal sites;

7. scavengers collect any material that may be useful to them;

8. animals graze around the disposal site;

9. thereisinadequate data and information on waste management;

10. thereislack of strong legislation to enforce proper waste management; and

11. administrative and legal frameworks together with institutional and financial commitments
are needed to develop an effective management system.

In view of the facts mentioned, the following are recommended:

1. asolid waste strategy needs to be developed for The Gambia;

2. proper landfill sites should be selected,;

3. thereisneed to design and operate municipal landfills;

4. authorities responsible for the collection of solid waste should develop their own solid waste
disposal plan and submit it to the NEA for approval;

a monitoring strategy for the emissions (CH4 and SO,) and the leachate from the dumpsites
should be developed;

6. tree planting around the dumping sites should be encouraged so that they can serve as wind
breaks, to prevent the spread of waste into non-dumping sites, as well asto serve as CO, sink;
public awareness about waste management should be increased; and

the capacity of the personnel on waste management in the municipalities and Area Councils
should be increased.

ol

o0 N
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Table2.20: Summary report for national greenhouse gasinventories (Gg)

Greenhouse gas source and CO, CO, CH, N,O NO, CcoO NMVOC SO, HFCs PFCs SFe
sink categories Emissions | Removals
P | A P | A P | A
Total National Emissions and 181 -50,023 193 0.23 3 73 7 0 0 0 0 0 0 0
Removals
1 Energy 181.0645 0.0000 29114 | 0.0400 | 2.2238 | 54.5359 6.9867 | 0.0000
A Fuel Combustion (Sectoral 181.0645 29114 | 0.0400 | 2.2238 | 54.5359 6.9867
Approach)
1 Energy Industries 54,3691 0.0022 | 0.0004 | 0.1446 | 0.0108 0.0036
2 Manufacturing Industries and 3.3758 0.0001 | 0.0000 | 0.0091 | 0.0005 0.0002
Construction
3 Transport 108.4297 0.0179 | 0.0009 1.0807 | 6.3442 1.2000
4 Other Sectors 14.8900 2.8912 | 0.0386 | 0.9893 | 48.1804 | 5.7828
5 Other (please specify) 0.0000 0.0000 | 0.0000 | 0.0000 | 0.0000 0.0000
B Fugitive Emissions from 0.0000 0.0000 0.0000 | 0.0000 0.0000 | 0.0000
Fuels
1 Solid Fuels 0.0000
2 Oil and Natural Gas 0.0000 0.0000 | 0.0000 0.0000 | 0.0000
2 Industrial Processes 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
A Mineral Products 0.00 0.00 0.00 0.00
B Chemical Industry 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C Metal Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 | 0.00 0 0 0 0
D Other Production 0.00 0.00 0.00 0.11 0.00
E Production of Halocarbons 0.00 | 0.00 0 0 0 0
and Sulphur Hexafluoride
F Consumption of Halocarbons 0.00 | 0.00 0 0 0 0
And Sulphur Hexafluoride
G Other (please specify) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0

P = Potential emissionsbased on Tier 1 Approach. A = Actual emissionsbased on Tier 2 Approach.
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Table 2.20: Summary report for national greenhouse gasinventories (Gg) (continued)

Greenhouse gas sour ce and sink CO, CO, CH, N,O NO, (o{0) NMVOC SO, HFCs PFCs SFs
categories Emissions Removals
P | A A A
3 Solvent and Other Product Use 0 0 0
4 Agriculture 40 0 0 3
A Enteric Fermentation 12
B Manure Management 1 0
C Rice Cultivation 27
D Agricultural Soils 0
E Prescribed Burning of 0 0 0 3
Savannas
F Field Burning of Agricultural 0 0 0 0
Residues
G Other (please specify) 0 0
5 Land-Use Change & Forestry |(1) 0 (1) | -50,023 2 0 0 15
A Changesin Forest and Other |(1) 63 D 0
\Woody Biomass Stocks
B Forest and Grassland 1,245 2 0 0 15
Conversion
C Abandonment of Managed -80,696
Lands
D CO, Emissions and Removals|(1) | 29,365 | (1) 0
from Soil
E Other (please specify) 0 0 0 0 0 0
6 Waste 148 0 0 0 0 0
A Solid Waste Disposal on Land 9
B Wastewater Handling 139 0
C Waste Incineration
D Other (please specify) 0 0
7 Other (please specify)

(1) Theformula does not provide a total estimate of both CO, emissionsand CO, removals. It estimates“net” emissions of CO, and places a single number in either
the CO, emissionsor CO, removals column, as appropriate. Please notethat for the purposes of reporting, the signsfor uptake are always (-) and for emissions (+).
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Table 2.20: Summary report for national greenhouse gasinventories (Gg) (continued)

Greenhouse gas sour ce and sink categories CO, CcoO, CH; | N;O | NO, | CO | NMVOC | SO, HFCs PFCs SFe
Emissions Removals
P A P A
Memo Items
International Bunkers 42 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00
Aviation 42 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00
Marine 0 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00
CO, Emissions from Biomass 1,046

32




Table 2.21: Short summary report for national greenhouse gasinventories

Greenhouse gas sour ce and sink CO, CO, CH, N,O NO, (6{0) NMVOC | SO, HFCs PFCs SFg
categories Emissions Removals
P A P A P (A
Total National Emissions and 181 -50,023 193 0 3 73 7 0 0 0 0 0 0|0
Removals
1Energy |Reference Approach® 186
Sectoral Approach™ 181 3 0 2 55 7 0
A Fue Combustion 181 3 0 2 55 7
B Fugitive Emissionsfrom 0 0 0 0 0 0
Fuels
2 Industrial Processes 0 0 0 0 0 0.11 0 olofloflo]o]o
3 Solvent and Other Product Use 0 0 0
4 Agriculture 40 0 0 3
5 Land-Use Change & Forestry (2 0 (2) | -50,023 2 0 0 15
6 Waste 148 0
7 Other (please specify) 0 0 0 0 0 0 0 0
Memo Items:
International Bunkers 42 0 0 0 0 0 0
Aviation 42 0 0 0 0 0 0
Marine 0 0 0 0 0 0 0
CO, Emissions from Biomass 1,046

P = Potential emissionsbased on Tier 1 Approach. A = Actual emissionsbased on Tier 2 Approach.

(1) For verification purposes, countries are asked to report the results of their calculations using the Reference Approach and explain any differences with the Sectoral
IApproach. Do not include the results of both the Reference Approach and the Sectoral Approach in national totals.

(2) The formula does not provide a total estimate of both CO, emissions and CO, removals. It estimates “net” emissions of CO, and places a single number in either the
CO, emissions or CO, removals column, as appropriate. Please note that for the purposes of reporting, the signs for uptake are always (-) and for emissions (+).
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CHAPTER 3

3: ASSESSMENT OF OPTIONSTO MITIGATE CONCENTRATION
OF GREENHOUSE GASES

3.1 Introduction

On the basis of the assessment in Chapter 2, atotal of 181 Gg of CO, were emitted into the
atmosphere while about 50,000 Gg of CO, were removed from the atmosphere by various
socio-economic activities conducted in The Gambiain 1993 (NCC, 2002). This indicates that
The Gambiais a net source but the forestry sector is anet sink of CO..

Considering the size of The Gambia, the net absorption of over 50,000 Gg of CO,, per year
from the land-use change and forestry category should be seen as a sizeable contribution to
the removal of GHGs from the atmosphere. The Gambia is also contributing to the
stabilization of their concentration in the atmosphere. This is a clear indication that there is
need to identify changes in the land-use policy, law and tenure that significantly influence
and encourage forest conservation and sustainable management. Non-GHG reduction
objectives such as preservation and enhancement of biodiversity, soil conservation, watershed
management could also be looked into.

A mitigation assessment typically focuses on long-term opportunities for reducing GHG
emissions or enhancing carbon sinks. In an effort to meet the requirements of the Convention
but taking particular consideration of the national needs for sustainable development the NCC
designed the mitigation assessment to satisfy the needs of the various possible users or
stakeholders. The primary users of the assessment will be policy- and decision-makers.

3.2.  Approach in the Mitigation Assessment
3.2.1: Stakeholder consultation and desk review of literature

The first step in the assessment of mitigation was to gather data and information through
stakeholder consultation and desk review of literature on mitigation of greenhouse gases. The
consultations were conducted at both the community and technical levels and was largely
based on the 1993 Inventory of Greenhouse Gases (NCC, 2002). This culminated in the
identification of along list of potential mitigation options that could be stand-alone projects
or could be collapsed into a single project.

Based on desk review and scoping meeting involving various stakeholders, the following list
of categories of mitigation options were developed and screened for further analysis.

1. Residential Sector
(&) Switching to Energy Sources/Equipment with Lower GHG Emissions.

2: Energy
(b) Switching and promotion of renewable (Solar Home Systems and L PG).

3. Transport Sector
(c) Revitalisation of River Transport for movement of passengers and bulk cargo.
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4: Agriculture Sector
(d) Water management in rice cultivation and maintenance of soils.

5: Rangelands and Livestock Sub-sector

(e) Rehahilitation of degraded rangelands including afforestation, reforestation, grass
and shrub establishment, control of grazing lands, halophyte establishment on
salinized lands, etc.

(f) Improving the quality of the diet through mechanica and chemical feed
processing and strategic supplementation.

(g9) Improve production using enhancing agents and improved genetic characteristics.

(h) Improved production efficiency through improved reproduction.

6: Forestry Sector
(i) Forest protection and conservation and increase efficiency in forest management.
() Reforestation, afforestation and agroforestry.
(k) Urban and community forestry.

7. Waste Management Sector
(I) Landfill management.
(m)Waste recycling.

(n) Waste composting.

In screening this long list of mitigation measures, national and project screening criteria and
indicators were used to reduce the long list of potential mitigation measures to a manageable
list of potential projects. The criteria included the availability and ease of collecting the data
needed for project development and implementation, the benefits and costs of the projects,
the economic and social importance of the project in the country, and, most importantly
whether the project meets the dual objectives of sustainable development and reduction of the
concentrations of GHGs in the atmosphere. The additional national indicators used include:

» national development benefits and policy priority;

» how well the projects span the range of GHG mitigation opportunities in the country;

» how representative these projects are of GHG mitigation opportunities in the country

or sub-region as awhole; and
» theavailability of information to assess these projects.

The outcome of the screening was the reduction of the 11 options to the following 8 options
that were then subjected to in-depth analysis using benefit-cost and cost effectiveness.
(i) Rural electrification using Solar Home Systems to displace a planned diesel
plant.
(i) Greenhouse gas reduction through the use of Improved Cooking Stoves.
(iif)  Carbon sequestration through reforestation and protection of existing forests.
(iv)  Largescaleintroduction of Liquefied Petroleum Gas to displace fuel wood.
v) Utilizing waste for two city authorities to generate landfill gas for bottling.
(vi) Integrated crop and livestock farming- utilizing rice straw (treated with urea)
as cattle feed.
(vii)  Managing a multi-product forest for cashew nuts, honey-bee-keeping, etc.
(viii) Waste management using composting.
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3.2.2: In-depth analysis of optionsand project ideas

The in-depth analysis of the eight options consisted of assembling data for the base year on
the activities and technologies/practices that are associated with GHG emissions or carbon
storage. The assembly of base-year data was also heavily dependent on the 1993 Inventory of
Greenhouse Gases (NCC, 2002) and other sectoral data and information. After the base year
data and information were documented in some detail, then, attempt was made to project and
evaluate the future. The development of scenarios of the future requires data on the activities
that result in GHG emissions or shape opportunities for carbon storage.

Various criteriawere applied to screen the list of options during the in-depth analysis. At the
screening stage, a rough assessment of the potential attractiveness of options was made using
the matrix shown in Table 3.1 below. The matrix provides a qualitative indication of the
attractiveness of each option by ranking it very low (1), low (2), medium (3), high (4) and
very high (5) asjudged according to each criterion.

A quantity assessment used scoring method that varies from 1 (lowest) to 10 (highest). The
score is multiplied by the weight to give a total score for particular criteria. According to the
example in Table 3.1 the highest possible score was 30 and the project scored a total of 21.5
thus attaining 72% of the maximum score. This implies that the project is viable and could
have wide scale application.

Cost-effectiveness analysis was also conducted to identify the least-cost option for reaching a
goal. A typical tool used to assess cost-effectiveness is a decision matrix (Table 3.2) that
analyzes the cost-effectiveness of mitigation options by comparing costs with benefits of the
options measured in a common metric. The measurements are added up across the different
policy objectives (and weighted based on relative importance) and compared to costs to
determine cost-effectiveness and the options are ranked.

To utilize the matrix one determines the options to be examined, the objectives for which the
options will be scored and the relative weights associated with each objective, the scenarios
which may be part of the analysis and the costs of each mitigation option. Once these have
been determined and entered into the table, one can begin scoring the measures on a scale of
1(very low) to 5 (very high) indicating how well each measure meets each objective under
different scenarios. The decision matrix then automatically calculates weighted scenario
scores for each option. A total score is also caculated. Cost-effectiveness is also
automatically calculated by dividing the cost of the option by the incremental (mitigation
scenario — current policy scenario) total score.

Throughout the analysis costs and benefits were typically expressed to occur over a period of
time in terms of their net present value (NPV), which was calculated using a discount rate
(DR). The DR reflects the return on foregone present consumption that is scarified to secure
future consumption. In this study, an appropriate DR of 10% was used to evaluate the present
value of monetary costs and benefits of the mitigation options. In order to assess an option’s
cost-effectiveness, the discounted costs and benefits are related to its GHG savings or carbon
storage.

These costs and benefits are quantified where possible or at least described qualitatively
where quantification is not possible. Where the benefits of the mitigation options with regards
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to climate change could not be monetised the benefits were stated simply in terms of either t
carbon abated or stored.

Table 3.1: Project identification by screening mitigation options
Criteria Groups Qualitative Quantitative
Score (VL-VH) Score (1-10)
1. Criterial Weight =
1.1 Sub-criteria
1.2 Sub-criteria
1.3 Sub-criteria
\Weighted Sub Total =

2. Criteria2 Weight =
2.1 Sub-criteria
2.2 Sub-criteria
2.3 Sub-criteria
\Weighted Sub Total =

3. Criteria3 Weight =
3.1 Sub-criteria
3.2 Sub-criteria
\Weighted Sub Total =

4. Criteria4 Weight =
4.1 Sub-criteria
4.2 Sub-criteria
4.3 Sub-criteria
\Weighted Sub Total =

5. Criteriab Weight =
5.1 Sub-criteria
\Weighted Sub Total =

6. Criteria6 Weight =
6.1 Sub-criteria
6.2 Sub-criteria
6.3 Sub-criteria
\Weighted Sub Total =

Sum of Total Score=

Weights = Max. Score =

The relationship between total amount of “avoided” CO, and the cost per unit CO, avoided
was expressed using cost curves. A GHG-reduction cost curve relates the quantity of GHG
that can be reduced by mitigation options to the cost per unit GHG reduction.
Correspondingly, a cost curve for stored carbon relates the quantity of stored, or sequestered,
carbon to the cost per unit carbon stored. Cost curves for GHG reduction and for carbon
storage can be combined to express the relationship between total amount of *’avoided’
GHG and the cost per unit GHG avoided.

The development of an implementation strategy for the mitigation options involves an
assessment of policy and programme options to encourage their adoption. This assessment
may combine quantitative analysis with workshops that facilitate interaction between the
analysts and relevant policy-makers, and other interested parties in a particular country. Due
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to resource and time constraints this exercise was not attempted. However, the strategy for
implementation is qualitatively expressed in Chapter 9.

3.3:  Summary of the analysed projects
3.3.1: Displacement of diesel generator by solar home systems

The Energy Division of DoSTIE proposed this project. This project fits well within the

proposed National Energy Policy, Strategy and Action Plan developed in November 2001

and the Electric Power Sector Master Plan. It also links with the Regional Solar Programme

(RSP) funded by the European Union through CILSS Programme. The rationale of the

project isto:

1. provide solar home systems to the rural poor;

2. improve the affordability of solar photovoltaic (PV) energy services for rura and peri-
urban households in Gambia;

3. significantly reduce GHG emissions associated with fossil fuel consumption;

4. create a sustainable solar PV market within The Gambia; and

5. increase local employment opportunities.

At the end of the project it is expected that the use of fossil fuel for electricity generation will
be reduced and access to electricity by rural communities will increase. Improved standard of
living of the people will be realized and access to and awareness in solar PV technologies
based services will increase. The global benefit of reduction in emissions of and
concentrations of GHGs in the atmosphere will be realized. The community would be
sensitized and should be willing and capable of participating in the implementation of the
project, especially in the development and maintenance of the financial capacity required for
the sustenance of the installed infrastructure and facilities.

Economic Analysis of the Project

The Government’s intervention to install 1 Megawatt (MW) diesel power plant in a rural
community with 5,000 households (HH) weighed against the option of replacing the diesel
generators with solar PV generators using concentrators of 4,000 watts each to provide the
equivalent 1 MW of electrical energy. For this project the following assumptions and
scenarios apply.

Greenhouse gas flows:

1. Baseline CO, emissions (6,479 t per year) without the mitigation project. Usinga 1 MW
diesel generating set for twenty years is estimated as (20 yr. * 6,479 t CO.lyear) =
129,575t COy;

2. CO, emissions under the mitigation project for 20 yearsis assumed to be zero t CO,; and

3. CO, emissionsreduction in 20 yearsis 129,575t CO..

Financial Assessment: It is assumed here that the greenhouse reduction can be marketed.

Profits from the GHG offset

1. Estimated cost of the project (infrastructure and management) is US $2,449,680

2. NPV of revenue from the sale of GHG offset = US $ 1,125,087.

3. Based on monetary and carbon benefits alone, this project may prove to be none viable.
However, considering non-monetary benefits such as social, health and environment it is
a cost-effective project.
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Table 3.2: Decision matrix for evaluating mitigation/adaptation measures

Objectives
Objective #1: | Objective #2: | Objective#3: | Objective #4. | Objective #5:

- Cost Effectiveness
Weights: Score| Measure | (cost/incremental
Scenario: unit of benefit)

Measure#1
(Current
Policy)

[ oo

oo |

oo |

oo |

oo |

[ ovo [

O] O] O] O] O] O O] O] O O] O] O| O] O] O| O] O] O| ©| O] ©
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3.3.2. Greenhouse gas abatement using improved cooking stoves to reduce fuelwood
consumption

The project is proposed by the Department of Community Development (DCD) and The
Gambia Rural Development Agency (GARDA), an indigenous NGO that is active in rural
development through the implementation of environment projects. The project will be
implemented nationwide for a period of 15 years and will involve 25,000 HH which are
currently using the traditional three-stone cooking technology that consumes a lot more
fuelwood. Average number of people per HH is 8 and thus the number of persons to be served
by the project is 200,000 people.

The objective of the project is to reduce GHG emissions by introducing Improved Cooking
Stoves (ICS) technology to displace fuelwood. The project will lead to reduction in CO,
emissions through fuel switching to more efficient cooking technologies. The project will also
lead to areduction in the rate of deforestation.

These objectives and outputs of the project will be achieved through sensitizing the local
communities on the need for introducing and adopting | CSs not only based on the advantages
for individual household but also on the broader issues such as environmental degradation
and deforestation. Training will be organized for the community members and tradesmen in
the construction and maintenance of 1CSs to make the project sustainable.

The following represents results of simple analysis of the effectiveness and efficiency of the
proj ect.

Quantity of fuelwood used:

Based on per capita fuelwood consumption of 0.82 kg/day, 200,000 people will consume
897,900,000 kg (0.82* 200,000* 365* 15). Thisis equivaent to 897,900 t fuelwood.

With the project total consumption will be 0.4*897,900 is 359,160 t wood.

CO; Flow
Assuming that 1kg wood emits (0.5*44/12) 1.8333 kg CO,
Total CO, emitted in 20 years under the base caseis 1,646,120 t CO,
Total CO, emitted in 20 years under the mitigation project is 658,448 t CO,
Total CO, saved in 20 yearsis 987,672t CO..
Financial assessment
Assuming that the value of Certified Emission Reduction (CER) = US $ 5 per tonne CO,
and DR (10%) = 0.1
Cost of CO, saved will be US $ 4,938,360.00
Cost of mitigation project isUS $ 2,952,000.00
Financial benefit to communitiesis US $ 1,986,357.00

3.3.3: Reducing greenhouse gas emissions from bur ning of waste through composting
The NEA and the municipalities devel oped this project.
Analysis of Project:

CO, Emissionsin Base case: Compost
75 t organic waste/day would be produced over a period of 15 years.
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75t/day *365 = 27,375 t/yr. = 27,375*1.8333t CO, = 50,187t CO,
15-year lifetime assuming growth rate of 4% = 822,219t CO;

CO, Emissionsin the mitigation project

30t of organic waste/day would be composted for the first year of project implementation
30t /day leaving a balance of 45 t. Therefore the total emission during project will be about
268,856t CO,

Amount CO, in Base case — Amount CO; by Project Case:
822,21857 - 268,855.57 = 553,363t CO,

Financial Assessment

(@) Total Discounted Net cost of Project isUS $ 1,780,396

(b) Assuming that the world CER is US$ 5tCO, = US $ 5* 553,363 tCO, = US $
2,766,815

(c) About 432 thousand 50-kg bags of compost are produced with a total revenue of
432,000 * US$ 1 =US$432,000 for the project period.

(d)
rofit based on sale of CERs and compost is US $ (3,198,815- 1,780,396) = US $
1,418,419

3.3.4: Carbon sequestration through forest management

The Project entitled "Carbon Sequestration Through Reforestation and Protection of Existing
Forests" is proposed by the DOF and is projected to run for 7 years. It will be implemented in
two pilot districtsin each of the five divisions of the country (10 pilot districts). The objective
of the mitigation project is to ensure quantifiable sequestration of carbon through:

1. farm boundary planting;

2. forest enrichment planting; and

3. community natural forest management.

It will also support the present policy of the forestry sector involving community forest
management and promoting community-led conservation of the remaining forest. Full public
participation will be ensured and promoted. Networking, especially between Centrd
Government institutions and NGOs, which has been initiated, will be promoted.

Globa benefits of the project will be ensured by sequestering carbon through reforestation
and protection of existing forests and through biodiversity conservation. Loca environmental
benefits include combating desertification, controlling erosion and improving soil quality,
improving biodiversity and stocking of forests, and enhanced watershed management. The
local community will also benefit from increased practical knowledge of sustainable forest
resource management and there will be increased and diversified economic opportunities for
rural villagers through increased understanding of sustainable forest management and fruit-
tree cash crop opportunities.

Project Analysis.

It is assumed that for the project life (7 years), 140,000 trees (20,000 trees/year) will be
planted. It is further assumed that 1 t biomass is equivalent to 1.8333 t CO,. Thus from table
3.3, with the establishment of 140,000 trees, about 970,000 t CO, will be absorbed from the
atmosphere.
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Management of Private Forests on degraded lands
For the management of private forests on degraded land 52,500 trees will be planted over a
period of 7 years (Table 3.4). A total of 56,145t CO, will be absorbed from the atmosphere.

Table 3.3: Farm boundary fruit tree planting
Y ear Number Cumulative Area Annual growth | Biomass Equivalent t CO,
of trees Number of trees (ha) increment ® absorbed
1 20,000 20,000 800 14.5 1,600 2,933
2 20,000 40,000 1,600 29.0 46,400 85,065
3 20,000 60,000 2,400 43.5 104,400 191,397
4 20,000 80,000 3,200 58.0 185,600 340,260
5 20,000 100,000 4,000 72.5 290,000 531,657
6 20,000 120,000 4,800 87.0 417,600 765,586
7 20,000 140,000 5,200 101.5 527,800 967,616

Table 3.4: Private (forest) farm lands on degraded sites
Y ear No. of Cumulative Area Annual growth | Biomass Equivalent t CO,
trees number of trees (ha) increment (t) absor bed
1 7,500 7,500 50 125 625 1,146
2 7,500 15,000 100 25.0 2,500 4,583
3 7,500 22,500 150 375 5,625 10,312
4 7,500 30,000 200 50.0 10,000 18,333
5 7,500 37,500 250 62.5 15,625 28,645
6 7,500 45,000 300 75.0 22,500 41,249
7 7,500 52,500 350 87.5 30,625 56,145

Community Forestry (Management of Natural Forests by Communities)

A total of 1,875 ha of community forestry will be established with each hectare holding 56
trees. Thus, the total number of trees under the baseline case is 105,000 trees. Under the
mitigation project the number of tress per hectare will be increased to 100, giving 187,500
trees in the 7-year life of the project. Thus, the number of trees planted for the 7-year period
is about 82,500 (187,500 - 105,00) trees (Table 3.5).

Project viability:

(@) Assuming a cost of CERs from mitigation project of US $ 5.00 per tonne of CO, and DR
of 10%, revenue from sale of CERs will be US $ 7,428,509 (table 3.6) for the three
components of the carbon sequestration project.

(b) Total project cost (infrastructure development and management of project) is estimated at
US $ 4,828,530

(¢) Thus project viability isindicated by a profit of US $ 2,599,978

3.3.5: Reducing CO, emissions from fuelwood consumption through large-scale
introduction of liquefied petroleum gas

Moukhtara Holding Company (MHC), a major Gambian company with a brick factory and a
sawvmill, plans to switch 144,000 Gambian consumers to use LPG rather than fuelwood.
MHC will import, distribute, and market the LPG to consumers in The Gambia who would
otherwise have consumed fuelwood.
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Table 3.5: Community forestry (mixed har dwood)
Year | Number of Cumulative Area(Ha) | Annual growth Biomass Equivalent t
trees number of trees increment ®) CO, absorbed
1 11,786 11,786 1,875 6.8 12,750 23,375
2 11,786 23,572 1,875 13.6 25,500 46,749
3 11,786 35,358 1,875 20.4 38,250 70,124
4 11,786 47,144 1,875 27.2 51,000 93,498
5 11,786 58,930 1,875 34.0 63,750 116,873
6 11,786 70,716 1,875 40.8 76,500 140,247
7 11,786 82,502 1,875 47.6 89,250 163,622

Table 3.6: Cost of carbon sequestration project

Cost (US$)
Component 1: ~ Farm boundary tree planting 5,888,124
Component 2:  Private land enrichment programme 327,469
Component 3:  Community forest management 1,212,916
Total 7,428,509

According to MHC, unless it receives revenue from the CER sales, the project would not be
financialy viable for the company. Accordingly, because MHC would invest in the project
only if CER revenues could be generated under the Clean Development Mechanism (CDM),
the project could be financially additional.

