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Executive Summary

The country has a surface area of about 72,325 square kilometers and bordered in the northeast by
the Republic of Guinea, in the shund southeast by the Republic of Liberia and in the west by the
North Atlantic Ocean. The country has a population of 4,976,871 based on the 2004 National
Census and is growing at 2.5% per annédpproximately 8890 % of the population is in the rural

areas.

The Second National Greenhouse G&41G) inventories of emissions by sources and removals by
sinks have been carried out to meet Sierra Le
(a) of the United Nations Framework Convention on Clincange (UNFCCC).

The United Nations Framework Convention on Climate Change (UNFCCC) seeks to stabilize
concentration of greenhouse gases (GHGS) in the atmosphere and commits Parties to take measures
to mitigate GHG emissions, in accordance with the pplacof 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 commuations.

The Intergovernmental Panel on Climate Change (IPCC) has developed guidelines for computing of
GHGs (by parties) to enable their comparison. Sierra Leone used the 1996 IPPC guidelines,
including for the selection of emission factors in all teetars.

This inventory used 2000 as the base year. No specific surveys were conducted to generate data
needed for the inventory exercise as the funds were inadequate for such an exercise.

Country activity data were collected to the extent possible. IB€@ult factors were employed
where country data were not available.

For the Second National Communication, the aforementioned reforms contributed to: (i) an
improvement in some areas of the national statistics; (ii) building of national capacity and
expertise; (iii) appropriate institutional framework; (iv) orientations of policies, in particular more
specific policies in agriculture, forestry, land use and land use change and energy water sectors.

National Circumstances

Sierra Leone is located in ttf@outherAWestern part of the bulge of West Africa. It lies between
latitudes 7° and 10° N of the equator and between longitude 10 and 13N of the Greenwich Meridian.
The country has a surface area of about 71,700 square kilometers (28000 square milas) with
population of about 5 million growing at 2.5% per annum. Approximatel9@®@ of the population

is in the rural areas. The vast majority of the population subsists in poverty and most of it is
malnourished as a result of the 10 years civil conflicte lekpectancy at birth is extremely low
(less than 40 years). Infant mortality is among the highest in the world.

School enrol ment ratios are now moderate and
diversity is reflected in the differenthaic groups and local languages such as Mende, Temne,
Limba, Creole, Lokko, Fulah, Mandingo etc.. There is no religious extremism as Muslims and
Christians ceexist peacefully in the country.

The climate of Sierra Leone is wet tropical, marked by distirat and dry seasons. The wet season
is from May to October and the dry season November to April. The wet season is related to the flow



from the southwest of the tropical maritime monsoon which is a mass of maidaden air that
originates over the sih-Atlantic ocean.

The dry season is caused by the hot dusty air of the Harmattan trade winds that develop over the
Saharan region in the circulation around the high pressure cells.

The mean annual rainfall over the country is about 3000mm. dlh&n and coastal areas receive

from 3000 to 5000mm. The rains fall steadily in the wet season with the heaviest in the months of
July and August. Apart from the two seasons there is a sub season known as the Harmattan.

The temperatures are consistetitigh throughout the country, roughly averaging abod€2ghe
humidity, like the temperature is usually high as a result of the heavy rains coupled with high
temperature and the maritime influences. Humidity rises up to 93% in the Wet Season and
decrease inland to about 47% as the rainfall declines. There is little variation in the day length due
to the near equatorial location, but sunshine hours are affected during the wet season.

The major economic activities undertaken in the country are agriewdtul mining. Agriculture
provides employment for about 85% of the population and contributes more than 30% of the Gross
Domestic product (GDP) and 16% of the total export earnings. Fuelwood is the main source of
energy for 90% of the population for domestooking. It is also used for natomestic purposes in
Agro-based industries such as tobacco and fish smoking in many coastal villages.

The mining industry is one of the most important in terms of employment, and contribution to the
national economy. T&gaminerals mined include; Diamond, Bauxite, Rutile, Gold etc. Mining has a
lot of potential as a large income generating sector but its impact on other land use activities has
been extensive over the years. Studies have revealed that extensive damigedaused to the
ecosystem due to improper environmental management in the mining sector. Both large and
artisanal mining operations have resulted in extensive land devastation, removal of the top soil
cover, thereby rendering the land unsuitable for fiagnor other viable economic activities. Water

air quality changes and siltation in tidal creeks/river systems affect maritime life and also drinking
water resources of the communities living down stream. When mining is carried out in hilly areas
and slops, severe erosion takes place and flooding may result. In certain instances, the activities of
the miners divert surface drainage.

Greenhouse Gas flows

The table below show 2000 emission levels for the most important greenhouse gases Sierra Leone.



Greenhouse Gases Emission for the Base Year 2000
The gross emissions of GHG in Sierra Leone for 2000 are presented in the table below:

Table 2.5: Summary Report for 2000 National Greenhouse Gas Inventory of Sierra Leone

(Gg)
Greenhouse Gas Source and Sinka@egories  |[CO, EmissiondCO, Removaly CHy N2O NOy CcO NMVOC SO,
Total National Emissions and Removals in 2000
1 Energy 529.2¢
I Fuel Combustion (Sector Approach) 529.2§
i. Energy Industries
ii. Manufacturing Industries and Consttion
iii. Transport
2 Industrial Processes
i. Mineral Products 111.239] 00000095
3 Solvent and Other Product Use NOT ESTIMATED DUE TO LACK OF METHODOLOGY
4 Agriculture
i. Enteric Fermentation 5.157
ii. Manure Manageent 414.2
iii. Rice Cultivation 15640.3]
iv. Agricultural Soils
V. Prescribed Burning of Savannas 129.36 689.91 8.54 308.5¢ 24.141
Vi. Field Burning of Agricultural Residues
Vii. Other (please specify)
5 Land-Use Change & Forestry -405,339,9 5,431 4,644 167,891 49,267
i. Changes in Forest and Other Woody Biomass Stocks 1,066,501.
ii. Forest and Grassland Conversion 5331300. 5,631 4,645 167,891 49,267
iii. Abandonment of Managed Lands -44,798,78
6 Waste
i. Solid Waste Disposal on Land
ii. Wastewater Handling 11.81 31.29




7 Other (please specify)



The economic sectors considered in the greenhouse gas inventories are Energy, Industrial
Processes, Agriculture, Land Use Change and ForestryWastle. The GHG inventories of
emissions by sources and removals by sinks covers carbon dioxidg (@hane (Ch) and

Nitrous Oxide (NO) and the total C&- equivalent from the sectors for the period 1920D05.

The greenhouse gases £0H,, and NO have been reported in accordance with the guidelines

CO,, CH; and NO have a direct effect on the climate, while NGO and NMVOC have an
indirect effect by contributing to the formation of the ozone in the atmosphere which actively
causes the green hausffect.

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

Subcategory B: fugitive emissions from fuels of catggdr. energy is also not reported.
Estimation of fugitive emissions could not be conducted because there is no fuel produced in
Sierra Leone at present. Exploratory activities offshore from the coast of Sierra Leone suggests
that primary fuel has been found exist but oil and gas activities such as extraction and oil
refining are not conducted.

The bulk of the emissions from Category 2: Industrial Processes could not be estimated for all in
this category save for, cement, lime/limestone. Metal, sodaadgi¢c and nitric acid, pulp and
paper, ammonia, carbide and glass production do not exist. Asphalt roofing, road paving with
asphalt, and concrete plumise stone production are conducted but data is lacking and
documentation of halocarbons and sulphur Hemade (SF6) from refrigeration assembly,
operation and disposal could not be quantified due to inadequate labeling, documentation and
age of the equipment that enter the country. Similarly, data on foam products, fire extinguishers,
solvents, aerosolsd propellants, and equipment containing SF6 are not readily available. Some
study is necessary because the equipments are found in most public, commercial facilities and
residential properties.

Category 3: solvent and Other Product Use has not beertagpmr because the methodology
for this category is still being developed.

The details of the methodology and data sources are under the respective emission categories
below.



Emissions and removals of Greenhouse Gases in 2000
Carbon dioxide

The totalcarbon dioxide emission (CO2) for the year 2000 is 574.061Gg T distribution per
major sectors is as follows:

The emissions from energy generation are fairly high in the country, amounting to 529.287Gg of
CO, as Sierra Leone energy generation isebagn diesel powered generators. Recently, with the
commissioning of the Bumbuna Hydro Electric Power Statior éddssion from the energy sector

has been fairly reduced at least on a seasonal basis.

The Land Use, Land Use Change and forestry (LULUSH€Yor is the least significant source of
CO, emissions up taking 752,748Gg of ¢Qollowed by the waste sector emitting 11.83. The
industrial processes are however marginal amounting to 39.55 Gg pmMGSy fromcement
production.

Methane

The total CH, emissions are 32,312.53 Gg. Agriculture is the most important source of CH
emissions (86.67%), followed by the LULUCF sector (5.631) and finally the waste sector (11.83).

The other sectors are not sources ofi EMissions.
Nitrogen dioxide

N>O emissions estimated at 13.91 Gg with 8.54Gg coming almost exclusively from the agricultural
sector. The waste sector is also a source of emission (31.29Gg).

Mitigation of Greenhouse Gases

Climate Change Mitigation is not a staalbne problem. It will bothaffect and be affected by
sociaeconomic policies and by choices involving development, sustainability and equity. Policies
to limit net emissions can best promote sustainable development if they are consistent with broader
societal objectives. Some miéiion options can even promote benefits far beyond immediate
climate change concerns such as reducing health problems, increasing local employment,
minimizing air pollution, protecting and enhancing forest and water sheds, minimizing certain
subsidies anthxes and accelerating the development and diffusion of ereffigient technologies.

As a mitigation assessment approach for Sierra Leone, a scoping workshop was conducted which
involved collecting data and information through stakeholder consultatissa result, the
following options were screened for further analysis:

) Transport Sector
- LeadFree petrol
- Mass transportation (road and water) for passengers and cargo.
- Creation of pay parking lots
- Enforcement of regular maintenance regulations forcleh
- Improve the water transport system
- Regulate cost of duty to improve transport (tax incentives)
- Regulation/policies on fuel use and consumptions



i) Energy/Industrial Sector
- Hydro electric power
- Switching and promotion for renewable energy (solarggnand LPG)
- Use of other fuels such as ethanol, oxygen etc.
- Development of alternative energy sources such adugis (from corn, sugarcanes, rice
husk etc.)

iii) Agricultural Sector
- Water management in rice cultivation and maintenance of soils.
- Low anount of organic matter
- Use of ricestraw, compost, biogas residues
- Mineral fertilizers
- Fallow incorporation and mulching

iv) Forestry
- Forestry protection, conservation and increase
- Reforestation, afforestation and Agroforestry
- Urban and Community Forestry

V) Waste Management Sector
- Waste incineration
- Composting
- Recycling.

The methodol ogy used to arrive at the mitiga
method based on the following criteria,: Mitigation benefits, fingnciviability,
implementation/organizational viability, technological viability, size, acceptability and political
willingness.

Adaptation to Climate Change

Vulnerability and adaptation assessments were undertaken for the following sectors: agriculture,
forestry, water resources, human health, coastal zones and human settlements and tourism.

Existing & Future Climate in the Sierra Leone

The annual average rainfall in Sierra Leone is 2746 mm based on data from the National
Meteorological Office for1964 m ¢ o n

Various models were used to assess future cliclz@@ge scenarios for Sierra Leprsach as the
GCM, HADCM, UKTR, ECHAM. The average for 196090 is about 26.7°C. This average is
expected to increase by abod® percent by the year 2100.

Climate data for the period 1961 to 1990 were used to construct the climate change scenarios for
Sierra Leone. Data were sourced from the following meteorological stations; Lungi, Bonthe,
Kabala, Njala and Bo. The parameters used for the study were preamp{Rémfall) temperature,

solar radiation, evaporation etc. It was evident from the study that the coastal areas experienced the
heaviest rainfall in the form of Torrential rains. The study period (I%®D) shows an average
annual rainfall of about 274@m which varied from 3659 mm at Bonthe in the south to 2618 mm

at Kabala in the North



Projection from the 1961990 using the ECHAM4 and HDCM2 models for the rainfall values at
2100 are similar to the current climate rainfall amount, whiles the CSIR@d UKTR models

show a decrease in rainfall by aboet 6 below the current monthly and annual values. Based on
the GCM outputs, solar radiation is expected to decrease by 12% under the HADCM2, by 9% under
the UKTR model, and under the CSIR® and ECHAM nodels by 5%. In Sierra Leone, based on

the last reference MAGICC/SCENGEN models, €Oncentration of about 350 parts per million
(PPM) was determined in 1990. Double,@0ncentration levels of about 580ppm are likely to be
achieved by 2025 and about 7@@p by 2100. Sea level rise (SLR) scenarios adopted in this study
are 0.2m as baseline and 0.5m, 1.0m and 2.0m by 2100.

There is an indication of consistent temperature warming across all seasons and scenarios. The
projected 1.652.0U Celsius increase in temperature results in increased evaporation losses,
decreased precipitation, and a continuation of rainfall decline.

Impacts of Climate Change on Water Resources

In this study, the vulnerability and adaptation of water regsutc climate change in Sierra Leone
is assessed by simulating the hydro climatic cycle using the monthly, spatially lumped and one
dimensional water balance model, WATBAL.

In Sierra Leone, groundwater supplies most water demands (approximately 808duaftion) and
represents 84 percent of the countryds expl oi
with major rock formations and their interrelationships. Existing stream flow data from the Sierra
Leone Water Resources Authority indicatattseveral rivers are in deficit, which results in water
lock offs and an overall limit in water supply. The Sewa River, Jong, and Mano areas are under
stress. It is not clear whether Sierra Leone has enough storage to provide water supplies to
adequatelymeet all demands during periods of below average rainfall. The monitoring of wells
need some improvements so that the real trends may be better identified. Additionally, more work
need to be done with data collection to make it more relevant to user needs

However, initial analysis of the Freetown Municipality, indicates that increase in population
coupled with increased deforestation, after the war in 2000 increased abstraction from the Guma
dam could be the main cause of lower water supplies andonotuch as a direct result of less
rainfall. Significant issues associated with water resources management and vulnerability and the
impacts of climate change are likely to present some pressure.

Proposed Elements of a Water Resources Adaptation Stfate§ierra Leone

1. The efficient management of water resources aimed at reducing demand and increasing the
supply base. The reduction in water demand can be achieved through the identification and
adoption of positive attitudes that would lead to tise of less water, and recycling and
reuse of water. Also, efficient water use can be facilitated through education, voluntary
compliance, pricing policies, rationing of water or the imposition of water conservation
measures.

2. Improved planning and codination of the use of the river basin, which may provide
solutions to problems of water quality and supply. Planning can also help to address the
impacts of population, economic growth, and changes in the supply of and demand for
water. The cost of devgloing contingency plans is small in comparison with the potential
benefits.

3. Effective monitoring and management of the watershed is considered must crucial as
climate change is likely to affect the frequency of floods and draughts. Monitoring systems
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will assist in coping with these changes and will be of immense benefit without climate

change.

4. Increasing and maintaining investment in hydrological monitoring and water use through a
national database. This will result in improved data collection &m@ge on a national
scale.

5. Funding research into adopting a water resources and water supply planning method under

climate Change. With appropriate methods in place, consistent regional and national
planning can take place under a changing climate.

6. Developing appropriate modelling tools to assist strategic planning of water resources.
There is an urgent need to develop a consistent set of appropriate modelling approaches and
tools.

7. Investigate shifting focus from ground water to surface wateagtofor water supply

reducing the reliance on vulnerable coastal aquifers, in terms of quality and quantity with
the increased use of surface water reservoirs to maintain supplies.

Agriculture

Agriculture is the largest sector in the economy of Sieganke providing employment for over 65
percent of the labour force, and contributing about 35 to 47 percent of the Gross Domestic Product.
Rice is the staple food crop in Sierra Leone, grown mainly by ssoalé farmers under rafed
conditions. The impdaf climate change is already felt in the country, in changed rainfall patterns,
strong winds, thunderstorms, landslides, heat waves, floods, and seasonal drought. Transporting
agricultural produce continues to be a challenge in the country; most afdti® in remote areas

are impassable during the rainy season.

The crop specific data required for the assessment of the impacts of climate change on agriculture
was obtained from the Sierra Leone Agricultural Research Institute (SLARI).

In assessinghe impacts of climate on the crop production-sabtor of agriculture climate change,
sociaeconomic and crop production data and scenarios were input into the DSSAT3 biophysical
model to run the simulation of impacts of climate change.

All of the scenaos show increasingly negative trends for net rice expatisugh much less so in

the case of the pessimistic scenario. All three scenarios show a general increasing trend in the world
price for rice. Rice productivity needs to improve to meet domestitsuroption demand;
increasing production will also benefit farmers, through high world prices.

The scenarios for production and vyield of cassava and other roots and tubers show an increase
toward 2050, with only a slight increase in the area under ciittivaNet export of cassava and

other roots and tubers is shown increasing up to 2030, followed by a decline up to 2050 for all the
scenarios.

Groundnut production is shown to increase as a result of expansion in area under production;
productivity is slown to decrease, probably due to climate change. Depending on the scenarios, net
exports are shown to increase through 2020 and decline thereafter. With decreasing productivity,
more area has to be brought under cultivation to meet the demand for groaadmppulation
increases, while increased land degradation forces farmers to use expensive inputs.

The following specific adaptation measures regarding agricultural policy measures are strongly
urged to implement in order to mitigate the impact of curaextfuture climate challenges:
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1 Support the establishment of adequate weather stations around the country in order to
provide reliable and adequate weather data that will be useful to properly inform
farmers.

1 Provide adequate support to the Sierra Ledgiecultural Research Institute as well as
Njala University to develop appropriate crop varieties and production practices that
will enhance resilience to adverse weather conditions

1 Develop and maintain seed banks to provide a variety of seed typesrdbatvp
biological diversity and enable farmers to make informed choices.

1 Promote innovative and adaptive approaches such as irrigation and water harvesting,
to protect farmers from variability in rainfall.

1 Make provision for the construction of appropeiabads particularly feeder roads in
the rural areas to be able to withstand increasing rainfall.

1 Take appropriate measures to control rapid increase in population as well as providing
appropriate infrastructure, social services and mechanization of lageecu the rural
areas to slow down massive movements of youths into urban areas.

1 Raise awareness of the potential impact of climate change on the agricultural sector.
Climate Change is not mentioned in the Agricultural Development Strategy
20052008.

1 Develop modeling approaches and tools to allow assessment of impacts of climate
change on export and domestic crops and meat production. Detailed
crop/country/climate specific assessments are required to inform an adaptation
programme and policy delopment.

1 Develop regional links to fund and promote plant breeding programmes for common
crops.

1 Adaptation strategies include the development of crop varieties with increased
temperature, drought and pest resistance.

1 Review approaches to integrated peahagement under climate change. Existing pest
management strategies may require modification under climate change. Care must be
taken that any changes to these strategies do not have negative impacts on the
environment, for example, from increased pesticide.

Human Health

Increased temperatures are also associated with increased episodes of diarrhoeal diseases, sea foc
poisoning, and increases in dangerous pollutants. Threats from higher temperatures may cause
greater contact between food and pestigige Warmer seas contribute to toxic algae bloom and
increased cases of human stislh and reafish poisoning. Such cases have been reported in
Freetown in julyAugust 2011 and August 2012. Incidents of high temperature morbidity and
mortality are projected to increase.

Due to water shortages, the impact expected on Sierra Leond beldss of food production and

the necessity to import and/or experience food shortages. This may lead to hunger and malnutrition.

The leading causes of death in Sierra Leone argcaommunicable diseasés respiratory and

lifestyle diseases. Cerebrovatar (stroke) that is susceptible to heat stress is among the leading

causes of deaths. The problem could be exacerbated by the design and type of construction
11



materials used in housing. Attention must be given to the design of buildings in order tolrealce
stress.

Asthma is active among young children and this is an increasing cause for concern. There is
ongoing study to determine the actual incidence of asthma. There are also two climate related
factors that are causing concern. The first is thetFadtrising carbon dioxide levels could increase
allergenic plant pollen. The second is the correlation between the outbreak of asthma affecting
children and the concentration of the Saharan dust in Sahel Africa that could lead to increase of
asthma. Thevater and sanitation sectors of the population are dependent on water. Sources that are
contaminated have implications in the spread of diseases. Typhoid was associated with and the
destruction of pit latrines.

Epidemiological surveillance including entofagical surveillance behaviours that promoted
proliferation of rival habitats and the promotion of behavioural change are considered priorities. If
the health system is efficient the country can adapt.

Proposed Elements of a Health Adaptation Strategysferra Leone Climate change must also be
mainstreamed into the health system to recognise the likely impact of hecter diseases.
Underfinancing is a major problem that can affected staff training and the ability to conduct
surveillance.

Climate change should be included in the mandate of the Disaster Management Department, ONS
since extremes in climate change dead to greater incidences of flooding. Other adaptation
strategies included the proper identification and upgrading of shelters to meet the demands for the
outbreaks of diarrhoeal diseases and other unhygienic conditions that may be worsened.

Shorttermadaptation strategies for addressing vabtwme diseases include:
Public education aimed at encouraging individuals to identify and eliminate current breeding

sites and the symptoms of dengue;
- Surveillance in outbreak communities for the purpdssneironmental sanitisation;

Overall recommendations for the health sector include:

- Public education in the management of stress;

- Elimination of taxes on electric fans;

- Increased public education in the areas of sanitation and food poisoning;

- Relevant agencies prepared for handling increases in the incidents of food poisoning;

- Public health inspections for mosquitoes, including pest and rodent eradication;

- Sustainable design standards for housing in areas subjected to high rainfalloagd str
winds, for example, roofs can reduce heat absorption by painting them white or silver;
windows need cross ventilation; and more attention to be paid to the design of settlements.

Priority should be given to:
Better water monitoring and managememtotigh improvements at the National Water
Resources Authority;

- Improving the capabilities of DMD to warn of hazards;

- Improving data gathering ability and technical support staff of the Meteorological Office for
monitoring and warning of aiorne tye diseases;

- More collaboration between research institutions involved in pollution control;

- Support should be given to research institutions involved in environmental related health
risks to run as many regional and statistical downscaling modeigsasgble for calibration
and intercomparison purposes; the
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- Safe water storage containers;
Coastal Resources and Human Settlements an@durism

The most important measure for adapting toriseal rise involves a development of setback
guidelines. This could be related to the local risk of inundation from present and future storm
events (i.e., site specific). Setbacks for structures on rocky coasts where there ndegiosited

debris shouw be determined by the position of the debris ridge formed by sandy and rocky debris
accumulated over the past four millennia. Destroying this ridge for construction materials exposes
communities and buildings behind the ridge to increased vulnerabdity iftundation and damage

from moving debris.

The vulnerability of communities such as Kroobay, Moa wharf to extreme weather events and the
susceptibility of escape roads to flooding require a major efforttmgeneer other arterial roads at
low elevation as afiveather highways.

If the tourist industry is to survive through 2050, despiteiseal rise, increased ocean acidity and
seasurface temperatures, then identification of suitable offshore sand egplosuld commence
now to avoid the growth of unregulated sand replenishment schemes.

Continuing research is required on perfecting setback guidelines for Integrated Coastal Zone
Management; identification of offshore carbonate sand deposits for beahnmnt; expansion

of the programme of goperative for fisheaifolks; and satellitbased monitoring of changes in the
health of the islandds coastal ecosystems.

Impacts of Climate Change induced Sea Level

The main limiting factor for making accurate assessment of the Vulnerability of thelceest

level rise has been the lack of data of the topography of the coastal area to the desired accuracy (i.e.
to allow the delineation of the appropriate contour line). Some sections of the coast, particularly the
urban centres of the capital, Freetowrd &oastal towns of Kambia, Bonthe Sherbro Island do not
have these data. As much as possible data was derived from limited information on the survey
beach marks and surveys of roads within the coastal areas. The elimination of the area outside the
risk zane was assisted by the availability of maps showing the 30m contour.

Shoreline Recession
Cli mate Change i s expected to I mpact Sierra L
(1) The rise in sea levels expected from Climate Change would accelerate the rate of
recession of sandy shores.
(2) Increases in littoral transport capacity arising from increases in the intensity and duration
of storms.
Also, sea level rise can affect coastal structures such as the jetties along the coastline.
Flooding and inundation affectosie coastal segments of the Freetown peninsular (i.e. bays,
estuaries and beaches). Sea level rise has the effect of augmenting a decrease in the quality anc

guantity of ground water resources ot herwise
along the coastal areas at risk for 1m rise of sea level is about 2,315,860.
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If no action is taken on sea level rise, a total of 26.4km square is estimated to be lost and areas such
as the northern and southern areas are vulnerable. Potential adaptatieures to address
management of the coastal zone in Sierra Leone are:

- Establishment of coastal management on coastal erosion in Sierra Leone.
- Delineation of flood and erosion hazardous areas.

- Improvement of the quality of topographic data for the @asine.

- Monitoring of the coast

- Sand and Gravel mining

- Education and Research

Although it is generally agreed that the incidence of severe weather, there is controversy over the
likelihood of a general increase in storm frequency. Thus, it was assuatettié¢re would be no
increase in storm frequency or severity over the rest of the century.

The impacts of these processes on the various kinds of coastline of Sierra Leone were assessed. On
beaches, short term erosion are largely governed by the ineiaddrstorms. Over longer periods,

sea level rise will cause progressive retreat. Hard engineered structures suciwaks sedl

probably lead to eventual disappearance of any beaches in front of them. Offshore breakwaters will
be more useful in retaining nesinore sand supplies. On cliffs and rocky coastgfeses rise will

bring the cliff top closer to sdmvel andincrease the frequency of overtopping of the cliff by storm
waves and rock debris, including large boulders. Recession will be greatest farckofliffs,

whereas fractured hard rock cliffs will be more prone to sudden collapse, as indicated ithée in
Sierra Leonean examples.

Wetlands present a particular problem due to their proximity tdesebhand the micrmtidal regime
around Sierra Leone. Small changes inmsgal will prompt progressive retreat and migration of
wetland ecmones, unlessertical accumulation rates of wetland debris keep up witheseshrise.

Most of the wetlands of the coast of Sierra Leone are fronted by a narrow beach which will retreat
over the wetland, driven by storms and sea level rise. No data on the verticalktimn rate of
wetland sediments is available for Sierra Leone.

These impacts are likely to be exacerbated, and even overshadowedrdiynabe change factors,

such as deforestation, increasing riverine floods from destruction of forest, indusiniglgfand

from poor farming practices, leading to increased mbare sedimentation and turbidity, increased
chemical pollutants from agriculture and industrial wastes, and from increasing coastal population
growth

The local tourism is dominated mainly besort tourism and is location specific. The Freetown
coast areas (i.e., Lumley, Tokeh, No. 2 Goderich) are the dominant areas for both stopover and
cruise ship visitors. This is due to the coastal resources (white sand beaches, all inclusive hotels and
sea ports and attractions) and infrastructural investments which have gone into these areas.

Two socigeconomic scenarios were modelled; one without climate change variables (control
scenario) and another with assumptions about a changed climate change. An independent model
was also developed to examine visitor arrivals over time.

For the control scenariwisitor arrivals are expected to increase by 2050. For the scenario with a
changing climate, the number of visitors may fall by 2050, resulting in declines in earnings.

Proposed Elements of a Tourism Adaptation Strategy for Sierra Leone
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Raise stakieolder awareness of the workings of both tourism and environment;
Stakeholder identification of detailed programme and projects;

Set up a comprehensive performance framework with targets;

Provide more varied visitor attractions to a) put legsgure on existing natural resources
and b) Stimulate more visitors;

Reflect social and environmental costs in the price of tourism products;

Improve environmental lobbying;

Implement infrastructural changes to protect the environment, ognes and levees,
reforestation, and coastal zone management;

8. Implement education argknsitizatiorprogrammes;

9. Intensify community tourism activities; and

10. Increase urban tourism.

PwpNPE
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Coastal Resources and Human Settlements anm@durism

The mostimportant measure for adapting to #eeel rise involves a development of setback
guidelines. This could be related to the local risk of inundation from present and future storm
events (i.e., site specific). Setbacks for structures on rocky coasts thbezes stornmdeposited

debris should be determined by the position of the debris ridge formed by sandy and rocky debris
accumulated over the past four millennia. Destroying this ridge for construction materials exposes
communities and buildings behinldet ridge to increased vulnerability from inundation and damage
from moving debris.

The vulnerability of communities such as Kroobay, Moa wharf to extreme weather events and the
susceptibility of escape roads to flooding require a major effortemgener other arterial roads at
low elevation as atveather highways.

If the tourist industry is to survive through 2050, despiteiseal rise, increased ocean acidity and
seasurface temperatures, then identification of suitable offshore sand deposits sthimunence
now to avoid the growth of unregulated sand replenishment schemes.

Continuing research is required on perfecting setback guidelines for Integrated Coastal Zone
Management; identification of offshore carbonate sand deposits for beach noutjsgixpansion

of the programme of goperative for fishatolks; and satellitbased monitoring of changes in the
health of the islandbdés coastal ecosystems.

Impacts of Climate Change induced Sea Level

The main limiting factor for making accurate assessment of the Vulnerability of thelceeast

level rise has been the lack of data of the topography of the coastal area to the desired accuracy (i.e.
to allow the delineation of the appropriate contour line). Some sections of the coast, particularly the
urban centres of the capital, Freetownl @oastal towns of Kambia, Bonthe Sherbro Island do not
have these data. As much as possible data was derived from limited information on the survey
beach marks and surveys of roads within the coastal areas. The elimination of the area outside the
risk zane was assisted by the availability of maps showing the 30m contour.

Shoreline Recession

Cli mate Change i s expected to I mpact Sierra L
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3) The rise in sea levels expected from Climate Change would accelerate the rate of
recession of sandy shores.

4) Increases in littoral transport capacity arising from increases in the intensity and duration
of storms.

Also, sea level rise can affect coastal structures such as the jetties along the coastline.

Flooding and inundation affectose coastal segments of the Freetown peninsular (i.e. bays,
estuaries and beaches). Sea level rise has the effect of augmenting a decrease in the quality anc
guantity of ground water resources otherwise
along the coastal areas at risk for 1m rise of sea level is about 2,315,860.

If no action is taken on sea level rise, a total of 26.4km square is estimated to be lost and areas such
as the northern and southern areas are vulnerable. Potential adaptatieures to address
management of the coastal zone in Sierra Leone are:

- Establishment of coastal management on coastal erosion in Sierra Leone.
- Delineation of flood and erosion hazardous areas.

- Improvement of the quality of topographic data for the @asine.

- Monitoring of the coast

- Sand and Gravel mining

- Education and Research

Although it is generally agreed that the incidence of severe weather, there is controversy over the
likelihood of a general increase in storm frequency. Thus, it was assuatettiéle would be no
increase in storm frequency or severity over the rest of the century.

The impacts of these processes on the various kinds of coastline of Sierra Leone were assessed. On
beaches, short term erosion are largely governed by the ineiaddrstorms. Over longer periods,

sea level rise will cause progressive retreat. Hard engineered structures suciwaks sedl

probably lead to eventual disappearance of any beaches in front of them. Offshore breakwaters will
be more useful in retaining nesinore sand supplies. On cliffs and rocky coastgfeses rise will

bring the cliff top closer to sdmvel andincrease the frequency of overtopping of the cliff by storm
waves and rock debris, including large boulders. Recession will be greatest farckofliffs,
whereas fractured hard rock cliffs will be more prone to sudden collapse, as indicated ithée in
Sierra Leonean examples.

Wetlands present a particular problem due to their proximity tdesebhand the micrmtidal regime
around Sierra Leone. Small changes inmisgal will prompt progressive retreat and migration of
wetland ecmones, unlessertical accumulation rates of wetland debris keep up witheseshrise.

Most of the wetlands of the coast of Sierra Leone are fronted by a narrow beach which will retreat
over the wetland, driven by storms and sea level rise. No data on the verticalkdtmn rate of
wetland sediments is available for Sierra Leone.

These impacts are likely to be exacerbated, and even overshadowedrdiiynabe change factors,

such as deforestation, increasing riverine floods from destruction of forest, indusimedgfaand

from poor farming practices, leading to increased mbare sedimentation and turbidity, increased
chemical pollutants from agriculture and industrial wastes, and from increasing coastal population
growth
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The local tourism is dominated mainly loesort tourism and is location specific. The Freetown
coast areas (i.e., Lumley, Tokeh, No. 2 Goderich) are the dominant areas for both stopover and
cruise ship visitors. This is due to the coastal resources (white sand beaches, all inclusive hotels and
sea ports and attractions) and infrastructural investments which have gone into these areas.

Two socigeconomic scenarios were modelled; one without climate change variables (control
scenario) and another with assumptions about a changed climate change. An independent model
was also developed to examine visitor arrivals over time.

For the control scenariwisitor arrivals are expected to increase by 2050. For the scenario with a
changing climate, the number of visitors may fall by 2050, resulting in declines in earnings.

Proposed Elements of a Tourism Adaptation Strategy for Sierra Leone

Raise stakieolder awareness of the workings of both tourism and environment;
Stakeholder identification of detailed programme and projects;

Set up a comprehensive performance framework with targets;

Provide more varied visitor attractions to a) put legsgure on existing natural resources
and b) Stimulate more visitors;

Reflect social and environmental costs in the price of tourism products;

Improve environmental lobbying;

Implement infrastructural changes to protect the environment, ognes and levees,
reforestation, and coastal zone management;

8. Implement education and sensitisation programmes;

9. Intensify community tourism activities; and

10. Increase urban tourism.

rwNE
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Impacts of Climate Change on Fisheries

In assessing the imp& of climate change on productivity in Sierra Leone, the effects of
temperature on annual productivity of riverine fisheries resources are evaluated on the basis of the
average stream width of 250 meters for the Rokel River, the biogenic capacitystfedn®, the

annual water temperature, the alkalinity/acidity of the water, and the type of fish population present
in the river.

Productivity of the riverine fisheries of the Rokel River is projected to increase under all climate
change model scenarioshd estimated productivity of the Rokel River under the current (1961
1990) climate is 228 tons per kilometer (tons/km) reach of the river.

All the climate change model scenarios projected an increase in the productivity of the river. The
highest increasan productivity is projected by the HADLEY 2 model scenario and it ranges from
3% (i.e. 236 tons per Km) increase by 2025 to about 8% (i.e. 248 tons/km) increase by 2100. The
projections based on CSIRA model is lowest of all the models considered fastutis The
projected productivity under the CSIRA varies from about 2% (i.e. 234 ton/km) increase in 2025 to
about 6% (i.e. 243 tons/km) increase in 2100. Commercial shrimp yield was estimated for current
climate for the average period 1961 to 1990 andifoulated climate change to 2100 based on the
model output for the GCM models (Hardly 2, UKMOTR, CSIRA and ECHAM 4). The stabilized
commercial shrimp yield (SCSY) under current climate with annual temperature of about 26.7°c is
71.5kg/ha. Simulation bas@sh the warming of the atmosphere by 2075 to about 28.7° C under the
HADLEY2, 28.3°C under the UKMOTR, 28.1°hder CSIRA and 28.4°C under the ECHAM4
models shows increases from current climate.
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The proposed adaptation measures for the fisheries seetor ar

- Promotion of effective formulation and implementation of the fisheries strategic
management plan.