MHC will target approximately 144,000 Gambians, or about 11% of The Gambia's tota
population of 1.33 million. According to MHC estimates, it is technically feasible for MHC
to import, distribute, and market approximately 8,000 t LPG per year in The Gambia. Based
on current per capita consumption of LGP in The Gambia (55.5 kg LPG/yr./person), the
project therefore could technically switch 144,000 Gambians away from using fuelwood to
using LPG instead. But it would not be feasible for MHC to supply LPG to alarger consumer

group.

GHG Emissionsin Base Case: Fuelwood
788,400 t fuelwood would be consumed over a 30-yr period:
144,000 * 182.5 kg fuelwood * 1.9 kg CO,/kg fuelwood * 30 year = 1,497,960t CO,

GHG Emissionsin the Alternative: Large Scale LPG Project

144,000 * 55.5 kg LPGlyr. 7,992t LPGlyr.
7.992 10°t LPG * 47,31 Terra Joule/1000 t 378 TerraJoule

378 TerraJdoule* 17,2t C/TerraJoule 6,502t C
Conversion Cto CO,: 6,502t C * 3.67 23,863t CO,
30 year lifetime: 30 * 23,863t CO, 715,890t CO,

Carbon Dioxide Savings
Base case - Alternative: 782,070t CO;

Revenue from CER Sales
If assuming a CERs world price of US$5, the revenue from CER sales would amount to
about $5/t CO,* 782,070t CO, = US$ 3,910,350
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CHAPTER 4

4: VULNERABILITY OF THE MAJOR ECONOMIC SECTORS
AND ECOSYSTEMS OF THE GAMBIA TO PROJECTED
CLIMATE CHANGE

4.1: Introduction

Stabilization of the concentrations of greenhouse gases in the atmosphere at all levels will
eventually entail substantial reductions in CO, emissions. Long term stabilization of
atmospheric CO, concentrations requires that net anthropogenic CO, emissions ultimately
(over centuries) decline to the level of persistent natural sinks, which are expected to be less
than 0.2 PgC/yr (IPCC WG | TAR, 2001). IPCC (2001) concludes that temperatures will
continue to warm decades after the CO, concentrations have stabilized due largely to thermal
inertia. Astemperatures are projected to increase decades after stabilization of concentrations
of CO,, climate change will not be obviated and, therefore, adaptation will be necessary to
minimize damages and to maximize opportunities.

4.2:  Climate and Socio-economic Scenarios
4.2.1: Basdlineclimate scenarios

Forty years (1951-1990) of current climate data are used to develop the baseline climate
scenarios (Table 4.2.1 and Figure 4.2.1) for The Gambia. The data was extracted from a
window that included some meteorological stationsin Senegal and its Casamance region, and
hence values are dightly different from those containing only stations within The Gambia.
During the 1951-1990 period, the behaviour of the climate of The Gambia and the Sahel in
general, shows almost equal distribution of wet/cool and dry/warm years.

Table 4.2.1: Baseline climate scenarios of The Gambia

Mar |Apr Jul Oct Ann.

Avg.

May [Jun

Jan ‘Feb

Aug |Sept

Nov ‘Dec

M ean Temperature (°C)
1951-1990 [ 248 [ 266 [ 284 [ 2906 | 2906 [ 203 [ 277 [ 271 [ 272 28 | 268 | 248 | 275
Minimum Temperature (°C)

1951-1990 [[163 [ 176 [ 196 [ 209 [ 226 [ 239 237 [ 234 [ 231 [ 228 [ 198 [ 16.7 | 20.9
M aximum Temperature (°C)
1951-1990 [ 331 [ 354 [ 364 [ 368|364 [ 345323314 [319]335[345] 328 341
Rainfall (mm)
1951-1990 [ 02 ] 04 ] 00] 12 [121]874]2020][281.0[2150] 738 ] 63 [ 0.4 [ 8787
Solar Radiation (w/m?)
1970-1985 [ 232 [ 272 | 289 | 295 | 286 | 263 | 235 | 233 | 244 | 256 | 241 | 218 | 255
Relative Humidity (%)
1951-1990 [ 43 [ 42 | 44 | 48 [ 55 [ 67 | 78 | 82 [ 82 | 76 | 61 | 50 | 61
Wind (knots)
1951-1990 [ 4 [ 4 | 5 | 5 ] 5 ] 5] 4] 4] 3] 3[3] 4] 4

Potential Evapotranspiration (mm)
1951-1990  [[165.6] 175.2]231.6 [ 226.8[210.0 | 174.0] 160.8 | 151.2] 141.6 | 148.8] 141.6 [ 145.2] 2072.4

Source: Climatology and Agrometeorology Units, Department of Water Resources



As shown in Figures 4.2.1 and 4.2.2, the 1951-1980 period was wetter and relatively warmer
while the 1961-1990 period was drier and cooler. Figure 4.2.1 clearly shows that between the
two periods, the rainfall for the months of July and September have significantly decreased. It
is for this reason that the 40-years period has been used instead of the 30-year (1961-1990)
period. Selection of this period is expected to minimize bias.

Figure4.2.1: Monthly mean temperature of The Gambiafor 1951-1980; 1961-1990 and 1951-1990
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Figure 4.2.2: Comparison of rainfall in The Gambia for the two periods: 1951-1980 & 1961-1990
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4.2.2: Climate change scenarios

In this study, the GRADS software was used to develop climate change scenarios. Only the
equilibrium General Circulation Model (GCM) outputs are used to create the climate change
scenarios. Outputs from five GCMs were run to obtain 1*CO, and 2*CO, outputs for
temperature (and the difference 2* CO,-1*CQO,), rainfall rates and solar radiation (and the
ratio 2*CO,/1*CO,) for creating 2*CO, equilibrium scenarios. The models ran are the
Canadian Climate Centre Model (CCCM, Boer et a., 1992), Goddard Institute for Space
Studies (GISS, Hansen et al., 1983), United Kingdom Meteorologica Office (UKMO,
Wilson and Mitchell, 1987), the Geophysical Fluid Dynamics Laboratory (GFDL)
equilibrium run (GFD3, Mitchell et a., 1990), and the Hadley Centre General Circulation
Models with greenhouse gases aone (HCGG, Hagler Bailly Services, Inc, 1997), and with
sulphate aerosols (HCGS, Hagler Bailly Services, Inc, 1997). The GFDL 1% transient model
(GFO01, Gates et al., 1992) was also ran just to visualize the transient behavior.

To choose the models that best estimated the climate of The Gambia, the 1* CO, temperature
output from all the seven models was compared with the 1951-1990 temperature data (Table
4.2.1). The GFDL (equilibrium, GFDL30 and transient, GFDL01), CCCM, HCGG, and the
HCGS models were the five models (Figure 4.2.3) that best approximated the climatology of
The Gambia. Statistical analysis shows correlation coefficients of 0.84 for CCCM, 0.92 for
GFDL30, 0.85 for GFDLO01, 0.83 for HCGG and 0.81 for HCGS models. Only four GCM
models (GFDL, CCCM, HCGG, and HCGS)* were recommended for use in the vulnerability
study in The Gambia.

On the average, by 2075, mean temperature of The Gambia is projected to increase by 3°C to
4.5°C depending on the GCM used. By 2100 a decrease of 59% (HCGG), 17% (HCGS) and
15% (GFDL equilibrium model), and an increase of about 15% (GFDLO01) and 29% (CCCM)
about the 1951-1990 average rainfall amount are projected in The Gambia (Figure 4.2.4).
Little changeis estimated in solar radiation (-0.4% (GISS), -5% (GFDL-equilibrium), and 6%
(UKMO)) and PET (+1% CCCM and GFDL-equilibrium, -5% HCGG and -3% HCGS).

Figure4.2.3: Model projections of mean monthly temper atur e of The Gambia to 2100
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! (GCM = Genera Circulation Model, GFDL = Geophysical Fluid Dynamic Laboratory, CCCM = Canadian Climate Change Model, HCGG = Hadley Centre
with Greenhouse Gases, HCGS = Hadley Centre with Greenhouse gases and Sulphate aerosol.
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Figure 4.2.4: Prgjections of monthly rainfall of The Gambia under various models
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CO; levelsand Sea Level Rise Scenarios. A CO, concentration of about 330 parts per
million (ppm) is assumed for the 1970s. Double CO, concentration levels of 540 - 580 ppm
are likely to be achieved by 2075 and about 650 ppm by 2100. Sea level rise (SLR) scenarios

adopted in this study are 0.2 m as baseline, and 0.5 m, 1.0 m, and 2.0 m by 2100 (IPCC,
1990).

Table4.2.2:  Atmospheric CO, concentrationsand sea level rise scenarios

Y ear CO, Concentrations Sealeve rise

(ppm)
1990 355
1991-2000 376
2001-2025 429 Baseline 0.2 m by 2100
2026-2050 502 ASLR1 0.5 m by 2100
2051-2075 580 ASLR2 1.0 m by 2100
2076-2100 646 ASLR3 2.0 m by 2100
ASLR isAccelerated Sea Level Rise

4.2.3: Socio-economic scenarios

Assuming that population growth rate will remain at 4.0% for the first decade of the analysis
period, 1.4% by 2075 and 0.8% by 2100, a population of about 8 million is estimated by 2075
and about 10 million by 2100 (Table 4.2.3). The GNP value of 2.87 million Dalasis for 1993
is projected to increase to 27.64 million Gambian Dalasis (US $ 3.037 million) in 2075 and
55.12 million Dalasis (US $ 6.058) by 2100. The GDP value of 2.95 billion Dalasis in 1993
growsto 14.27 billion Dalasi in 2075 and 18.3 billion Dalasi by the end of the century.
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Table4.2.3 Population and economic assumptionsfor The Gambia
Y ear Population GNP GNP per GDP GDP per
Assumptions Assumptions Capita Assumptions Capita
(millions) (10° Dalasi) (10° Dalasi) (10° Dalasi) (10° Dalasi)
1993 1.03 2.87 2.8 2.95 3.20
1994 - 2000 1.35 3.68 2.7 3.24 3.44
2001 - 2025 311 10.71 34 6.00 6.37
2026 - 2050 5.63 13.86 25 11.13 1111
2051 - 2075 7.98 27.64 35 14.27 14.25
2076 - 2100 9.73 55.12 5.7 18.30 18.27

4.3:  Impacts of Climate Change on Economic Sectors and Ecosystems
4.3.1: Agricultural crop production
4.3.1.1: Background to agricultural production

The Gambian economy is predominantly agrarian. The agriculture sector alone provides
employment for about 75% of the labour-force, and an estimated two-thirds of total
household income. These attributes make the sector a prime area for investments, if the
nation’ s socio-economic development policy objectives of poverty alleviation and household
food security are to be realized.

The sector is characterized by subsistence rain-fed, cash and food crops production and
horticulture. Agro-industrial activity is mainly limited to groundnut milling, cereal
processing, cotton ginning and sesame oil extraction. Gambian agriculture is dominated by
food and cash crop production (contributing 60% of agricultural GDP and 14% of national
GDP). Cerea crops, mainly millet (Pennisetum spp.), sorghum (Sorghum bicolor), maize
(Zea mays) and rice (Oryza sativa) account for 56 % of the cultivated land. Riceisthe staple
food and accounts for 25-35% of total cereal production. Groundnut is the main cash crop for
the farming communities, and the prime export item, comprising 74% of the agricultural
export items and 38% of the Agricultural GDP (AGDP). Other cash crops are cotton
(Gossypium), sesame (Sesamum indicum) and horticultural crops (which hold the greatest
potential for on-farm income and export earning augmentation). The short wet season limits
production to one crop per year.

Environmental degradation is a serious problem arising from a combination of factors
including: inappropriate land use practices, over-grazing of pasture lands, deforestation from
over-felling of trees and bush fires, increased sediment flow and salinity in the lowlands and
erosion in the uplands and along the coastline. Soil erosion on the upland and severe
sedimentation in the lowland are grave. Fertile top soils are removed as runoff finds its way
down the slope to the valley where the sediment load is deposited. No statistics are available
on the annual rate of soil loss through water erosion but it is estimated that about 12.5
tonghalyear are eroded from frequently cultivated soils with 2% dope (FAO Fertilizer
Project, 1993). Wind erosion is a major problem in North Bank Division (NBD) where
desertification is apparent.
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4.3.1.2: Study methodology

The vulnerability and adaptation assessment started with a training workshop, which was
followed by data and information collection on crops and crop management practices. To
have location specific soils' data, soil specialists of the Soil and Water Management Unit
(SWMU) of the Department of Agricultural Services (DAS) were contracted to conduct a
study on soils in the study sites. Data on rainfall, solar radiation, temperature and sunshine
hours were collected from the DWR.

Sites identified and used in a previous assessment (Jaiteh, 1997) were maintained for this
study and they are Bakendik, Kuntaur, Giroba Kunda and Somita. These sites represented an
area where one of the crops was predominantly cultivated. The climate change impact
analysis of the crop production sub-sector of Agriculture made use of the GCM scenarios
from the CCCM, GFDL 30, HCGG and HCGS models. These scenarios, socio-economic data
and crop production data were input into the DSSAT3 biophysical model to run the
simulation of impacts of climate change.

4.3.1.3: Potential impacts of climate change on crop production

Maize

In Table 4.3.1.1a, the smulated water balance of the maize ecology shows that transpiration
from the maize crop is estimated to decrease by a range of 8 to 76% of values under current
climate conditions despite significant increases in rainfall under climate change scenarios.
Also, runoff and drainage are estimated to increase, compared to the current climate values
by amounts ranging from 58 — 98% and 48 — 84%, respectively.

Table 4.3.1.1a: Estimates of water balance parameter s of maize at Giroba Kunda under current
climate and climate change scenarios

Parameter (mm/crop/crop Baseline Model Estimates
cycle) CCCM GFDL HCGG HCGS
Transpiration 426 110.8 102.2 362.1 391.9
(%) above/below Baseline -74 -76 -15 -8
Rainfall 868 812 1316 1513 164
(%) above/below Baseline -6 52 74 90
Runoff 169 53 267.5 307.1 333.9
(%) above/below Basdline -9 58 82 98
Extractable Water 434 06 658 756.5 822.5
(%) above/below Basdline -6 52 74 90
Drainage 212 202.4 312.7 359.5 390.9
(%) above/below Basdline -5 48 70 84
NB: Negative sign indicates that the estimate is below the baseline value

As runoff and drainage are estimated to increase under climate change scenarios, results of
the nitrogen utilisation scenarios in Table 4.3.1.1b equally show that the nitrogen leached in
climate change scenarios is estimated to be 21% (CCCM), 58% (GFDL), 81% (HCGG) and
98% (HCGS) higher than values under current climate conditions. Similarly, nitrogen
uptake, total nitrogen in stems and leaves, and soil nitrogen are also estimated to be
significantly lower than values under current climate. It should be noted from Table 4.3.1.1a
above that both runoff and drainage are projected by CCCM to decrease by 9% and 5%,
respectively under the climate change scenarios.
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Table 4.3.1.1c shows that all the crop growth parameters (kg dm/ha) for the maize crop
would undergo significant reductions under climate change, as demonstrated by the models
used.

Table4.3.1.1b: Estimates of nitrogen utilization parameters of maize at Giroba Kunda under current
climate and climate change scenarios

Parameter (kg/ha) Baseline M odel Estimates

CCCM GFDL HCGG HCGS
Nitrogen Uptake 69 51 44 51 55
(%) above/below Baseline -26 -36 -26 -20
Total Nitrogen (stem + leaf) 505 396 300 345 375
(%) above/below Baseline -22 -41 -32 -26
Nitrogen L eached 43 52 68 78 85
(%) above/below Baseline 21 58 81 98
Soil Nitrogen 2432 2331 2188 2187 2734
(%) above/below Baseline -4 -10 -10 12
NB: Negative sign indicates that the estimate is below the baseline value

Overall, grain weight is estimated to be 28% (CCCM), 31% (HCGG), 33% (HCGS) and 40%
(GFDL) lower than current climate values. Leaf and stem weights are also expected to be
lower than current climate values by amounts ranging from 18 — 35% and 17 — 34%,
respectively. Though rainfall is estimated to increase under climate change scenarios, the
total dry matter production of the maize crop would be lower than that under current climate
conditions (Figure 4.3.1.1), as the crop (maize) is sensitive to fertilisation (nitrogen), and
hence might be affected by the significant increases in the quantity of nitrogen leached, as
well as the decrease in soil nitrogen, as climate changes. The nutritional value of the biomass
products from maize will also be decreased due to the decrease in nitrogen content.

Table4.3.1.1c: Estimates of growth parameters of maize at Giroba Kunda under current climate and
climate change scenarios

Parameter (kg dm/ha) Baseline Model Estimates

CCCM GFDL HCGG HCGS
L eaf Weight 578 472 376 432 470
(%) above/below Baseline -18 -35 -25 -19
Stem Weight 1357 1057 900 1035 1125
(%) above/below Baseline -22 -34 -24 -17
Root Weight 1048 741 765 880 956
(%) above/below Baseline -29 -27 -16 -9
Grain Weight 2108 1520 1270 1461 1588
(%) above/below Basdline -28 -40 -31 -33
Total Dry Matter Produced 5091 3790 3311 3808 4139
(%) above/below Baseline -26 -35 -25 -19
NB: Negative sign indicates that the estimate is below the baseline value

Late Millet

A look at the water balance output on Table 4.3.1.2a below, will again reveal the significant
difference in rainfall estimates between the GCM outputs and the biophysical models. Thus
rainfall is estimated to be 28% (CCCM), 31% (GFDL), 47% (HCGG) and 69% (HCGS)
higher than current climate estimates. From the above, it follows that runoff is estimated to
be higher under climate change scenarios, than current climate by a range of 2 — 26%.
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Drainage is also estimated to increase under climate change scenarios by arange of 3 —31%
over baseline conditions. Meanwhile extractable water is estimated to vary by arange of 9 —
36% higher in the climate change scenarios than over the baseline.

Figure4.3.1.1: Estimates of total dry matter produced by the maize crop under current and climate
change scenarios
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Table 4.3.1.2a: Estimates of water balance parameters of late millet at Somita under current and
climate change scenarios
Parameter (mm/crop/crop cycle) Baseline M odel Estimates
CCCM GFDL HCGG HCGS

Transpiration 398 294 322 412 430
(%) above/below Basdline -26 -19 4 8
Rainfall 770 988 1009 1128 1302
(%) above/below Baseline 28 31 47 69
Runoff 186 191 194.8 209 234
(%) above/below Baseline 2 5 12 26
Extractable Water 459 501 515 546 625
(%) above/below Baseline 9 12 19 36
Drainage 218 225 230 249 285
(%) above/below Baseline 3 5 14 31
NB: Negative sign indicates that the estimate is below the baseline value

Meanwhile, the results of soil fertilization in Table 4.3.1.2b show that both nitrogen uptake
by the late millet crop and the total nitrogen content of the above-ground biomass are
estimated to be significantly lower under climate change scenarios than the baseline
conditions.  Nitrogen uptake is estimated to decrease by a range of 26 — 41%, whilst
aboveground nitrogen content is also estimated to decrease from 23 — 39%. Though soil
nitrogen is not expected to vary much from current estimates, the amount of nitrogen leached
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is estimated to be 65% (CCCM), 72% (GFDL), 115% (HCGS) and 126% (HCGG) higher in
climate change conditions than under current climate.

Table 4.3.1.2c and Figure 4.3.1.2, show that al the climate change scenarios project
significant reductions in the growth parameters of late millet compared to the current climate.

Table4.3.1.2b: Estimates of nitrogen utilization parameters of late millet at Somita under current
and climate change scenarios
Parameter (kg/ha) Baseline M odel Estimates
CCCM GFDL HCGG HCGS

Nitrogen Uptake 111 78 66 73 82
(%) above/below Baseline -30 -41 -34 -26
Total Nitrogen (stem + leaf) 92 66 56 68 70
(%) above/below Baseline -29 -39 -26 -23
Nitrogen L eached 33 54 56 74 70
(%) above/below Baseline 65 72 126 115
Soil Nitrogen 67 71 73 67 85
(%) above/below Baseline 6 9 -1 21
NB: Negative sign indicates that the estimate is below the baseline value

Whilst total dry matter (leaf, stem, root and grain) produced is estimated to decrease by 25 -
44% under all the model scenarios, grain weight will be particularly affected asit is estimated
to decrease by 29% (HCGG), 32% (HCGS), 35% (CCCM) and 46% (GFDL) below current
climate estimates.

Table 4.3.1.2c: Estimates of growth parameters of late millet at Somita under current and climate
change scenarios
Parameter (kg dm/ha) Basdline Model Estimates
CCCM GFDL HCGG HCGS

Leaf Weight 4402 2823 2092 3763 2615
(%) above/below Baseline -36 -53 -15 -41
Stem Weight 8395 6385 5114 5877 6393
(%) abovel/below Baseline -24 -39 -30 -24
Root Weight 744 536 424 567 530
(%) abovel/below Baseline -28 -43 -24 -29
Grain Weight 2021 1318 1095 1444 1369
(%) abovel/below Baseline -35 -46 -29 -32
Total Dry Matter Produced 15562 11062 8725 11629 10881
(%) abovel/below Baseline -29 -44 -25 -30
NB: Negative sign indicates that the estimate is below the baseline value

Early Millet

In Table 4.3.1.3a below, the biophysical models project more rainfall and reduced
transpiration (-17% under HCGG, -21% under GFDL, -22% under CCCM and -38% under
HCGS) for early millet at Kuntaur under the climate change scenarios. Both runoff and
drainage, however, are estimated to increase under climate change scenarios, by 8 - 56% and,
4 - 57% respectively, over current climate conditions. Thus extractable water available to the
roots of the plants increases by 4 - 30%. The water balance results in Table 4.3.1.3a seem to
corroborate the increase in water loss from the crop, through runoff and drainage.
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Figure4.3.1.2: Estimates of total dry matter produced by late millet under current and climate
change scenarios
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From Table 4.3.1.3b, nitrogen leached from the root zone is estimated to be 25% (HCGYS),
85% (CCCM), 190% (GFDL) and 229% (HCGG) higher in climate change scenarios than
under current climate. Hence nitrogen uptake and total nitrogen content of the plants are
reduced below current climate estimates by 7 - 32% and 14 - 33% respectively.

Table 4.3.1.3a: Estimates of water balance parameters of early millet at Kuntaur under current
climate and climate change scenarios
Parameter (mm/crop/crop cycle) Baseline Model Estimates
CCCM GFDL HCGG HCGS

Transpiration 322 252 255 268 200
(%) above/below Basdline -22 -21 -17 -38
Rainfall 770 807 981 1164 1226
(%) above/below Baseline 5 27 51 59
Runoff 1561 169 191 241 244
(%) above/below Baseline 8 22 54 56
Extractable Water 385 400 471 488 502
(%) above/below Baseline 4 22 27 30
Drainage 183 190 236 270 288
(%) above/below Baseline 4 28 47 57
NB: Negative sign indicates that the estimate is below the baseline value

Results of the growth parameters of the early millet crop in Table 4.3.1.3c below, suggest that
total dry matter produced is estimated to be 1% (HCGS), 18% (CCCM), 19% (HCGG) and
21% (GFDL) lower under climate change scenarios than the baseline. Of these parameters,
grain weight is estimated to be most affected with deviations from current climate conditions,
ranging from 3 - 30%.
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Table 4.3.1.3b: Estimates of nitrogen utilization parameters of early millet at Kuntaur under current
and climate change scenarios

Parameter (kg/ha) Basdline Model Estimates
CCCM GFDL HCGG HCGS

Nitrogen Uptake 111 95 85 76 103
(%) above/below Baseline -14 -23 -32 -7
Total Nitrogen (stem + leaf) 96 83 73 65 74
(%) above/below Baseline -14 -24 -33 -23
Nitrogen L eached 16 29 46 52 20
(%) above/below Baseline 85 190 229 25
Soil Nitrogen 58 60 59 98 72
(%) above/below Baseline 4 1 69 25

NB: Negative sign indicates that the estimate is below the baseline value
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Figure4.3.1.3: Estimates of total dry matter produced by early millet under current and climate
change scenarios

Groundnut (peanut)

The results of the simulations of water balance in the groundnut ecology shown in Table
4.3.1.4a suggest increasing transpiration under climate change scenarios over the current

climate, by amounts ranging from 5 - 25%.

Runoff and drainage are also projected to

increase. However, the increase in precipitation projected under all model simulations has
meant that there is sufficient water available at the root zone to be extracted by the roots of

the plants.




change scenarios

Table 4.3.1.3c: Estimates of growth parameters of early millet at Kuntaur under current and climate

Parameter (kg dm/ha) Basdline Model Estimates

CCCM GFDL HCGG HCGS
Leaf Weight 4141 3272 3145 2406 4090
(%) above/below Baseline -21 -24 -42 -1
Stem Weight 5940 5110 5001 5881 6387
(%) above/below Baseline -14 -16 -1 8
Root Weight 635 493 481 487.6 616
(%) above/below Baseline -22 -24 -23 -3
Grain Weight 1610 1256 1123 1259 1570
(%) above/below Baseline -22 -30 -22 -3
Total Dry Matter Produced 12326 10131 9750 10034 12164
(%) above/below Baseline -18 -21 -19 -1

NB: Negative sign indicates that the estimate is below the baseline value

Table 4.3.1.4a: Estimates of water balance parameters of groundnut at Bakendik under current
climate and climate change scenarios

Parameter (mm/crop/crop cycle) Basdline Model Estimates
CCCM GFDL HCGG HCGS

Transpiration 400 420 456 460 500
(%) above/below Baseline 5 14 15 25
Rainfall 672 787 848 773 840
(%) above/below Baseline 17 26 13 25
Runoff 114 124 134 131 141
(%) above/below Baseline 8 17 15 23
Drainage 177 201 214 194 202
(%) above/below Baseline 13 21 9 14
Extractable Water 336 390 417 390 414
(%) above/below Baseline 16 24 16 23

NB: Negative sign indicates that the estimate is below the baseline value

With regard to nitrogen utilization, Table 4.3.1.4b shows that nitrogen uptake is estimated to
be 3% (CCCM), 7% (GFDL), 14% (HCGG) and 25% (HCGS) higher under climate change
scenarios than under the current climate conditions. Although the quantity of nitrogen fixed
is estimated to increase significantly under climate change scenarios, soil nitrogen is
estimated to decrease slightly under projected climate change conditions than under current
conditions. This could be attributed to the fact that the amount of nitrogen leached under
climate change conditions as compared to the baseline is quite significant.