- Effective protection of spawning sites and fishing nursery areas.

- Promotion of research development.

- Promotion of monitoring, control and surveillancefishing grounds and fish stocks for
sustainable exploitation.

- Promotion of climate change related education and awareness programmes.

- Provision of financial resources and institutional capacity.

- Closed seasonthis option could be adopted when the fishunder threat of either over
exploration or adverse effects of climate change. This option could allow for the restoration
of either the degraded habitat or recovering of the fisheries.

Impact of Climate change on Vegetation Cover

Under current climatehe land in Sierra Leone has the potential land cover of aboutdfi6al

wet forest, 49%tropical moist forest, 21%sub-tropical wet forest, and 23%sub-tropical moist

forest. The overall indications from the Holdrige Life Zone classification analysishat under an
equilibrium climate, the potential land cover of Sierra Leone as projected by the GCM outputs used
in this study predicted 66% (HADC), 55% (UKTR), 66% (CSIRO) and 81% (ECH#dpical

dry forest and 30% (HADC), 55% (UKTR), 26% (CSIRO) ahd@% (ECHAM)tropical very dry

forest categories as a result of the projected decrease in precipitation ((figure 2) and associated
increase in bigemperature (Figure 3) by year 2100.

Basically, as a result of climate change, 60% of the country will ber tiregiecal dry forest, 24%
undertropical very dry forest, and 12% cover undeub-tropical moist forest particularly in the

south and east of the Country. This is the reverse of the current situation and indicates a northward
shift in the vegetation i.érom tropical rain forest to tropical dry forest.

In respect of the Forest Gap simulation scheme, Figure 6 shows the total Biomass produced under
the various climatic scenarios and indicates that there is an overall gradual increase in total biomass
prodwction in the following five models used in ascending order of magnitude: CURR, CSIR,
UKTR, ECHAM, and HADC.

Figure 7 similarly predicts the same trend for the Basal area Production but with a wider difference
of 450M/ha between CURR and CSIRO. HADC conés to dominate the total basal area
production.

Species distribution per size classes for each specific year is shown in Table 3. Hannoa klieneana is
by far the fastest growing species attaining tfieli@meter class (over 60cm diameter) in 25 years.

The slowest growth was exhibited by seven species (Chorolphora, Cordia, Daniella, Gmelina,
Khaya, Nauclea and Parkia) out of the twelve species used in the simulation.

Potential adaptation measures will include silvicultural interventions such as apropria
management, for example, adjusting planting and harvesting dates, switching to more-drought
resistant species, refining and liberation thinning.

Climate change research and systematic observation systems in Sierra Leone

Under the INC and NAPA projegta n i ni t i al assessment of Sierr
systems was conducted in conjunction with the national Meteorological Office. This assessment
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comprised of interviews with key personnel, as well as visits to a number of locations where
sysematic observation systems are located.

The assessment focused on the needs and the requirements of the Meteorological Services, with a
view to making recommendations for the improvement of the observation systems. More
specifically, the following elemés were carried out:

) A detailed assessment of the coastal, marine, and hydro meteorological systematic
observation systems in Sierra Leone, describing: the types and locations of the equipment;
the agencies responsible for the maintenance of therequi; the scope of climate related
data stored, including climate variables observed; the years for which data is available and
frequency of data collection.

(i) An assessment of the current coastal, marine, and hydro meteorological systematic
observatns systems in Sierra Leone.

(i)  An identification of the technological and capacity building requirements for the upgrade
and improvements of the current systematic observation systems.

In order to achieve the goals and targets of the Internationaim@oity on Research and
systematic Observations, efforts should be made to address these issues of Research and
Observations. Climate and Climate Change studies and assessments are highly dependent on
reliable meteorological, hydrological and environmentatia and information. Hence the need for
representative network of systematic observations i.e. ground based data, satellite and
communications networks. To achieve this, government as a priority should improve without delay
the current conditions of sace of its workers with a view to attracting qualified personnel into the
service.

Priority activities for the improvement of systematic observations of Sierra Leone include:

- Strengthening of the climate data base of all institutions in the countnyidprup to date
computer facilities and train experts in the input and storage of climate related data.

- Providing automatic recording equipment and instruments for continuous recording of
meteorological, hydrological and climatological elements and phenam

- Rehabilitation and expansion of meteorological stations for the collection and monitoring of
all categories of data.

- Capacity building in human resource in the meteorological department should be addressed
in order to meet the present and future @males.

- Education and sensitization of the public on climate change issues.

- Strengthening of the national climate change committee (NCCC) to be able to advise the
Government on climate change matters appropriately.

- Intensification of research on climate olga in Sierra Leone.

- Collaboration with national and international institutions that are in the field of research in
climate change.

Technology Needs Assessment

The technology needs assessment process consisted of a series of expert workshops with key
sectoral experts present to discuss issues relating to technology in Sierra Leone. The first workshop
focused on mitigation and energy issues, while the second workshop looked at adaptation issues as
they relate to the coastal zone and water sectors iraSieaone. Both workshops used the initial
national communication of Sierra Leone as the document of reference.

19



A number of issues were considered with regards to criteria for the transfer and development of
technologies for mitigation for Sierra Leone. $hencluded the overall integration with the current
energy policy, and the linkage to development goals. In order for a technology to be suitable for
Sierra Leone, it was agreed there a number of key criteria which have to be met. These are:

) Affordability and low cost,

(i) Environmental and economic impact,
(i)  Social acceptability, and

(iv)  Job creation potential.

A number of mitigation technology options were identified:
. Natural gas technology for electricity production, especially fertdwuxite alumina
industries;

Methane extraction from waste landfills for electricity production;

Renewable energy technologies including wind, smdle hydro, cogeneration and
biomass, Solar.

Adaptation technologies were considered floe coastal zone and water resources sectors. A
number of issues were considered when criteria for the transfer and development of technologies for
adaptation were considered. Stakeholder consultations and expert judgment were used to determine
the critera. It was noted that technologies for adaptation should be: cost effective, proven, flexible,
aid in vulnerability reduction, and easy to use. Technologies for adaptation should also look at
technologies in the broadest sense.

For improving coastal zormaanagement, the following technologies were identified:
Beach protection measures such as groynes and revetments;

Reinstatement of the tidal gauge network (for obtaining data to feed into the geographic
information system and aid in planning and projesigtes, thus ensuring vulnerability
reduction occurs;

Beach profiling (to aid improved data collection); and
Regeneration of mangroves.

In the water sector, the following needs were noted:
Improvement and rationalization of the hydrometric network;

Additional river gauges and more automatic weather stations to aid in data collection and
planning to reduce vulnerability;

Additional flood warning systems; and

Additional software such as water ware, river ware, and mike basin to aid in
improvement of water magement.

The main barrier to the transfer of technology to Sierra Leone is the high initial capital cost of
technologies. There is a need for flexible financial measures in order for new technologies to be
adopted. Attitudes, perceptions, and lack of imfation were also highlighted as a key barrier. In
particular, lack of understanding about specific technologies and lack of political will prevent the
transfer and adoption of potential technologies. Lack of data is a constraint, particularly with
regardsto vulnerability issues which prevents adoption and applications of technologies for
adaptation. The lack of a central decision making entity to handle issues with regards to technology
was also noted as a barrier.
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Education, Training and Public Awarenes

A number of baseline studies were conducted to obtain a better understanding of the level of
education and understanding about climate change in sierra leone . A number of activities were
undertaken, including:

(1) A project launch workshopThe olpectives of this workshop were to: 1) aid in
reconvening the National Implementation Coordinating Unit for climate change in
Sierra Leone and 2) launch phase two by informing participants about climate
change, regional concerns, climate change scenaridsalternative energy options
for Sierra Leone.

(i) A Climate Change Workshop®articipants were sensitised on international issues
related to climate change, particularly the Conference of Parties of the UNFCCC and
the effect that climate change coufdive on energy, water resources, coastal
resources and biodiversity.

Overall, the activities aided in facilitating national networks on climate change and promoting the
integration of climate change concerns into the national development planning dialogue

It is pertinent to note that during the implementation of the various studies incorporated in the
National Communication, sensitization and public awareness campaigns targeting grassroots
peopl e, high | evel g oVv er n me nfarmecsftédachers, atlidents etdli n i
were carried out by the project throughout the country.
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Background

General Development Contek

After the resolution of a brutal armed conflict that lasted for just over ten years (March 1991
January 2002), Sierra Leone has been enjoying a period of relative peace and bliss. This peace has
been consolidated by the two general elections of 2002 28@¥, which ushered in two
democratically elected governments. Since Sie
country has moved consistently towards restoring national security and good governance; re
launching the economy; and providitbasic services to the most vulnerable groups. A National
Recovery Strategy in 2002, was foll owed by a
Leone Vision 20250 and Sierra Leoneds fi+rst P
2007 PRSP 1) PRSP! reflected a move away from immediate poshflict concerns and was
constructed around three pillars of good governance, peace and security; food security and job
creation; and growth and human development. PRSP 11, An Agenda for Change;a8d
Economic Empowerment 208812, emphasizes the need to develop an enabling environment to
support the private and productive sectors of the economy and identifies four key enablers and
drivers of growth. These include energy supply; agriculturelding fisheries); a national
transportation networlgnd sustainable human development.

The post war years has seen rapid rehabilitation of war damaged infrastructure and vibrant civil
society movements and a revived economy. The development of Sera is also been enhanced

by certain government policies such as decentralization, health care, free health care for pregnant
and lactating women, energy, mining, and agriculture. The implementation strategy in these policies
is ensuring steady growth the economy. The agenda for change launched by the Government of
Sierra Leone is the new development paradigm which Sierra Leone is now operating which is
designed to bring about both social and economic transformation of the country. Together with the
joint vision document the development trends of Sierra Leone are clearly mapped out. Recently the
United Nations dropped the last sanction against Sierra Leone and declaring Sierra Leone a safe and
stable country, thus paving the way for investment in tmtry.

The civil war in the 1990s hampered the economy and the economy plunged at an avierage of
% per annum between 1990 and 2000. However, recent trends indicate that some stability in the
economy has returned.

Since 2000, the base year suggéddor this Second National Communications, the economy has
been growing between 5.8 and 6.8% per annum, mainly due to reconstruction and more prudent
economic policies.

In July 2008 and in accordance with the Rio commitment, Sierra Leone estabhshidtional
Environment al Protection Agency. This Agency,
Office, is implementing the National Environmental Action Plan for sustainable Development
(NEAP) which is made up of priority programs, includingeaelated to climate change.

The implementation of this National Environmental Action Plan is coordinated by Environment
Protection Agen®BL and serves as a framework for all policies related to environment and
sustainable development Recently EBA has embarked on an exercise to upgrade the NEAP.
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Sierra Leone prepared its Initial National Communication (INC) with the support of SIL/02/G32
ACl i mat e Changeo funded by the Gl obal Envir
Department of Meteorology und#dre Ministry of Transport and Communications. (now Ministry

of Transport and Aviation).

A self-assessment of the Initial National Communication revealed that there was little involvement
of stakeholders with relevant data. As a result, the developmzregs for the SNC considered the
involvement of a mix of stakeholders for the various components of the project

Following the publication of its Initial Communication, Sierra Leone carried out a certain number
of activities including:

1 Organization of searal workshops for information sharing and awareness raising on climate
change;

1 Publication of articles in newspapers on climate change;

1 Organization of several training workshops on Clean Development Mechanism (CDM) for
Government entities, the Civil Sety, NGOs and the Private Sector. These sessions made it
possible to identify project ideas;

1 Development of a National Adaptation Program of Action (NAPA) for Climate Change to
help mitigate the adverse effects of Climate Change on the most vulnerablatipapwith
a view to promote sustainable development and fight against poverty in Sierra Leone;

T I mpl ement ati-asses$smearet Adfel fhe | nitial Nat
which was aimed at identifying the shortcomings and weaknesses ohtineucacation and
making suggestions for improving the Second National Communication;

1 Development and implementation of the National -@efessment of Capacity Building
Needs for managing global environment. The objective of this project was to assess the
needs for capacity building and come up with a strategy and a plan of action to implement
capacity building activities in connection with Conventions on Desertification Control,
Biodiversity and Climate Change.

The content of this Second National Commundaratis defined by the provisions of Decision
17/ COP68 related to the preparation of t he
members of annex 1 of the Convention.

The Second National Communication (SNC) is being prepared with the support of
GOSL/GEF/JUNDROO055945 AClIli mate Changeo funded by t
implemented by the Department of Meteorology under the Ministry of Transport and Aviation.

The SNC preparation Process/Institutional Arrangements

At the national level,project sponsorship and coordination involve institutional arrangement
ensuring the integration of the project at policy level and an operational structure to implement
specific project activities.

The National Implementing Organization

The project isbeing executed through national Execution (NEX) modality with the different roles

undertaken by the following institutions:
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Overall supervision on financial managemetNDP, Freetown
Policymakingi Project Steering Committee

Project Implementatioii Meteorological Department, Ministry of Transport and Aviation
(MTA)

= =4 =

Sponsorship/ Coordination and integration of the project at policy level

At policy level, the Institutional Framework offered by the following three
sponsorship/Coordination entities willnBeavour to facilitate the integration of the SNC in to
national development policies:

1 The United Nations Development Programme (UNDP)
1 Environnent Protection Agenc$ierra Leone (EP/ASL)
1 The Meteorological Department, Ministry of Transport and AviafMiiA).

EPA-SL

In 2008 in trying to address the growing national environmental problems and the weak
management capacity in the various institutions, a decision was taken by the government to create
an agency. The creation involved deployment of staff elmanges in the legal and institutional
reforms which impact on the management of all environmental and related concerns.

EPA-SL will accomplish general coordination and will ensure proper linkages and collaboration
among the various public and privatstitution involved in the SNC preparation. As the Agency is
the GEF operational focal point and recipient of all reports and project conclusion§LERN be

in a position to effectively integrate the SNC into national development priorities as well as
facilitate access of SNC technical teams to-thatding national institutions.

Global Environment Facility (GEF) Focal Point

EPASL- is the operational Focal Point for all GEF activities. The agency chairs the Project Steering
Committee (PSC) and the EXeeps the board abreast of project progress, and is instrumental in
making the board understand the full scope of adaptation issues, thus mainstreaming the SNC into
national development policies.

The Basic Country Driven SNC Preparatory steps

The concptual framework of SNC project design is dominated by national stakeholder/participants
at all levels. The various levels of the national institutional framework, used to conceptualize the
process are as follows:

SNC Task Force (TF):

The SNC local constdnts comprised of professionals from academia, research institutions the
public, private and NGOs in Sierra Leone. The TF serves as the technical arm of the SNC process.
For example, the TF carried out criteria development, and scoring and rankingooisdpti the

SNC priority activities.

SNC Local Consultants were involved in the project development. The local consultants

conceptualized and wrote the SNC document with the advice and consultation of loeal, sub
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national, national and international primaand secondary stakeholders, including UNDP/ UNEP
task managers.

National Stakeholders:

The stakeholders in the SNC included key institutions from the whole country including those at the
local level.

The UNDP/UNEP National Communications Support Progamme

The National Communications Support Programme (NCSP) is a NDP/UNEP project, funded by the
GEF, which provides technical and policy support totAanex | Parties for the preparation of
national communications. The NCSP is based at the UNDP offibkew York. The governments

of Switzerland and the USA have ioanced NCSP activities. The NCSP also promoted the
guality and comprehensiveness of the Second National Communication and the timeliness of their
submission

Results of Nationwide Consultaions

The second national communications (SNC) was informed by a series ofwat®oonsultations

in which all MDAs, CSOs parliamentarians; CBOs & NGOs, civil society and media were given the
opportunity to make inputs. It was also supported by sitecoespact, vulnerability and adaptation
studies result of which were incorporated into the SNC. The approach used in developing the SNC
was through studies by various taskforces (a mix of individual consultants and MOUs between the
project and data holdinigstitutions like the Meteorological Department, SLARI and IMBO and the
University for the Various Sectors identified in the Self Assessment Exercise (SAE). The results of
the task forces and stakeholders consultation for the various components of dheasgu
summarised below.

Energy

In the energy sector the need for a fair, equitable, sustainable supply and distribution of electricity
for development was emphasized. However there was the overriding view that a shift from thermal
power generation to eaner modes would be welcomed, for example solar, hydrediésel,
biogas, LPGs etc.

Transportation

Apart from electricity generation in the energy sector, transportation was considered to be the sector
where energy products were mostly consumedvds noted though transportation is a major
challenge to the development of agriculture, yet still, emission control mechanisms should be put in
place for vehicles of all types. It was thought that the emissions related to the improvement of road
networks vere temporal and diminished with time. The improvement of bulk public transport
system (buses, rail) etc. were highlighted as mitigation measures.

Agriculture
In all agriculture was identified as the number one livelihood of the bulk of Sierra Leoiteaas.
therefore suggested that a balance should be struck between agricultural development and emissions

control from this sector through climate friendly agricultural practices. This sector was also
identified to be most vulnerable to climate changerefloee government should endeavour to
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ensure proper early warning system for farmers and timely input of agricultural materials to farmers
to in order to increase the adaptive capacity to climate change

Land Use and Land Cover Change
Rapid urbanizationagriculture, developments of the mining sector and timber production were
considered to be the major drivers of deforestation. The need for conservation practices to maintain

carbon sinks therefore were underscored.

Report Structure

Chapter one of thesdocuments sets the national circumstances, and in particular the aspects of
development policies related to the major components of Climate Change Process with emphasis on
the year 2000.

Then, chapter two is devoted to greenhouse gases inventoriespidatce with the methodology
recommended by the Convention Secretariat and the IPCC. This inventory is complemented by
tables providing details on calculations carried out.

Chapter three focuses on the capacity for mitigating the effects of greenhsusmigsions. This
capacity is related to social and economic development policies of the country.

Chapter four deals with Vulnerability and Adaptation to Climate Change and variability which
requires external assistance.

Chapter five focuses on otherférmation considered Relevant to the Achievement of the Objective
of the Convention.

Finally, chapter six deals with constraints and gaps and related financial, technical and capacity
needs.
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Foreword

By Honourable Samuel SamSoumanaVice-President of the
Republic of Sierra Leone

On behalf of the Government and people of the Republic of Sierra Leone it is my great pleasure to
present this Second National Communications (SNC) Report of Sierra Leone to the United
Framework ConventionfcClimate Change (UNFCCC)

This report on the Second National Communications of Sierra Leone was prepared by Greenhouse
Gas Inventory, Mitigation and Vulnerability Analysis teams in collaboration with Secretariat of the
CCP and the UNDP and NCSP. The teaomprised local experts drawn from the University,
Government Departments and Ministries as indicated in the Project Documentation.

As is evident in the report, key sectors such as Energy, Agriculture, Industries, Landuse, Landuse
Change and Forestry, aMdaste Management and Coastal Management have been addressed and
have come up with positive results for the development of a climate change strategy for Sierra
Leone.

The groups were ably assisted by Mr. Libasse Bah the International ConsultantRepth#ic of
Senegal and the Local Consultant professor Ogunlade R Davidson of the University of Sierra Leone
whose input were invaluable in the training of the team members and the preparation of this report.

This report is also a synthesis of the manysgeation workshops and conferences organized by

the climate change project secretariat. The draft report has been reviewed by imminent scientists
both locally and internationally and by a chapter by chapter review by the NCSP of GEF in New
York and somef their comments are contained therein. Special thanks go to Gabriela Walker and
Yamil Bunduki of UNDP, New York and of the National Communication Support Progamme, for
coordinating and personally reviewing some chapters of the documents.

The report wil serve a useful purpose to the Government decision polakers and universities

and other relevant stakeholders working generally on climate change issues in the country. This
report wi || serve as a partial e UNFCEQ ds kleadyn t 0
stated in Article 4 and in accordance with Article 12 of the Convention. The Mitigation and
Adaptation measures recommended in this report will require both local and international support
for their implementation.

With the preparationof this report Sierra Leone will be in the position to consolidate the

establishment of a National Climate Change Secretariat responsible for climate Change activities
locally and internationally.
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CHAPTER ONE
NATIONAL CIRCUMSTANCES

1.1 GEOGRAPHY, CLIMATE AND DEMOGRAPHY
1.1.1 Location of Sierra Leone:

Sierra Leone is located in the southerestern part of West Africa and lies between latitudes
7(6degree 55minute) and 10 (10degree 00minute) degrees North of the equator and longitude
10(10dgree 14minute) and 13(13degree 17minute) degrees West of the Greenwich Meridian. The
country has a surface area of about 72,325 square kilometers and bordered in the northeast by the
Republic of Guinea, in the south and southeast by the Republic of Léetian the west by the
North Atlantic Ocean. The country has a population of 4,976,871 based on the 2004 National
Census and is growing at 2.5% per annédpproximately 8890 % of the population is in the rural
areas. (Fig.1.1).
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Figurel.1l: Map of SierraLeone
1.1.2 Climate

Sierra Leone has a wet tropical climate, marked by distinct wet and dry seasons. The wet or rainy
season is from May to October and the dry season from November to April. Both seasons may have
some variations in their commencemeantd duration. The wet season is dominated by the
southwest tropical maritime monsoon which is a mass of moiktdes air that originates over the
southAtlantic ocean. The dry season is dominated by the hot dusty air of the Harmattan trade
winds.

The mean annual rainfall over the country is about 3000mm and the southern and coastal areas

receive from 3000 to 5000mm. The rains fall steadily in the wet season with the heaviest in the
months of July and August.
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The temperatures are consistgiitigh throughout the country, roughly averaging about 28 degree
centigrade. The humidity, like the temperature is usually high as a result of the heavy rains coupled
with high temperature and maritime influences. Humidity rises up to 93% in the weh seaso
decreases inland to about 47% as the rainfall declines. There is little variation in the day length due
to the near equatorial location, but sunshine hours are affected during the wet season.

Millimetres 2500-3 000
Over 3500 2 000—-2 500
3 000-3500 Under 2 000

Figure 1.2: Annual rainfall in Sierra Leone

The highest amount of rainfall occurs during the rainy season, which lasts from May to November.
The heaviest rains occur in July and August (Fig 1.3). The mean monthly amount of rainfall reaches
its maximum in July and August, when the average number of raimyisiay .

The mean longerm air temperature regime shows an average monthly temperature of between 26
28°C from June to October, with a maximum temperature 8€32Temperatures of up to X5

have also been recorded especially during the month of Makaminimum temperature of 3G

has also been recorded. Air humidity according to monthly means can be as high0&s 80ring

dry season and decreased te8096 during the rest of the yealfhe mean monthly occurrence of
mist is approximately 1%. Thesibility is obstructed by haze, the frequency of occurrence of
which increases from 25% to 40% during the period from December to May. Its frequency from
June to September is5%. From December to February (Northern Winter), mist occurrence in the
areaincrease to almost 2% a month.

1.1.3 Relief

The country is divided into four main physical regions, namely coastal plains, interior lowland
plains, interior plateau, and hills and mountains (See Table One below).

The coastline or coastal plains is telaly gentle and comprised of estuarine swamps subject to
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tidal flooding; coastal terraces; alluvial plains are subject to freshwater flooding during the rainy
season. Beach ridges, fringe the alluvial plains on the seaward side (Allan 1990).

The interior lowland plains, the largest of the four physical regions extend from the coastal terraces
in the west to the east of Sierra Leone, occupying approximately 43% of the total land area. They
rise gently from the coastal terraces to elevatior06m in the east, where they are separated from
the plateaux by distinct escarpments.

At the edge of the lowland plains are the interior plateaux, which covers 22% of the total land area
and made up of granite that run from the northeast of the cotmthe southeast. The plateau
region seldom rises above 700m and is comprised of alluvial ironstone gravel in the southeastern
region, while the northern end is comprised of weathered outcrops of granitic rocks. The eastern
and southern parts comprise @s®d hills. In the north and east of the country are found two of the
highest mountains, with the Loma Mountains being the highest in West Africa, west of Mount
Cameroon. The highest peak on the Loma Mountains is Bintumani, which rises to 1945m while
Sanlan Biriwa on the Tingi Hills, rises to 1805m18/119 USAID biodiversity report for Sierra

Leone

The Freetown peninsula is made up of dissected mountainous Peaks with Sugar Loaf and Picket
Hills being the highest.

West of the plateau region and interiowlands, is the Freetown Peninsula, which is also made up

of dissected peaks, with the two highest peaks being sugar Loaf and Picket Hills. The hills on the
Freetown Peninsula are unigue to this region, and found nowhere else in-tiegisnb The rocks

are resistant to erosion, resulting in dissected ridges of moderate to high relief. The high content of
iron and aluminium results in the formation of laterites, either as a surface crust or as densely
packed ironstone gravel.
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Figure 1.3: Physical regions of Sierra Leone
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1.1.4 Water

The drainage system consists of a series of rivers that run from North to south including the Great
Scarcies, Little Scarcies, Rokel, Jong, Sewa, Moa and Mano rivers

1.1.5 Population & Demography

In 204 , Serra Leoneds population was estimated

areas (%). This population derives most of its income from natural resources.

The population growth rate was 1.5% in 2004. Fertility index, representing the anerager of
children per woman (1649 years old), was 6.1.

According to the trend scenario, based on national statistics, the population will reach 6.2 million

inhabitants in 2014. Table 1.1 summarizes the evolution of the population in various dtricts
Sierra Leone since 1985.

Table 1.1: Evolution of Sierra Leone Population from 1985 to 2004

1985 2004
Region District Population Percent | Population Percent
Bo 268671 7.6 462849 9.3
Bonthe 105007 3.0 139352 2.8
Moyamba 250514 7.1 263774 53
South Pujehun 117185 3.3 228936 4.6
Kailahun 233839 6.7 358335 7.2
Kenema 337055 9.6 497687 10.0
East Kono 389653 11.1 338427 6.8
Bombali 317729 9.1 408103 8.2
Kambia 186231 5.3 268751 54
Koinadugu 183266 5.2 263774 5.3
Port Loko 329344 94 452895 9.1
North Tonkolili 243051 6.9 348381 7.0
Western Area Rural 84467 2.3 174190 3.5
West Western Area Urbar| 469776 13.4 771417 15.5
Sierra Leone 3515812 100 4976871 100

1.15.1 Population Trends in the major Urban Areas of Sierra Leone

Sierra Leme, like most other countries, heaiies whose rates of growth halveen remarkable over

the years. This growth, however, if not carefully monitored, could become a troubling problem for
Sierra Leoneds policy maker s.areFieaowr Bd Keaena, mo n i
Makeniand KoideNew Sembehun, which constitute Sierra

The number of years for which these cities may have their populations doubled range from 14 years

for Bo and Kenema to 25 years for Rmen and Makeni. This doubling of population in such short

a ti me, could provide a major problem for Sice
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not be exaggerated, but, this population explosion would put tremendous pressure on the social
services (that is to say, have adverse effects on housing, health, sanitation, water supply and
electricity supply, just to mention a few).

|t i's Iimperative that Sierra Leoneds policy
building mae houses, improve on health care provision and sanitation, and expand both water and
electricity supply.

1.15.2 Popul ation trends in Sierra Leoneds maj
Table 2.1 shows the population trends jas Si e
determined by censuses conducted during the corresponding years. The population of Freetown has
grown from 127,917 in 1963 to 772,873 in 2004. The percentage change in the population of
Freetown between 1985 and 2004 alone was 62.1%. The populaBanhafs grown from 26,613

in 1963 to 149,957 in 2004, with a percentage change in population of 150.9% between 1985 and
2004 alone. The population of Kenema has grown from 13,246 in 1963 to 128,402, with a
percentage change of population between 1985 aAd af 144.7%. With regard to Makeni, the
change in population between 1963 and 2004 was from 12,306 to 82,840, with the percentage
change in population between 1985 and 2004 being 68.9%. f@du Sembehun, located in
Sierra Leoneds p r miding ndistrica Kdnd, yhas cdseea mqualyl significant
population shifts. Its population grew from 11,706 in 1963 to 82,899 in 2004. The percentage
change in population for Koiddlew Sembehun between 1985 and 2004 is 0.5%, representing the
lowest change in papation between the major Sierra Leonean cities. The rate of population growth
for each of these cities are Freetown (2.86%), Bo(4.96%), Kenema(4.82%), Makeni(2.80%) and

Koidu-New-Sembehun(0.027%).
The population of Sierra Leone grew from 2,180,355 in311@64,976,871 in 2004. The percentage
change in population of Sierra Leone between 1985 and 2004 alone was 41.6%, representing an

annual rate growth is 2.18%

Table 1.2 Population trends in the major cities of Sierra Leone

City Population Percenta Rate of Percentage
ge Growth of Total
Change | (19852004) | population
(19851
2004)
1963 1974 1985 2004
Freetown 127,917 276,247 | 476,776 | 772,873 62.1% | 0.0286027 15.53%
Bo 26,613 39,371 59,768 149,957 | 150.9% | 0.0496058 3.01%
Kenema 13,246 31,458 52,473 128402 144.7% | 0.0482250 2.58%
Makeni 12,306 26,781 49,038 82,840 68.9% | 0.0279798 1.66%
Koidu 11,706 75,846 82,474 82,899 0.5% | 0.0076453*| 1.67%
Sierra Leone | 2,180,355| 2,735,159 3,515,812 4,976,871 41.6% | 0.0184594 100%

* Rate of growth of Koidu was taken bgeen 1974 and 1985.
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Table 2.2 shows the population projections f
These projections are based on figures resulting from the 2004 Population and Housing Census.
These projections suggest that the populat@nthe major cities by 2014 would be Freetown
(1,040,888), Bo (250,960), Kenema (212,130), Makeni (125,518) and #@duSembehun

(89,459). The Population of Sierra Leone is projected to be 6,348,350 by 2014.

Table 1.3 Population projecti ons f or Si erras Leoneds major cit

City 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Freetown 772,873| 841,545| 861,066 881,197 901,953| 923,341| 945423| 968,189| 991,618| 1,015,829| 1,040,888

Bo 149,957 210,071 214,117 218,280 222,561 226,961 231,84 236,155 240,937 245,867 250,960

Kenema 128,402| 177,204| 180,658| 184,213| 187,869| 191,626| 195,498| 199,479| 203,565| 207,778| 212,130

Makeni 82,840 103,418 105,595 107,837 69,239 112,251 114,970 117,491 120,081 122,755 125,518

Koidu 82,899 83,533 84,171 84815 85,463 86,177 86,775 87,439 88,107 88,781 89,459

Sierra
Leone 4,976,871| 5,094,500| 5,216,890| 5,343,200 5,473,530| 5,607,930| 5,746,800| 5,890,080| 6,037,660| 6,190,280 6,348,350

The spectacul ar rate of growt h e partiqularlyevident i on

from the time taken to double in size taking
popul ation would take 24.6 years to doubl e i
population would take 14.3 years to doubleiinzse |, attaining this by 2C
would take 14.7 years to double in size, att

25.1 years to double in size, and this would attained by 2029. Due to the extremely low growth rate
for Koidu-New Sembehun (0.76%), it would take 91 years for its population to double, achieving
this by 2095. Sierra Leonedbds popul ation woul d
achieved by 2044.

One should not fail to notice the relative shorttme qui red f or Sierra Leot
size. With years to doubling in population size of the major cities ranging from 14 years to 25 years,
policy makers must begin to put policies in place to address the effects of this population explosion,
as already scarce resources would be stretched to unbearable limits. The major social issues that
would be significantly affected by this population explosion would be health, sanitation, housing,
transportation, water supply and electricity supply. The egusnces for failing to plan for this
population explosion are catastrophic.

Table 1.4 Doubling of population of Sierra Leonebd
City 1985 2004 Rate of growth Years to Year in which

doubling of population

population doubles
Freetown 476,776 772,873 0.0286027 24 578572 2028
Bo 59,768 149,957 0.0496058 14.316885 2018
Kenema 52,473 128,402 0.048225 14.717045 2018
Makeni 49,038 82,840 0.0279798 25 118108 2029
Koidu 82,474 82,899 0.0076453 91.009666 2095
Sierra Leone | 3,515,812 4,976,81 0.0184594 37939297 2044
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1.15.3 Population Dynamics

The population growth rate has been estimated at 2.7% (2009). The population is youthful with
more than 40% under 15 years. Other social indicators estimated for 2009 are as follows: Maternal
mortdity rate (annual average) is estimated at 970/100,000(2009); Infant mortality rate/1000 live
births (2009) is 192.3, Life expectancy at birth for men is 53 years and for women is 58 years

1.2 Natural Resources

Sierra Leone is endowed with a wide varietly natural resources, including large deposits of
minerals, abundant fertile agricultural land, and a deep natural harbour. Poverty in Sierra Leone can
only be overcome by harnessing these advantages to create an economic transformation of the
nation, whie ensuring that the benefits of this growth are shared widely and lead to the betterment
of the lives of the people. Mining, tourism and land management are three key areas which have a
significant impact on economic growth. In the mining sector we wiu$ on strengthening the

legal and regulatory framework to ensure that returns benefit the population, while in tourism we
will focus on improving the public image of Sierra Leone and building the necessary infrastructure.
Land management will concentraten ensuring clear ownership and use of land through the
development of land management systems.

1.2.1 Land
The physiography was described by Dixey (1925) and Clarke (1966). Extensive land resource

survey was also undertaken between 1975 and 1980 ahdiGa&cReports were published. A brief
summary of all these characteristics is produced.

1.2.1.1Arable Land

The total area of Sierra Leone is 72,300km2, of which 74.2 percent is arable or suitable for
cultivation of crops on sustainable bases. Thifasv in Table 1.

Table 15 Arable (Effective) and NonArable Areas by Ecological Zones (Modified from
FAO/LRSPTRI 1979)

Non-Arable Area Total Area % of Total

Hills and Rockland 16,330 22.6
Lowland Water areas 1050 1.4
Roads and Built up 900 1.2
Arable Area

Arable Uplands 43020 59.5
Arable Lowlands 10,600 14.7
Forest Reserves 400 0.6
Total 72,300 100

The suitability of the arable lands for farming is controlled by factors such as climate, soils and
topography.
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1.2.1.2Land Review of the Lard use potentials and limitations

The land use potential in Sierra Leone is rated as very high by virtue of the latter's endowment with
extensive natural resources of arable land, non arable land and water resources (surface, ground,
and various forms gfrecipitation of which rainfall is most dominant). The land use types are many
and diverse. Agriculture is the dominant land use on which more thathirge of the population

(mainly rural) depends. It encompasses livestock rearing, Fisheries and épodntt tree crop
production, forestry and wildlife production, timber production, mining industry, estate
development and other forms of human activity.

All of the different land use types, have intensified over the years, due to the increase in populatio

In the past, all forms of land use were done on small scale and, there was not much disturbance to
natural resources. Lately, due the increase in population, the use of the resources has intensified but
with very little control and supervision. In fattere is now a new development in the form of large
scale farming, mining, and utilization of forest resources. A type of land use has emerged in the
form of farming for biofuel production, which involves the use of arable land for cultivation of
crops like sugar cane and oil palm for biofuel. Thus, the pressure on land resources continues to
grow.