Simulation of growth of groundnut (Table 4.3.1.4c) suggests that groundnut production
would be more favourable with climate change than under current climate scenarios. All
growth parameters are estimated to be significantly higher under climate change scenarios,
with grain weight (Table 4.3.1.4c) estimated to increase by 9% to 25% above the current
climate's production. Total dry matter production increases by 15 to 47% under climate
change over current climate scenarios.
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and climate change scenarios

Table 4.3.1.4b: Estimates of nitrogen utilization parameters of groundnut at Bakendik under current

Parameter Baseline Model Estimates
CCCM GFDL HCGG HCGS

Nitrogen Uptake 91 94 98 105 114
(%) above/below Baseline 3 7 14 25
Total Nitrogen (stem + leaf) 119 178 183 136 146
(%) above/below Baseline 50 55 15 23
Nitrogen L eached 22 21 24 25 28
(%) above/below Baseline -3 9 15 25
Soil Nitrogen 56 53 55 50 55
(%) above/below Baseline -5 2 -11 -3
Nitrogen Fixed (Cumulative) 142 227 241 163 177
(%) above/below Baseline 60 70 15 25

NB: Negative sign indicates that the estimate is below the baseline value

change scenarios

Table 4.3.1.4c: Estimates of growth parameters of groundnut at Bakendik under current and climate

Parameter (kg dm/ha) Basdline Model Estimates
CCCM GFDL HCGG HCGS

L eaf Weight 1867 2735 2845 2147 2334
(%) above/below Baseline 46 52 15 25
Stem Weight 3857 5829 6000 4442 4829
(%) above/below Baseline 51 56 15 25
Root Weight 474 661 697 545 592
(%) above/below Baseline 39 47 15 25
Grain Weight 1752 1911 2146 2015 2190
(%) above/below Baseline 9 22 15 25
Total Dry Matter Produced 7950 11136 11688 9149 9945
(%) above/below Baseline 40 47 15 25

NB: Negative sign indicates that the estimate is below the baseline value

Figure 4.3.1.4: Estimates of total dry matter produced by the groundnut crop under current and climate
change scenarios
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4.3.1.4: Potential adaptation measures

1. Select drought, pest and disease, weed, salinity resistant and high yielding crop varieties
for the local conditions. For this purpose the genetic potential of local crop species must
be investigated and specimens stored in seed banks,

2. Enhance and maintain soil fertility, to improve the economic water consumption for
agriculture,

3. Change planting dates and replace long duration upland & lowland crop varieties for
short duration varieties,

4. Restructure present irrigation system through the use of sprinkler and drip irrigation
system with the objective of reducing water consumption and wastage;

5. Introduce and promote integrated agricultural management system, which will provide
the improvement and application of innovative agricultural technologies that will increase
the efficiency of agriculture,

6. Develop early warning system to inform farmers and other stakeholders on possible
climate change and its impact on agriculture and to sensitise them in order to be ready to
implement the adaptation measures,

7. Introduce, promote and encourage the adoption and diffusion of improved post harvest
technologies that will reduce post-harvest losses in the field and in storage. Thiswill have
the long-term effect of reducing extensive cultivation of marginal lands.

4.3.2: Biodiversity and wildlife
4.3.2.1: Background on biodiversity and wildlife

The small size of The Gambia (~11,000 km?) makesiit very difficult to get an adequate home
range of many faunal species, especially the big game, and as a result they cannot be found in
the wild. Many parts of the country have already been devoid of forests. Only 42% of the
country is covered with forest and this includes the seven Protected Areas (PAS) of the
country.

The study is located in the first protected area to be established in The Gambia, Abuko
Nature Reserve, which was gazzetted in 1968. Due to growing awareness about the
importance of conserving what remained of the country’s flora and fauna, the Government
created a Wildlife Conservation Unit under the DOF. This Unit was upgraded into a
government department (Department of Wildlife Conservation) in 1977 and re-designated in
1994 to the Department of Parks & Wildlife Management (DPWM) to reflect its widening
role into wildlife management as well as conservation. As well as being accountable for the
management, administration and development of The Gambia's seven PAs, the department
also handles all matters relating to wildlife conservation and management. This includes the
enforcement of the 1977 Wildlife Act, which prohibits the sale of wildlife products and the
keeping of wild animals in captivity. The department also controls and monitors hunting
activitiesin the country.
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The current checklist of animals in The Gambia, compiled by Barnett and Emms (2000)
indicates that there are 104 mammal species. However, certain species such as the African
Lion, Wild Cat, Red River Hog, Roan Antelope and Red-fronted Gazelle have become
extinct. The checklist further indicates that there are 549 bird species, 59 reptile species (with
32 snake species) and finally 27 amphibian species.

To date, PAs comprise more than 4% of the total area of The Gambia (Table 4.3.2.1). The
latest wildlife policy aims at increasing this to 5% with a proportional regional distribution.
The parks and reserves of The Gambia have been specially chosen for the endangered nature
of the habitat type and/or species found within them. The intention is to provide a safe haven
for flora and fauna to flourish without undue interference from human beings. A limited
range of resource utilisation by local communities is permitted, provided this is compatible
with the aims and objectives of the PA concerned.

4.3.2.2. I mpacts of climate change on habitat and species

The methodology used involves the application of the Habitat Suitability Index (HSI) model
developed by the United States Fisheries and Wildlife Department (USFWD). HSI is a
software package that combines cover-types and sub-area cover-types with their respective
lexicon variables. Cover-type refers to the surface cover (water, vegetation, sand, rocks, etc.)
of the study site and the parameters are in-built in the software. Initially, 10 animal species
(fauna and avi-fauna) were entered as model inputs covering an associated 20 cover-types
(with sub-area cover-types).

The type of fauna species used in the study include Bushbuck, Dwarf Crocodile and Green
Sea Turtle while the avi-fauna include Bateleur, African Spoonbill, Turaco, Crowned Crane,
Great White Egret, Sacred Ibis and Osprey. These species were selected based on their
similarity (phenotypically) with some of the 120 animal species used to develop the HS
model. Most of the values entered for the variable lexicons as input are default values
primarily due to lack of required data. However, successful parameterization and results
under the current temperatures were obtained for only 5 species namely: Dwarf Crocodile,
Great white Egret, Osprey, Bushbuck and Turaco (Table 4.3.2.2).

Table 4.3.2.1: Protected areas of The Gambia under DPWM

Protected Areas Area (ha L ocation
Abuko Nature Reserve 134 Western Division
Tanji River (Karinti) Bird Reserve 612 Western Division
Bao-Bolong Wetland Reserve 22,000 North Bank Division
Kiang West National Park 11,526 Lower River Division
River Gambia National Park 589 Central River Division
Nuimi National Park 4,940 North Bank Division
Tanbi Wetland Complex 6,000 Western /Kombo St. Mary’ s Divisions

Source: DPWM, 2001

Analysis shows that the HSI values for the species studied range from 0.029 to 1.0. For this
study, a HSI score of more than 0.5 is regarded as a conducive habitat for the species studied,
while HSI values less than 0.5 are regarded as unfavourable. From the results obtained, it can
be said that the status of habitats under the projected climate change are highly favourable for
Bushbuck, especially within the PAs (Table 4.3.2.2). This is followed by habitats for Great
White Egret, and Turaco.
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The suitability of the habitats for the Dwarf Crocodile and Osprey species will be highly
reduced under the projected climate change scenarios. Migratory species such as the Osprey
may be especially vulnerable because they require separate breeding, wintering, and
migration habitats. In many cases, one or more of these habitats could be at risk because of
climate change and other reasons.

| Table 4.3.2.2: List of species, annual average current and model projected temperaturesand HSI |

Species Annual average temperature (°C) Habitat Suitability | ndex
Current | GFDL | HCGG | HCGS | Current | GFDL | HCGG | HCGS

Dwarf 27.0 28.5 29.5 31.0 0.326 0.326 0.581 0.326

Crocodile

Great White 27.0 28.5 29.5 31.0 0.845 0.845 0.845 0.845

Egret

Osprey 27.0 28.5 29.5 31.0 0.029 0.029 0.144 0.029

(riverine)

Bushbuck 27.0 28.5 29.5 31.0 1.000 1.000 1.000 1.000

Turaco 27.0 28.5 29.5 31.0 0.734 0.734 0.545 0.734

4.3.2.3. Potential adaptation options

Various strategies are available to help conserve wildlife and biodiversity. These include the
establishment and maintenance of PAs (in situ conservation), active management of wild
populations outside PAs (inter situ), and maintenance of captive populations (ex situ
methods) (IPCC, 1996). Of these, the highest priority should be placed on in-situ and inter-
Situ conservation.

The adaptation strategy should be developed within the context of global, regional and
national biodiversity conservation priorities. A large number of habitat management and
intervention techniques can be used as part of an overall adaptation strategy. Many habitat
management and intervention techniques are already in use in PAs managed by DPWM and
the techniques themselves can be adopted for use under a new set of climatic conditions. The
following adaptation measures are recommended:

1. Develop strategies that seek to maintain ecological structure and processes, maximise
evolutionary and ecological potential in species and ecosystems, and increase
ecological resilience;

2. Maximise reserve connectivity, size, and number; discourage fragmentation and
encourage corridors that will serve as habitat migration lanes; and

3. Adopt flexible zoning of reserve boundaries and develop more effective buffer zone
management.

4.3.3; Coastal zone and resources
4.3.3.1: Background on the coastal zone

The coastal one of The Gambia extends 80 km from Buniadu Point and the Karenti Bolong in
the north, to the mouth of the Allahein River in the south (Figure 4.3.3.1, Whyte and Russdl,
1988). It has 70 km of open ocean coast and about 200 km of sheltered coast along The
Gambia River. The sheltered coast is dominated by extensive mangrove systems (66,900 ha),
and mud flats. Only about 20 km of the coastline is significantly developed and this includes
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Banjul (the capital city), Bakau and Cape St. Mary, Fajara and the Tourism Development
Area (TDA).

Figure 4.3.3.1: G eological M ap of the Coastal Zone of The Gambia (T he Coastal Zone is
divided into U nits)

C—aA lluvium : undivided sand, silt and clay

Unit 8
C—/Fluvian M arine: undivided sand, silt, clay and salt, with organic

deposits.

Unit 9 mmmmmm Coastal Beach Complex: predominantly sand.

3 M arine: ria deposit: predom inantly sand

C— continental term inal series: sand, silt, clay, kaolintic claystone

Thirteen hotels and tourist resorts have been built on this stretch of the coastline. Elsewhere,
the coastline is largely underdeveloped except for some fish landing sites and cold storage
infrastructure used to process and store fish and shrimps. The coastal zone contributes
significantly to the economy of The Gambia. During the period of October to May, The
Gambia receives more than 100,000 tourists, all beach resorts and hotels are operational, and
the industry is estimated to employ about 100,000 people either directly or indirectly.

4.3.3.2: I mpacts of climate change on the coastal zone

Asshown in Table 4.3.3.1, it is projected that about 92 km? of land in the coastal zone of The
Gambia will be inundated as a result of 1-metre sea level rise. About 50% (47 km?) of the
total land loss due to inundation will be on the sheltered coast. It is evident that with a 1-
metre sea level rise, the whole of the capital city of Banjul will be lost due to the fact that the
greater part of the city is below 1 m (Figure 4.3.3.2). The mangrove systems on St. Mary’s
Island, Kombo St. Mary and on the strand plains in the north bank from Barra to Buniadu
Point will be lost. About D1,950 billion (217 million US Dollars) worth of land will be lost.

Inundation will be followed by shoreline retreat which would vary aong the coast from 102

m in the harder cliffted zone between Cape Point and Fgjara, to 839 m in the gently sloping,
sandy strand plain near Sanyang Point (Table 4.3.3.2).
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Table4.3.3.1: Potential area (km?) of land to beinundated in the coastal zone of The Gambia in
response to various sea level rise scenarios

Coastal Unit Sea level rise scenarios (m/century)

0.5 1.0
Unit 1 14.06 28.12
Unit 2 23.40 46.87
Unit 3 3.90 7.80
Unit 4 Cliff Zone
Unit 5 0.01 0.03 0.05 0.20
Unit 6 0.41 1.01 2.03 2.89
Unit 7 0.27 0.67 1.34 1.81
Unit 8 0.03 0.08 0.17 0.17
Unit 9 1.19 2.69 5.93 8.85
Total 4.96 45.89 92.32 181.55
Note: Unit 1 = Senegal Border to Barra Point, Unit 2 = the Gambia River Basin, Unit 3 = Banjul Point to
Cape St. Mary, Unit 4 = Cape St Mary to Fajara, Unit 5 = Fajara to Bald Cape, Unit 6 = Bald Cape to
Salifor Point, Unit 7 = Solifor Point to Benchmark KM 125, Unit 8 = Benchmark KM 125 to Kartong Point
and Unit 9 = Kartong Point to Allehein River

Table 4.3.3.2: Application of the Bruun Ruleto project land retreat and rate of beach erosion on the
open coasts of The Gambiain responseto 1 m sealevel rise
Coastal d- G L B S Retr eat
Unit (m) Map (cm) | Actual (m) (m) (m)

Unit 1 5.9 1 3.5 2610.5 2.0 3304
Unit 2 No estimation because thisisin the sheltered
Unit 3 5.9 3.0 2284.2 2.7 275.6
Unit 4 5.9 1.6 1232.5 6.1 102.2
Unit 5 5.9 2.8 2080.8 2.7 264.1
Unit 6 5.9 8.6 6475.5 1.8 839.2
Unit 7 5.9 6.8 5098.3 3.0 597.2
Unit 8 No estimation dueto lack of data

Unit 9 No estimation dueto lack of data

Note: d- = depth of closure; G = overfill ratio; L = active profilewidth; B = duneor cliff height; S=scenario R =retreat of land.
Unit specification areasin Table 1

Plates 1 to 8 below indicate the physical damage on structures on the coast. All the damages
shown are located between Toll Point at Sarro and the city of Banjul. Thisis also the area on
the coast where erosion is most worrying. Figure 4.3.3.3 attempts to explain the critical
erosion phenomenon in this part of the coast. The development of a lagoon and a Sand Spit
has meant that the Cemetery and the city of Banjul are sand-starved. Sand is trapped by the
sand spit and does not flow to the areas east of the spit and the lagoon. This means that the
massive loss of sand at the cemetery due to erosion is not replaced. The sand eroded from the
Cemetery finds its way to the Gambia Ports Authority (GPA) and the Ferry Terminal, thus
causing navigational problems.
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This expensive Dual Carriage Way passing over a Bridgeis now less 10 metres from
the High Water Mark. At the present erosion rateit may not survive the next 5 years.

— % L

) of the Capital City of Banjul (the greater
ow 1 metre)

Figure 4.3.3.3: Sand Spit and L agoon

SAND SPIT and LAGOON. A lot of sand is being accumulated at this spit. Parts of the
coast to the east of this spit are, therefore, sand starved leading to serious erosion of the
coastline at the cemetery and Banjul. This sand spit is moving at a very slow rate and
unless the sand is managed it will be completely lost in the future.
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Figure 4.3.3.4 shows a closer view of the small channel that has developed between the Sand
Spit (Figure 4.3.3.3 above) and the mainland. The lagoon fills and empties through this channel.
The existence of this channel causes the sand spit to be continuously disconnected from the
mainland. The result is that the sand spit continuous to move eastward but at avery slow rate and
SO erosion to the east of it always remains severe.

Figure4.3.3.4: Clase view of sand spit, channel and main land close to the NAWEC water
tanksand Mile 2 Central Prison

This Channel'stopsthe sand spit from connecting to
the  mainland.- If and-when the Sand Spit is
connected -to the main land-sand will flow to the
sand starved areas at the cemetery and Banjul toits
east and thusreducethe erosion at these ar éas

Main land area is sand starved.and erosion
is sever e on this coastline

4.3.3.3: Response strategies and adaptation options

Response strategies

In the coastal zone of The Gambia, the suggested response to sea level rise and particularly to
coastal erosion is to protect only the important areas between Banjul and Cape Point and areas
around the Hotel Complex from Kairaba to Kololi Beach Hotel. The following shoreline
hardening and stabilization techniques could be used to protect these areas.

1) Rehabilitation of the groyne system

Groynes are a major technique of beach stabilization in Africa, whereby trunks of rhun palm
trees are jetted into the beach and tied together with timber. They are also constructed from re-
enforced concrete, as on the Maputo shoreline in Mozambique. They are easy to build, fairly
cost effective and localy hold the beach or capture more sand in the longshore sediment
transport (LST) system. They do not “create” new sand but merely redistribute the sand along
the beach. Groynes have been found to be very effective in stabilizing eroded beaches
particularly in the Republic of Togo, West Africa (Blivi, 1993). In The Gambia, the existing
groynes in the area between Laguna Beach/Palm Grove Hotels and Banjul Point (Figure 4.3.3.5
below) need to be rehabilitated. To reduce the flow of sand to the Port and Ferry Terminal, a
long and high terminal groyne must be constructed at Banjul Point between State House and
Albert Market. This terminal groyne must not be filled with sand so that the LST is halted or
reduced for some period of time.
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i) Construction of breakwater system

Another shoreline stabilization technique that could be useful in the protection of the sandy
beaches of The Gambia is the Breakwater System (Figure 3.3.3.6). Breakwater Systems have
the ability to reduce the strength of breaking waves coming onshore, reduce their impact on the

shoreline and thus reduce the quantity of sand eroded.

Figure 4.3.3.6: Breakwater system for reduction of erosive wave energy




iii) Construction of revetment system

Revetments are also useful in reducing erosion but need proper construction to be effective. They
are expensive and in most cases the beach islost. Revetments consist of alayer of large boulders
on the seaward side and layer of filter screening material on the landward side. Another layer of
medium size gravel that is used to protect the screening material (Figure 4.3.3.7) separates these
two layers. The void structure of the outer layer on the seaward side is used to dissipate wave
energy; the filter screening material of the landward layer alows water to pass through.

iv) Construction of seawallsor bulkhead
It may be sufficient to build only alow cost seawall or a bulkhead. The seawall hasa 1:2 slope,
a 2-metre berm and a height above water of 1.2 times sealevel rise scenario (Figure 4.3.3.8).

Particularly for The Gambia, it may be necessary to employ an innovative sand management
approach to solve the large erosion problem between the National Water and Electricity
Corporation (NAWEC) water tanks and Banjul Point. This could be achieved by tying the end
of the sand spit off the Pam Grove-Laguna Beach Hotel Complex (Figure 4.3.3.9) to the
mainland so that it becomes a sand-feed to the area in the east and city of Banjul. This will,
however, result to the flow of large unwanted quantity of sand to the Banjul-Barra Ferry
Terminal and the GPA facilities. The flow of unwanted sand can be solved as suggested in the
preceding section, i.e., the construction of along terminal groyne at Banjul Point.

Figure 4.3.3.7: Cross-section of a Revetment
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Also to protect the areas between the Cold Storage Plants east of the Public Works Complex
(National Partnership Enterprise and Pelican) and the Gambia Senior Secondary School, and
areas bordering the mangrove systems, it is sufficient to use dikes made up of about 1.5 to 2 m of
sand on which is planted some vegetation.

Adaptation Options
Long term adaptation options that are identified are:
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Figure 4.3.3.8: Cross-section of a Sea Wall or Bulkhead

2-m Barm

=] = o
.-." P [ ] s
g hec ol b
e £ L | ‘\-& I::_:
R o = = o =
e =, T e = = FBEE S
- o ] = ] -, b1r
asney J s a : o &
o — — -
p _— = = 7 = - = _|:Zl {:’—!
=3 - TR e o - : =l =
. o = = he R i .
L =% 3 L= (=] =
! = P T = 1

i) Public awareness and outreach activities through which the public is informed of the
danger of living in coastal lowlands that are at risk of being affected by SLR. Timely public
education about SLR impacts and risks could be a cost-effective means of reducing future
expenditures.

Innovative sand management implies filling the lagoon and channel with sand so that the system becomes a

sand-feed to the coast around the Cemetery and Banjul. The advantage is that erosion will be reduced to the

east of the Sand Spit. The disadvantage is that more sand will flow to the GPA facilities and disrupt
" navigation. The sand may also be ddm-pletely,llost into thetrench situated ta the north of the Ferry terminal.

NAWEC Water~ ="
Tanks

i FigUr'e4.3.3.9: Infovative M anagement of the'Sand Spit at the Palm Grove and Ldguna
i 3 ~ Hotel Complex : ;

i) Increase in height of coastal infrastructure and urban growth planning: Physica
planning and building control measures and regulations should be instituted and implemented.
The Lands, Physical Planning and Building Control institutions of The Gambia should avoid
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alocation of land that is likely to be flooded such as in the dried-up streams on the Kombo
Peninsular, that have recently witnessed flooding during the rainy seasons of the late eighties.

Where the building of coastal infrastructure such as roads, fish landing and curing plants are
approved and must be put in place, the authorities and owners of these infrastructures should
make sure that marginal increase in the height of the structures are included to account for SLR
and any other related phenomena. Siting of large capital facilities or those that pose significant
hazards when flooded should not be allowed in sensitive lands and must be directed towards less
vulnerable areas. People located in high-risk areas should be offered incentives to relocate out of
these areas. Policies should be instituted that allow the use of high-risk areas as natural
preserves or for low-value use.

Marginal increases in the height of the infrastructures during construction phase and redirecting
growth away from sensitive lands are relatively inexpensive options for reducing the impacts of
SLR and risks of flooding. Policies that may lead to relocation from high-risk areas will reduce
the need and cost of disaster relief in the future.

iii) Wetland preservation _and mitigation: The estuary of the Gambia River contains
economically important wetlands and mangrove systems. The mangrove systems on the Kombo
St. Mary Island and Kombo Peninsular are important breeding grounds for various aquatic
species. Efforts should be made to protect these areas by declaring them as protected wetlands.
This would discourage exploitation of the resources in these wetlands. The possible impacts of
upstream dams on the Gambia River in terms of reduced sediment supply should be investigated.

iv) Coastal zone management plan: Land-use planning in coastal zones, such as the use of
building setbacks or allocating low-lying vulnerable lands to lower value uses (e.g., parks rather
than housing), will help reduce the overall vulnerability to SLR. Other land use planning
mechanisms, such as construction standards, reduce the risks of living in coastal areas.
Additional risk-reduction measures can be encouraged through appropriate financial
mechanisms. Each of these policies reduces the risks from current climatic variability and
protects against potential sea-level rise impacts. When put together in the form of a programme,
they constitute a Coastal Zone Management Plan.

4.3.4: Fisheriesand fish resources
4.34.1: Background on the fisheries sector

The Fisheries Sector is comprised of the industrial and artisanal fisheries sub-sectors and
contributes about 12% to GDP. The sector produces food-fish (which is the major source of
animal protein for the majority of Gambians) for local consumption and for export to earn
foreign exchange. The average annual per capita fish consumption is estimated at 23 kg. Fish
consumption is higher than other sources of protein (livestock & poultry). As the population
continues to expand in The Gambia, fish demand is going to increase.

The artisanal fisheries sub-sector is the major employer and supplier of amost all the supplement
animal protein needed in the diets of the Gambian people. The fishing and fisheries related
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activities provide direct and indirect employment for over 36,000 people. It provides
employment for about 6,000 people in the harvesting side and about 30,000 on boat building,
fish handling, processing, transportation and marketing activities. If fishermen and people
working on the ancillary activities as well as their dependants are added, it is estimated that not
less than 140,000 people in The Gambia depend on the fisheries sector for their livelihood.

About 80% of artisanal catches are bonga (Ethmalosa fimbriata). The riverine artisanal fishery is
considered non-industrial operation, employs traditional methods, and is under-exploited due to
low levels of fisheries technologies. Some of the marine fish species caught in the river include
shad (Ethmalosa fimbriata), threadfins (Polynemidae sp.), marine catfish (Arius sp.) and solefish
(Cynoglossidae sp.) The lower reach of the river has a brackish water regime and attracts certain
marine species, which use the river for feeding and spawning purposes (e.g. threadfins, solefish,
catfish and shrimps). These fish migrate up the river during the dry season. The upper reach of
the river has a freshwater regime where Tilapia nilotica and Clarias luzerra are important fish
species. The most important crustaceans in the river fishery are shrimps caught by artisanal
fishermen in the estuary (Mendy, 1996). These species are caught and sold to industrial
companies which usually provide nets, engines and ice to these fishermen as an agreement for
them to sell their products to these companies.

The industrial fisheries sub-sector comprises of local fishing companies and licensed local and
foreign industrial fishing vessels of various capacities and fishing techniques. The fishing
methods employed are trawling, purse seining and long lining. This sub-sector also targets
species in all four stock categories (pelagic, demersal, cephalopods and crustaceans). It is this
aspect of multi-species fisheries that creates problems in the management of fishery resources
due to the fact that both artisanal and industrial fisheries target the same species especially the
most valuable categories of fish stocks namely, demersal, cephalopods and crustaceans. Over
95% of industrial fisheries production is processed and exported. In view of the reported
resource potential and the current rate of exploitation of marine resources, demersal fish
resources are believed to be fully exploited, whilst the pelagic resources are under exploited.

The major aguatic habitats present in The Gambia are the main river, its tributaries and
floodplain systems, coastal habitats such as estuaries, mangrove swamps and the delta. In
addition to this diversity of habitats, an even greater variety of ecologically and economically
important species occupy these habitats and will have to be considered with regard to the impacts
of potential climate change.

4.3.4.2: I mpacts of climate change on fisheries

The vulnerability assessment for evaluating potential climate change impacts on fisheries
resources follows a weight of evidence approach. This is as a result of the diversity of fisheries
resources and aquatic habitats that are to be addressed, and the inability of any single approach to
evaluate potential impacts on all the fisheries resources and habitats. The weight of evidence
approach uses multiple lines of evidence to identify potential impacts and evaluate the
significance of any projected impacts.
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The assessment methods use the relationship between the outputs from GCM and biophysical
factors to project fish productivity under climate change. The methods address riverine and
coastal marine habitats and evaluate potential impacts of fisheries resources of climate induced
changes in water temperature, stream flow and SLR. The methods also focus primarily on
estimation of yield or catch (species-specific) for the entire fishery resources, species-specific
habitat suitability and habitat vulnerability. In general, the methods focus on three climate-
related variables. temperature, precipitation and SLR to evaluate its potential effects at the total
fishery level in relation to the life history of the fish, growth rate, habitat suitability, and yield.

Climate change and fish productivity

The effects of temperature on annual productivity of riverine fisheries resources are evaluated on
the basis of average stream width, the biogenic capacity of the stream, average annual water
temperature, the alkalinity/acidity of the water, and the type of fish population present in the
river. The productivity is calculated using the formula:

Productivity K=B* W* (k; * ko* k) (Equation 4.1)
Where K = annual productivity (kg/km of river)
W = average width of the river (m)
B = the Biogenic capacity
(B =1-3for waterswith little food for fish;
B =4 - 6 waters with average levels of fish food; and
B =7 —10for watersthat are rich in fish food).
ki = annual average water temperature of selected sites across the country (see
Table4.3.4.1)
ko = salinity of the water
Ks = type of fish population present in river. The value for k3 can be

approximated on the basis of the percentage of fish found in rheophilic
(fast flowing waters, such as rivers) and limnophilic (slow moving waters,
e.g. streams) using the equation ks = (2L + R)/100, where L = the
percentage of the fish comprised of limnophilic species and R = the
percentage of fish comprised of rheophilic species. Values of L = 5% and
R = 95% as assumed by Jallow (1997) are used in this study. Most rivers
are fast flowing waters hence it is reasonabl e to assume R to be 95%.

The fish catch potential of the Gambia river fishery is not known because no research work to
estimate fish stock biomass has been undertaken in and along the river. Hence, in this formula,
default data are used to estimate the value of ks (type of fish population). The water temperature
data used for this model were for the period of 1985 — 1995 and were compiled from the
hydrology database of the DWR. Mean stream width was estimated from the bathymetric map of
the River Gambia. Data on salinity levels were collected from the Water Quality Laboratory of
the DWR and data on fish species were collected from the Department of Fisheries (Dfish).
Default data presented in the models were also used where local data were lacking.

Fish productivity is projected to increase over the current climate productivity of 12.9 * 10°

kg/km of the river by 10% under GFDL30 equilibrium model scenarios, 11% under the CCCM
and the HCGS, and 14% under HCGG and the Transient GFDL01 models (Table 4.3.4.1).
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Climate change and habitat suitability

Another approach used to assess climate change effects on fisheries resources is the assessment
of the effects of precipitation, temperature and dissolved oxygen on habitat suitability using a
HSI model. This species-specific approach includes the development of HSI for the individua
species of concern. The model incorporates environmental variables such as water temperature,
current velocity, floodplain inundation duration, dissolved oxygen concentrations, and substrate
composition, and produces an index of habitat suitability between O (unsuitability habitat) and 1
(optimally suitable habitat).

Data used includes species-specific habitat and physiology data, habitat characteristic including
but not limited to temperature, dissolved oxygen, substrate stage and flow and predicted water
temperature data. Except for water temperature, all data used in this assessment are default data
presented in the models. Habitat suitability indices are estimated for specific habitats using
baseline or current climate, hydrological and ecological data. Suitability indices are then
calculated for the projected climatic and hydrological conditions associated with each climate
change scenario. By comparing baseline and climate change projected HSI values it was possible
to assess vulnerability of shrimp yield to climate change.

The HSI Model was run on Shad, Catfish, Ladyfish, Shrimps and Grouper. All these species
tolerate water temperatures above 20°C and relatively low dissolved oxygen levels of 20% in the
waters. The projected climate change scenarios from the output of the GCM shows that potential
warming of 3°C to 5°C over the next century has little or no effect on the suitability of the
present habitat for the pelagic species of shad and catfish (Table 4.3.4.2). This could be
attributed to the fact that shad has an optimum tolerance temperature of 25°C and a maximum
temperature of 30%.

Table4.3.4.1: Estimates of the impacts on productivity (kg/km) due to increase in water temperature

onriverinefisheriesin The Gambia
M odel Bl W L R Ky K, Ks= K=B*W*(K*K,*K3) | Percent

(m) (%) | (%) | (°C) | (pH) | (2L + R)/100 (kg/km of river) Variation

Current 6| 5500 95 5 275 | 7.25 1.95 129

CCCM 6| 5500 95 5 30.8 | 7.25 1.95 14.4 11

HCGG 6| 5500 95 5 320 | 7.25 1.95 14.9 14

GFDLO1 | 6| 5500 95 5 31.9 | 7.25 1.95 14.9 14

GFDL30 | 6| 5500 95 5 305 | 7.25 1.95 14.2 10

HCGS 6| 5500 95 5 31.0 | 7.25 1.95 14.5 11

Catfish can tolerate high temperatures and can adapt in waters of low dissolved oxygen. Hence a
temperature rise of more than 3°C in their habitat will have little or no impacts on their survival
and productivity. Shrimps, Grouper, and Ladyfish are found in depths of less than 100m, and
might be sensitive to oxygen and cannot tolerate low oxygen in waters of below 20% oxygen
saturation with maximum temperature of 35°C. Warming of more than 3°C to 5°C will have
negative impact on their productivity. It is worth mentioning that species that are negatively
impacted on by increase in temperature are classified as high valued species that are mainly
consumed locally (which brings better returns to the fishermen or are mainly exported (which
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also brings foreign exchange to the country). Therefore, there is need to effect adaptation
measures in order to obtain and maintain a healthy fishery stock.

Climate change and shrimp yield

Assessing the effects of temperature changes on shrimp yield is based on regression analysis of
empirical data to develop exponentia relationships of the Arrhenius form relating ecological
rates to absolute temperature.

The Arrhenius form of an exponentia relationship is given as.

Log K = a—b(1T) (Equation 4.2)
where, K = rate constant
T = absolute temperature (degrees K)

a (y-intercept) and b (slope) are coefficients estimated by regression analysis

Since no historic shrimp yield data were available for this study, the model used to estimate
shrimp yield under different temperature scenarios is that developed by Regier et al. (1990) in
the form:

Loge SCSY = 52.0 — 144312 (1/T) (r = 0.58) (Equation 4.3)
where SCSY = Stabilized Commercia Shrimp Yield (kg/ha of intertidal vegetation)
T = Annual air temperature (K)
Table4.3.4.2: Habitat Suitability Index for fish and shrimp based on water temperature variation
Species Annual Average Water Temperature Habitat Suitability | ndex
Current | GFDL | HCGG | HCGS Current | GFDL | HCGG | HCG
S
Shad 24.0 27.0 32.0 310 1.000 1.000 1.000 | 1.000
Catfish 24.0 27.0 32.0 31.0 0.921 0.918 0.918 0.918
Ladyfish 24.0 27.0 32.0 310 0.435 0.432 0.432 | 0.413
Shrimps 24.0 27.0 32.0 310 0.642 0.596 0.596 | 0.596
Grouper 24.0 27.0 32.0 31.0 0.632 0.894 0.819 0.819

Data used include historic mean annual air and water temperatures collected from the Hydrology
and Meteorology Divisions of DWR and projected mean annual air and water temperatures
calculated using GCM outputs. In the analysis, GCM projected temperatures are input into the
models to project shrimp yield under different temperature scenarios. Vulnerability is assessed
by comparing projected yields under baseline and climate change scenarios.

Table 4.3.4.3 and Figure 4.3.4.1 below show that under temperature scenarios projected by the
various GCMs, shrimp yield will increase. By the end of the next century, yield increases over
the baseline scenario values are projected to vary from 38% under the GFDL30 equilibrium
model scenario, 40% under the CCCM model, 42% for the HCGS model to 50% under the
GFDLO01 and the HCGG models.
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4.3.4.3: Adaptation measures

Given that demersal fish resources are over-exploited, the fisheries strategic and management
plan calls for stricter control of the exploitation of resources. Thiswill require areduction in the
number of fishing licenses issued to foreign vessels, improved surveillance of the fisheries

| Table 4.3.4.3: Estimates of shrimp yield from temper atur e changes due to climate change |
M odel Mean Annual Air Temperature | Natural log of SCSsY Per cent
Scenario Degrees Celsius | DegreesKelvin SCSY Increase
Current 215 300.7 4.4 81.2 0
GFDLO01 2010 28.7 301.9 4.6 98.1 17
GFDL 01 2040 30.2 303.4 4.8 124.0 35
GFDL 30 30.5 303.7 4.9 129.9 38
CCCM 30.8 304.0 4.9 136.1 40
GFDL 01 2060 30.8 304.0 4.9 136.1 40
GFDL01 2070 31.0 304.2 4.9 140.4 42
HCGS 31.0 304.2 4.9 140.4 42
GFDL 01 2075 31.2 304.4 5.0 144.8 44
GFDLO01 2100 31.9 305.1 5.1 161.3 50
HCGG 32.0 305.2 5.1 163.8 50
Stabilized Commercial Shrimp Yield = SCSY in units of kg/ha of intertidal vegetation; DegreesK = C +
273.15

Figure4.3.4.1: Simulation of Stabilized Commercial Shrimp Yield using the GFDL Transient M odel
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waters, and an increase in licensing fees for demersal trawlers. Closed seasons during spawning
and areas such as the nursery grounds for fish species could also be implemented. With these
measures, the fisheries sector could obtain and maintain healthy fish stocks for sustainable
utilisation.

Ponds and other inland water bodies for spawning are indispensable components of a balanced
aguatic environment. During the drought years, many of these ponds and inland waters dry out,
leading to reductions in fish populations. Those that survive the drought are threatened with
pollution (pesticide run-offs and plant discharges). In view of the importance of these ponds and
water bodies in enhancing fish population, measures should be taken to safeguard the spawning
sites, and stop the destruction of mangroves (fish nursery areas), and pollution along the
coastline and the riverbanks. A study of the state of the mangroves will help facilitate these
measures. Raising public awareness on the importance of the mangrovesis aso important.

Sound knowledge of the state of the fish resources is a pre-requisite for effective planning,
development and management of the fish resources. Therefore, it is important to increase
research activities on the fisheries resources by studying the abundance and distribution of fish.
There is also need to study plankton as a source of food for fish, and the feasibility of the
development of the fishery resources of the freshwater zone of the River Gambia. It will also be
necessary for the Dfish to carryout research to further assess the feasibility and scope of fish
farming in the Gambia. There is no data on cultured fish as thisis till in its experimental stages
in Central River Division (CRD) as part of the poverty alleviation programme. However, thereis
great potential in subsistence and commercial fish culture in some parts of theriver.

In order to reduce the possibility of declinein fishery productivity, strict biological monitoring of
fish stocks is essential. Monitoring of fish stocks can ascertain the extent of the resource base,
and establish optimum margins for sustainable exploitation. This strategy can help develop the
commercial potential of high valued fish species such as shrimps and lobsters.

The rational utilisation of the fish resourcesis essential. To achieve the measures outlined above
will require the collective effort of the government, fish producers as well as other stakeholders.
All stakeholders should be invited to take part in public educational and awareness programmes
relative to the conservation of fisheries resources.

With the realisation of the economic potential of fisheries, the sector has witnessed a heavy
influx of new entrants with modern fishing technologies in recent years and thus increase in fish
landings. Since sufficient scientific knowledge necessary for the sustainable management of the
fish stocks is lacking, the need to generate appropriate information regarding the fish stocks has
become critical. However, capacity to adapt to adverse effects of climate change especidly in
fisheries is low in The Gambia due to scarce financia resources, and limited institutional and
technological capability.

It is important to have a set of proposed adaptation measures that will assist the country in
achieving national adaptation goals in meeting commitments to the UNFCCC. It is hoped that
the measures put forward will form a basis for conservation and the monitoring of stock levels
and their sustainable utilisation in the face of physical stress caused by climate change and other
environmental phenomena, while still meeting the growing demand for food fish.
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4.3.5. Forestry and forest resour ces
4.35.1: Background on the forestry sector

The Gambia lies along the boundary between two vegetation zones known as "South Guinea
Savanna' and "Sudan Savanna'. South Guinea Savanna is open woodland with tall grasses up to
5 m high; the trees and shrubs, including broad-leaved species, form a two-storeyed broken
canopy, giving light shade. Sudan Savanna, which occupies the drier areas in the eastern and
northern parts of the country, has shorter grasses and trees not exceeding 15 m, most of which
are small-leafed and thorn-bearing (Percival, 1968). Areas of sat-water mangroves also
characterize the lower half of the River Gambia and fresh water swamps characterize the upper
half of the river and its creeks.

Up to the turn of the century, The Gambia was covered with dense forest. Forest destruction
began by mid 1960 through shifting cultivation, bush-fires and wood exploitation. A decrease of
the Gambian forests area from 333,200 hain 1972 to 68,500 ha in 1988 (Ridder, 1991) has been
registered. According to some estimates the rate of deforestation in the Gambia is about 6
percent per annum. This has however, changed during recent years due to the annual tree
planting campaign adopted by Government.

The Gambia is endowed with about 140 tree and shrub species from about 12 families. The
forest cover is estimated at 43% of the total land area and are classified as closed forest (26,800
ha), open forest (62,600 ha), tree and shrub (34,700 ha) and mangroves (66,900 ha) (Foster,
1983).

The forest still remains as the basic provider of domestic energy supply (85%) in the form of fuel
wood and also provides 17% of the domestic saw timber needs (Dunsmore, 1976). The value of
timber is very high and the average price for local hardwood timber in the 1980s and 1990s is
about D400 per cubic metre while for Gmelinait is D250.00 (Schindele and Bojang, 1988).

4.35.2: I mpacts of climate change on the forest resources

Two biophysical models were used in the assessment of the impacts of climate change on the
forestry sector of The Gambia.

TheHoldridge L ife Zone Classification Model (Holdridge, 1967 as cited in Beniof et al. (eds.),
1996) is a climate classification model that relates the distribution of major ecosystem complexes
to the climatic variables of bio-temperature, mean annual precipitation and the ratio of potential
evapotranspiration to precipitation (PET ratio). The PET ratio is the quotient of PET and average
annual precipitation. Figure 4.3.5.1 illustrates the Holdridge Life Zone Classification scheme.

The life zones are depicted by a series of hexagons in a triangular coordinate system. |dentical
logarithmic axes for average annual precipitation form two sides of an equilateral triangle. The
PET ratio forms the third side, and an axis for mean annual bio-temperature is oriented
perpendicular to its base. The two variables, bio-temperature and annual precipitation, determine
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classification. By striking equal intervals on these logarithmic axes, hexagons are formed that
designate the Holdridge Life Zones (Smith, 1994).
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Figure4.3.5.1: Holdridge Life Zone Classification Scheme

Application of the Holdridge Life Zone Classification to a site requires only data on annual bio-
temperature and precipitation. The spatial resolution of the data should be as high as possible,
since the resolution at which the land cover is defined is dependent on the spatia resolution of
the climate data from which it is defined (Smith, 1994). Once the climate database has been
established and the primary variables have been calculated each land cell (i.e., area described by
a single observation of bio-temperature and annual precipitation) can be classified using
Holdridge classification and the results can be mapped.

Classification based maps for baseline (current) climate and GCM scenario driven climate are
produced. A direct comparison of the output land cover databases under current and climate
change scenarios provides a summary of the change in land cover projected to occur under the
GCM scenarios.

The Forest Gap Model simulates the demographics of plant populations. Individual plant
species are modeled as a unique entity with respect to the processes of establishment, growth and
mortality. The model structure includes two features that are important to the dynamic
description of vegetation:
1. theresponse of the plant species to the prevailing environmental conditions, and
2. how the individual modifies those environmental conditions (i.e., the feedback between
vegetation structure/composition and the environment, Smith, 1994)

The model approach is high resolution in that it can predict species composition, vegetation
structure and associated productivity and standing biomes through time. It tracks the temporal
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response of vegetation to changing environment conditions. The model is limited in that the
information (species composition and productivity) required to parameterize the model relate to
site specific features such as topographic position, soil characteristics, land use history,
disturbance, and present vegetation structure, al of which may vary over short distances. The
current climate and climate change scenarios have been applied to the forest gap model as a step
function (i.e., changes in temperature and precipitation are assumed to occur within a single
year).

Data availability is critical in the applications of the Forest Gap Model. For the assessment of
impacts of climate change on forest resources historical rainfall and temperature records were
used to calculate total rainfall, which was then used as input to the Forest Gap Model. Tree
species and site data are required to parameterize the forest gap model for a given site. Data for
29 species were used as input and also simulated, but only five of the most economically
important species are discussed in this report. The parameters from which the optimal growth
function (D-CURVE) is derived are maximum age, maximum diameter and maximum height of
the tree species. The result is a species specific optimal growth curve for some of the most
economically important timber and fuelwood species simulated. These optimal curves are input
into the gap model in which this potential optima growth is modified by the environmental
conditions on the plot. Growth is defined as diameter as a function of time, and diameter
increment as a function of current diameter. The environmental response to light is described by
the parameter L, where L = 1 classifies the species as shade intolerant. All the scenarios have
been applied to the Gap Model as step functions with ssmulation beginning in 1971 and full
climate change is expected by 2075, which is extrapolated to 2100.
As indicated above only 5 of the 29 species used in the smulations are discussed in the report.
These are:
Borassus aeithiopum/flabellifer is atall palm tree that attains a height of about 30 m. It
is highly gregarious with a stem that is thicker in the upper than in the lower part of the
trunk. The stem and leaves are very important for construction of houses; the stem is
used, whole or dliced, for construction of jetties, bridges, groynes and as poles for
fencing. The leaves and leaf stalks are used for roofing and fencing.
Chlorophoraregiais alarge forest tree with atall bole, buttressed at the foot. It is more
or less extinct in The Gambia because of several years of intensive exploitation of the
forest but specimens can be found in and around villages. It is an important timber tree.
Pterocarpus is the "African Rosewood" with dark bole, often streaked and sometimes
divided. The timber is very hard and durable and used in building and construction of
utensils. It is aso used in the construction of local bridges. The leaves are useful fodder
and when the bark and leaves are infused a medicinal stuff is produced.
Rhizophora racemosa is a mangrove tree that grows into tall tress up to 50 m high along
the river. It has a large per hectare biomass. It is a valuable timber, especially for piling
and roofing since termites never attack it. The mangrove swamps are important areas of
fish spawning.
Adansonia digitata has peculiar swollen trunk and short thick branches, holding water-
storage tissues. The fruit is a hanging velvety structure that breaks, when old and scatters
white flossy seeds embedded in a dry acid pulp. The tree has many uses. The bark is
stripped as fiber; the leaves, when young, are boiled and eaten as a vegetable and, when
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mature, are dried, ground and used as flavouring. The fruit pulp is edible and has earned
the name "monkey bread”.

From Figure 4.3.5.2, the Growing-Degree-Days (GDD) varied from 19°C under current climate
to 26°C under the HCGS model scenarios. Mean annual bio-temperature (GDD at base
temperature of 0°C) at current climate (baseline scenario) is estimated as 27.6°C. Increases in
bio-temperature are estimated as 11% (GFDL-equilibrium and CCCM), 28% (HCGG) and 39%
(HCGS) over the baseline scenario.

Figure 4.3.5.2: Estim ates of Biotem perature and Growing D egree
Daysunder various scenarios
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4.35.3: Simulation results from the Holdridge Model

Scenarios of bio-temperature (Figure 4.3.5.2 above) and total rainfall are used to drive the
Holdridge Model. Overall indications are that, under an equilibrium climate the potential land
cover of The Gambia will tend to the tropical dry forest category as a result of the projected
increase in precipitation, temperature and CO,. The projections indicate that by 2075, 40% of
the country will be under tropical very dry forest and 60% under tropical dry forest. Thisisthe
reverse of current situation and indicates a northward shift in the vegetation categoriesi.e., from
very dry forest to dry forest.

4.3.5.4: Simulation results from the Forest Gap Model

Species specific growth in diameter

Data on diameter size and diameter increment were input into the D_CURVE component of the
Gap Model to determine the growth characteristics of individual tree species. Figure 4.3.5.3
shows species-specific optimal growth curve for Adansonia, one of the most economically
important multi-purpose species simulated. Growth is defined as diameter as a function of time,
and diameter increment as a function of current diameter. These optimal curves serve as input
into the Gap Model in which this potential optima growth is modified by the environmental
conditions on the plot.
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Figure4.35.3; Projections of diameter and diameter growth for Adansonia Species
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Simulation results suggest that all species do not attain their current maximum diameter for al
climate change scenarios. The reader is referred to the detailed Vulnerability Study (Jallow,
2002).

Borassus species. Diameter expansion is faster under the climate change scenarios than under
current climate, but trees have a shorter survival period of 60 years as opposed to 120 years of
survival under current climate simulation. The number of trees within any of the size classesis
less under the climate change scenarios than under current climate scenarios.

Chlorophora species. Simulation results are similar to Borassus species except that under this
species, the number of trees within any size classis greater under HCGS and HCGG scenarios.

Pterocarpus species. Simulation results are similar to Borassus species. Expansion rate is slower
under current climate scenarios but the trees survive longer than any of the climate change
scenarios. Under current climate, the trees survive after 130 years while under al the climate
change scenarios, the trees do not survive beyond 80 years.

Rhizophora species. For these species more trees per hectare are ssmulated under climate change

scenarios than under current climate scenarios. However, the diameter of the trees is not
simulated to expand greater than 20 cm. Under current climate scenarios, number of trees per
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hectare is small but the trees attain a diameter of between 20 - 30 cm. Trees survive longer than
130 years under all scenarios.

Adansonia digitata: This tree specie can attain a diameter of 100 cm. Under current climate
scenarios, trees are simulated to attain a size greater than 60 cm but under all climate change
scenarios the trees have not attained this size. The rate of expansion of diameter is simulated to
be faster under climate change scenarios and slower under current climate. The number of trees
per hectare is higher under the HCGG and HCGS climate change scenarios.

Simulated biomass production

Stand Level Basal Area

Under current climate, basal area was negligible in the fist year, but increases to 5.45 m%ha by
2075 and 6.31 m*ha in 2100 (Figure 4.3.5.4). Simulations with climate change scenarios give
basal area as negligible during the first year of simulation. Projected values show an increase to
47.67 m’/ha (GFDL), 47.53 m*ha (CCCM), 54.82 m%ha (HCGG) and 59.59 m?/ha (HCGG) by
2075, and 47.06 m*/ha (GFDL), 46.92 m%ha (CCCM), 54.12 m“/ha (HCGG) and 58.82 m’/ha
(HCGS) by 2100.

Stand Level Biomass Produced

Stand biomass is the total biomass produced through the simulation of 29 tree species. Average
stand biomass is estimated for current climate and climate change scenarios. Under current
climate, stand biomass is estimated to increase from 2.15 tons per hectare (t/ha) in the first year
of simulation to 49.66 t/ha by 2075 and 59.15 t/ha by 2100. Simulations with climate change
give biomass production as 2.76 t/ha (GFDL), 2.75 t/ha (CCCM), 3.17 t/ha (HCGG) and 3.45
t/ha (HCGG) under current climate projections for the first year of ssimulation. Stand biomass
under climate change scenarios increased to 207.32 t/ha (GFDL), 206.70 t/ha (CCCM), 238.42
t/ha (HCGG) and 259.15 t/ha by 2075, and 211.84 t/ha (GFDL), 211.20 t/ha (CCCM), 243.62
t/ha (HCGG and 264.80 t/ha (HCGS) by 2100.

4.35.5; Potential adaptation options

About 86% of the energy supply for domestic use in The Gambia comes from forest resources
(NCC, 1994). Results of the vulnerability analysis suggest that, at the broader scale, the forest
resources will tend to the dry forest category but some tree species may not be able to survive
the climate change projected by some model scenarios. The Gambian population will have to
develop potential adaptation options and measures to enable them have continuous access to the
benefits provided by the forest resources. Adaptation options and measures that may be adopted
in The Gambiainclude;

Development of seed banks
Most of the forest tree species in the Sahel region of Africa, including The Gambia, have adapted
to droughts but may not be able to survive the projected climate change. Development and
maintenance of forest seed banks, especially indigenous forest species, will allow access to
seedlings in times of crisis. This could also ensure that benefits derived from forest are not lost
forever.
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Promotion of effective management practices and flexible criteria for intervention

The Community Forestry Management Concept introduced in The Gambia, with assistance from
the German Government has proved to be very effective in improving the vegetation cover. The
concept involves the management of the natural forest by the community through effective
planning, forest fire control strategies, sustainable exploitation of the forest, and reforestation.
Such forest management practices should be replicated in different parts, to eventually cover the
whole country. With the development of seed banks and, effective and flexible management
strategies put in place, the forest cover could be able to survive the projected climate and
environmental change.

4.3.6: Rangelandsand livestock
4.3.6.1: Background on the rangelands and livestock resources

Rangelands are agricultural systems with relatively low productivity that make up about 40% of
the earth’s surface. The system provides food and habitat for domestic livestock and many
species of wildlife. High rainfall variability, fire regime and grazing patterns are some of the
forces responsible for degradation of these ecosystems.

In The Gambia the rangeland system consists of natural vegetation cover (grasses, shrubs and
woody plants) and agricultural lands. Crops are cultivated on the agricultural lands during the
wet season and animals graze on the crop residue left behind after harvesting. The natural
vegetation cover is used for grazing throughout the year.

Figure 4.3.5.4: Basal area of vegetation stand as projected under the various scenarios
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4.3.6.2: I mpacts of climate change on rangelands and livestock - Assessment
methodology

In this study, the approach used to assess impacts of climate change to rangelands and livestock
in The Gambia consists of a simulation technique using the second generation Simulation of
Production and Utilization of Rangelands (SPUR2) Model (Hanson et a, 1992). SPUR2 was
developed by the USDA-ARS Great Plain Systems Research Unit and Colorado State University
as a general rangeland ecosystem model that simulates the cycling of carbon and nitrogen
through several compartments, including standing green, standing dead, live roots, dead roots,
seeds, litter, and soil organic matter. It also sSimulates competition between plant species and the
impact of grazing on vegetation. The model aso simulates the direct effects of CO, on plant
production.

The SPUR2 model consists of five basic components. hydrology, plant growth, animals
(domestic and wildlife) and economics. The hydrology/soils component calculates upland
surface runoff volumes, peak flow, snow melt, upland sediment yield, and channel stream flow
and sediment yield. Soil water tensions, use to control various aspects of plant growth, are
generated using a soil water balance equation. The soil conservation service curve number
procedure computes surface run off, and soil loss is computed by the modified Universal Sail
Loss Equation (USLE). The plant component of the model is a deterministic set of equations and
relationships that can simulate the dynamics of both cool-season (C3) and warm-season (Cg)
plants. With small exceptions for computational efficiency, the model processes each plant
species in the simulation in exactly the same manner. All species growth, death, and
physiological dynamics are calculated the same way, no matter whether the species is Cs or Ca.
The species responses to temperature, moisture, nutrients, etc., are ssmulated by supplying a set
of parameters and critical values for each plant species to be simulated. These parameters and
critical values are used to distinguish the physiological and ecological differences between
plants, and are in effect for the entire simulation.

The SPUR2 model has the capability to simulate the effects of grazing by wild as well as
domestic animals. In this study, only the wildlife component is used as all domestic animals are
grazed in the open. The model uses wildlife as a sink for the removal of vegetation and only
standing green and standing dead biomass are considered to be forage available for harvest by
wildlife.