1.2.1.3Land Use Constraints.

Lack of wellarticulated natural resources management system
High incidence of unsuitable land use practices (e.g. shiftingzatdn, bush burning, poor soil
management, traditional technology, forest destruction biodiversity loss).

Increasing risks of land degradation arising from unsuitable land use practices

Food shortages (Level of agricultural production records lessl#taannual growth rate compared

to about 2.6% population growth rate (2003 data;) about 60% of total food needs produced and
about 44% of rice consumption requirement (20&@fhg rural population (outigration of youths

to better life in cities and townsihderutilization of arable land (predilection of farmers 80% of the
population) with low productive subsistence farming using only 8% of the estimated 5.36 million ha
of arable land in any yeaNVastage of forests (e.g. by clearing for agriculture, isliftultivation,
logging, mining, uncontrolled bush fires, charcoal making, firewood collection.

Population redistribution (caused by the civil war) and related land use and land tenure problems.
1.2.2 Water

Adequate amount of water exists in Sierraedrom rainfall, surface and underground. The mean
annual rainfall ranges between 400mm along the coast and 200m in the northeast. The duration of
the wet season varies from 9 months, stating in March in the East to 7 months, starting in May in
the northand west and ending in November.

Compared to other larger river systems in Africa, the drainage basins of Sierra Leone are small.
There are nine major rivers and five of these originate in the country. Most of the flow in the rivers
during the dry seasotomes from ground water storage that recharges the channels. According to
occurrence, most of the ground water comes from sedimentary and igneous rocks. In the soft
sedimentary rock, good ground water potential and depth to water have been found ttobe shal
about 6 meters below ground level. Ground water potential in the hard rocks depends on the
weathering depth and the amount of rainfall in that area. Ground water has been found to occur
around 8 10m below ground level on average with a seasondlutition of 3i 5m.
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Access to improved water supplies in the country is in the form ofljppse water, boreholes or
wells. These are distributed unequally between rural and urban areas. In rural communities, the
main water sources are from shallow weligers, lakes and swamps. Government merely pays lip
service to the development of rural water supplies. Until recently, much of the effort has come from
NGOs who provide rural areas with hatidg wells some of which are fitted with pumps.

The average mimum per capita consumption of improved water for the rural population measured

in litres per day is as low as 2 in the dry season and 20 in the wet season. During the dry season,
most of the rivers, streams and swamps dry up and women and childrenohtxaget long
distances in search of water.

1.2.3 Soil

Soils in Sierra Leone, according to doéHoor e
hydromorphic. They are described in details by Odell et al (1967, 1964). Generally, they are
referredto as Ultisols, Oxisols, Entisols and Lnceptsols, either characterized by an argillic horizon,
often weakly developed or often slightly altered.

Steep slopes characterized by very shallow, gravely and low water holding capacity Hydromorphic
soils occupyl7% of the land area. Limiting factors for crop production on these soils include low
soil reduction and flooding. Upland lateritics soils occur on the remaining 0% of land area. These
soils are also shallow, often gravely and liable to erosion.

1.2.4 Vegtation

The vegetation was part of the larger tropical rainforest belt, which origicagred the interior
plateau and the hills of the eastern region and the Freetown peninsula.

The two kinds of closed high moist tropical forests include the ewardggest and the secondary
forest. The kinds of forests contain a wide range of tree species. Others include FapesttRe
Savannah Wood lands,. Mixed Tree Savannah, Montane Grassland and Rock Outcrops, Upland
Grasslands Complex, Lophira VegetationpaStal Tree Savannah Mangrove Swamp Forests,
Aquatic Grasslands, Freshwater Swamp Forest and undifferentiated Swamps.

1.2.5 Mineral Resources

Expanding industrial mining is already recognized as significant for development with World Bank
estimates suggéng that the sector could bring in up to USD 370 million in export revenues by
2015. Moreover, it is estimated that direct employment in industrial mines could exceed 38,000
with an additional 300,000 people deriving livelihoods indirectly if the dewedop of the mining

sector continues apace. Currently, the major operations that are ongoing or in the development
stages include Sierra Rutile (mineral rutlile), Koidu Holdings (kimberlite diamonds), African
Minerals (iron ore) and London Mining (iron or¢jowever, the expansion of the sector will have

to be conducted in a fashion that is sustainable and equitable and, even then, may have only quite
localized development effects.

Mining activities, particularly in the eastern and southern regions, haee left vast areas
deforested and degraded. It is estimated that between 80,000 and 120,000 hectares have been mine
in different parts of the country with minimal efforts at reclamation. The uncontrolled exploitation

of mineral resources, coupled with thery few mitigating policies and conservation programmes

over the years, and poor enforcement of those existing has resulted in devastating environmental
consequences.
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1.2.6 Energy Resources

Il n 2008, Sierra Leone6s e n e0tod. Wostodthesconsumptiondsn w a
c oncentrated in the household ssdxtor, where biomass, in the form of fuel wood and charcoal is
used for cooking and kerosene is used for lighting. Traditional biomass (fuel wood and charcoal)
account for over 80 per ok of total energy used in the country, while modern energy services,
electricity, petroleum products, including LPG, and #bizmass renewable, still represent only a
small percentage. Almost 80 per cent of the electricity used is in the industrialigind sub

sectors, and about 50 per cent of petroleum products used is in the transjgerteub

The overreliance on traditional biomass for energy contributes significantly to deforestation and
land degradation with negative consequences on cliofetege, agriculture and water resources.
The huge potential for the use of agricultural wastes which is estimated could provide over 2000
GWh of electricity annually, remains untapped.

1.3 Economic and Social Development
Sectoral Trends, Policies and Iniatives

The moderate economic gains Sierra Leone achieved between 1966 and 1970 with average annual
growth rates of around 4% declined to 2.1% between 1971 and 1980. They experienced further
decline to an average annual rate of 0.07% between 1981 andTI98%lecline in the economy

can be attributed to a combination of factors such as weak internal management policies, poor
performance of the economic recovery programs and weak export prices in the face of higher
import prices.The impact of the Structar Adjustment Program (trade liberalization, stabilization

of the exchange rate, removal of subsidies on petroleum products and staple foods), as advocated by
the World Bank/IMF on the overall economy has been mixed. As a result, escalating prices on the
staple food reversed any gains that thpecies may have achieved. Strategies such as planned
privatization of public enterprises and restructuring of the civil service for more efficient services
are ongoing, but signs of any positive impact are yebéoidentified. The overall benefits of this
program are yet to be realized by the majority of peofles. situation worsened during the rebel

war as a result oflevastation of the economy and the social infrastructure of the country.
Production in the gricultural, mining and industrial sector was badly disrupted. As output and
exports declined, external debt increased reaching an estimated US$ 1.2 billion in the year 2000.

The weak economic performance i s fludroppedfrolmf | ec
US$380 in 1980 to US$237 in 1990 and US$142 in 200@. negative annual growth rates-of

13.9% in 1990/91 anel7.6% in 1998 clearly illustrate the economic impact of the war. However,
there has been a steady rise in growth rates frdh 9)2004. The growth rate has increased from
3.0% in 2001 to 5.4% in 2002. This trend continued to 6.3% in 2003 with a growth rate of 6.5% in
2004. It is expected to exceed 7.5% in 2006. This steady rise reflects the continuing recovery in
agriculture ad expansion in the manufacturing, construction and services sectors of the economy.
The improvement reflects on the increase in GDP per capita rising from US$142 in 2000 to US$160
in 2002, and to US$210 in 2004.

1.3.1 Economic policies and Trends

Sierra Leone is a small open economy that has suffered prolonged deterioration and an
accompanying low standard of living despite its significant resource endowments. The average
annual growth rate of real GDP fell continuously: from 4% per annum in-106&2.1% 1971

80, then to decline of 0.07% per annunB8@, and an accelerating decline of 1.5% per annum from

2 Tonnes of oil equivalent
52



1990 to 1998. Gross domestic Product per capita declined from US$380 in 1980 to US$237 in 1990
and to about US$142 in 2000.

1.3.2 Paterns of Growth

Before 2000 Annual economic growth averaged about 4 percent and 3.5 percent in the 1960s and
1970s, but declined to 1.5 percent in the 91980s, because of misguided economic policies,
indiscipline in the public sector mismanagement anderothroblems Efforts to introduce
macroeconomic stabilization and structural reforms to redress economic decline and restore growth
were abruptly disrupted by armed conflict in the 1990s, plunging the economy further into decline,
with GDP falling by an awage of 4.5 percent per annum between 1990 and 2000. During this
period most of the countryébés revenue was spetl
Leone has to cope with displaced citizetos as
5% of the indigenous population.

Growth after 2000. There has been a broad improvement in economic performance in the initial
years after conflict, as Figure 2.1 and Table 2.1 show. The cessation of hostilities and eventual
restoration of security caoss the country strengthened confidence, which facilitated economic
recovery during 200@004. Economic activity was initially spurred by the countrywide
reconstruction and rehabilitation work, and then the broad recovery in agriculture, mining (mainly
diamonds), manufacturing, construction and services. Real GDP rose sharply by 18 percent in 2001,
further increased by 27.5 percent in 2002, between 7 and 9 percent annually from 2003 to 2005, and
was projected to continue at about this rate in 2006 anuddeim term.

1.3.3 Economic Growth in 2008 was lowethan Projected but Inflation Decelerated

During the last quarter of 2008, the economy came under pressure from slowing global demand and
falling export prices, particularly for diamond and bauxiteaRGDP is estimated to have reached

5.5 percent in 2008, compared to a projection of 6.4 percent. On the positive side, growth was solid
in agriculture and the service sector. Inflation remained in the double digits with average CPI
inflation reaching 14 percent in 2008, fueled notably by higher international food and fuel prices.
However, inflationary pressures subsided toward the end of the year due to the steep decline in
import prices (mainly for oil), leading to a fall in epériod inflation to 12 percent, compared

with 15.7 percent programmed

Si erra L e otermnddicy agerdla focases on reducing poverty by stimulating economic
growth while preserving macroeconomic stability.

The policies to achieve these objectives are elaborated setdwomdgeneration Poverty Reduction
Strategy Paper (PRSP), which was finalized and endorsed by Parliament in May this year.

1.3.4 Poverty Reduction Strategy Paper (PRSP), Agenda for Change

Sierra Leone developed its first Poverty Reduction Strategyanfarm of an Interim Poverty
Reduction Strategy in 2001. This was designed to address the challenges of transition from war to
peace by focusing on three key areas: restoring national security and good goverrdanocehineg

the economy; and providingabic services to the most vulnerable groups. This was complemented
in 2002 by a National Recovery Strategy based on district and local recovery plamaphasized

the consolidation of state authority, pedxaglding, promotion of reconciliation, enforoent of

human rights, resettlement, reintegration and the rebuilding of communities.
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Subsequently, aloAger m sustainabl e devel opment pl an er
published in 2003, which provided a loteym framework for development pliaing and
management. This was followed by the first full Poverty Reduction Strategy Paper-{pR8fch

was developed for the 20007 period. PRSR reflected a move away from immediate post
conflict concerns and was constructed around three pilthes:first pillar focused on good
governance, peace and security; the second on food security and job creation; and the third on
growth and human development.

Upon embarking on the second PRSP process, a review was undertaken el R&R&iBhlight the
achievements and lesson learned from its planning and implementation.

Furthermore, a diagnostic study was conducted to identify drivers of growth in Sierra Leone. Based
upon these finding, it was clear that only economic growth could provide the bagievity
reduction in Sierra Leone, and consequently the focus of the second PRSP1BRE68uld be on

the promotion of transformational economic growth. The diagnostic study and analysis of the
poverty profile has helped to identify the key sectors twhidll form the strategic priorities for
PRSP.11. In order to generate a sustainable rate of economic growth 1PRESB emphasises the

need to develop an enabling environment to support the private and productive sectors of the
economy, and identifieo@r key enablers and drivers of growth. Finally, PR3Fhas sought to
strengthen the implementation process to ensure that strategies are rolled out and implemented
effectively by the ministries, departments and agencies

1.3.5 Energy Development Plan

The Energy Policy formulated by the Ministry of Energy and Water Resources has as one of its
objectives, improvement of energy efficiency in all sectors. The National Strategic Plan developed
from the Policy outlines the strategies that will be adoptedetet te objective and will include the
formulation of an Energy Efficiency and Conservation Act, and the introduction of measures at
urban and rural levels to overcome barriers to improved energy efficiency and reduces emissions of
GHGO6s. As decthas beerl proposea which will involve launching awareness campaigns
to sensitize consumers and encourage ownership in domestic and industrial/commercial sectors.
Smaller communities will also be included and the project will cover households inl100aig e s 6
countrywide. There will be activities to promote the development and introduction of improved
wood, charcoal, and kerosene stoves.

In 2002, total electricity production was 142GWh, but this dropped to only 45GWh in 2007. Even
though the availabty has increased since 2007, as a result of the introduction of emergency
measures by the government supported by World bank and UNDP funding, total electricity
production in 2008 was 157GWh (which represents 24 KWh per capita), or only 3.4 percent of th
projected 4,660 GWh required for a population of 5.4 million to meet basic humar’needs.

Other policy objectives in place include the expansion of and the development of hydropower and
solar power that will reduce the current dependency on fossié faetl reduce the cost of
importation of the fuels and also reduce our overall emissions of GHf@dransmission lines for
these schemes will be linked up eventually to form part of the national grid.

% This is based on a calculation of 100W electricity supply capacity per casit@uld be noted that this 100Watts per
capita is only about one tenth of the level required to support a Western European living standard with modern energy
sources and engygfficient converterSOURCE: Energy and Basic Human needs, updated September 23, 2008,
UNDP, 2002- REDDY.

54



A Solar Street Lighting Project to install solaregtr lighting in Freetown and all district headquarter
towns has already started

The country has recently signed up to join tiest African Power Pool (WAPP) Project involving

a grid network which wil/ i ni ti khdvényallycaveralf r o m
ECOWAS states. When fully implemented, the network will facilitate the transport of power
between states in the sugion; providing power to countries where there are shortages from those
countries with spare capacity.

Sierra Lene also aspires to join the West African Gas Pipeline (WAGP) project which now
provides natural gas from Nigeria to Benin, Togo and Ghana, and is expected to run up to Senegal.
Efforts are under way to ensure connection to this pipeline, in order taabe®ss to this valuable
source of energy to augment and diversify the

Because of the high cost and lack of access to electricity supply, biomass fuels in the form of
firewood, charcoal and bivaste will continue to be the rmaenergy source for the foreseeable
future by the majority of the population. The government has recognised the damage this is doing to
the countryds forests and optomsdoy snergynsupplynadnong s e
which is the use of liquedd petroleum gas (LPG) in the domestic sector. Only two companies,
Safecon and National Petroleumarket LPG in the country and there are a number of issues
relating to the use of LPG:

Public perception of safety problems related to its use.

Canisters g not readily available and connections from bottle to equipment are not standardized.
Marketing companies cite cost, shipping, storage during shipments, storage at depot and inland
transportation as serious setbacks.

Consumers also complain about higlstoaf purchasing.

Therefore there is need for major changes to the supply, distribution and pricing; and one of the
main challenges will be to ensure that many Sierra Leoneans can afford to use LPG.

1.3.5.1Petroleum

The sub sector plays an importaote in the economy. In excess of 200,000 tons of petroleum
products are imported annually, representing in monetary terms about 26% of all imports into the
country.

Sierra Lo ofiisehbosr eonpetr ol eum expl orati onearsmb i c h
have finally paid off when petroleum was recently discovered in 2009. The find is being assessed
for commercial viability. Meanwhile government is looking at the institutional, legal and
contractual issues to ensure that exploitation of the resobemefits the entire population.
Government is acutely aware that the existence of oil and other natural resources can be one of
omi xed bl essingd6 as it has often been demonst

1.4The Agricultural Development Plan

The agricuiural sector in Sierra Leone has been exhaustively described in several documents
including the report on the initial national communication on climate change in 2006.

1.4.1 Livestock sector
Al most 90% of Sierra L eon e desandcoaried by ¢he Butaethnicn t
group who represent ab o uCattlé ®arimgfardistihcty cancentratédr y 0 s
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in the savannah woodland and the Transitional Rain Feasstnnah woodland particularly in the
northern most areas with rdall less than 2500mm and shorter rainy season. Also this area is
adjacent to the cattle producing area of the neighbouring Republic of Guinea and shares similar
climatic conditions. Sheep ownership is more widespread, but goats are more widely dilstitoute

are found all over the country. Pigs and poultry are also widely distributed.

Poultry mostly comprise domestic fowl, although there are smaller numbers of Guinea fowl and
Muskovy ducks (Tabl eé) . Al mohickensaHoWwever, atommerciah o u s
poultry production is concentrated in the urban areas particularly around the capital city, Freetown
largely due to the effective demand for poultry products in the city. Similarly, pig rearing is also
more common in the westearea and in the Port Loko, Bo and Moyamba districts. The relative
low pig population may not be taisconnected with the high Muslim population (60%) in the
country.

Open grazing is generally practiced with cattle driven away in search of fresh fibkerdyoys

during the day and kept in wooden fence enclosures during the night. During the dry season when
fresh grass is scarce, cattle are let loose for about three to four months until the rains commence and
fresh grass is again abundant, then theygatbered and controlled. There is high risk of crop
damage by cows during the dry season often causing conflicts among families in the villages.