The methodology for implementing the assessment of climate change impacts on
rangelands/livestock is divided into the following nine steps as shown in Figure 4.3.6.1 below.

Step 1 determines the areas of the country in which the simulation sites will be located.
Location of sites is determined in part by the availability and completeness of data for
the simulations. These data include weather elements, soil and vegetation data. Four
sites were located in this study but only one site has been analyzed and discussed in this
report.

Step 2 determines the initial conditions for the simulations using the plant, soil and livestock
models.
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Figure 4.3.6.1: Flow Diagram for Country Study Program Rangeland/Livestock Impact Assessment
M ethodology (from Beniof et al, 1996)
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Step 3 defines indicator variables, which include peak standing crop, water use efficiency, soil
organic matter, forage intake, etc.

Step 4 is parameter estimation and model validation. Types of curves needed include monthly
standing crop, forage crude protein or nitrogen, and yearly peak standing crop.

Step 5 selects representative simulation sites. Four sites were selected but only the results of one
site are analyzed in this reported.

Step 6 conducts the simulation experiment. The number of simulations includes a normal
simulation, which uses an unaltered version of the historical weather file, and simulations
using climate change scenarios.

Step 7 compares the difference between the “normal” and climate change scenario runs.

Step 8 tests adaptive strategies, which depend on the current and accepted management
strategies within a country and the type of livestock being studied.

Step 9 develops policies to mitigate the negative impacts or to take advantage of possible
positive impacts of climatic change.

Economic analysis can be conducted to examine the effects of climatic change on the local or
producer level, at a more aggregated level to examine the effects of secondary supply and
demand within aregion or country. However, economic analysis was not conducted in this study
due to limited knowledge in econometrics.

Forty years of historical weather data are used for each ssimulation site. The data includes daily
maximum and minimum temperature (°C), rainfall (mm), wind run (km/day), and solar radiation
(Langleys). Data for the hydrology model includes soil name, type, and texture; slope;
percentage of sand, clay, and silt; organic matter; parameters for USLE; soil evaporation; bulk
density; and water holding capacity at 15 bar. Plant model initial conditions include biomass
estimates for green shoots, live roots, propagules, standing dead, dead roots, litter, and soil
organic matter as well as an estimate of the amount of nitrogen (g/m?) in green shoots, live roots,
propagules, standing dead, dead roots, litter, soil organic nitrogen, and soil inorganic nitrogen.
In this simulation, domesticated animals in The Gambia are classified as wildlife because of their
feeding characteristics over an extensive and unmanaged area. Data for the wildlife component
included animal weight, forage intake, preferred grazing sites, etc. Where climatological data are
missing, interpolation is used to fill the gaps. In some cases abiotic and biotic datato be used in
the ssimulation are unavailable and in such situations the default data provided in the model are
used.

4.3.6.3: Results and discussion
Results for the indicator variables are output on daily, weekly or monthly but in this study, data
are analyzed on a yearly basis. Data analyzed includes annual averages for peak standing crop

(g/m?), rainfall (cm), PET (mm), transpiration (mm), soil moisture conditions, nitrogen
mineralized and nitrogen fixed.
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Annual averages of water balance parameters

Simulation results suggest that PET is projected to increase over the current climate value of
about 1,890 mm by 5% under GFDL and CCCM models and about 21% and 31%, respectively,
under HCGG and HCGS models. Increases in soil evaporation over the current climate value of
17.2 mm are significant, varying from 93% under the GFDL and CCCM models to 122% and
142%, respectively, for the HCGG and HCGS models. The annual average quantity of water
available to the plants decreases under CCCM and GFDL model scenarios by about 13% over
the current climate value of 281 mm. There is little variation in the projected value under current
climate and HCGG scenarios but projections from the HCGS are 9% higher than current climate
estimates (Table 4.3.6.1).

Average biomass and dry matter production

Total biomass

The average monthly live biomass produced for the simulation period (1951-1990) is 2,487
kg/ha under current climate scenarios. When this period is projected for double CO, induced
climate (2051-2090), average monthly total live biomass simulated under the various climate
change scenarios shows a reduction of 43% under CCCM and GFDL model scenarios, 34%
under HCGG and 29% under HCGS climate change scenarios. Estimates of the average monthly
total biomass produced for the whole ssimulation period (Figure 4.3.6.2) clearly show this
reduction for all the months.

Table4.3.6.1: Water balance parametersfor the Bakendik Flats

Current | GFDL %of |CCCM | % of |HCGG| % of HCGS | % of
Climate | (mm) | Current | (mm) [ Current | (mm) | Current | (mm) [Current

(mm) Climate Climate Climate Climate
Precipitation 2552.6 | 2067.6 -19 2061.36| -19 2377.7 -7 2584.4 1
Infiltration 916.6 | 778.76 -15 776.42 -15 895.57 -2 973.45 6
PET 1889.6 | 1986.0 5 1980.07 5 2283.9 21 24825 31
Soil Evaporation| 17.2 33.27 93 33.17 93 38.26 122 41.59 142
Plant 604.1 | 558.04 -8 556.37 -8 641.75 6 697.55 15

Transpiration
Deep Percolation| 296.9 | 189.74 -36 189.17 -36 218.20 -27 237.18 -20

Plant Available 281.4 244.86 -13 244.13 -13 281.59 0 306.08 9
\Water

Plant Available Water is quantity of water that is extractable by plants and within the root zone

However, average monthly biomass production per species shows some differences. For warm
season grasses (Table 4.3.6.3 and Figure 4.3.6.3), estimates under current climate are lower than
estimates under all climate change scenarios. Estimates under GFDL and CCCM scenarios are
14% higher than current climate scenarios and HCGG and HCGS model scenario estimates are
31% and 43% higher than current climate estimates respectively.

Total siteleaf area

The average leaf area (LA) simulated for Bakendik Flats is 7.1 grams per metre squared (g/m?).
The average LA under various climate change scenarios is lower than current climate scenarios
by 45% for CCCM, 44% for GFDL, 36% for HCGG and 31% for HCGS scenarios.
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Table 4.3.6.2: Estimates of average annual biomass (kg/ha) produced under various scenarios

3000

Jan | Feb [ Mar | Apr [ May | Jun | Jul | Aug | Sept | Oct | Nov | Dec | Average %
Variation
Current |1450|1350( 1215| 997 | 885 |1377(3688|4598| 5185 | 4550 [ 3000 | 1550 2487 0
CCCM 824 | 767 | 690 | 567 | 503 | 783 120962613 | 2947 (2586|1705| 881 1413 -43
GFDL 827 | 770 | 693 | 568 | 504 | 785 |2102|2621| 2955 (2594]1710| 884 1418 -43
HCGG 950 | 885 | 796 | 654 | 580 | 903 (2417|3014 | 3399 | 2983|1967 |1016 1630 -34
HCGS (1033|962 | 866 | 710 | 631 | 981 (2628|3276 | 3694 | 3242| 2138|1104 1772 -29
Figure 4.3.6.2: ‘Estimates of average monthly biomass produced under various climate
scenarios
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Figure 4.3.6.3: Estimates of average monthly live biomass for warm season grass under various climate
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Figure4.3.6.4: Estimates of dry matter production for warm season grass under various climate scenarios
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Peak standing crop for warm season grass

Average Peak Standing Crop for warm season grasses under current climate is estimated as 88
g/m® This value increases by 8% to 95 g/m’ under the CCCM and GFDL climate change
scenarios. The HCGG and HCGS show increases of 24% (109 g/m?) and 35% (119 g/m?)
respectively. For this grass species, standing crop is realized only during the first 14 years of the
simulation period. After the 15" year of the simulation period, the climate will not be able to
support warm season grasses under all model scenarios.

Dry matter production

From Figure 4.3.6.4, average aboveground dry matter production for warm season grass is
simulated to be 523 g/m? under current climate scenarios. This productivity is estimated to
increase by 35% to 706 g/m’ under GDFL scenarios and 704 g/m? under CCCM, by 55% to 812
g/m? under the HCGG and by 69% to 883 g/m* under the HCGS scenarios. All scenarios project
that dry matter production will not be sustained after 2065.

Soil moisture tension

From Table 4.3.6.4 average soil moisture tension increases above the current climate value of -
34 bars by 4% to -36 bars under CCCM and GDFL model scenarios, by 20% to -41bars under
HCGG and by 30% to —45 bars under HCGS model scenarios. Vaues of moisture tension at 15
cm and within the wettest soil layer (or the root zone) are equal under current climate scenario
but increases towards the wettest layer by -1 bar for all climate change scenarios (Table 4.3.6.4).
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Table4.3.6.3: Estimates of average monthly biomass (kg/ha) for warm season grasses under various

scenarios
Jan | Feb | Mar | Apr [May | Jun | Jul [ Aug [ Sept | Oct | Nov | Dec | Avg. %
Variation
Current | 55 | 35 | 28 | 22 | 25 [ 110 | 250 | 315 | 312 | 298 | 195 | 52 | 141 0

CCCM 62.5|39.8 | 31.8 | 25.0 | 28.4 |125.0{284.1({358.0|354.6|338.7(221.6| 59.1 | 161 14
GFDL 62.7 | 39.9 |31.92|25.08 28.5 |125.4| 285 [359.1|355.7|339.7(222.3|59.28| 161 14
HCGG 72.1| 459 | 36.7 | 28.8 | 32.8 |144.2|327.8(413.0|409.0|390.7(255.6| 68.2 | 185 31
HCGS 78.4149.9 | 39.9 | 31.4 | 35.6 |156.8|356.3(448.9|444.6|424.7(277.9| 74.1 | 202 43

Table 4.3.6.4: Simulated aver age moisture tension and 10-day temper ature at Bakendik Flats

Soil moisturetension (bars)
15cm Layer Wettest L ayer
Current -34 -34
CCCM -36 -35
GFDL -36 -35
HCGG -41 -40
HCGS -45 -44

Effects of Temperature on Nitrogen Uptake (ETNU)

ETNU isamultiplier. An ETNU value of unity means there is no temperature effect on nitrogen
uptake. Model simulations suggest that for the Bakendik Flats ETNU values lie between 0.93 to
0.99 for warm season grasses for all scenarios. Thus temperature will not affect nitrogen uptake.

Effects of moisture on nitrogen uptake

Results of simulation of effects of moisture on nitrogen uptake for warm season grasses show
that under the CCCM and GFDL climate change scenarios effectiveness of moisture on nitrogen
uptake is higher than current climate scenarios by 10% but lower by 3% under HCGG and by
12% under HCGS scenarios. For the 40-year period simulated, the effect of moisture varies from
0.47 - 0.20 under current climate ssimulations, 0.43 - 0.09 under GFDL and CCCM scenarios,
0.49 - 0.10 under HCGG and 0.53 - 0.11 under HCGS climate change scenarios. Thus, as climate
warms, moisture becomes more effective on nitrogen uptake. Results are similar for other
simulated species.

Effects of moisture on de-nitrification

Inorganic nitrogen is lost from the soil through de-nitrification, which is dependent on the soil
water potential of the top 15 cm of the soil layer. Similar to simulations of effects of moisture on
nitrogen uptake, the effects of moisture on de-nitrification increases as the climate warms. The
effect varies between 0.58 - 0.39 under current climate scenarios, but as the climate warms the
effect varies between 0.55 - 0.33 under GFDL and CCCM, 0.63 - 0.38 under HCGG and 0.69 -
0.41 under HCGS climate change scenarios.
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Mineralized and mixed nitrogen

The average amount of nitrogen mineralized for warm season grasses during the period of
simulation varies from 20.84 g/m? under current climate scenarios to 12.11 g/m? under GFDL,
12.08 g/m? under CCCM, 13.93 g/m* under HCGG and 15.14 g/m? under HCGS climate change
scenarios. Nitrogen fixed varies from 0.35 - 6.90 g/m® under current climate to 0.35 - 6.46 g/m?
under GFDL and CCCM, 0.40 - 7.43 g/m? under HCGG and 0.44 - 8.08 g/m? under HCGS
climate change scenarios.

4.3.6.4: Potential adaptation measures

It can be concluded that the rangelands at the Bakendik Flats may degrade under warmer climate
due to the projected decrease in precipitation and increase in evaporation, especially soil
evaporation. Less water will be available to the plants. It is also projected that reduced moisture
will affect nitrogen up-take by plants. Hence, the grasses will be less palatable to the animals
grazing on them leading to reduction in their weight and milk production. The consegquence of
this is that human population is affected as they depend on these animals for meat and milk
consumption.

Potential adaptation measures can be spontaneous and human assisted. It will be necessary to
utilize a combination of efforts to reduce land degradation and foster sustainable management of
the natural resources. Suggested adaptation options include:

1. Development and implementation of effective policies on integrated natural resources
management
The negative impacts of climate change on rangelands can be mitigated by the devel opment
and implementation of effective policies that seek to improve production and aso take into
consideration the needs of other sub-sectors of the natural resources base of the country.

2. Restoration of rangeland landscape
This adaptation option includes the monitoring and manipulation of anima stocking,
institutionalization of strict grazing controls and management of the vegetation and soils.

4.3.7: Water resources
4.3.7.1: Background on the water resources of The Gambia

Detailed description of the country’s surface and groundwater systems can be found in a number
of reports (Howard Humphreys and Sons Ltd., 1974a; Ceesay and Sons, et a., 1987; GITEC,
1992; DWR, 1983, 2001; Lamagat et al., 1990), and has therefore not been treated in similar
depth in this study. Briefly, the River Gambia is subject to the intrusion of seawater in its
estuarine part. Variable intrusion length, a complex function of freshwater flow (DWR, 2001),
roughly divides the estuary into perennially saline, seasonally fresh, and perennially fresh
reaches. Groundwater resources are represented by exploitable storage in the aquifer systems
underlying the country (Ceesay and Sons et. a, 1987). Infiltration is reported as the primary
recharge mechanism (DWR, 1983; Ceesay and Sons et. al, 1987) for the shallow sand aguifer
that provides the quasi-totality of the country’s groundwater supplies.
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The current assessment of water resources vulnerability — seeks to (i) verify and update the
findings reported by Manneh (1997), (ii) undertake relevant analyses absent from Manneh
(1997), and (iii) carry out the assessment in a more systematic and holistic way than was
previously the case.

4.3.7.2: Data acquisition and procedural aspects

The genera approach to the study is shown in the flowchart (Figure 4.3.7.1) below. The study
area concerned by this assessment is The Gambia. However, one has to look beyond the
Gambia's borders given the country’s relationship within the Gambia River Basin (GRB, Figure
4.3.7.2). Suffice to say that more than 90% of the Gambia s territory lies within the GRB and
over 80% of the country’s surface water resources have an external origin (IPCC, 1998). Asin
Manneh (1997), it was imperative therefore to conduct an assessment of the flow entering the
country from the upper GRB.

Figure4.3.7.1: Framework for vulnerability assessment and adaptation study

Climate Change Socio-economic
Scenarios variables
|
NoClimate | Surface and
Change Groundwater models
¢ Water Resour ces
Water Resour ces M anagement
Availability Functions
A
A

Vulnerability Analysis |«

\ 4
| Adaptation Strategies [«

Pertaining to internal water resources, these are mostly found in extensive aquifer systems. It is
estimated that only 8% of groundwater recharge come from lateral inflow (Ceesay and Sons, and
Howard Humphreys, 1987). As the principal mechanism for the replenishment of groundwater
resources, local infiltration varies from place to place due to differences in precipitation, surface
geology, land use, and other factors (DWR, 1983; Ceesay and Sons, et a., 1987). For this reason,
and to better grasp the regional aspects of vulnerability, the country is divided into nine 'Analysis
Units (AU)', in the mgority bounded by the Atlantic Ocean, the River Gambia and its major
tributaries. One drawback in the use of AUs is the absence of basic socio-economic data at the
tertiary administrative level.
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Table4.3.7.1: Areal Extent of Analysis Units (excluding swamps)
Analysis Unit | size (km?)
547
802
691
1,451
1,352
1,322
1,054

840
861
The Gambia 8,920

source: G. Corr
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Figure 4.3.7.2: Situation map of the Gambia River Basin (Amara, 1993)
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Data requirements for the study

For the type of anaysis attempted, socio-economic data and planning information are as
important as physical data reflecting water resources status. Owing to the fact that some of the
data used in the study is not originally presented in the requisite format, level of detail, and/or
acceptable quality standards, pre-processing is carried out using standard techniques of water
resources planning. In-depth analyses rely on statistical mathematics, hydrological analysis and
modelling techniques (Lingley et. al., 1982; Shaw, 1983, Hall, 1996).

The DWR provided hydro-climatic data. OMVG" reports were aso secondary sources of
hydrological data, in particular monthly flow series of the River Gambia. Data on cultivable and

L OMVG the acronym for Organisation pour la mise en valeur du bassin de fleuve Gambie, which is the French equivalent of Gambia River
Basin Development Organisation.

91



cropland area, and livestock population were gleaned from various sources (Hasan, 1996;
GOTG, 1997, NEA, 1997; DOP, 2001). Relevant data on water supply infrastructure were
downloaded from the EDF/DWR database. NAWEC also provided invaluable data on its urban
and provincial water supply infrastructure. Water production and aggregate water demand by
different sectors is computed using maximum yield and per capita values, respectively (GITEC,
1992).

Climate change scenarios

From the set of quantifiable attributes describing climate, special emphasis is placed in climate
change studies, on precipitation and mean air temperature. Indeed, these are primary outputs of
GCM. The GFDL and Hadley Centre GCMs calibrated over the period 1950 — 1990 (Jallow,
2002) are used to generate precipitation projections for the period 2002 — 2078, under the
assumptions of a doubling of CO, emissions over the same period (Jallow, 2002). Projections
givenin Table 4.3.7.2 point strongly to (i) statistical equivalence of the GFDL and HCGS model
projections, and (ii) fundamental differences between HCGG and the other GCM projections.
The GFDL and HCGS projections are, therefore, retained for further analyses of impacts of
climate change on water resources.

Table4.3.7.2: GCM projections of rainfall (mm) for the Gambia for the period 2002 — 2078 (Jallow, 2002)

GFDL HCCG HCGS
Jan 0.2 01 0.2
Feb 0.2 01 01
Mar 0.0 0.0 0.0
Apr 12 0.2 04
May 9.7 1.8 6.8
June 87.4 35.0 245
July 119.3 42.5 1335
Aug 272.3 106.7 2189
Sept 1755 111.3 194.7
Oct 73.8 55.4 1454
Nov 3.2 6.7 57
Dec 04 04 0.5
Y ear 743.1 360.1 730.7

Related to the projected rise in mean globa temperature, mean sea level rise is expected to
increase as a direct consequence of glacier and continental ice sheet melt and thermal expansion
of the oceans (Oerlemans, 1993; Bird, 1993). Additionally, changes in ocean temperature and
salinity are expected to make further contributions to sea level rise (Oerlemans, 1993). Figure
4.3.7.3 shows the probability distribution of future sea level rise (Titus and Narayanan, 1992).
Consistent with the Coastal Zone Vulnerability Assessment, a high rise scenario of 100 cm/
Century is adopted in this study.

The projected change in temperature of 2 K/century is adopted without further enquiry. One
must not lose sight however of the fact that natural variability of monthly temperatures, in the
order of 0.6 to 1.2 °C, makesit difficult to isolate temperature change impacts on water resources
in the first 40 years covered by the assessment. Nonetheless, potential evapotranspiration (PET)
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IS expected to steadily rise by 10% in summer months, by the year 2075 as shown in Table
4.3.7.3 below).
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Figure 4.3.7.3: Probability distribution of sea level rise (Titusand Narayanan, 1992)

Table 4.3.7.3: Percentageincreasein PET under temperaturetrend of 2°K/Century. PET dueto global
warming is assessed by Euler’s method using the differential d(PET)/dT of Hargreaves equation
(Benioff, 1992)

le"
2002 2040 2075
Jan. 0.0 41 7.9
Feb 0.0 39 75
Mar 0.0 38 7.4
Apr 0.0 38 7.3
May 0.0 39 7.3
June 0.0 4.4 8.4
July 0.0 4.9 95
Aug 0.0 51 9.7
Sept 0.0 4.9 95
Oct 0.0 4.6 8.8
Nov 0.0 4.1 7.9
Dec 0.0 4.2 8.0

Having failed to demonstrate significant differences between GFDL and HCGS and post-1970
historic annual rainfall depths, climate change trends in this study are transcribed therefore by
global warming of 2 K/Century, and sea level rise of 100 cm/Century. Annual rainfall is treated
as a random variable conforming to the normal probability distribution, with a mean of 796.2
mm and standard deviation of 146.7mm. Time series of monthly rainfall are derived from annual
rainfall series generated from a normal distribution, and seasonal distribution factors of historic
time series, computed over the period 1971 — 2000. Generation of monthly rainfall time series
from appropriate probability distributions (Njie, 1987) was considered as an aternative
approach, but was dropped due to its failure to preserve annual rainfall statistics.
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4.3.7.3: Results of climate change impacts assessment on surface and ground water
resources

In this study, surface and groundwater resources are evaluated under an integrated modeling
framework in which a desegregation model converts country rainfall to point estimates that serve
astime seriesinputsin hydrological models used in this study.

Surface water resources
The catchment water balance model (Manneh, 1997)

Smax%: P(t)- R(z,P,t)- R,(zt) - E(z PET,1), Equation (4.4)

in which Shex 1S the maximum moisture holding capacity (mm) of the catchment,
P(t) israinfal rate (mm/d).
R, isdirect runoff (mm/d),
R, Issubsurface flow (mm/d),

z(t) isrelative moisture storage of the catchment,

iscalibrated against Gouloumbo (1986 — 1991) and Sambangalou (1973 — 1975) flow data, the
calibration period being determined by concurrent availability of input (i.e., temperature and
rainfall) and output (i.e,, flow) data. Unlike Manneh (1997), R, in Egn. (4.4) regroups both

baseflow and inter-flow (Linsey et al., 1982). Hargreaves formula (Benioff, 1996;) for PET
computation is also selected in preference to the Priestly-Taylor formulation (Linsey et al.,
1982; Manneh, 1997) whose data requirements cannot be met under the climate change
scenarios. Model parameters, S e, and a, in Table 4.3.7.4 are obtained through a

combination of heuristic and automatic calibration procedures, with due care given to physica
correlates of parameters (Howard Humphreys and Sons Ltd., 1974a; Ambroise, 1978; Hall,
1996).

Table 4.3.7.4: Hydraulic characteristics of the GRB at Gouloumbo and Sambangalou. € is a runoff
production factor, whilst & isthegroundwater dischargerate of over-spilling aquifer (s)

Sambangalou Gouloumbo
e 0.281 0.137
a (mm/d) 0.610 0.206
S (MM) 800 900
Area (km?) 7,080 42,000

To evaluate the impact of global warming, the runoff model,

Q(t) = P(t) - E(z PET,t)- Smax% : Equation (4.5)

is used to generate 100 monthly flow sequences (2002 — 2078) assuming (i) no rise in global
temperature, dT/dt = 0, and (ii) awarming trend dT/dt = 2 K/Century. Sensitivity of catchment
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response to a warming trend is measured by changes in flow frequencies and average catchment
yield.

Results of ssimulations under both conditions shown in Tables 5.3.7.5 and 5.3.7.6, indicate very
minor changes in flow frequency, and the long-term mean flow. Insensitivity to surface flows
may be explained by the fact that (i) actual evapotranspiration is close to the potential value in
the rainy season and (ii) baseflow contributes only 5% of total runoff in the middle and upper
GRB. In this part of the basin the hydrologic response to rainfall is practically determined by
surface geology and topography (Howard Humphreys and Sons Ltd., 1974a, Lamagat et
al.,1990).

Demonstrated insensitivity of runoff to global warming alone should however, not obscure the
fact that open water evaporation (see Table 4.3.7.3) downstream of Gouloumbo and from a
future reservoir at Sambangalou, may have significant impacts on surface water resources and its
management.

Table 4.3.7.5: Flow frequencies at Gouloumbo, and Sambangalou under warming and no warming scenarios.
Frequencies are given as occurrences out of a maximum possible of 900 (i.e. 75 years monthly flow
simulations) Differencesare underlined

Driest Scenario Wettest Scenario
Flow Sambangalou Gouloumbo Sambangalou Gouloumbo
Range(dT/dt) =0 10 =0 10 =0 10 =0 10

[0, 20] 529 529 480 480 526 526 458 460

[20, 50] 104 104 44 44 71 71 65 63

[50, 100] 82 82 8 8 94 94 3 3
[100, 150] 100 100 29 29 85 85 13 13
[150, 200] 67 67 60 60 78 78 41 42
[200, 300] 18 18 58 59 44 44 66 67
[300, 400] 1 1 52 52 3 3 43 41
[400, 500] 0 0 52 52 0 0 50 50
[500, 600] 0 0 27 27 0 0 34 34
[600, 700] 0 0 64 63 0 0 67 67
[800, 1000] 0 0 21 21 0 0 38 38
[1000, 1200] 0 0 2 2 0 0 13 13
[1200, 1400] 0 0 1 1 0 0 7 7
[1400, 1600] 0 0 2 2 0 0 0 1
[1600, 1800] 0 0 0 0 0 0 2 1
[1800, 2000] 0 0 0 0 0 0 1 1
[2000, 2500] 0 0 1 1 0 0 0 0
[2500, 3000] 0 0 0 0 0 0 0 0

In evaluating future flow conditions (Hall, 1996), it is assumed that S, €, and a remain

unchanged for the duration of the assessment. Low population densities, migration trends,
limited agricultural potential and remoteness (Sogreah et. al., 1999) make it difficult to
contemplate significant changes in the hydrological response of the upper GRB. Additionally,
the replication of land and water management programmes, instituted under the Projet Régional
d Aménagement du Massif du Fouta Djallon (The Fouta Djalon Highlands Regiona
Development Project), with emphasis on restoration of degraded watershed areas is expected to
curtail large-scale land-use changes.
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Table 4.3.7.6: Long-term flow (m%s) at Gouloumbo and Sambangalou with and without global war ming for
the driest and wettest flow sequences
Flow Segquence

Driest Wettest
dT/dt =0 10 =0 10
Sambangalou 42.8 42.8 49.7 49.7
Gouloumbo 177 178 214 215

A total of 100 simulations of equally likely runoff sequences at Gouloumbo and Sambangalou
are generated under a warming trend using Equation 3.2. A subset of these, illustrated in Figure
4.3.7.4, shows very clearly that variability is highest during the rainy season months.

The driest flow sequence, identified as having the highest number of months, at Gouloumbo,
with flows below 1000 m*/s, is assessed in terms of vulnerability to water shortages. On the other
hand, flood risks are evaluated using the wettest flow sequence.

1500 A

1000 H

flow rate (m3/s)

500

2018 2019 2020 2021
Y ear

Figure 4.3.7.4: Subset of equally likely flow sequences at Gouloumbo

Reference to results obtained in the context of sensitivity tests (Table 4.3.7.5), the study draws
attention to the fact that differences between long-term average flows under the wettest and
driest sequences could be as high as 17%. Time constraints and an inappropriate computational
environment, however, were decisive factors in limiting the number of simulations carried out.
Ideally, a minimum of 1,000 simulations should be carried out to better guarantee the capture of
extreme values, and stability of flow statistics. At locations downstream of Gouloumbo,
generated flow sequences are corrected for rainfall and evaporation fluxes over relevant reaches

of the River Gambia.
Figure 4.3.7.5 shows the net negative flux at Bansang (river km 316), and Sambang (river km

176) during low flow periods at Gouloumbo (river km 526). Observe that the monthly
hydrograph at Gouloumbo is smoothed to the extent that there is hardly any difference between
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the hydrographs in the high flow season. Ultimately, the differences appearing during low flow
periods can be linked to open water evaporation between these |ocations.
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Figure4.3.7.5 (a): 2-year window (2018 — 2020) from the driest flow sequence showing flow hydrographs at
Gouloumbo, Bansang, and Sambang
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Figure 4.3.7.5(b): close-up view of low flow periods. Observe the negative flows (i.e. net upstream fluxes) at
thelast two stations

At the start of operations of the Sambangalou dam, a target hydrograph of 50 m*/s at Gouloumbo
is recommended by Sogreah et al. (1999). At low flow periods, this means that water is released
from the dam at a rate Qq(t) £ 50 m*/s, depending on flow forecast or observed in real-time,
downstream of the dam. An approximate representation of the dam’ s release policy expressed as

%50 m3/s, from Dec to June Equation.(4.6)
Q. (1) = I

% 0 , otherwise
isapplied to the driest flow sequenceto illustrate the effect of regulation on flows.
In Figure 4.3.7.6, peak flows are reduced by 20 — 30%, and minimum flows augmented from less

than 1 m*/s to 50 m*/s. Corollary to the regulatory effects of dam releases, the ratio of peak to
minimum flows drop from 1000 to 20 or less.
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Figure 4.3.7.6: Regulated and unregulated flow hydrographs at Gouloumbo illustrating the impact of
regulation on peak flow reduction, and low flow augmentation

The study draws attention to the fact that recent vulnerability assessment and planning studies
(Manneh, 1997; Sogreah et al., 1999) have failed to incorporate a sea level rise scenario, its
impacts on flow regulation and water resources management. Key questions related to sea level
rise are: (i) what impacts (if any) sea level rise has on the flow regime; and (ii) how does it
affect saline intrusion.

The projected rise in mean sea level, which closely resembles a surge of long duration, could set
up an equilibrium water level profile aong the estuary (Volker, 1987), and extend it's current
tidal length by another 37 km (see distance-elevation datain Table 4.3.7.7).

Table 4.3.7.7: Distance and critical topographic variables at locations close to thelimit of tidal influence on
river water levelsand discharge. Low water levels at River km 563 are obtained from aver age of forward
and backward linear interpolations of Gouloumbo and Wassadou-Aval elevations.

~Station D Z S
Gouloumbo 526 0 0.05
River km 563 563 1 0.07
Wassadou-Aval 623 5 0.09
Wassadou-A mont 625 5 0.09

D = distance (km) from estuary mouth, z = elevation (m) above mean sealevel, S = slope (m/km) at station)
(‘= estimated )

During the peak flow season, when tidal effects are pushed oceanwards, unidirectional flow is
only expected upstream of Fatoto (free of tidal effects for two or three weeks in
September/October under current situation). Furthermore, one could expect the downgrading
and retardation of flood pesks’. As a logica consequence of increasing tidal length,
landward/upstream fluxes are also expected to become a more prominent feature of flow at
locations along the estuary.

Using depth and surface area data from Howard Humphreys and Sons Ltd. (1974a), and DHI
(1982), in conjunction with a 100 cm/Century sea level rise scenario (Titus and Narayanan,
1992; IPCC, 1996, Jallow and Barrow, 1997), this author computes an additional tidal influx of
2,700 m®/s at the estuary entrance in Banjul by the year 2077. In this regard, maximum upstream

2 These predictions derive directly from reservoir routing of flood hydrographs (Linsley et al., 1982; Shaw, 1983, Hall, 1996)
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fluxes at Sambang (river km 176) are expected to increase by 0.3 to 0.5 m*/s, i.e., 6% to 10%
above current values.

On the question of saline intrusion, there is significant uncertainty regarding future migration of
the saline front (concentration of dissolved solids = 1g/l). One estimate, based on the increase in
tidal fluxes which agree with findings reported under (DWR, 2001), puts upstream migration of
the upper limit of the saline front around 250 m, over the next 75 years. On the other hand,
distance-elevation data in Table 4.3.7.7 suggest upstream migration by 37 km, approximately
equal to 370 m/year. If the tidal range at the mouth of the River Gambia estuary does not change
over the study period, one could expect a 100 cm increase in mean sea level, equivaent to the
tidal amplitude at Banjul, to induce a translocation of the upper limit of the saline front 4 km
upstream of Kuntaur (river km 254), the current upper limit of intrusion.

To demonstrate that dispersive, rather than advective transport® is the principal mechanism
responsible for saline intrusion, and that 4 km is a more likely intrusion value than 37 km, one
has to examine the one-dimensional approximation of the advection-dispersion equation
(Savenije and Pages, 1991; Jolankai, 1992).

AE = lge EQ_ Q— Equation. (4.7)

it Txe X @ fix
together with salinity and discharge measurements made at specific locations along the estuary.

Table 4.3.7.8. Gouloumbo flows and corresponding concentration at Balingho during the 1977/8 hydrological
year — one of the driest years on the instrumental record. Missing concentration values for the months of
August, September, October and March are estimated from the long-term mean (1974-2000). fC/t is
approximated by finite differences DC /Dt

Q C DC /Dt
May 2.32 16.7 34
June 4.42 204 3.7
July 184 18.3 -21
Aug 137 10.0 - 83
Sept 490 0.4 - 96
Oct 303 0.4 0.0
Nov 75.9 05 0.1
Dec 194 13 0.8
Jan 11.0 51 38
Feb 44 9.5 4.4
Mar 2.05 12.0 25
Apr 1.14 145 25

Note: Q = distance (m*s) a Gouloumbo, C = concentration (g/l), DC/Dt = incremental rate of change of
concentration (g/l/month)

3 Dispersive transport is the movement of salt due to molecular and turbulent diffusion. Advective transport is the movement of salt due to bulk
movement of water.

99



Figure 4.3.7.7: Variation of discharge and concentration during 1977/8 hydrological year (see Table 4.3.7.8).
Observe therapid flushing of salt from the estuary on the rising limb of the flow hydrograph. Notice also the

hysteretical relationship between flow and salt concentration (Ferguson et al., 1994; DWR, 2001)
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In the present study, the salinity regime at Balingho (river km 130) is shown for demonstration
purposes because (1) the station features prominently in OMV G salinity control projects, and (2)
DWR'’s monitoring protocol, is primarily targeted towards tracking the saline front, hence the
unavailability of concentration data at Kuntaur (river km 254) for most of the year. Note that the
river Gambia is a fully mixed estuary (Manneh, 1988; Sogreah et al., 1999), in which the most
significant changes in salinity, both temporal and along the axis of flow, occur between river km
100 and river km 200.

In Figure 4.3.7.7c, DC/Dt < 0 occurs when the advective transport term Q‘l‘lTT—C is dominant. As
X

the reader will appreciate from figures 5.3.7.7a and 5.3.7.7c, this situation corresponds to the

period of high flows. Conversely, DC/Dt 2 0 when 'ﬂlgeAD :TT—CQ is equal to or greater than the
Xé X g

advective transport term, which typically occurs when Q and C/{x both tend to zero. Note in
particular, that D, isinversely proportional to Q (John, 1973; Jolankai, 1992). The maximum

value of DC/Dt in Table 4.3.7.8 and Figure 4.3.7.7c reflects the fact that net tidal fluxes on the
ocean side of the saline front may be briefly significant, at specific locations, during the
recession phase of the Gouloumbo flow hydrograph. Outside of these periods of significant tidal
fluxes, dispersive transport, which is arelatively less efficient transport mechanism, prevails. To
fix some ideas, compare the rapid flushing of saline water during floods (i.e. advective transport
of freshwater) with the slow upstream migration of the saline front (resulting primarily from
dispersive transport of saline seawater).

Table 43.7.9: Increase in saline intrusion, DX, under different irrigation scenarios. The negative sign
indicates landwar d/upstream translocation of saline front. Current irrigation area of 2,800 ha is projected to
increase to 7,000 ha, and 22,000 ha, by 2030 and 2075, respectively. dX,/dQ is derived from the
relationship between freshwater inflow, Q, and location of the saline front, X, during the dry season (DWR,
2001). Irrigation water demand/abstraction, Q 5 , iscomputed on the basis of 3,000 mm/yr/ha.

A = 2,800 ha A = 7,000 ha A = 22,000 ha
Q ,=2.66 (M%s) Q = 6.66 (M%s) Q ,=20.9 (m%s)
DX, DX, DX,

Q (m°s) (km) (km) (km)

50 -05 -1.4 -6.6

40 -0.7 -18 -10.3

25 -11 -34 -51.1

10 -35 -20.2

5 -116

From the preceding discussion concerning the relative importance of the dispersive and
advective transport mechanism, the study concludes that upstream migration of the saline front
based on distance-elevation relationships is extremely unlikely. The study also concludes that a
drastic reduction of flows reported by Manneh (1997) is not a sufficient condition for significant
changes in sdine intrusion length. Whereas reduced freshwater flows lead to insufficient
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flushing of accumulated salts, and changes (over time) in chemistry of river water (Savenije and
Pages, 1991), relatively large volumes of freshwater abstraction on the upstream side of the
saline front, is a necessary condition for saline intrusion upwards of 10 km. This deduction is
based on (i) the principle of continuity, which requires compensatory |landward/upstream fluxes
in response to abstraction of freshwater, and (ii) the greater efficiency of advection as a transport
mechanism of dissolved salts. Observe from Table 4.3.7.9 and Figure 4.3.7.8 how saline
intrusion, reaches alarming proportions when freshwater inflow drops below 10 ms, or the total
area under irrigation exceeds 7,000 ha.

Figure4.3.7.8: Increasein salineintrusion, DX, asafunction of freshwater inflow from the upper GRB (Q,
=50m%s, Q,=40m¥s, Qz;=25m%s, Q,=10m%¥s, and Qs =5m?s) and irrigated area.
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Groundwater resources

Ground water resources evaluation faces several problems. Amongst these are (i) a sub-optimal
monitoring network, (ii) absence of detailed topographic maps, and (iii) inadequate knowledge of
aquifer properties. Furthermore, information on abstraction projections and future location of
boreholes is not currently available from NAWEC, which has just embarked on the preparatory
phase of a 30-year groundwater development plan in partnership with the ADB.

In the current study, groundwater recharge is computed by the Rise Method,

i(t) = Sy$ : (Equation 4.8)

inwhich i(t) isrechargerate (m/d), S, is the specific yield of the relevant aquifer, dh/dt isthe

rate of change (m/d) of groundwater levels. Equation (4.8) does have some limitations however.
First, it underestimates recharge due to the non-consideration of groundwater abstractions and
discharge. Secondly, the accuracy of the method is dependent on the density of the groundwater
observation network, which in some places is woefully inadequate.

Analysing groundwater levels from a circumstantial network of 47 observation boreholes,

average recharge for the nine-year period (1993-2001), mean annual recharge is found to be 565
cubic hectometres (hm®) corresponding to 2.1% of maximum groundwater storage. Table
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4.3.7.10 gives the breakdown of recharge by AUs. It is quite possible that an undesirably high
level of bias has been introduced into the computations by the sparse network of groundwater
level observations (see Figure 4.3.7.11).

Cognisant of the fact that surface geology and rainfall are key determinants of recharge, one may
discern a degree of consistency in the spatial variation of computed recharge. Specifically,
maximum recharge depth occurs in AU1, which combines the highest rainfall and sandy soils.
On the other hand, lower recharge is registered in AUs with rainfall marginally above or below
the national average. AU7 recharge looks suspicious considering the prevalence of ironstone
crust in this spatial domain. Alternatively, the AU9 estimate could be in error, considering that
the two spatial domains have similar surface geology and very little differencesin rainfall.

Table 4.3.7.10: Estimates of groundwater recharge for the period 1993 to 2001 using the Rise M ethod.
Volumes are computed as the product of recharge depth?, and areas of corresponding AUs.
NB: 1 hm®=10°m°

AU I (mm) Volume (hm")
1 90 49.2
2 74 59.1
3 55 38.2
4 53 77.6
5 56 75.4
6 60 79.3
7 76 80.6
8 63 531
9 60 52.1

source: G. Corr

Noting that only a posteriori recharge estimates could be obtained from the Rise Method, the
study made an attempt to establish statistical relationships between recharge, rainfal, and
temperature in all AUs, to ensure transfer of information from some stochastic variables whose
probability distributions are reasonably well known (i.e. annua rainfal and monthly
temperature) into another stochastic variable on which there is little information, and which
defines groundwater resource status (i.e. recharge).

Whilst the link between recharge and rainfall is beyond question, temperatures averaged over 5-
month period (July to October) are introduced as proxy variables for evapotranspiration. The
author acknowledges the limitation of this approach in the sense that recharge is dependent on a
host of other factors, including physiographic variables, land use, and temporal distribution of
rainfall.

Table 4.3.7.11 shows simple and multiple regression parameters, and corresponding statistical
measures of significance and optimality for AU7 and AU9. According to the Akaike
Information Criterion (Delleur, 1991), improvements attributable to temperature in the multiple
regressions are not statistically significant. On the other hand, regression coefficients established
with rainfall as the only variable are far from being perfect. It is quite possible that variable

h max
4 recharge depth, | = Sy c\fjh

hmin
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transformations may lead to improved results and different conclusions, but a systematic search
for suitable transformations was not carried out due to time constraints. As a fall-back option,
recharge coefficients are computed as a fraction of rainfall during the period 1993 — 2001.
Results are shown in Table 4.3.7.12.

M odel aq ay n df R? R%itical AlC

|=agP 0.0701 - 8 7 0.2468  0.4441 83.730

I=aP + aT 0.0446  0.8569 8 6 03533 04994 84.351
AU9

M odel ag a n df R2 Ryitical AIC

I=agP 0.0686 - 8 7 07232 04441 69.892

I=aP + aT 00621 02164 8 6 07339 04994  73.096

P=rainfall (mm), T= 5-month temperature average (°C), n= sample size, df= degrees of freedom, R*= coefficient of
determination, chrirm. = critical value at 5% confidence level [10], AIC= Akaike Information criterion (Delleur,
1991).

Considering that groundwater is replenished by local infiltration, and significant deviations of
rainfall from current levels has not been demonstrated, a global warming trend is expected to
have limited impacts on groundwater recharge. The magnitude of the impact has not been
successfully quantified in this study because of poor partial correlation between recharge and
temperature. Making use of the mean ratio of actual to potential evapotranspiration at
Sambangalou and Gouloumbo, one may however deduce an overall reduction in groundwater
recharge of 3% by the year 2075, which may be expected to be even lower considering the
expected expansion of agricultural land, at the expense of forests.

Against the background of population growth and concentration, economic growth, and land use
changes, the study draws the reader’s attention to expected changes in recharge coefficients in
some of the AUs. In this connection, a (i) 90% decrease is forecast for AUL, and (ii) 20%,
decrease in AU2, AU3, AU4, AU5, and AUS, by the year 2075. Given the apparent lack of
encroachment of human settlements unto recharge areas in AU7 and AU9, and intense agro-
sylvo-pastoral management activities in these areas, recharge coefficients in these AUs are
assumed to remain constant over the same period of this study.

Assuming that projected changes are linear in time, updated recharge coefficients are used
together with rainfall corresponding to the driest flow sequence (Run 61), to compute natural
groundwater rechargein all AUs. Results of these computations are shown in Figure 4.3.7.13.

As expected, AUL is most seriously affected by changes in its recharge coefficient. What Figure
4.3.7.9 does not reflect however are occult recharge from NAWEC' s water distribution network
(5% of system of production: personal communication from A. Jobe, Manager, Water and
Sewerage Division), and on-site sanitation systems in the area.  Whilst economic imperatives
force NAWEC to curtail distribution losses (equivalent to a standing water column of 2 mm),
seepage from sewage effluent is set to grow, in parallel with population size. Using a hydraulic
loading of 5 litres/day/person from sanitation systems, recharge from sewage effluent could

104



account for 50% of groundwater recharge by 2065 (see Figure 4.3.7.10). The increasing risk of
pollution from nitrates ( NO; ), and coliform bacteriais self-evident.

Table4.3.7.12: Groundwater recharge coefficientsfor the different AUs.
r

0.1044
0.0786
0.0686
0.0627
0.0682
0.0736
0.0617
0.0887
0.0686

@CO\ICDU'IAQ)NHJE

In this study, a preliminary estimate of baseflow originating from AU7 and AU9, stands at 8.26
m*/s, that is, roughly 4% of mean flow under the driest scenario (Run 61). Approximating
variations in base flow by a triangular hydrograph starting in August and peaking in November,
one observes from Table 4.3.7.14 that groundwater discharge into the estuary could play an
equal or greater role than inflows from the upper GRB, in fending off saline intrusion between
February and May. If, as the preliminary results suggest, baseflow is more significant than
evaporation losses, serious effort should be made to quantify the base flow in the estuary reaches
affected by saline intrusion.

Water resources management functions

In recognition of the finite nature of water resources and its vulnerability to pollution from
numerous human activities, water resources management (WRM) is instituted to integrate all
aspects, uses, and functions of water. Due to diverse stakeholder interests, changing socia
perspectives, situation factors, level of water resources development (WRD)?, etc., there is no
universal definition of what constitutes water resources management (Bardossy, 1991; Hall,
1998). Not-withstanding, conflicting stakeholder interests (Bardossy, 1991), and competing
management objectives need to be reconciled using politically and socially acceptable criteria.

Viewed from an operational perspective, three vital functions, i.e., meeting water demands; flood
control; and ecosystem management and pollution control, that concretise universal and time-
invariant concerns of WRM are investigated by the study.

Meeting water demands

This aspect of WRM consists of striking a balance between consumer/user demand for water and
installed capacity of water supply infrastructure. In general, demand is correlated with population
size, and level of economic activity. On the other hand, supply capacity is dependent on the
water resources availability, WRD infrastructure and investments. In the sections that
immediately follow, demand trends and WRD prospects constitute the subject of discussions.
Attention is drawn to the fact that water demand explicitly refers to volumetric demand.

> WRD - engineering works whose objective is the capture of water resources, its treatment (if necessary) and delivery to the user/consumer
(Author’ s definition)
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Figure 4.3.7.10: Increasing risk of groundwater pollutionin AU1 asaresult of decreasing recharge from
rainfall and increasing leakage of sewage effluent from on-site sanitation system
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Table 4.3.7.13: Groundwater abstraction from the shallow sand aquifer. Comparison with results in Figure
4.3.7.12 show levels of abstraction between 4 — 10% of recharge in AUs falling outside the conurbation of the
Greater Banjul Area. In AU1, which overlapswith the latter abstraction iscloseto 50% of recharge.

Abstraction (m°7d Absiractions
Wells Boreholes [a]+[b] hm®/year mm equivalent

AU [al [b]

1 3,370 59,808 63,178 231 42
2 5,551 6,044 11,595 4.2 5
3 3,348 4,320 668 2.8 4
4 6,242 4,269 10,511 38 3
5 3,478 9,965 13,443 4.9 4
6 4,406 4,420 8,826 32 2
7 2,980 10,445 13,425 49 5
8 3,542 4,710 8,252 3.0 4
9 2,160 3,759 5,919 2.1 2

source: G. Corr

Table 4.3.7.14: Relative importance of Groundwater contribution to base flow. Gouloumbo flows are for year

1974/5 (modulus = 274 m®/s) one of wi ninstrum record since 197
Source

Month AU7 & 94 Gouloumbo [b] [a/[b]
Jan 12.8 21.1 0.61
Feb 11.2 12.7 0.87
Mar 9.2 7.8 1.18
Apr 7.3 5.9 1.22
May 55 2.2 2.50
June 3.6 18.8 0.19
July 1.8 264.0 0.00
Aug 0.0 832.0 0.00
Sept 55 1142.0 0.00
Oct 11.0 757.0 0.01
Nov 16.5 160.0 0.10
Dec 14.7 60.4 0.24

It is assumed that water undertakers will comply with quality standards prescribed under the law
when providing water to users/consumers.
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Demand projections

Njie (2002) contains a detailed description of demand projections for the various sectors of the
economy. Aggregate volumetric demand from the major water use sectors under a changing
climate is presented in Table 4.3.7.15 below. A cursory glance at the table shows that water
demand from the irrigation sub-sector and environmental sector, constitute the bulk of aggregate
demand. This fact is visualised in Figure 4.3.7.11 which shows that, from 2015 onwards,
irrigation and environmental demand constitute more than 80% of aggregate demand. Notice
also that environmental demand is initially nil because minimum flows are not maintained (i.e.
unregulated flow conditions prevail).

Water resources development

In order to put water resources to beneficial use, engineering works and facilities are required to
transfer water from its sources to demand locations. In this regard, WRD is defined as the
capture and distribution of water to users/consumers. Treatment of natural water quality,
upstream and downstream of the point of its use, is adso an integral part of WRD. To mitigate the
impacts of seasonal variability on water demand, storage facilities often feature as a key element
of surface water resources development infrastructure. Groundwater, on the other hand, occurs in
natural reservoirs (i.e. aquifers).

Table 4.3.7.15: Synoptic table of sectoral and aggregate demand (m>/d)

Sectoral water demand (m*/d) Aggregate demand
Year Domestic Tourism Agricultural  Industrial Environment
Livestock Irrigation (m3/d) (hm?/yr)
2000 66,908 780 11.320 269,938 10,792 0 359,739 132
2030 186,613 1,300 23,903 696,403 81,533 1,728,000 2,717,751 992
2075 936,392 1,593 82,546 2,000,796 200,330 3,456,000 6,677,657 2,437

Note: valuesin columns 2 through 8 may not add up exactly because of truncation errors
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Figure4.3.7.11: Sectoral demand expressed as per centage of aggr egate demand
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Except for minimum flow requirements and rice irrigation, water demand from other socio-
economic sectors are met from groundwater resources, due to its relatively cheap development
costs, and easy access throughout The Gambia. Except for slight acidity problem, and high iron
content in some areas, groundwater quality is generally good (Ceesay and Son et al., 1987).
River water, in contrast, being saline on long stretches of the river Gambia has no consumptive
value. In the perennially fresh reaches of the river, its use as drinking water has practically been
confined to history, as newer and safer water supply systems are developed in rural communities.

Water resources development takes place at different scales and under different ownership and
management structures. Pertaining to the domestic sector water supplies, NAWEC and the
DWR are the major service providers. Most industrial units get their water from the urban public
water system operated by NAWEC.

NGOs, and charities to a lesser extent, are also involved in the provision of water supply to rural
communities (Njie, 1994; Sonko, 2000). Self-supply is the rule when water supply is not
available through any of the agencies already mentioned.

In the CRD flood plains, small-scale water control and irrigation projects funded through grants
congtitute intake works, embankments, drainage and irrigation channels. Irrigation water
requirements in the uplands, whether on commercial, communal, or family gardens is provided
mainly by self-supply. Most NGOs and charities working in the water sector focus their support
on water development for agricultural production.

Groundwater abstraction closely follows population distribution in the country. Thirty-one high-
capacity boreholes with coordinated pumping schedules constitute well-fields that supply the
Greater Banjul Area. Elsewhere, small and medium size water distribution systems, and covered
wells equipped with hand pumps, cater for water requirements of local communities (Njie, 1994,
19974). Besides its technological appeal, and economic advantages (GITEC, 1992), the covered
well equipped with hand pump is particularly suited to the dispersed settlement patterns that
prevail in The Gambia.

Exact statistics of safe water supply coverage are difficult to obtain. Based on infrastructure
statistics, Njie (1997a) estimates safe water supply coverage to lie between 58 and 78%. A
recent survey conducted by the CSD however, gives coverage figures of 77 and 95% in the rura
and urban areas, respectively (CSD, 2000). Accepting the latter to be a true reflection of the
situation, one has to concede that achievements will still fall short of government’s target of
100% coverage by 2003 (GOTG, 1998).

Figure 4.3.7.15 illustrates the heavy dependence of rural water supply development on external
funding, and the link between grants-in-aid received to political developments inside and outside
the country. Even with opportunities under the New Partnership for African Development
(NEPAD) beckoning, The Gambia may still need to reflect on strategies for internal mobilisation
of resources to face off future emergency situations.

! NAWEC is aparatstatal entity, whose operations are regulated by government, operates on a profit-making basis. In contrast,
DWR isthetechnical and engineering arm of government that executes/supervises donor-funded rural water supply projects.
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Figure 4.3.7.12: Expenditure on water resources development (data from Sonko (2000). Observe the clear
dominance of External Support Agencies (ESA) grant funds over Gambia Local Funds (GLF) between 1992
and 1994, and exponential decrease after this date.

Flood control

Floods are naturally occurring events that closely follow the pattern of rainfall over a catchment.
Surface conditions including geology, topography, forest cover, and soil moisture status are
known to play decisive roles in the generation of floods (Linsley et al., 1982; Amara, 1993;
lorgulescu and Jordan, 1994; Hall, 1998). The 1999 floods in URD and CRD may be rare but
not exceptional as shown by historical records maintained by the British colonial administration
(Amara, 1993).

Flooding in The Gambia is caused by riverine floods, high tidal levels, and poor drainage, or in
any combination. The geographical position of The Gambia, which flanks the River Gambia on
its North and South banks, places the country squarely within the flood plains of the River
Gambia. Except in the URD, where the riverbanks are relatively high, all areas below the 1-
metre contour line are prone to tidal flooding. MANR (1999) designates/characterises 20% of
the Gambia's land area as swamp and wetland areas prone to tidal flooding. Njie (2002)
underscores the fact that areas prone to or currently experiencing tidal flooding are bound to
expand, under the projected sea level rise scenario.