Tablel&é Number and di st r i btegoryamcby districtinROd® st ock by

District Category of Livestock

Cattle Sheep Goat Pig Chicken Ducks Guinea

Fowl

Kailahun 0 2623 5,901 0 | 471,006 15,736 0
Kenema 1905 6349 13,333 0 | 464,747 68,569 1,587
Kono 1322 5289 17,631 0 | 163,966 15,868 0
Bombali 3934 7377 9,836 0 | 318,680 11,803 0
Kambia 1127 20,292 24,049 0 | 324,665 27,055 939
Koinadugu 4299 9,674 18,631 0 |176,274 8,599 0
Pat Loko 10096 35,966 58,050 2,524 636,028 22,715 3,155
Tonkolili 1603 12,826 19,239 0 |487,382 153,910 2,672
Bo 729 2,917 3,889 2,917 | 268,322 34,998 0
Bonthe 0 1,446 9,640 0 150,390 23,137 603
Moyamba 675 9,445 43,179 10,795 | 415,597 64,768 1,124
Pujehun 0 3,304 5,507 0 286,385 44,059 918
W/Area 0 1,144 1,716 17,159 | 171,594 17,159 0
S. Leone. 25,691 118,651 230,601 33,395 | 4,281,036 | 508,378 10,999

Source: MAFFS, V. A. M. Report, 2005
1.4.2 Fisheries Development Plan

Along its coastline of 507 km and the continental shelf area of 25,600 km2, Sierra Leone is rich
with marine resources. It is also well endowed with inland waters (rivers, lakes and floodplains))
which support a large number of aquatic organisms. Fishing is carried out largely by local canoes
which exploit the inshore waters and the three large estuaries in thewastttand south of the
country. There are an estimated 20,000 full time fisheroperating with some 6000 boats of
different sizes and designs. The level of boat motorization is about 16% (MAFFS/MAMR, 2004). A
variety of fishing gears are in use (Ring nets, Drift nets, Beach seines, Cast nets, Hook and line).
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The bulk of the fish prodied by the artisanal sector is consumed locally. Fish production from
1994 to 2002, is shown in Takller

The Government of Sierra Leone exploits this resource in partnership with foreign governments and
companies who mainly provide the vessels. Fish gxfsom the country is made up of fish
products manufactured by industrial fishing trawlers operating off shore. Foreign owned vessels
fish in Sierra Leone waters through joint arrangements with Sierra Leonean nationals. They
comprise demersal, pelagic aslofimp trawlers as well as purse seine vessels fishing for Tuna and
Herrings. The absence of home based industrial fishing vessels and basic infrastructure and
facilities to catch and process fi sh, lei mi t s
resource

Table 1.7 Artisanal and Industrial Marine Fish production (MT) in Sierra Leone

Category Year

1994 1996 1998 2000 2002
Artisanal 47,000 47,000 47,000 46,000 53,00
Industrial 18,000 17,000 13,000 14,000 14,000
Total 65,000 64,000 60,000 60,000 67,000

Source: MFMR
1.4.3 Wetlands

The Ramsar Convention on Wetlands defines wet
whether natural or aficial, permanent or temporary, with water that is static or flowing, fresh,
brackish, or salt, including areas of marine water the depth of which at low tide does not exceed six
metreso.

Sierra Leoneds wetl ands f al &aline coastal mangrove svainps C a
and the freshwater swamps.

1.4.4 Agriculture and Forestry

Since 2007, government has doubled its efforts in the fight to achieve food security and reduce
poverty in the country especially in the rural areas. This is kathgeved with support from the
donor community such as the World Bank, the African development Bank (ADB), the Islamic
Development Bank (IDB), the Japanese government (JICA), Peoples Republic of China, to mention
just a few. A few of the areas of

1.4.5The Food Security Drive

The drive for food security in Sierra Leone, gathered momentum immediately after the declaration
of the food security pledge by former President Kabbah on tffeot@vay 2002, with the
declaration in place, several important atsioideas and policies were put in place to guide the
various stakeholders in their efforts to ensure the achievement of a sustainable food security in
Sierra Leone. Two of such actions worth mentioning here are the Food Security policies and Food
Securitypillars.

1.4.6 Food Security policies and pillars

These includeLand development poligypricing policy, Livestock policy Forest conservation
policy, Fisheries policySupport services policgnd aDecentralization policy.
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1.5 Biodiversity

Sierra Leme comprises of a range of ecosystems, which have historically contained a wide array of
plants and wildlife though this number has been reduced substantially over the last two centuries.
The war also had a signi fi c arénthe lagk afggoverronent t h e
management and the increased rebel activity and management and the increased rebel activity and
population displacement that occurred primarily in forested areas. While current data are
incomplete, Sierra Leone contains extenshiediversity in terms of species richness and
endemism, especially in areas covered by rainforest. Although estimates vary wide, the country has
some 15,000 species alone. Sierra Leone also contains approximately species that are either
endangered or vuémable to extinction. Other mammals such as elephants and hippos have been
considerably reduced in number. Biodiversity in the country remains threatened by agricultural
practices, deforestation, mining, infrastructure and urban development.

1.6 Waste

The present policy direction on waste management is to properly manage available old solid waste
dump sites to more efficiently collect and dispose of garbage particularly in the major cities of the
country.

The Waste Management policy objectives are tsgire and improve the health and quality of life
of all Sierra Leoneans through sound environmental management. Problems addressed include poor
sanitation, waste management and disposal.

The management of the sewage system lies officially under theriytod the Water and
Sanitation Department of the Ministry of Energy and Water Resources (MEWR). However, in the
frame of the decentralization process starte
which includes the operation and maintenanceegiage and the management of solid wastas

handed over from the MEWR to the Freetown City council (FCC). Later under the authority of
FCC, the sewage clearing and maintenance service is delegated to a private operator: the Sewage
and Sanitary Divisio of Sanitary Products and Allied Company Limited (SDSPAC).

As for the tariff setting, the situation is rather complex:

Each new connection is subject to a connection fees to be paid directly to Freetown City Council
(and not to the MEWR as it usedte);

Many studies on waste management have revealed that waste disposal in the entire country
especially large provincial towns is based on the model in Freetown and has changed very little
since colonial times. Based on the Public Health Ordinance 960 land its subsequent
amendments, the Local Governments are the de jure authorities responsible for the implementation
of waste management service in their respective communities.

In 1980 the waste management responsibility for Greater Freetown waertethsto the
Environmental Health Division (EHD) of the Ministry of Health and Sanitation (MOHS). From
19801993, the physical collection, transportation and disposal of waste from designated points in
Freetown were contracted out to a local waste managecontractor. However, in 1993 the entire
operation of waste collection, transportation and final disposal was handed over to the EHD of the
MOHS. Ten years after (in 2003) waste management in Greater Freetown was transferred to the
Ministry of Youth aad Sports (MOYS) with both the Freetown City Council and EHD acting as
partners. By 2005 waste management had been transferred to the Freetown City Council in line
with the decentralization policy.
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The legislative framework for the management of healtk waste is currently under review.
1.7 Youth & employment

Sierra Leone currently faces high unemployment among the youth. Unfortunately many of these
were unable to complete their education due to the interference of the civil war. Although
employmenis currently available in Sierra Leone, it is often only for those who are highly skilled
and educated. Thus, the unemployed low and-s&itked youth, particularly in the urban areas of
Sierra Leone, remain a risk since they need but are unable totdiniéd, dongterm employment.

Short term employment increases the risks to climate change.

1.8 Gender

Low educational participation of the girhild and low literacy rates among women in Sierra Leone
remains a constraint. Throughout the world, those twmsnwhich have focused on educating
women and girls have had stronger economic development over a longer period of time. This is
particularly related to the health of children of wedlucated women, as well as the higher
likelihood of these children cgoleting their education, thus giving greater growth and development

in the future. For continued development into the future, it is essential to ensure that women and
girls receive a good education, since this will severely impact the future of Sierra &irdmeduce

risks due to climate change.

1.9 Exogenous Risks

Uncertain political and economic situations in any neighbouring country could disrupt Sierra
Leoneds economic devel opment . | f terms of tr
could handicap the country Sierra Leone is dependent on oil and other petroleum products. If the
international price of oil were to continue to increase, it would damage the economy, in terms of
supplying power in the short term, as well as in the transpmmtati goods, since the majority of
goods travel by road.

If climate change and environmental changes cause weather patterns to shift, Sierra Leone must be
aware of potential changes in climate and how agriculture in particular can be adapted to thrive in
new environment.

With a Crude Death Rate of 20/1000, Sierra Leone remains one of #&abkakan countries with

the highest death rates. The unBemortality rate of 297 for males and 271 for females is the
highest in Africa. Life expectancy is stilbw, at 48.4 years according to the 2004 census. This,
however, reflects an increase over time. Malnutrition among children aged under 5, estimated at
27.2 percent in 2003, is one of the highest in the region. Overall8@(ercent of the population

of Sierra Leone lives on less than $ 2 a day. Population is concentrated in the district headquarter
towns as well as in the Western Area. Under the high and medium variants, the population of Sierra
Leone will double between 2030 and 2040; while under theJariant, the population doubles

after 2040. Higher population growth can adversely affect resources and development in post war
Sierra Leone.
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CHAPTER TWO
GREENHOUSE GASES INVENTORIES

2.0 Introduction

The Second National Greenhouse G&41G) inveriories of emissions by sources and removals by
sinks have been carried out to meet Sierra Le
(a) of the United Nations Framework Convention on Climate change (UNFCCC).

The United Nations Framework Comimn on Climate Change (UNFCCC) seeks to stabilize
concentration of greenhouse gases (GHGSs) in the atmosphere and commits Parties to take measures
to mitigate GHG emissions, in accordance with the principle of common but differentiated
responsibility andaking 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 i (IPCC) has developed guidelines for computing of
GHGs (by parties) to enable their comparison. Sierra Leone used the 1996 IPPC guidelines,
including for the selection of emission factors in all the sectors

This inventory use®000 as the base yeaNo specific surveys were conducted to generate data
needed for the inventory exerciag the funds were inadequate for such an exercise

Country activity data were collected to the extent possible. IPCC default factors were employed
where country data wemot available.

Sierra Leone prepared its initial communication in 2006 taking 1990 as a base year. For the Second
National Communication (SNC), 2000 has been selected as base year. Haemeeethat year

many reforms have come into effélcat havea direct impact on the results of theesennational
communication. Main developments include:

Development and adoption of Poverty Reduction Strategy Paper (RB32007,

Sierra Leone Vision 2025

Decentralization with the election of town councillor2004;

Population and Housing Census 2004

Development of the National Adaptation Programme of Action (NAPA) document
Development and adoption of Poverty Reduction Strategy Paper (PR8RJa for Change
20082012

1 Supporting Sierra Leone: A Joint Visiohthe United Nations Family

= =4 =4 -8 -8 9

In the Mining and Energy sector, some legal and regulatory documents were also revised, namely
the rew Mining Act andthe just adopted new Petroleum Act 2011 in order to make investments
more attractive in these sectonsadlition to the adoption of a new Forest Act.

For the Second National Communication, the aforementioned reforms contributed to: (i) an
improvement in some areas of the national statistics; (ii) building of national capacity and
expertise; (iii) appropate institutional framework; (iv) orientations of policies, in particular more
specific policies in agriculture, forestry, land use and land use change and energy water sectors.

The tablebelowshow 2000 emission levels for the most important greenh@sss gGierra Leone.
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Table 21

Greenhouse Gases Emission for the Base Year 2000

The gross emissions of GHG in Sierra Leone for 2000 are presented in the table below:

Table 22: Summary Report for 2000 National Greenhouse Gas Inventory of Sierra Leone

(Gg)
Greenhouse Gas Source and Sink Categories |[CO, Emission§CO, Removaly CHy N2O NOy CcO NMVOC SO,
Total National Emissions and Removals in 2000
1 Energy 529.2¢
I Fuel Combustion (Sector Approach) 529.2§
iv. Energy Industries
V. Manufacturing Industries and Construction
Vi. Transport
2 Industrial Processes
ii. Mineral Products 111.239] 00000095
3 Solvent and Other Product Use NOT ESTIMATED DUE TO LACK OF METHODOLOGY
4 Agriculture
viii. Enteric Fermerition 5.157
iX. Manure Management 414.2
X. Rice Cultivation 15640.3]
Xi. Agricultural Soils
Xii. Prescribed Burning of Savannas 129.36 689.91 8.54 308.5¢ 24.141
Xiii. Field Burning of Agricultural Residues
Xiv. Other (please specify)
5 Land-Use Change & Forestry -405,339,9 5,431 4,644 167,891 49,267
iv. Changes in Forest and Other Woody Biomass Stocks 1,066,501.
V. Forest and Grassland Conversion 5331300. 5,631 4,645 167,891 49,267
Vi. Abandonment of Managed Lands -44,798,784
6 Waste
iii. Solid Waste Disposal on Land
iv. Wastewater Handling 11.81 31.29
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7 Other (please specify)
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The economic sectors considered in the greenhouse gas inventories are Energy, Industrial
Processes, Agriculturd,and Use Change and Forestry, and Waste. The GHG inventories of
emissions by sources and removals by sinks covers carbon dioxidg (@hane (Ch) and

Nitrous Oxide (NO) and the total C&- equivalent from the sectors for the period 1920D05.

The geenhouse gases g@H,, and NO have been reported in accordance wWithguidelines

CO,, CH; and NO have a direct effect on the climate, while NGO and NMVOC have an
indirect effect by contributing to the formation of the ozone in the atmosphecé attively
causes the green house effect.

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

Subcategory B: fugitvte emissions from fuels of category 1: energy is also noortred.
Estimation of fugitive em&ons could not be conducted because there is no fuel produced in
Sierra Leonat presentExploratory activities offshore from the coast of Sierra Leone sugjgest
that primary fuel hasbeen found taexist but oil and gas activities such a&ktractionand oil
refining are not conducted.

The bulk of the emissions from Category 2: Industrial Processes could not be esfimatieih

this category save fpcementjime/limestone Metal, soda ash, adipic and nitric acid, pulp and
paper, ammonia, carbide and glass production do not exist. Asphalt roofing, road paving with
asphalt, and concrete plumise stone production are conducted but data is lacking and
documentatn of halocarbons and sulphur hexafluoride (SF6) from refrigeration assembly,
operation and disposal could not be quantified due to inadequate labeling, documentation and
age of the equipment that enter the country. Similarly, data on foam productgfifiguishers,
solvents, aerosols and propellants, and equipment containing SF6 are not readily available. Some
study is necessary because the equipments are found in most public, commercial facilities and
residential properties.

Category 3: solvent and dr Product Use has not been reported on because the methodology
for this category is still being developed.

The details of the methodology and data sources are under the respective emission categories
below.
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Table 23 National Greenhouse Gas Inventories of Emissions by Sources and Removals
by Sinks of all Greenhouse Gases, 2000 (Gg)

GHG Source and Sink CO, CO, CHa N0 NOx CcO NMVOC SO,
Categories Emissions Removals

Total (Net) GHG emissions by
source and removal bynks

All energy (fuel Combustion) | 529.28

1.1 fuel combustion 529.28

1.2 Biomass burned for energ
(Non-CO2
emissions)

Industrial Processes

Mineral Production

1.1 Cement Production 39.55 0.02373
2.2 Lime Production 0.0497
2.3 Limestone use 0.000072

2.5 Soda Ash & Sodium
Bicarbonate

Food Industry

Bread 0.47
Confectionary 0.000382
Beverages)

Beer 0.000000038
Guinness 0.0000000015
Soft drinks 0.00000005

Chemical Industry

2.9 calcium Carbide Use

Metal Production
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2.11A Iron and Steel

2.11B Aluminium

Agriculture

4.1 Eneric Fermentation

5,15207

4.2 Manure Management

185,4

4.3 Rice Cultivation

1,5640.31

4.4 Prescribed burning of
Savannas

689,91

8,54

308,58

24,147.01

4.4 Field burning of
Agricultural Residues

4.5 Agricultural Soils

Land use Change and Forest|

-405,309,52

5,631

4,645

167,891

49,267

5.1 Changes in forest and oth
woody
biomass stock

-1,066,503

5.2 Forest and Grassland
Conversion

5,331,300

5,631

4,645

167,891

49,267

5.3 Abandoment of managed
lands

-44,798,789

Waste

11.81

31.29

6.1 Solid Waste Disposal Site
(SWDSs)

0.88

6.2 Domestic & Commercial

6.3 Industrial Waste Water
handling

10.92

6.4 Human Waste (Indirect

N,O)

0.01

65




2.1 Emissions and removals of Greenhouse Gases in 2000
2.1.1 Carbon dioxide

The total carbon dioxide emission (CO2) for the year 2000 is 574.061GgTG®
distribution per major sectors is as follows:

The emissions from energyeneration are fairly high in the country, amounting to
529.287Gg of C@as Sierra Leone energy generation is based on diesel powered
generators. Recently, with the commissioning of the Bumbuna Hydro Electric Power
Station, CQ emission from the energy der has been fairly reduced at least on a
seasonal basis.

The Land Use, Land Use Change and forestry (LULUCF) sector is the least
significant source of COemissions up taking 752,748Gg of ¢@ollowed by the
waste sector emitting 11.83. The indudtrigrocesses are however marginal
amounting to 39.55 Gg of G@ostly fromcement production.

2.1.2 Methane

The total CH emissions are 32,312.53 Gg . Agriculture is the most important source
of CH, emissions (86.67%), followed by the LULUCF sector (8)68nd finally the
waste sector (11.83).

The other sectors are not sources ofi EMissions.
2.1.3Nitrogen dioxide

N>O emissions estimated at 13.91 Gg with 8.54Gg coming almost exclusively from
the agricultural sector. The waste sector is also a&samiremission (31.29Gg).