For a number of reasons, riverine floods pose a lesser hazard than sea level rise. Firstly, the
drastic reduction in rainfal since independence (Amara, 1993) has led to a decrease in the
frequency and magnitude of floods. Secondly, the annua flood wave of the River Gambia
dissipates as it propagates downstream, where the main risk areas (i.e. low riverbanks) are
located. Sogreah et al. (1999) note that the tidal component in river water levels dominates those
associated with fluvia floods downstream of Kaur (river km 199). Flow regulation is also
expected to further dampen the flood wave downstream of the Sambangalou reservoir. Table
4.3.7.16 shows the expected decrease in water levels that are consequent to flow regulation. For
average and low exceedance frequencies, it can be observed that the decrease in maximum water
levels at Basse and Fatoto, due to flow regulation, is larger than expected rise in mean sea level.
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Future inundation of low-lying areas in the URD is expected therefore to be less severe during
the high flow season.

Table 4.3.7.16: Reduction in annual maximum level caused by flow regulation at Sambangalou
‘EXceedance

Frequency Fatoto Basse Bansang Janjanbureh Kuntaur Kaur _ Balingho
0.1 234 109 15 10 4 8 2
0.2 220 100 13 9 4 8 2
0.5 160 67 10 7 3 6 2
0.8 96 32 6 4 2 4 1
0.9 81 28 5 4 2 4 1

Source: Sogreah et al. (1999). Note: values are averages obtained from three simulations

Due to its low elevation (Brown and Root Environmental, 1994; Jallow and Barrow, 1997), the
capital city, Banjul, is also liable to flooding in the event of loss of structural integrity of the ring
dyke, failure of pumps, or loss of tidal flaps at the polder station. A generally flat topography,
non-adherence to physical planning regulations, and inadequate drainage infrastructure, are the
main contributory factors to flooding in the urban and semi-urban areas of Kombo St. Mary and
Western Divisions. Alteration of the hydrographic network and local topography, in particular,
were reported by Corr (1996) as principal causes of flooding around the Kotu Stream, located
within the Kanifing Municipality.

In conjunction with sea level rise, shallow water tables, water-logged soils, and coastal erosion
are also adding to flood risk in settlements, such as Old Jeshwang, Eboe Town, and Fajikunda
etc., that are steadily encroaching unto wetlands.

4.3.7.4: Vulnerability to Climate Change (I mpacts and Adaptation)

According to Njie (1997b), vulnerability is the degree of loss or hardship society would suffer as
a consequence of a specific hazard event, which, in the present context, is that of climate change
in al its manifestations. Using Aysan’s classification of factors influencing vulnerability (ICE,
1995; Njie, 1997b), one may retain:

ecological vulnerability (degradation of the environment), and
organisational vulnerability (lack of strong national and local institutions),

as the most pertinent themes for vulnerability assessment of water resources management
functions in the light of projected climate change.

Vulnerability is assessed in qualitative terms, as adverse changes to water resources availability
(spatially and temporally), ability of public institutions to reliably perform their management
functions, and general society to face up to new challenges. Where projected climate change
does not have a clear negative impact, only a description of resulting environmental conditionsis
provided. An opinion on overall impact is deferred until more detailed analyses have been
conducted.

Due to the nature of projected impacts on water resources, Njie (2002) also points out that the
literal meaning of “degradation of the environment” is eschewed in favour of itslogical meaning
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which highlights loss of utility and damages arising from changes in water resources status and
regimes. This shift of emphasis is deemed necessary because of unresolved valuation problems.
For instance, risk of flooding may force costly land use changes, but paradoxically cut down
irrigation pumping costs and open up new opportunities for aquaculture.

Ecological Vulnerability

In view of the preceding arguments, ecological vulnerability is assessed by looking at climate
change impacts on future renewal rates of groundwater resources, flow and salinity regime of the
River Gambia

River Gambia flows

A global warming trend is found to have marginal impacts on river flow in the upper Gambia
River Basin, where hardshield rocks, and accidental topography largely determine the
catchment’s water balance (Howard Humphreys and Sons, 1974; Lamagat et al, 1990).
Evaporation losses from the retention dam planned to be constructed at Sambangalou, in the
order of 11 m*/s (Hydro-Quebec et al., 1996), are expected to gradually increase to 12 m*/s by
2075. These losses, attributable to both climate change and human intervention, are to be
considered as a net reduction of average annual flow entering The Gambia.

As a direct consequence of sea level rise, flow hydrographs passing through the tidal reach of
the River Gambia would be subject to further reservoir routing effects (Linsley et al, 1982,
Shaw, 1983). Specifically, peak flows are expected to decrease in magnitude and occur later than
under present sealevel.

As previously mentioned, climate change scenarios were not considered in the development of
the Gambia River Basin Hydraulic Master Plan (Sogreah et al., 1999). Lacking the resources of
the latter, Njie (2002) could not provide straightforward answers as to whether or not changes in
flow regime have an overall positive or negative effects. Impacts arising from a 10% increase in
evaporation losses from Sambangalou reservoir could be easily offset by flow regulation.

Saline intrusion in the estuary of the River Gambia

Under projected sea level rise, the saline front (salt concentration = 1g/1) is expected to migrate
landward/upstream of its present upper limit around Kuntaur (river km 254). Owing to current
unavailability of software to conduct salinity intrusion modelling, the exact distance of this
translocation is fraught with uncertainty. The best estimate at present, based on the tidal range at
Banjul and semi-diurnal excursions of the saline front, is 4 km. Evaporation losses from the river
in the order of 0.3 m*/s are expected to add another 170 m to the above intrusion length.
Modification of the annual flow hydrograph is expected to cause changes in the salinity regime
at different locations along the River Gambia. Oceanwards, the duration of salt-water
transgression will be increased, but the perennial nature of the freshwater flow regime will be
enhanced the further one moves in the direction of the river’s headwaters.

Pending substantiation of the projected saline intrusion length, it is estimated that riverine
ecosystems can readily adapt to changing environmental conditions (Njie, 2002). Under the
projected rise in mean sealevel, it is observed that maximum saline intrusion length increases by
amere 40 m/year.
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Flooding

Due to the arterial nature of the river Gambia, its low-lying and broad open valleys, 20% of the
land areais currently covered by freshwater swamp and salt marshes (MANR, 1999). In spite of
the availability of orthophotomaps, the principal investigator on climate change and water
resources issues is not aware of the existence of hypsometric information downstream of
Gouloumbo. One cannot therefore make an accurate assessment of the area liable to flooding
from a 100-cm sea level rise. It is reasonable however, to assume that all or part of the current
swamp areawill be inundated.

If sea level rise projections turn out to be accurate, dry season water levels will increase
throughout the estuarine part of the river Gambia, leading to permanent flooding of current inter-
tidal areas. The fluvial component of water levels in the rainy season will however be reduced
due to reservoir routing of the annual flood wave by higher river water levels.

Construction of embankments/bunds and dykes may be effective against flooding of real estate,
paddy fields, and other amenities, but soil salinisation, in areas adjacent to theriver, is still likely
to ensue from evaporation of shallow groundwater (Njie, 1991).

Groundwater recharge

Considering that groundwater is replenished by local infiltration, and significant deviations of
rainfall from current levels has not been demonstrated, a warming global trend is expected to
have limited impacts on groundwater recharge. The scope of this impact however has not been
successfully quantified because of poor partial correlation between recharge and temperature.
But, using information on the maximum expected increase in open water evaporation, in
conjunction with the mean ratio of actual to potential evapotranspiration at Sambangalou and
Gouloumbo, one may deduce a 3% reduction in groundwater recharge, by the year 2075.
Expansion of agricultural land, at the expense of forests however, islikely to cut this figure down
(Wheater et a., 1982; Hall, 1996).

Where hydraulic connectivity exists between the coastal aquifers and saline surface water bodies
(DWR, 1983; Howard Humphreys and Partners, 1994), the likelihood of saline intrusion into
aquifers is dependent on the location of well-fields, abstraction rates, and sea-level rise.
Analysing data from geophysical surveys carried out under the project "Groundwater Survey of
The Gambia - Phase 2", Scott Wilson Kirkpatrick (1993) were able to delineate areas where
groundwater is at risk of saline intrusion. These areas are represented by a 3-km strip of land
adjacent to the Atlantic Ocean and 1-km wide swathe of land along tidal streams and the River
Gambia estuary. With retreating shorelines (Jallow and Barrow, 1997), some areas outside the
current salinity risk areas would gradually fall within the evolving risk areas.

Organisational vulnerability

Arguably, organisational vulnerability is best measured by impacted countries’communities
response to sudden onset disasters. In the case of The Gambia, the best examples that come to
mind are the 1999 floods, and negative step trend in rainfall at the start of the 1970ies.
Conditions prevalent three decades ago may no longer be valid, but some conclusions drawn
from that painful experience may still be valid today.
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Doubtless, the critical factors of resiliency/vulnerability comprise the existence of technically
competent front-line institutions with resources to undertake necessary planning and implement
vulnerability reduction programmes, in concert with other stakeholders and communities at risk.
Coordination structures therefore have an important role in overall response capacity.

National level

Judging form progress made in the Emergency Disaster Relief Programme instituted in the wake
of the 1999 floods, response capacity iswell below the required level. This may have to do with
administrative bottlenecks, but the principal investigator on climate change and water resources
issues is of the opinion that an ad hoc approach to disaster management, and emphasis on relief,
are partly responsible for poor national response capacity (Njie, 2002). A comprehensive
Strategy for Contingency and Disaster Preparedness Planning (Njie, 1997b), seeking to change
the status quo, has largely been ignored by policy makers.

Flooding from a 100-cm sea level rise requires extensive surveying, land valuation, and massive
engineering works that are out of the reach of government. Construction on a large scale would
require the participation of the private sector. National capacity to deal with estuarine flooding
compounded by poor drainage as happened in 1999 is practically dependent on water managers
ability to regulate flow in the River Gambia

Pending construction of a retention dam at Sambangalou, flood risk from intense rainfall is
unabated, whilst government and communities are powerless to prevent flooding. Similarly,
adverse changes to riverine ecosystems, resulting from changes in the salinity regime along the
River Gambia and some of its tributaries, may only be neutralised by flow regulation.

Ultimately, financial resources will be a key determinant of vulnerability, therefore
government’s divestiture and cuts in public spending related to vulnerability reduction can only
lead to a clash between “logics of action” (Karpik, 1974; Hood, 1976).

Local level

The geographical scale and magnitude of projected climate change impacts on the natural
environment are such that municipalities and other local government structures are bound to be
out of their depth. Notice that the dearth of technical capacity at nationa level is reflected at
local government level.

Regarding water resources development, the strong dependence on external grants is illustrated
in Figure 4.3.7.12. Given current levels and trends of poverty in the country, the ability to
develop self-supplies may be entirely limited to small groups of wealthy cattle owners. Loca
well diggers and registered well digging contractors have sufficient wealth of experience to
construct, re-deepen, and rehabilitate concrete-lined wells used for water supply. If provided
with sound technical advice, local government and communities may also avoid location of
water points in unsuitable locations. On the contrary, nothing short of judicial enforcement may
deter risk-taking behaviour where this concerns use of flood-prone areas for housing
development.
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The dispersed nature of settlements is a major disadvantage for optimal planning and use of
resources. On the contrary, mobilisation of volunteers under the “nyodema” flag is much easier
in small communities. Such mobilisation has indeed been instrumental in the successful
construction of anti-salt dykes/bunds by the Soil and Water management Unit in the Baddibus
and Niumis.

4.3.7.5: Adaptation (option/strategies)

Major climate change impacts on water resources status and management functions have been
identified as:
- inundation of areas that are below the 1-metre contour line and contiguous to the River
Gambia estuary and itstributaries;
risk of saline intrusion into aquifers in hydraulic connection with the estuary and sea;
and
increased saline intrusion length in the River Gambia estuary.

To a somewhat lesser extent (i) changes in river salinity regime, and (ii) decrease in
groundwater recharge, also crystallise impacts that may require adaptation measures on the part
of affected communities/parties. Table 4.3.7.17 succinctly summarises expected climate change
impacts and adaptation measures to countervail their potentially adverse consequences.

Table 4.3.7.17: Climate change impacts on water resour ces status and management functions and
corresponding adaptation measur es
Expected impacts Adaptation measures
1. inundation of flood-plain areas (@) construction of embankments/dykes
(b) relocation of threatened activities
(c) construction of flood-proof housing
(d) Ingtitutional Reforms
2. sdineintrusion into aquifers (e) relocation of abstraction points
(f) changesin pumping policies of fully penetrating/deep
wells/boreholes
3. increased saline intrusion length (9) flow regulation
(h) licensing and permits for withdrawal of river water for
irrigation;
changesin river salinity regime (i) flow regulation
4, decreasein groundwater recharge (j) increase water column in wells
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CHAPTERS

S RESEARCH AND SYSTEMATIC OBSERVATIONS

5.1: Introduction

Under Article 4, paragraph 1(g) of the UNFCCC, Parties are committed to amongst others
“ promote and cooperatein ...................... research, systematic observations and devel opments
of data archives related to the climate system..............” Article 5 of the Convention guides
Parties on the mode of cooperation and support in fulfilling the commitments under Article
4.1(g). The Gambia continues to fulfill these requirements despite its constraints.

5.2.  Research

There is no single body in the country responsible for directing research athough, in the
agriculture sector, the National Agriculture Research Board (NARB) directs research and the
National Agricultural Research Institute (NARI) is responsible for conducting research. Line
ingtitutions such as the DWR are responsible for research in their specific fields.

5.2.1: Finalised climate change studies

The DWR in collaboration with the NCC has participated in national, regional, and global
studies on climate change, biodiversity and desertification. In 1993 the NCC participated in the
development of the Gambia's first published National Inventory of Greenhouse Gas emissions.
Between 1993 and 1995 the NCC also collaborated with the USCSP to conduct the vulnerability
study on some economic sectors of The Gambia. Some members of the Committee also
participated in the development of the National Strategies and Action Plans of the Biodiversity
and Desertification Conventions. The Committee also collaborated with the UNEP Collaborating
Centre on Energy and Environment (UCCEE) at RISOE in Denmark to develop the capacity of
members of the NCC in the analysis and evaluation of CDM activities and projects.

5.2.2: On-going and planned climate change studies

In the year 2001, the DWR set-up a Global Change Research Unit (GCRU) to conduct and
coordinate research on global change issues, particularly climate change. The Unit is currently
collaborating with the Energy and Development Research Centre (EDRC) of the University of
Cape Town, South Africa and the UCCEE, on Capacity Building in Analytical Tools for
Estimating and Comparing Costs and Benefits of Adaptation Projects in Africa. The key
objective of this project is to help build and strengthen the institutional capacity within Africato
develop and implement analytical tools for estimating and comparing the costs and benefits of
adaptation projects in key economic sectors.

Results from the study will contribute to the development of international climate change
policies and programs, particularly with regard to adaptation activities in developing countries
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under the UNFCCC. The project will focus on developing and applying a framework for
estimating and comparing adaptation costs in Southern and West Africa.

GCRU is also expected to participate in a regional project to study and establish regiona
emission factors for the West African Region. Most of the countries in West Africa developed
their National Greenhouse Gas Inventories using default emission factors contained in the IPCC
1994 Revised Guidelines, which do not reflect national circumstances. Hence, uncertainties are
introduced in the results of the inventories. The UNDP and the NCSP are executing the project.

5.2.3: Key research issues and constraints

Presently, one of the key issues of research is the policy implication of the implementation of the
UNFCCC, particularly in the areas of economic and natural resources management to ensure
sustainable economic and environmental development and management. Such a study should
increase understanding of climate change issues and also help put in place policies that take
account of climate variability and institutional reforms that may become necessary. The study
will also serve to initiate the process mainstreaming climate change into national development
programmes of The Gambia.

A magor congtraint is the limited capacity of the NCC in the economic anaysis of GHG
mitigation measures and climate change adaptation activities.

5.3: Systematic Observations
5.3.1: National hydrological and meteorological observing systems

Meteorological phenomena have been observed in The Gambia since 1886 under the supervision
of the Royal Air Force and later under British West African Meteorological Services. The
Hydrological and Meteorological Services of The Gambia are housed within DWR. The Services
are mandated to collect, process and disseminate data and information on hydrology and
meteorology. The figure below shows the network of stations from which the raw data is
collected. The meteorological network has 15 synoptic stations, two of which operate for 24
hours while the rest operate for 18 hours. In addition to these stations the meteorological service
maintains 44 rainfall measuring stations and 18 crop-monitoring stations for observations of crop
phenol ogy.

Three satellite-based data receiving and processing stations (PDUS (Primary Data User
Satellite), MDD (Meteorological Data Dissemination) and SADIS) are available at the
meteorologica station at the Banjul International Airport in Yundum. These stations are used to
collect and process cloud pictures and meteorological data in digital, graphical and pictoria
form. The data and information received are used in the preparation of weather forecasts for the
general public and for specialized agencies such as the GPA. CLICOM, HYDROM and GIS data
processing software are also available at the head office of DWR. The Main Meteorological
Station at the Banjul International Airport is connected to the WMO Regionad
Telecommunications Hub in Dakar, Senega by Very High Frequency (VHF) radio link and a
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Landline. These are used to transmit national meteorological data to the world and receive global
meteorological data.

Figure5.1: Meteorological and Hydrological Networks of The Gambia

Synoptic meteorological network of The Gambia
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5.3.2. Water level and pollution monitoring network

The Water Quality and Rural Water Supply Divisions of the Department also maintain a network
of 47 observation boreholes and about 200 wells for water quality and groundwater level
monitoring throughout the country. Water points and the River are monitored regularly for any
pollutants. The various sources of pollution to ground water have been described but monitoring
and control must be organised in a comprehensive manner. Unfortunately, the DWR lacks the
necessary means to monitor and control this potentially hazardous problem to the nation’s
ground water resources.

5.3.3: Regional and global observing networks

The Gambia participates in the AGRiculture, HYdrology and METeorology (AGRHYMET)
observing and monitoring programme of the 9 CILSS members. This Programme was
established in 1975 after the serious drought of 1968 and the early 1970s with the objective of
monitoring agricultural, hydrological and meteorological phenomena within the CILSS member
states. All hydrological and meteorological services were strengthened, expanded and
capacitated in terms of human resources and infrastructure.

Since 1993, the support to DWR from the UNDP Country Cycle has not been forthcoming. The
Government placed more emphasis on environment issues and did not consider the
AGRHYMET Programme a priority. The stock of hydrological and meteorological equipment
were exhausted and all the network of stations have experienced shortage of equipment for
monitoring weather phenomena and climatological elements. This has resulted to breaks in the
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trends and series of data of the most important climatological elements of temperature, rainfall,
solar radiation, etc.

5.3.4. Constraintsrelated to systematic observations

Magjor constraints related to systematic observations are inadequate financing, technical support
and limited human capacity. Inadequate financial support from Government and donor partners
has resulted to depleted stocks of instruments and other equipment. These have proved to be very
expensive for Government to replace. The inadequate financing also meant that the observation
networks could not be expanded to cater for areas that are not well represented.

In terms of human resources the Government and donor partners have provided some
fellowships to train technicians on electronics and instrumentation for the maintenance of the
observations networks. However, most of the trained technicians leave government service for
the private sector, where they earn higher wages and have better and conducive working
conditions.

5.3.5: Priority activitiesrelated to systematic observations

Priority activities include:

1. Replacement and upgrading of the conventional equipment to digital equipment to minimize
human interaction and also to provide continuous recording of the meteorological,
hydrological and climatological elements and phenomena.

2. Rehabilitation and expansion of the existing station networks for more representative
monitoring of weather, climate and other environmental issues.

3. Provision of better and bigger capacity data processing and storage equipment for the
upgrading, networking and interconnectivity of the various data base systems of the DWR
and other collaborating institutions.

4. Strengthening the human resources and capacity of the institutions involved in collection,
processing and maintenance of data and information related to meteorology, hydrology and
climatology.
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CHAPTER 6

6: EDUCATION, TRAINING AND PUBLIC AWARENESS

6.1: Introduction

Education plays a critical role in the development process as it helps in the dissemination and
assimilation of development information including information on climate change. Similarly,
public awareness is another critical factor in implementing the UNFCCC. The understanding of
the public of issues relating to climate change will help them play their role and influence policy
and the decision making process.

6.2 Education

Generaly speaking, climate and climate change issues are absent in the educational system of
The Gambia. The subject of climatology is treated under geography. All environmental issues
are treated under the Social and Environmental Studies (SES) component of the school
curriculum. Weather and climate elements are not treated in the required depth. The following
should be put into consideration in the educational system of The Gambia.

6.2.1: Formal education

The science, mitigation and adaptation measures as regards all the sectors of the national
economy should be incorporated in the school curricula at lower and upper basic cycles. These
should be incorporated in disciplines such as SES, General Science and other related subjects. At
the tertiary level, both government and private educational institutions should be encouraged to
develop and incorporate the relevant curricula on climate change. They should be assisted in
building both the material and human resource capacities of the collaborating institutions to
better handle climate change curriculum.

6.2.2: Informal education

The curricula used by the Non-Forma Education directorate should be expanded to cover
climate change issues. Mass media techniques such as television/video, radio, print media,
traditional communicators and extension agents could be used in well designed campaigns aimed
at achieving the desired results in climate change, by changing attitudes and ushering in the right
behaviour. Awards for media people, communities and any other bodies could be in the annua
NEA awards competition to encourage participation in climate change activities. Celebrities,
important public figures and opinion leaders should be called upon to vehicle messages, giving
particular focus on women and youth who are key actors on the ground.

To ensure the full integration of climate change issues in the curriculum, the following activities
will be required and should be implemented:

1. Assessment of what can be incorporated in the education curriculum;
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2. Training of teachers at the various levels; and
3. Development of educational materials.

6.3: Training

A series of workshops were held to train the various technical teams involved in the
implementation of the project. These include:

6.3.1: Training on National Greenhouse Gas Inventory Development

First week of the workshop on the development of the National Inventory of Greenhouse gas
emissions was devoted to lectures and discussions on the 1996 Revised IPCC Guidelines (IPCC,
1997). Estimation using the Reference Approach and other Tiers, and data requirements for each
Tier were treated in great detail. In the second week participants had hands-on-exercises on al
the Modules of the Guidelines using data that was collected prior to the workshop. Participants
were able to identify data gaps and remedy these as much as possible during the development of
the sectoral inventories reported in Chapter 2 of this report.

6.3.2: Training on Assessment of Greenhouse Gas Mitigation Options

Material used in this training workshop was based on the Guidebook produced by the USCSP
(Sathaye and Meyers (eds.), 1995). Training was conducted on the Basic Methods and Concepts
of Mitigation Assessment and for the Energy (industrial, residential, commercial, transport,
renewable), Agriculture, Rangelands and Grassands, Land-use and Forestry and Waste
Management Sectors. Participants were introduced to the basic steps in the analysis of mitigation
options. These steps include:
- Determination and collection of the data and information needed for the

assessment;

Screening to identify mitigation options significant to the country;

Development of baseline and climate change scenarios of the options;

Development and projection of future GHG net emissions and cost scenarios

Evaluation of the cost-effectiveness of mitigation options; and

Development and evaluation of the policies, institutional arrangements, and

incentives necessary for the implementation of the cost-effective mitigation

options.

The success of the training was limited by the knowledge of the resource person in the
economics of climate change and specifically as related to mitigation assessment.

6.3.3: Training on Vulnerability and Adaptation Assessment

Using Guidance and lectures (Benioff et al, 1995) developed by the USCSP, a Vulnerability and
Adaptation (V&A) Assessment workshop was aso organised as one component of the
implementation of the project to develop this national communication. The workshop enabled a
large number of the members of the NCC to be trained in conducting V & A assessments.
Participants were taught the various steps involved in conducting the assessment which vary
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from defining the scope of the problem and assessment process, defining and describing the
scenarios underlying the assessment, determining the biophysical impacts, evaluating the
adaptation measures, practices and technologies, integration of the sectora results and
presentation of the report. Participants were also introduced to the determination of the proper
scope of the assessment which involves:

Identification of assessment goals;

Definition of sectorsto be studied;

Selection of the study region (e.g., administrative units, geographic or
physiographic units, ecological zone, climatic zone and sensitive regions) ;
Selection of the time frame (usually 20-100 years);

Determination of data needs of the study; and

Development of the context and schedule for the assessment.

VVV VVY

Participants were introduced to the Preliminary Screening technique and Simulations technique.
During the training on the simulation techniques, participants discussed and had hands-on-
exercises on the execution of the various biophysical Models (DSSAT, WATBAL, SPUR2, HS!,
Holdridge Life Zone Classification and a Forest Gap Model) that have been used to assess
impacts of climate change on the economic sectors of The Gambia.

6.3.4: Training on the Development and Evaluation of CDM Projects

With funding form the UCCEE, the NCC also benefited from two training workshops to enhance
the capacity of members of the NCC in the identification and evaluation of Projects that are
eligible for funding under the CDM. The objective of the initial workshop was to enhance public
awareness on climate change, with particular emphasis on the CDM, and scope for a manageable
list (about 10) of mitigation project options and proposals.

Participants were introduced to the CDM as an instrument aimed at fostering cooperation
between developed and developing country Parties to the Kyoto Protocol of the UNFCCC in
meeting the objectives and principles of the Convention. The mechanism will assist Developing
Country Parties in achieving sustainable development and assist Developed Country Parties in
achieving compliance with their commitments and in reducing the concentration of GHGs in the
atmosphere. As atool for enhancing sustainable development, participants were enlightened that
the CDM must contribute to sustained economic growth, poverty eradication, technological
transfer and capacity building. In relation to adaptation, it will be necessary to establish a seed
fund for funding of adaptation projects that ensure food security, water availability, flood
control, infrastructural integrity and robustness and primary energy flexibility.

Participants also learned that the ability of the CDM to live up to its promise will be dependent
upon the extent to which the process can ensure the participation of the major stakeholdersin its
design and implementation. The major stakeholders being government, private enterprise,
academic institutions, grassroots communities, non-governmental organizations (NGOs) and
community based organizations (CBOSs). Participants were introduced to the CDM Project cycle
(Identification and Packaging, Funding, Implementation, Monitoring and Verification and
Certification) and dligibility criteria.
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Using CDM dligibility as the basis of all evauation, this manageable list of project proposals
arrived at during the initial workshop was the subject of a second workshop for more detailed
analysis using screening criteria and economic evaluation. The major issues covered during this
workshop were:
1. Additionality concept of aproject;
2. Construct Base case for GHG reduction by project and cost-savings to
Non-Annex | Countries compared to Base Case;
3. Principles and practices of estimating:
i. project level GHG reductions using examples in selected sectors
ii. costs of GHG reduction with reference to Base Case using Examples
in selected sectors
iii. potential CER revenues + Sensitivity analysis
iv. various measures of the Net-Benefits of the project (NPV, IRR, and
Payback) potential project investors using examples in selected
sectors.
4. Option by Option Anaysis; and
5. Cost Curve and Mitigation strategy and issues of implementation and
multi-criteria analysis.