2.2 Sector Emissions
2.2.1 The Energy Sector

In Sierra Leone, energy sector activities that contribute directly to the emission of
GHGs have been identified as electricity production, transportation, domestic
consumption of emrrgy, industrial, forestry and agricultural processes and waste
generation and disposal. The emissions consist of direct GHGs from energy
consumption (Carbon Dioxide (G} Methane (CH), Nitrous Oxide (MO), Nitrogen
Oxides (NQ), Carbon Monoxide (CO) andNon Methane Volatile organic
Compounds (NMVOC)) and Sulphur Dioxide (§OEmissions from energy systems
are calculated from fuel combustion, including fuel wood. It is assumed that all fossil
fuel imported and all wood fuel gathered are consumed. Defaitee methodologies

can be found in the National Inventory (NCC, 2002).

Since the INC, Sierra Leone continues to depend on expensive imported petroleum
fuel for nearly 60% of her energy requirements. The main sources of energy for
power generation ardné Hydroelectric Power (HEP), Heavy Fuel Oil (HFO), and
diesel with petroleum fuels accounting for about8D06 of this present energy
requirement.
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2.2.1.1Emissions of Greenhouse Gases froEnergy Sector

In the Common Reporting Framework (CRF) frome tl1996 IPCC Revised
Guidelines the Energy Sector is divided in two main categories (1A Fuel combustion
activities; 1B Fugitive emissions from fuels) that also can be broken out in different
subcategories. Emissions in this sector were determined fortdugpoalA.

2.2.12 1A. Fuel Combustion Activitiesi CO, and Noni CO, Emissions
2.2.1.3CO, Emissions from Stationary Sources

It is important to note that accounting for carbon is based mainly on the supply of
primary fuels and the net quantitiessefcondary fuels imported into the country. This
is to avoid the problem of double counting.

2.2.1.4C0O, Emissions from Mobile Sources

The road transport sector generally accounts for majority of the mobile source fuel
consumption. Depending upon theagory, activity data includes information such as
fuel consumption, fuel deliveries, and vehicle miles traveled (VMT). Emission
estimates from highway vehicles are usually based on VMT and emission factors by
vehicle type, fuel type, model year and cohtexhnology. Since these data are not
currently available in Sierra Leone, GHG emissions from road transport will be
calculated and reported separately but not included in this inventory.

2.2.1.5Non-Co, Emissions from Stationary Sources

These emissiongonsist primarily of Chll from natural gas systems, petroleum
systems, and coal mining. Smaller quantities of,, G800, NMVOCs and NOx are
also emitted in this process. Therefore, since detailed information for the calculation
of nonCO, GHG emissions fromstationary the fossil fuel sources in Sierra Leone are
not available, they are not included in this inventory.

2.22 1B Fugitive Emissions from Fuels

According to the Revised 1996 IPCC Guidelines, in Fugitive Emissions should be
considered the followingcategories: 1) CH4 Emissions from Coal Mining and
Handling, Il) CH4 Emissions from Oil and Natural Gas Activities, Ill) Emissions of
Ozone Precursors and SO2 from Oil Refining (Tier 1 or Tier 2). According to the IR
those emissions not occurred in theroy in 2000.

Fugitive emissions mainly result from mining and processing of coal, oil and natural

gas. Coal reserves are currently not in existence in Sierra Leone. However,
exploration activities for oil and natural gas are underway and until thesaized,
fugitive emissions wil/l not be included
emissions.
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2.2.2.1BiomassBased Fuels

Biomass includes trees, timber wastes, wood chips, rice husk, etc. Sierra Leone enjoys
a wealth of energy resources whate viable particularly biomass and hydroelectric.

Approximately 80% of Sierra Leoneds pri

biomass while crude oil and its 4pyoducts supply the remaining 20%, namely:
kerosene, cooking gas and other petroleum products

2.2.2.2Inventory Data Sources

Primary country activity data for apparent fuel consumptions were collected to the
extent possible from the National Petroleum Unit. Data for vehicle population in the
transport sector was collected from the Sierra LeonadRTransport Authority.
Simple extrapolation techniques were used where data gaps were encountered. IPCC
default factors were employed where country data were not available.

2.2.3 Methodology

The methodology used here is based on the 1996 IPCC Gusgl&imNational GHG
inventories recommended for use by parties to the UNFCCC in preparation for
national communications with regards to inventories. The energy sector worksheets in
the IPCC workbook were duly completed

Appropriate emission estimation metiologies in accordance with 1996 IPCC
Guidelines to evaluate GHG emissions were used. Care was taken to the extent
possible to avoid double counting of emissions. This was achieved by only
considering total imports of the various categories of fuel typssad of considering
consumptions in the various energy wdctors (e.g. industrial, residential, and
transport sectors).

2.2.3.1Selection of Conversion Factors

The apparent fuel consumptions in Metric tonnes (MT) were recorded and the values
conwerted to a common energy unit Terajoules (TJ) by multiplying with the
appropriate conversion factors for each fuel type. The apparent fuel consumptions
were then converted into carbon content in tonnes by multiplying with the appropriate
default values ofCarbon Emission Factors (CEF) given in Tabi2 af the IPCC
Guidelines. The Carbon content in tonnes was converted to Gigagrammes of carbon
(Gg C). The carbon stored was calculated using the recommended steps outlined in
the IPCC Reference Approach Guidek. Correction was made for incomplete
combustion by using appropriate defaul't
The actual carbon emission from each fossil fuel is multiplied by the factor (44/12) to
obtain the total amount of G@mittedfrom that fossil fuel. That is, to convert the
carbon oxidized to CQemissions, we multiply the actual carbon oxidized by the ratio

of the molecular weight of CQo carbon (44/12). The sum of @®om all the fossil

fuels gives the total national G@&missions from fossil fuel combustion.

68

ma

vV a.



Table2.4: Default conversion factors

Products (tons) Conversion factors (TJ/16t
Gasoline 44.8
Diesel Qil 43.33
Jet Kerosene 44.59
Kerosene 44,75
Fuel Oil 40.19
Lubricants 40.19
LPG 47.31
Avgas 44.8
Bitumen 40.19
Lignite 15.49
Biomass 18.84

Source: Manual IPCC, 1996 revised version
2.2.3.2Selection of Emission Factors

Additional surveys indicate that in Sierra Leone industries neither measure pollution
nor analyze gas emission.

Default emission facts were therefore selected as follows:

Table 2.5: Default Emissions Factors

Type of fuel Emission Carbone Oxidized fraction
factors tc/TJ | stored of carbon

Gasoline 18.9 0 0.99
Kerosene 19.5 f f
Kerosene ol 19.6 f f

Diesel Oil 20.2 f f

Fuel Oil 211 q 4

LPG 17.2 f f
Lubricants 20.0 0.5 f
Bitumen 22.0 1 f

Lignite 27.6 0 0.98
Solid Biomass 29.9 f 0.90

Source IPCC, 1996 revised version
2.2.3.3Choice of Method for Calculating Greenhouse Gas Emissions

The choice of method is countspecific awl is determined by the level of detail of

the activity dat aupav aiplpabolaec.h T hse gfebnoetrtad nh y
method for those countries whose country energy consumption data are reasonably
complete. For least developed countries like réidreone, where required activity

data are incomplete or i nb ortotsa moc aocsre sii heofte r
Approacho method is prefer rtypelareusedhat i s, oI
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2.24 Results of Estimation of Emission fron the Energy Sector Due to Fuel
Combustion

The calculated rergy Sector GHG emission inventory resiysfuektype and their
respective percentage emissions for the stated period are given below;

Figure 2.1: CO, Emissions (Gg) By Fuel Type 2000

% CO, EMISSIONS BY FUEL TYPE

O Petrol
B Diesel Oil
O Jet Kerosene

wm
= 537 W

O other kerosene
Bl Marine Fuel Oil
O Gasoline

Table 2.6 CQ Emissions (Gg)i 2000

YEAR CO, EMISSIONS
(GgCOy)
1995 476.98
1996 294.06
1997 134.56
1998 334.57
1999 227.78
2000 529.28

2.2.5Data gaps, expertise, sustainability and recommendations

The expertisealreadydevelopedduringthe deelopment of thdNC was used for this
inventoryof the SNC

Due to the lack of countrgpecific emission factors and coefficients, default values
provided in the IPCC Guidelines are used in this inventory.

It is recommended that the inventory team sticad a matter of priority, develop
country specific emission factors and coefficients where found necessary. This aspect
is a national priority and the National Communications Suppodgranme in New

York and UNDP have understood it that way ahdt Siera Leoneshould be
included in the Regional Project on the Improvement of Inventories through the
development of regional and national emission factors.
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2.2.6Difficulties

Informal hydrocarbons importation channels are not subjected tortealfohannels
hence difficulties in even the apparent consumption of the country. Only a regular
consumption survey will ensure reliable estimates;

Increase in the price of hydrocarbons on the international market which increase the
previous structure growls;

Lack of data on autproducers due to the low keeping of energy statistics either as a
result of lack of interest or for reasons of supply in a parallel market;

Di sregard by many private operators of
challenges elated to climate change particularly the opportunities that the Clean
Development Mechanism (CDM) offers;

Existence of too little official figures on energy data, which tends to prove that this
sector is hardly considered at the strategic level by vowtiand statistical
institutions;

Confidentiality of energy data for security grounds (army) or taxation (deductible
expenses);

Low prioritization of the sector in the various development policies and strategies in
the tools and instruments equal to thatexl challenges;

Shortage of energy statistics professionals in institutions due to the lack of motivation
from the latter to gain such skills

2.2.7Recommendations

Finetune data to make a better assessment of emissions through the sector method,;
corduct a survey following a relatively less expensive methodology to establish a
baseline case with more elaborate collection tools and;

use this survey to make a better assessment of the technical characteristics of
production tools in anticipation of miagjon measures.

2.3Industrial Processes Sector
2.3.1Introduction

In the IPCC 1996 Guidelines, the Industrial Processes Sector includes seven main
categories: 2A Mineral Products, 2B Chemical Industry, 2C Metal Production, 2D
Other Production, 2E Pradtion of Halocarbons and Sulphur Hexafluoride, 2F
Consumption of Halocarbons and Sulphur Hexafluoride, 2G Other, with the
corresponding subcategories. This structure is based on the coding and naming as
defined in the Common Reporting Framework of the CPGuidelines and used by

the UNFCCC.

The Industrial Processes sector in Sierra Leone is relatively small, and the main GHG
emissions reported are derived from the categories 2A Mineral Products (2A1 Cement
production, 2A2 Lime Production, 2A3 LimestonadaDolomite Use, 2A6 Road
Paving With Asphalt) and 2D Other Production (2D2 Food and Drink). Most of the
categories of this sector do not occur in the country. For example soda ash production,
glass production, chemical industry, metal production, glas$uption and
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production of halocarbons and SF6 do not exist. Other categories were not estimated
due the unavailability of activity data (e.g. consumption of halocarbons and SF6).

The industrial sector in Sierra Leone is underdeveloped. aSieeone Brewery
Limited produce beer, stout, malt and mineral water. Various cottage industries exist
and these process and produce food on relatively small scale. Therefore, only
emissions from beverage and food production are assessed for the InBusteslses
category. These activities are not related to energy but chemically or physically
transform materials. During these processes -Methane Volatile Organic
Compounds (NMVOC) are released.

The manufacturing industry in Sierra Leone consists maafl processing raw
materials and light manufacturing for the domestic market, ssnale manufacturing
(beverages, textiles, cigarettes, footwear); petroleum refining, small commercial ship
repait. Most of these activities are developed in the Westewa Aparticularly in
Freetown.

The Wellington Industrial Estate area, covering 46 hectares just east of Freetown, was
developed in the 1960s by the government to encourage industrial investments. Its
factories produce a variety of products, including caineails, shoes, oxygen,
cigarettes, beer and soft drinks, paint, and knitted goddmber for prefabricated
buildings is milled, and another factory produces modern furniture.

Small factories outside the industrial area process tuna and palm D892 the oll
refinery in Freetown closed due to lack of capital for crude oil imports; in 1994 the
facility was sold to Unipetrol of Nigeria but has since close down. Its production
capacity in 2002 was 10,000 barrels per day

Table 2.7. Production of Manufacturing Establishments, 200007 (In units
indicated)

Products | 2000( 2001 | 2002 | 2003 [ 2004 | 2005 | 2006 | 2007
Food and beverages

Biscuits 0 0 0 0 0 0
(*2000
kilograms)
Confectionery| 382 500 |1,032|1,505|2,724 | 2,074 | 1056.8 | 1424.73
(*1000
kilograms)
Beer and 188 401 | 915 |771 |942 1,012 | 832.1 |780.11
stout (*1000
crates)
Spirits (*1000( 0 0 0 0 0 0
litres)
Soft  drinks| 1,429 | 1,701|1,872| 1,113| 1,584 | 1,908 | 2088.75| 2431.7
(*2000

4https://www.cia.gov/library/publications/theorld—factbook/print/sl.html

Sierra Leone Adding Value through Trade for Poverty Reduction. A Disigiosade Integration
Study (Sierra Leone DITIS), October 2006tt://www.dace
sl.org/encyclopedia/l_gov/l_2/mti/DTIS_FinalNovO06.jdf
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crates) | | | | | | |
Household products and construction

Matches 0 0 0 0 0 0
(cartons)
Washingsoap| 493 149 | 460 |492 |268 417
(metric tons)
Cement 1,593 | 3,108| 2,883 3,390| 18,046| 18,045
(*1000 bags)
Nails (cases) | O 0 0 0 0 0
Paint (*1000| 394 318 | 744 | 725 |169 135 649 713.6
litres)
Miscellaneous
Cigarettes
(*2000000
sticks)
Acetylene 100 91 99 114 |12 219 291.33 | 191.45
(*1000 cubic
feet)

Carbon 49 0 26 2 0 0
dioxide
(*1000 cubic
feet)
Oxygen 721 547 |1,131|1,609| 428 966 791.64 | 423.85
(thousands o
cubic feet)
Salt (metric| 3,970 | 1,833| 1,821| 1,005| 0 0
tons)

(Annual percentage change)
Beer and é 113.0 128.1|-15.7|22.0 |7.0
stout
Soft drinks 815 |19.0 |10.1 |-40.5|42.0 |20.0
Cigarettes
Sources: BSL Bulletin, Bank of Sierra Leone; and data provided by the
Leonean authorities

Greenhouse Gas (GHG) emissions of industrial processes includes emissions of all
green house gases from industrial activities that are not related to energy. These
industrial activities involves the chemical and physical transformation of materials
resuling in the release of carbon dioxide (§Qmethane (Ck), nitrous oxide (NO),

hydro fluorocarbons (HFCs), péuorocarbons (PFCs), sulphur hexafluoride {}SF

and NonMethane Volatile Organic Carbons (NMVOCs).

2.31.1 Description of Emission Sourcesn the Industrial Sector
The subsections below describe the various industrial activities that have been

documented for this inventory exercise. Also, the mode of action resulting to the type
of emission has been discussed.
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2.3.12 2A1 Cemeant Production i CO2 and SO2

Cement is a material used to bind other materials together. It contains calcium, iron,
aluminum, silicon and oxygen in varying proportion according to the type of cement.
Cement production constitutes significant amount of, @@ission. It is made by
roasting a powdered mixture of calcium carbonate (limestone), silica (sand) or
aluminosilicate mineral (kaolin) clay or shale and iron oxide at a temperature of about
850- 1500°C in a rotating kiln. The following chemical reactioncurred during the
production process.

CaCQ+heatY CaO % CO

As the materials pass through the kiln, they loose water and carbon dioxide and
ultimately form a Aclinkero in which the m
then grounded to a fine powder after the addition of a small amount wéiroal

sulphate (gypsum). Cement reacts in the presence of water to form a hydrated colloid

of large surface area, which subsequently undergeeystallization and reaction to

bond to itself resulting to bricks or stone.

2.3.1.3.2A2 Carbon dioxide (CO,) Emission from Lime Production

Lime production in Sierra Leone is done locally in a-negchanized manner in non
formal smallscale industry mainly by residents along the coastal areas in different
parts in the country. It involves three main procespesparation of the calcareous
shell, calcination and hydration. Producers of the lime collect calcareous shell from
Oyster and other mollusc. Unwanted materials are first removed from the shells (i.e.
cleaning) and then the shells are packed with woodetbusnt. Limestone mostly
calcium carbonate present in the shafl heated at high temperatures using wood to
decompose the carbonate thus producing solid calcium oxide (CaO) and carbon
dioxide (CQ) at the end of the chemical cycle shown belblae CQ is driven off

and is emitted to the atmosphere.

CaCQ(s)+ hea t(s) +YC02@;)O

Unlike standard largecale industries where, depending on product requirement (e.g.
metallurgy, pulp & paper, construction materials, effluent treatment, water softening
pH control and soil stabilization), high calcium carbonate is processed in a manner to
produce high percent and quality quicklime, this local lime produced is mainly for
construction purposes and is not of very high quality (pers. obs.). Following the
burning process, the lime is sieved to separate the burnt shell (lime) from the unburnt
shell. The unburnt shell is recycled until the burning process is complete. The
products are hydrated and after further processing, bagged for sale.

2.3.1.4 2A3 Limestone and Dolomite Usé Carbon dioxide (CO,) Emission
Lime is a basic raw material used by a wide variety of industries including
construction and agriculture. In some of its uses, limestone is sufficiently heated

during the process to generate L£& a ly-product as described in the previous
sections.
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2.3.1.5 2A5 Asphalt Roofing - Non Methane Volatile Organic Carbons
(NMVOCs)

Asphalt roofing production produces NMVOCs emissions and can also produce CO
emissions in dependence of the productprocess used. Those emissions were not
reported in the IR and apparently do not occur in the country.