The Cost Benefit Analysis covered Payback Period (simple and discounted + advantages and
disadvantages), how to choose the discount rate, to calculate NPV (advantages + disadvantages),
and levelized costing. The difference in mitigation costing and project costing (e.g. CDM) was
emphasized.

CDM Project appraisal was aso treated and the point of departure from mitigation analysis as
viewed by country (Cost-Saving Concept) and CDM as viewed by Investor (Cost-
Effectivenesy/attractiveness/viability) was emphasized. Additional CDM selection criteria (apart
from financial) were presented to assist in final selection of CDM projects. Various notions of
how CDM projects could operate and who may invest were also presented, information which
was thought could be useful in developing a CDM project pipeline.

Participants had hands-on-exercises using national data and conceptualized project proposals to:
conduct sensitive analysis with different discount rates and experimented on
deriving the Internal Rate of Return (IRR) using spreadshest;

demonstration and calculation of both Net Financial Cost and Financial;
demonstration and calculation of NPV and IRR with or without linear
depreciation for capital layourt;

calculate GHG emission reductions compared to baseline; and

derive IRR with and without CER revenue to demonstrate level of
profitability.

VV VYV V

6.3.5: Training on the Development of National Climate Change Action Plan

A training workshop on the Preparation of National Climate Change Action Plan was aso
conducted. This was based on the training documentation and exercises (Benioff and Warren,
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1996) provided to the NCC under the USCSP. The training workshop covered the ten suggested
steps in the process for devel oping climate change action plans. These steps are:

Design and effective planning process,

Determine the overall plan objectives and sectors of interest;

Preparation of a comprehensive workplan;

Evaluation and development of sectoral and cross-sectoral measures;

Perform comparative analysis of measures across sectors and refine
recommended measures,

6. Prepare implementation strategies for selected measures,

7. Prepare and adopt climate change plan;

8. Prepare National communication;
9
1

grwdpE

. Integrate the plan with other development plans and programes; and
0. Implement plan.

During the preparation of the National Climate Change Action Plan presented in Chapter 9 it was
not possible to utilize all the suggested steps in this training manual but the training received and
the manual were useful in the process of development of the Climate Change Strategy and
Action Plan.

6.4: Public Awareness

During the implementation of the various studies that went into the development of this Initia
National Communication, sensitization and public awareness campaigns were held at all levels
of Gambian society. The main objectives of the stakeholder consultations was to enhance public
awareness on climate and climate change and to develop the National Climate Change Action
Plan. The consultations were held jointly with Task Forces of the other national Multilateral
Environment Agreements (MEASs) on Biodiversity and Desertification. Using a bottom-up
approach, the consultations were held at the district, divisional and national level.

The District level Consultations were conducted at 16 |ocations countrywide and involved 150 to
200 participants per location. Participants were selected from women groups, government
extension, youth leaders, NGOs, CBOs, cultural and drama groups, etc., as well as various trades
of people such as herders, fishermen, wood carvers, carpenters, blacksmiths and crop farmers.
These consultations consisted of oral presentations followed by working group sessions.
Members of the communities were requested to describe actions they have taken to cope with
any abnormal climate or weather and to suggest any measures that could be undertaken in
response to future climatic changes.

The reports of the 16 Didtrict level consultations were presented at the Divisional Level
Consultations. These consultations involved new stakeholders as well as active participants from
the District Level Consultations. The new and reviewed information from these consultations
was used to compile six Divisional Level Consultation reports, which were presented and
considered at the National Level Consultation resulting in the development of a Nationa Level
Consultation report. The NCC then supplemented the stakeholder consultations with additional
consultations at the policy- and decision-making level. A five-day Policy-Makers Workshop was
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organised at which high-level government officials presented sectoral policy and lega
documents, and development programs. This workshop initiated efforts to mainstream climate
change issues into development policies and programs.

The consultations also provided traditional and grassroots level knowledge related to climate
change. Overdl, the process indicated that people at the grassroots level have valuable
knowledge of the environment they live in and, with time, have devel oped strategies to cope with
negative effects. The NCC made use of this knowledge in identifying adaptation measures in the
face of climate change. Connecting environmental effects to climate variability and change,
though, was not always straightforward.

In addition to the stakeholder consultations, the public also received information on climate
change from the Print Media and Radio Programmes conducted by the NCC. The membership of
the NCC includes both print and electronic media and this representation assisted in the
dissemination of climate change information and activities.

The following activities are planned to enhance public awareness:

1. Development of a Newsletter and Web Site for greater dissemination of information
to the genera public. With the installation of Internet facilities and training provided
to the members of the NCC the development of a Web Site could be achieved in the
very near future.

2. Development of sensitization materials to enhance public awareness of climate
change.

3. Trandlation of the sensitization material into the various local languages.

The main constraints in enhancing public awareness are the inadequate human and institutional
capacity within the NCC to develop sensitization materials to enhance public awareness on
climate change.
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CHAPTER 7

7. CAPACITY BUILDING AND TECHNOLOGY TRANSFER

7.1:  Introduction

Article 4.5 of the UNFCCC implores developed country Parties to support the development and
enhancement of endogenous capacities and technologies of developing country Parties. It is also
stated in Article 5 that Parties should take into account the particular concerns and needs of
developing countries and cooperate in improving their endogenous capacities and capabilities to
participate in the efforts to implement commitments under that Article.

7.2.  Capacity Development

At various sessions of the Conference Of Parties (COP) and its subsidiary bodies, the issue of
capacity building has been extensively discussed and decisions taken. By its Decision 2/CP.7, the
COP adopted the framework for capacity building in developing countries. The framework sets
out the scope of, and provides the basis for action on capacity building related to the
implementation of the Convention and preparation for the effective participation of developing
countries in the Kyoto Protocol process.

7.2.1: Activitiesundertaken

During the past 10 years the capacity of the NCC has been built through training workshops (see
Chapter 6). These workshops covered the development of National Inventories of Greenhouse
Gas emissions, assessment of greenhouse gas mitigation measures, assessment of vulnerability of
the national economy and ecosystems to projected climate change, and development and
evaluation of CDM projects. These were executed and funded by the GEF through UNEP and
UNDP, the USCSP, the UCCEE and the IPCC. The Gambia also benefited in limited training in
negotiation skills through side events organised at SB 12 in Lyon in 2000. The NCC is, however,
constrained in the capacity to execute methodological concepts of cost assessment of mitigation
and adaptation measures and to develop full projectsin these areas.

Institutional capacity development is limited to procurement of computer hardware and software
through projects funded by the USCSP, the UCCEE and GEF Projects implemented by UNEP
and UNDP. A CDM Office has aso been set-up with assistance from UCCEE in RISOE,
Denmark. The GEF/UNDP/UNITAR LDC project provided training and equipment, and
established a Networking and Internet system for the UNFCCC Foca Secretariat. This has
particularly improved access to global environment information and communication between the
UNFCCC Foca Secretariat and the UNFCCC Secretariat, IPCC and other multilateral
environment organizations.

The GEF has provided financia and technical resources to The Gambia to enable the Task

Forces of the MEASs of Biodiversity, Desertification and Climate Change to undertake country-
level capacity needs assessments and to develop specific capacity-building activities consistent

134



with the Conventions. The NEA is coordinating this activity. The NCC will pay particular
attention to the capacity development framework annexed to Decision 2/CP-7 of the UNFCCC.
The NCC would identify the specific needs, options and priorities for capacity building for The
Gambia and this will be achieved through the participation of a wide range of stakeholders,
including government, national and international organizations, civil society and the private
sector. Where possible and more effective, the services of regional Centres of Excellence will be
utilized to develop and support capacity-building activities in The Gambia.

7.2.2: Activitiesto be undertaken

Adequate human and institutional capacity is a necessary condition for the implementation of the
UNFCCC. To build on the limited national capacity developed over the years the following will
be required.

1. The current capacity of the National Climate Secretariat of The Gambia is limited to
coordination and development of nationa GHG inventories and evaluating sectora
impacts of climate change. There is limited expertise in the assessment of mitigation and
adaptation options, participation in the Kyoto Protocol process and development of
appropriate implementation strategies. Thus, it is a high priority to strengthening the
capacity of the national climate change secretariat to enable the effective participation in
the implementation of the Convention and its Kyoto Protocol process. Thiswill involve:
(@) The development of a comprehensive climate change action plan and integrated

implementation strategy that takes into account the capacity building needs of the
various ingtitutions participating in climate change activities particularly in research
and training;

(b) Development of education and training programmes, and specialized skills or
expertise and scientific institutions with the necessary equipment and scientific
information; and

(c) Enhancement of public awareness on climate change at al levels with the ultimate
objective of improving decision- and policy-making through re-orientation and
development of appropriate policies.

2. In the area of development of inventory of nationa GHG emissions the members of the
National Task Force assigned the study will need capacity to move beyond the
mechanical use of the 1996 Revised IPCC Guidelines and the emission factors contained
in those guidelines. The Task Force should be capacitated and involved in the
development of national and/or regional specific emission factors with the ultimate
objective of reducing uncertainties in the national inventory statistics. Thisis likely to be
achieved through the involvement of The Gambia in the UNDP/GEF emissions factor
project in West Africa.

3. Technical expertise of some members of the NCC has been developed to execute climate
change scenario development tools (GRADs, SENGEN, IMAGE, etc.) and biophysica
models (DSSAT, WATBAL, SPUR2, etc.) in the assessment of vulnerability (impacts
and adaptation) of the economy to climate change. However, these members of the
Committee have very limited expertise in influencing the source codes of these models so
as to "fine tune" them to the Gambian environment. For a comprehensive vulnerability
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assessment the technical capacities and skills of experts need to be developed and
enhanced beyond those acquired through workshops. The experts need to be trained on
modeling at institutions of higher learning through fellowships and/or internships. There
isaneed for the leading global climate modeling groups to collaborate with the GCRU of
The Gambia in building the capacity of members of the NCC in the development and
execution of climate change and biophysical models. The collaborative efforts should
include the transfer of the model technology to Gambians.

4. Understanding and participating in the climate change debate and development and
implementation of climate change programmes is a process that depends on access to a
reliable body of scientific information. The information is developed from raw data
acquired from national, regional and global system of observation networks. The Gambia
has limited historical climate data (less than 50 years) and the meteorological and
hydrological networks established in the late 1970s and 1980s have deteriorated and gaps
in data have been realized from the mid-1990s. Inadequate or non-availability of
equipment for systematic collection of long-term instrumental observation of climate
system variables has the consequence of limiting vital data required in the development
of adequate and accurate input variables to model and ssimulate climate and climate
change. At the current rate of deterioration of the observation networks in The Gambia,
the future contribution of data for national, regional and global climate change simulation
will be limited. It is thus a priority in The Gambia to reverse this deterioration of the
observation networks and improve the data and information availability. |mprovement
will entail acquisition of automatic recording equipment and expansion of networks to get
more representative coverage of the country.

7.3.  Technology Transfer

By its Decision 4/CP.7 the COP adopted the framework for meaningful and effective actions to
enhance the implementation of Article 4, paragraph 5, of the Convention by increasing and
improving the transfer of and access to environmentally sound technologies (ESTs) and know-
how. The successful development and transfer of ESTs and know-how require a country-driven,
integrated approach, at national and sectoral levels and this should involve cooperation among
various stakeholders. Activities include technology needs assessments, technology information,
enabling environments, capacity building and mechanisms for technology transfer.

7.3.1: Activitiesundertaken

During the past 15 years, The Gambia has promoted and encouraged the shift to more
environmentally friendly technologies based on the awareness of the consequences of
desertification and environmental degradation in the 1970s and the 1980s. The shift has been
from fossil fuel to renewable (solar and wind) energy. Penetration of solar energy technology is
high in the Health, Communication, Water Resources and, Commercial and Residential sectors
of the economy.

In the Health sector most of the facilities at the District Health Centres are powered by solar-
photo-voltaic technology. Telephone and telex facilities in the hinterland of the country are aso

136



powered by solar technology. Water lifting and supply systems are powered by diesel, solar and
wind generators. The diesel generators are being replaced by solar and wind generators because
of reduced operational cost in addition to environmental benefits of reduced pollution. However,
the penetration of wind energy is lower than solar energy due to lower wind speeds as one moves
further inland from the ocean. The Commercial (mostly hotels) and Residential sectors have also
embraced solar technology through the use of Solar Home Systems for lighting and heating.
Penetration of solar systems in the residential sector is lower due to the attached initial cost of
acquisition and installation of facilities. A large quantity of LPG is also being used for cooking
in the residential sector to displace biomass (wood and charcoal) fuel. According to the results of
the inventory of GHG emissions, this category of fuel emits less GHGs than biomass fuel.

The Gambia is therefore aware and receptive of clean technologies. There are a lot of
opportunities and avenues in The Gambia for collaboration in the transfer and diffusion of
climate friendly technology.

7.3.2: Activitiesto be undertaken

Activities that need to be undertaken include, among others:

1. Technology needs assessment;

2. Establishment of an efficient information system in support of technology transfer; and

3

. Capacity building in the promotion of the widespread dissemination, application and
development of environmentally sound technologies and know-how.
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CHAPTER 8

8: IMPLEMENTATION STRATEGY OF THE UNFCCC
8.1: Introduction

For The Gambia, climate change is viewed as a development path. Hence, the UNFCCC is being
implemented with sustainable development guiding all future activities and programmes. Based
on the identified mitigation and adaptation measures in the preceding chapters of this National
Communication, the following strategy was developed for the future implementation of the
Convention in The Gambia. The successful implementation of the strategy and the Convention
depend on the availability of the human and financial capacities in the country, and the required
cooperation identified in Chapter 9 of this communication.

The NCC and its collaborating institutions are constrained by inadequate human and institutional
capacity to finalize this Action Plan. The major area of difficulty isin the economic analysis and
presentation of the cost of the activities and their implementation. The first task therefore is the
finalisation of the Plan.

Specific strategies for implementation of sectoral plans are defined in the sections below.
Implementation of mitigation and adaptation measures identified in this National
Communication will be coordinated by the NCC Focal Point and the NCC. Relevant
Departments will implement the Sectoral Plans in collaboration with concerned institutions
particularly the NGOs, Local Government Authorities (LGAS) and CBOs. Most of the NGOs,
LGOs and CBOs that will be involved in the implementation of the various plans are already
members of the NCC. These have long standing working relations with the local communities
and this relationship will be exploited. Since the human resources required for the
implementation isin place, the NCC will be responsible for the coordination. Financial resources
identified will need to be met from Government and Donor contributions.

The Cross-cutting Issues Task Force (CITF) of the NCC will undertake outreach activities,
including public meetings to solicit support and comment on the measures, educationa
campaigns, and media events. The NCC and collaborating institutions will be responsible for
monitoring and evaluating the implementation of the proposed measures.

8.2.  Sectoral Activitiesand their Implementation
8.2.1: Coastal zone of The Gambia

Priority actionsinclude:

1. Management of the Sand Bar at the Laguna and Palm Grove hotels,

2. Construction of 16 km of dykes to protect villages bordering the wetlands and swamplands
from seasonal flooding;

3. Rehabilitation of the groyne systems,

4. Construction of revetments, seawalls/bulkheads and breakwater systems in order to protect
the economically and culturally important areas,
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5. Development and enactment of appropriate regulations and policies relevant to construction,
urban growth planning, and wetland preservation and mitigation; and
6. Development of a Coastal Zone Management Plan.

I mplementation strategy

The priority actions identified for the Coastal Zone will be translated into project proposals. The
Coastal Zone Management Working Group under the NEA will lead the implementation of al
projects developed under this Action Plan. Collaborating institutions will be the DWR, DPWM,
Dfish, the Association of Fishermen and the Municipal Councils in Banjul, Kanifing and
Brikama.

8.2.2: Water resources sector

Priority actionsinclude:

1. Regulation of abstraction of freshwater from the river to maintain a delicate equilibrium
between flow and saline intrusion;

2. Introduction of legislative measures such as licensing and permits for withdrawal of river
water for irrigation;

3. Improvement of the efficiency of existing irrigation systems and introduction and
encouragement of the use of more efficient irrigation systems such as sprinkler and drip
irrigation systems;

4. Promote water harvesting;

5. Development and utilization of better planning tools such as aquifer simulation models and a

predictive/operational saltwater intrusion models;

Construction of dikes or small dams in most of the smaller streams of the river; and

Improvement of tidal water level monitoring and water resources assessment capability of

the water resources institutions.

No

I mplementation strategy

The DWR will lead the implementation of activities developed under the water resources sector.
The Water and Sanitation Working Group, the Administrative Divisions and related institutions
of the NCC will assist the DWR.

8.2.3: Agriculture (crop production sub-sector)

Priority actions for the crop production sub-sector include:

1. Integrated Crop/Livestock Farming;

2. Methane recovery from abattoirs and peri-urban dairy farms;

3. Waste recycling for agricultural production through composting;

4. Efficient management of soil and water so as to reduce runoff and nitrogen leaching and also

improve soil conditions to enhance crop production;

Contour farming and construction of dykes, crop residue farming, fallowing and crop

rotation for the maintenance of soil structure; and

6. Crop cultivar screening, training of rural development agents and on-farm adaptive research
on crop management practices.

ol
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I mplementation strategy

Department of Agricultural Services will lead the implementation of elements of the Action Plan
for the agricultural sector. Collaborating agencies will be DLS, DOP, NARI, SWMU, Gambia
Rice Growers Association, Framers Platform, and NGOs such as GARDA.

8.2.4: Rangelandsand livestock

Priority actions for the rangelands and livestock sector:
1. Active selection of plant species;

2. Control animal stocking; and

3. Promote and encourage new grazing strategies.

I mplementation strategy
The Department of Livestock Serviceswill lead the implementation of these activities.

8.2.5: Fisheries sector

Priority actionsinclude:

Introduce biological monitoring;

Enforced fishing control measures,

Promote aquaculture;

Modify and strengthen fisheries management policies and institutions;

Srengthen and expand catch-monitoring activities;

Preserve and restore essential habitats and promote fisheries conservation and
environmental education;

7. Foster international and interdisciplinary research; and

8. Use hatcheriesto enhance natural recruitment.

ouprwdE

I mplementation strategy
The Dfish will lead the implementation of elements of this Action Plan. CBOs at the grassroots
level, such as Village Fisheries Associations, will collaborate with the Dfish.

8.2.6: Forest and wetland ecosystems

Priority actions for the forestry and wetlands include:

Establishment of Plantations, National Parks and PAs;

Reforestation of landscapes with fragmented forest areas,

Conservation of existing carbon poolsin forests,

Expansion of carbon stocks in forest ecosystems;

Switching from fossi|-fuel -based to biomass-based energy products;

Introduction and promotion of incentive programs;

Development of Seed Banks; and

Promotion of effective management practices and flexible criteria for intervention.

N~ WDNE
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I mplementation strategy

The DOF and the DPWM will implement the Forestry and Wetlands Action Plan with the
Forestry Department taking the lead. MHC, the only active member of the NCC from the private
sector, will be actively involved in the implementation of this National Action Plan. The Dfish
and related NGOs and CBOs will collaborate in the implementation. These NGOs and CBOs
include GARDA, Gambia Environment Association, Gambia Fishermen Association, and
Gambia Association of Timber and Wood Cutters.

8.2.7. Energy sector

Priority actionsin the energy sector:

1. Promote energy efficiency and reduce energy use by applying basic house keeping and
retrofitting;

2. Promote and use of renewable energy (Solar Home Systems);

3. Replacement of firewood and charcoal by LPG as a source of domestic energy supply, and

4. Revitalization and promoting of river transport.

I mplementation strategy

Government, non-governmental organizations and rural communities will jointly implement the
Energy Action Plan. The Department of Energy under the Department of State for Trade and
Industry will be the Lead Agency. Local experts shall be drawn from GREC, REA, and other
private firms such asVM, GAMSOLAR.

For sustainability, consumers will be adequately charged to eventually cover the capital outlays
and running costs. Experts from outside the communities will eventualy be replaced by
members of the communities, who would have then acquired the necessary training and skills.

8.2.8: Waste management sector

Priority actionsin the waste management sector:

(&) Landfill/Dump site management;

(b) Alternative waste-management strategies,

(c) Wastewater Treatment;

(d) Aerobic Treatment; and

(e) Recovery and utilization of methane from anaerobic digestion of wastewater or sludge.

I mplementation strategy

The Department of State for Local Government will lead implementation of elements of the
Waste Management Action Plan by using the Municipal Councils countrywide. Collaborating
ingtitutions include the NEA, DWR, Department of Health and MHC. Relevant NGOs and CBOs
will also assist at the local level.
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8.2.9: Cross-cutting issues (education, training and public awareness, research and

systematic obser vations)

Priority actions on cross cutting issues.

1

2.

o N

10.

Incorporate climate change in curricula for the lower and upper basic cycles and at the
tertiary level;

Use mass media techniques such as televison/video, radio, print media, traditional
communicators and extension agents in well designed campaigns aimed at enhancing public
awar eness,

Develop educational and sensitization materials to enhance public awareness on climate
change;

Enhance the capacity of the members of the NCC through training in economic assessment of
mitigation and adaptation measures and projects;

Realign current practices and policies to take into account climate variability, the projected
climate change and sustainable economic and environment development and management;
Conduct ingtitutional reforms and mainstreaming of climate change into national
development programmes of The Gambig;

Replace and upgrade conventional hydrological and meteorological equipment;

Rehabilitate and expand existing station networks for more representative monitoring of
weather, climate and other environmental issues;

Provide better and bigger capacity data processing and storage equipment for the
upgrading, networking and interconnectivity of the various data base systems of the
Department and other collaborating institutions; and

Strengthen the human resources and capacity of the institutions involved in the collection,
processing and maintenance of data and information related to meteorology, hydrology and
climatology.

I mplementation strategy

The Cross-cutting issues Task Team, led by the Gambia Technical Training Institute (GTTI),
will be responsible of the implementation of these activities. Other institutions that will
participate in the implementation of cross-cutting issues are the Gambia College, the Department
of Curriculum Development, and NGOs.
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CHAPTER 9

O: INTERNATIONAL COOPERATIONIN CLIMATE CHANGE
9.1: Introduction

In Article 3 paragraph 5 of the UNFCCC, Parties are called upon to cooperate in the promotion
of a supportive and open international economic system that would lead to sustainable economic
growth and development in all Parties, particularly developing country Parties. Article 4 of the
Convention specifically calls for cooperation of Parties:

1. In the development, application and diffusion, including transfer, of technologies,
practices and processes that control, reduce or prevent anthropogenic emissions of GHGS;

2. Inthe conservation and enhancement, as appropriate, of sinks and reservoirs of all GHGs
not controlled by the Montreal Protocol;

3. In scientific, technological, technical, socio-economic and other research, systematic
observation and development of data archives related to the climate system;

4. In the full, open and prompt exchange of relevant scientific, technological, technical,
socio-economic and legal information related to the climate system and climate change,
and to the economic and social consequences of various response strategies; and

5. Ineducation, training and public awareness related to climate change.

Article 2, paragraph (b) and article 10, paragraphs (c), (d) and (e) of the Kyoto Protocol also
strengthens these Convention commitments. Article 2(b) of the Protocol explicitly requests
Annex | Parties to cooperate with other Parties to enhance the individual and combined
effectiveness of their policies and measures adopted under Article 2 of the Kyoto Protocol.

9.2.  Cooperation with Multilateral Agencies

The Gambia participated in the INC negotiations for the UNFCCC and all IPCC activities prior
to and after the INC. The Gambia also cooperated and collaborated with the UNFCCC
Secretariat, GEF, UNEP, UNDP and the NCSP in the implementation of climate change
activities. These activities are detailed in previous chapters of this Initial Communication.

9.3:  Cooperation with Bilateral Governments

At the bilateral level The Gambia cooperated and collaborated with the US Government through
the USCSP. This cooperation was very effective in building the capacity of the NCC of The
Gambia in terms of the acquisition and utilization of methodologies, particularly in the
assessment of the impacts of climate change. The Gambia also cooperated with Mozambigue,
Cote d'lvoire and Leshoto in the implementation of climate change activities particularly in
inventory development and impacts assessment.

9.4: Future Cooperation Requirements

Past and existing bilateral and multilateral cooperation has contributed to The Gambia being able
to participate in the climate change debate and process and thus meet some of her commitments.
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Public awareness and political commitment are no longer constraints in the implementation of
climate change. However, existing scientific, technical, technological and financial capacity and
the level of human resources development of the country have limited effective participation.

Within the available national capacity and assistance provided by bilatera and multilateral
partners, The Gambia has been able to put together a strategy (see Chapter 8) for the
implementation of the UNFCCC. The implementation of this strategy and the Convention by The
Gambia is dependent on the future cooperation between The Gambia and other Parties to the
Convention and its Protocol. It is particularly dependent on the availability of technical,
technological and financial resources, and human resources required for the implementation of
the Convention and the Protocol. Specifically, bilateral and multilateral cooperation and
collaboration will be required in the following areas:

1. Re-orientation and development of national policies and programmes to take climate
change fully into account in formulating a sustainable development path: What is
needed is to develop policies and measures with opportunities to facilitate sustainable
development and strategies that make climate-sensitive sectors resilient to climate variability
and change. The policies should lead to reduced pressure on resources and enhance adaptive

capacity.

2. Enhance climate change education and awar eness particularly at basic cycle in schools:
A sensitized population is capable of changing attitude towards building a better climate
system for responding to climate change. This can be achieved by conducting training,
education and public awareness campaigns at all levels of society particularly in basic cycle
schools. It will be necessary to develop educational materials and conduct extensive training
on climate and climate change. School curricula should be re-oriented and developed to
include climate and climate change education.

3. Rehabilitation of observation networks. Long-term and accurate data and information are
prerequisite for climate change modeling. These are available from an extensive and reliable
network of recording stations. Similar to many countries, the networks of observing systems
have deteriorated during the past few years. Data and information gaps are increasing and
this will continue to lead to uncertainties in research and modeling results. Bilateral and
multilateral cooperation are required to address this situation.

4. Further capacity building for Gambians. Members of the NCC have been trained in the
assessment of vulnerability to climate change. The methodologies used are sectoral and the
integration of the results proved difficult. Integrated assessment methodol ogies and analytical
tools are available in the market but not in The Gambia. It will be necessary to introduce and
build the capacity of Gambians in conducting integrated assessment of vulnerability to
climate change. The building of capacity should go beyond applying models from outside
The Gambia but should be concentrated on building models for the Gambian environment
and ecosystems.
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