2.3.1.6 2A6 Road Paving With Asphalt i Non Methane Volatile Organic
Carbons (NMVOCs)

Asphalt road surfaces are composed of compacted aggragdt@sphalt binder.
Asphalt is a sticky, black and highly viscous liquid or ssoiid present in crude
petroleum. NMVOC from asphalt is emitted during production and road surfacing
operations. The emissions of NMVOC depend on the type of asphalt (skxiymm

or rapid cure) and the amount of diluents. Asphalt is not produced in Sierra Leone,
hence emissions are those resulting from road paving with asphalt.

2.3.1.7 2D2 Food and Drinki NMVOCs

Non Methane Volatile Organic Carbons (NMVOCs) emissioosffood production

Based on data availability and industrial production contribution within Sierra Leone,
the food production industries in Sierra Leone that have been are important to this
study include those that produce the following products: flodrcamfectionary.

Flour Production

Flour is a white or brown powder that is made by grinding grains. White flour is
produced in Sierra Leone by the Seaboard West Africa factory at Cline Town in the
eastern part of Freetown. The flour produced is usuaklyl to make bread, cakes and
pastry. The technology involved is modern and involves the transformation of wheat
to flour in largesize flourmill. The transformation involves several physical and
chemical changes that resulted in NMVOCs emissions.

Confectionary Production

Confectionary is produced by only one industry. It involves the preparation of-toffee
like products consisting of milk powder, chocolate liquor, sugar, flavours, etc. It is
moulded or cut into the desired size and shape. The technoledyruproduction is
standard with the use of modern equipment.

Biscuit Production

Biscuits are made from good quality mill flour using chemical leavening agents and
other optional ingredients. There is one plant in the country producing biscuits using
modern equipment and technology.

NMVOCs are emitted during various stages in food processing especially during the
heating of fats and oils and foodstuffs containing them, baking of cereals, flour and
beans, fermentation in bread making, cooking of vegetadhd meat and the drying

of residues
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Non Methane Volatile Organic Carbons (NMVOCs) emissions from drink production

Drink production includes both alcoholic and rainoholic beverages. In Sierra
Leone, basically three types of beveragestai@g produced. These include beer,
hard liquor (spirits) and soft drinks. NMVOCs are emitted during the production of
the beverages

Beer production involves the use of malt and malt adjuncts along with hops for
alcoholic fermentation followed by classifition, carbonation and bottling. Hard
liquor is manufactured from industrial alcohol that is treated to make it neutral.
Flavour concentrates are added and the product allowed maturing to reduce hardness.

2.3.1.8 2F Consumption of Halocarbons and SF6

Sierra Leonewill, as appropriate, provide information on anthropogenic emissions by
sources of hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur
hexafluoride (SF6).However these emissions were not estimated due the
unavailability of activty data.

Solvent and Other Product Use Sector

This sector covers mainly NMVOC emissions resulting from the use of solvents and
other product containing volatile compounds. Also includes evaporative emissions of
GHG arising from other types of produgte for example, }0 emissions from
medical use. When the solvents and other products are, or are produced from
petroleum products, the carbon in the NMCOC emissions will be included in the CO
inventory if the Reference Approach for @€nissions from emgy is used.

Sierra Leone did not report emissions from this sector because the methodology for
this category is still being developeddencethese emissionserenot estimatedand
reportedn the sectoral and inventory reporting tables.

Methodology and Data Sources

The general methodology employed to estimate emissions for each industrial process
as recommended by IPCC involves multiplying product/material produced or
consumed by a default emission factor ( due to country specify values) pef unit o
production/consumption expressed mathematically as:

EMISSION; = A, * Efj; Ce66666666. (1)

where:

EMISSION; -the process emission tonnes) of the greenhouse gas from an industrial
sector

A; = the amount of produce of processing material in indlisteator j (
tonesl/yr)
Ef; = the emission factor associated with gas i per unit of activity in industrial

sector j (tonne/tonne).

Country activity data for industrial processes as well as consumption of industrial
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products were collected the extent possible. In virtually all circumstances, adequate
data was not available to calculate local/country emission factor for the various
industrial sector. Consequently, recommended IPCC default values were employed in
all circumstances where couyspecific (local) values were not available.

2.3.2 Results of estimation of emissions from industrial processes
2.3.2.1 Emissions from Cement Production

The following tables give results of various GHGs emissions from the different
industrial processeconsidered in this study.

Table 2.8:  GHG emission from cement production

Year CO,emissions (Gg) SO, emissions (Gg) * 16
1996 24.09 14.45
1997 11.05 6.63
1998 20.36 12.21
1999 21.99 13.20
I 2000 39.55 23.73 I
2001 56.63 33.98
I 2002 66.03 39.62 I
2008 73.53 44.12
2004 75.53 45.49
2005 86.07 51.64
TOTAL 474.83 285.07

Fig 2.2: Emission of CO2 and SO2 from cement production

I 1996 [1997 [@—O 1998 M 1999 @ 2000 @@ 2001 [32002 w2003 @@ 2004 @O 2005

Gg

Greenhouse Gas emissions from Lime Production and Use
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Table 2.9: GHG emission from lime production and Use

Year CO:2 emissions (Gg) fro m CO:2 emissions (Gg)
Lime Production from Lime Use *10 6

1996 0.0447 64.11
] 1997 I 0.0459 65.81
] 1998 I 0.0471 67.55
] 1999 I 0.0484 69.34
] 2000 I 0.0497 71.17
] 2001 I 0.0510 73.05
] 2002 I 0.0524 74.99
] 2003 I 0.0538 76.97
2004 0.0552 79.00
2005 0.0567 81.10
TOTAL 0.1014 723.08

Fig 2.3: Emission of CO, From lime production and use

‘I Lime Production M Lime use ‘

2.3.2.2 Greenhouse Gas emissions from Road Paving

Table 2.10: GHG emission from road paving with asphalt

Year

NMVOC emissions (GQ)

19961 2005

49, 300, 000. 00

Total

49, 300, 000. 00

2.3.2.3 Greenhouse Gasmissions from Food Production

78



Table2.11: GHG emission from Food Production
Year CO; emissions (Gg) from| NMVOC emissions (Gg

)
| Bread from Confectionery |
1996 0.42 0.000344
1997 0.43 0.000353
1998 0.44 0.000362
1999 0.46 0.000372
I 2000 0.47 0.000382 I
2001 0.48 0.000500
I 2002 0.49 0.001030 I
2003 0.51 0.001505
2004 0.52 0.002724
2005 0.53 0.002074
TOTAL |4.75 0.009648

Fig. 2.4: Emissions of NMVOCs from food production

‘l Bread M confectionary ‘

2.3.2.4 Drink Production
Data on beer production in 2000, 2001 and 2002 suppleStatistics Sierra Leone.

The tables below show emission results from drink production (beer, Guinness, malt
and spirit) for the period under review.
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Table 2.12: GHG emission from Production of Beverages

Year NMVOC NMVOC NMVOC
emissions emissions (Gg) emissions (Gg.
(Gg)  *10%|*10® from | *10® from Soft
from Beer Guinness drinks
1996 2.86 1.40 451
1997 2.93 1.44 4.62
1998 3.01 1.48 4.75
1999 3.10 1.52 4.87
I 2000 3.18 1.56 5.00 I
2001 6.78 3.33 5.95
I 2002 15.45 7.61 6.55 I
2008 13.03 6.38 3.90
il 2004 15.90 7.84 5.54 |
2005 17.08 8.42 6.68
TOTAL 83.3 40.97 52.37

Fig. 2.5: Emission of NMVOCs (* 10 '8) from drink production

m Beer m Guiness m Soft drink ‘
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2.3.2.5 Emissionsof NMVOC from Alcohol Beverage Production

In 2000 Sierra Leone Brewery Limited produced about 0.97 Hecto litresef, B
about 0.446 Hectolitres of Guinness and about 1.429 Hectolitres of soft drinks.
Production of these quantities of beverages resulted to emissions of about 3.18 for
Beer, 1.56*10, for Guinness and 5.00*fONMVOC for the soft drinks. Thus, in
2000, atotal of 9.74*10° of NMVOC were produced due to production of beverages

at Sierra Leone Brewery Limited.

2.3.2.6 Emissionsof NMVOC from Bread and Other Food Production

Emissions from the production of bread and other food items. Bread production is
responsible for 0.47 CQof the emissions while production of meat, poultry and
production of cakes has combined emission of about 0.000382 of NMVOC:s.
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2.3.3 Conclusions and recommendations

Presently, only the alcohol Beverage and Food Pramlucsubmodules of the
industrial sector of Sierra Leone can be assessed. Data on all othraodules are
not readily available. An attempt was made to collect data on othensdbles but
this ended up being a useless exercise for this Inventory devetbprocess.

The data have not been properly recorded or not recorded at all. Some of the
equipments are so old that labels have faded ofer@tent. The Industrial Processes
category is likely to be a big emitter because most of the equipment usesblste.

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 presses category in Sierra Leone. Since this the second
time this category is being assessed in Sierra Leone historical, data needs to be
assembled in the data bank. Based on the collected data, it will be possible to
extrapolate emissions for past year.

All emissions factors used are those from the 1996 Revised IPCC Guidelines on the
development of National GHG emission (IPCC, OECD, IEA, UNEP, 1997).

The trend for the GHGs emitted from 1996 to 2005 shows a fairly general increase
with some irregularities.tIcould be noted that data obtained by projection from
existing data increased regularly during the pe gap years. Data supplied directly from
offices/industries show an irregular trend. Consequently, the emissions from these
data follow the same pattern.

Of the various GHGs investigated, NMVOC accounted for about 98% of the total
emission with CQ@ accounting for the remaining 2%. Virtually all of the 98% of
NMVOC was due to road paving with asphalt. This is consistent with observations
from several othenational communications. The significantly low emission from the
mineral, chemical, drink and food industry points to the low level of development in
Sierra Leone. With little or no industry whose activities involve processing of raw
materials, the statiss obtained justifies the significantly low emission from these
activities. Table 4.13 shows summary report of sectoral emission of industrial
processes.

Table 2.13 Overall emissions from industrial processes

| CO NMVOC
Cement 474.83

Lime production and use | 0.1021
Road Paving with asphalt 49, 300, 000
Food 4.7597
Drinks 0.0000018

81



2.3.4 Uncertainties
Uncertainties in emission estimates for the various industrial processes are due in part

to inherent statistics obtained nosources from which data were obtained. In most
cases, suggested emission factors from IPCC rather than country specific emission
factors were used. Therefore uncertainties exists as to the precise accuracy of the
emission factor used as these emissigtofa are not in any way ideally suited for the
Sierra Leone situation. Also, for specific cases, such as lime, uncertainty exists in the
assumed production and imports respectively as well as carbon dioxide produced
from production and use. In other casescertainty exists where available data that
falls outside the period of investigation has to be extrapolated to the year under
review. Such would have imparted some degree of uncertainty in the production and
hence emission estimates.

The year 1999 wathe time the civil conflict reached its peak in the capital Freetown.
It is therefore not surprising that most institutions contacted for data were unable to
produce data possibly due to lost data from their system.

In comparison to inventory resultsrfthe first National Communication on Climate
Change Sierra Leone, emissions from the Second National Communication on
Climate Change Sierra Leone was much higher reflecting increasing industrial
activities.

In all categories where S@mission occurs, ession is significantly lower (<1%)
compared to carbon dioxide and NMVOCs.

2.4 Agriculture sector

2.4.1 Introduction

In accordance withthe IPCC 1996 Guidelines the Agriculture sectonsidered
greenhouse gas emissions from seven categories: 4A Eftennentation; 4B
Manure Management; 4C Rice Cultivation; 4D Agricultural Soils; 4E Prescribed
Burning of Savannas; 4F Field Burning of Agricultural Residues and 4G Other.

Emissions in this sector were determined for the categories 4A, 4B (CH4) and 4C.

The emissions from the categories 4B (N20), 4D and 4E7 were not estimated due the
unavailability of data, and the emissions from the category 4F were not estimated

because its contribution to the emissions was considered insignificant.

The agriculture maale of the inventory will consider green house gas emissions from
enteric fermentation and manure management, flooded rice fields, prescribed burning
of savannas, field burning of agricultural residues and agricultural soils, subject to
availability of therelevant data in the primary, secondary and/or default status.

The sector of agriculture has recently received a boost in budgetary allocations from

1.6% in 2007 to 7.6% in 2009 and to more than 10 %, including salaries and interest
rates, in 2010; andt, is mainly characterized by pastoral and farming activities that
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are now transforming from the subsistent level to a more intensively mechanized and
large scale based farming as a result of the introduction of the new agricultural
commerciakation policy of the present government. This increasing investment in
the agricultural sector is quite likely to increase levels of production and subsequently
the relative quantum of emissions from the sector, especially methagef(@H the

rice subsector, and carbon dioxide (@Cand other noxious gases (NOfrom the

slash and burn culture of virgin bolilands, grassiaadannahs and forests, inland
valley and mangrove swamps and farm bush clearing.

The sector of agriculture accounts for almo@t% of Si erra Leoneds
livestock and crops (not including tree crops) represent 3.15 % and 32.39 %,
respectively. On a sukectoral basis, the contributions of crops and livestock to GDP
growth g?f the agricultural sector were estimated at%.@xd 0.42 %, respectively,

for 2008.

The agriculture sector includes pastoral and farming activities. Three main livestock
production systems exist in Sierra Leone. These include:

Pastoral production: as part of pastureland management. Pastoralist®wveo long
distances, from one region to another or from one country to anothefpAgtaral
production: this system is used in the intermediate zone where farming is the main
activity of the agrepastoralists, and cattle breeding makes up their sepoadtvity.

It integrates the urban and perban farming systems which involves supplementary
feeding;

Intensive production: in this system, animals are confined and generally used for meat
production. This type of cattle farming is called fatteninginmels raised in
pastureland are given high nutritive feed over a long period time, which enable them
to quickly put on weight just before being slaughtered.

Crop production is extensive; it is poorly mechanized and uses little inputs and
heavily dependdnon rainfall. Cereals are the main crop and staple food as they
represent 80% to 90% of caloric intake of the population in the country. In addition to
cereal crops (millet, sorghum, maize, and so on), there are tubers (cassava, sweet
potatoes and potatsg cash crop (groundnut, cotton, tiger nut, sugar cane and
tobacco) and finally vegetable crops (onion, tomato, hot pepper and pepper). Land
areas used for cereal production have not changed much over time and represent more
than 80% of the total surfa@reas devoted to these types of crop. As regards cash
crops, land areas used for cowpea production are progressively approaching those
used for millet and sorghum. This shows the importance of this crop for the
population.

2.41.1Description of categories of sources

24.11 4A Enteric Fermentationi CH4

Methane emissions (CH4) from cattle enteric fermentation occurs during the normal
digestion process. The quality of methane gas from enteric fermentation is much

® MAFFS, (20®). Agricultural statistical bulletin. Vol. 1, pg 11P.

83

GL



higher than that of N20O from manure mgement. This is the second most
significant source of emission after manure management.

24.1.24B Manure Managementi CH4

Methane emissions from manure management are due to animal waste decomposition.
In Sierra Leone, the predominance of extensividechteeding greatly contributes to
emissions of large quantities of methane gas produced under anaerobic conditions.
Therefore, manure management is a source of nitrous oxide emission Bdsed on

N2O high conversion rate in G@quivalent, manure magament is the main source

of emission in the subsector of agriculture in general and in particular in the livestock
component.

2.4.1.34B Emissions from Animal Waste Management SystenisN,O

Three main livestock production systems exist in Sierra Leldmese include pastoral
production, agrgpastoral production and intensive production. In the inventory 2000
the NO emissions from this category were not estimated apparently due
unavailability of data.

24.1.44C Rice Cultivationi CH4

This source dagory of emissions is accounted for by methane produced in anaerobic
decomposition of organic material in flooded rice fields from where the methane
escapes to the atmosphere mainly by diffusive transport through the rice plants. The
level of emissionssi dependent on the rice species, number and duration of harvests,
soil type, temperature, irrigation practices and fertilizer usage. The seasonally
integrated CH flux depends upon the input of organic carbon, water regimes, soil
type, time and durationf @rainage intesalia.

2.4.1.54D Agricultural Soils i N,O

According to the I PCC 1996 Guidelines,
Agricul tur al Soil sd0 should be considered
of N20O from agricultural soils ¢eluding effects of grazing animals, Il) Direct soill
emissions of N20O from animal production, IIl) Indirect emissions of N20O from
nitrogen used in agriculture. These last ones include indirect emissions from
atmospheric deposition of NH3 and NOx, and iadiremissions from leaching.

In the inventory 2000 the N20 emissions from this category were not estimated due to
lack of adequate data. Organic soils are not sources of gas emissions in the country as
the areas they occupy are marginal.

In Sierra Leoe, soils are generally poor in minerals and organic matter. From the
agrogeological perspective, soils are categorized as follows: (i) gross mineral soils;
(ii0 little mature soils; (iii) sukarid soils; (iv) ferruginous tropical/sandy soils; (V)
hydromophic soils and (vi) vertisols.
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There are very few hydromorphic soils and vertisols (categorized as organic soils)
which can directly produce®.

When used, agricultural soils may produce or absorb nitrous oxide, carbon dioxide
and/or metha®. The main emissions are nitrous oxide@Nand include: (i) direct
emissions from agricultural soils; (ii) emissions from animal production and (iii)
emission linked to the use of inorganic fertilizers in agriculture.

Cultivated areas are the main soairof nitrous oxide emission §¢N). Annual
guantities produced vary from one year to another and are quite low. This variation is
attributable to the annual variations in the amounts of inorganic fertilizer used, and to
the production of grain legumes aather rainfed crops. As the land areas covered

by organic soils are marginal, their contribution is very marginal.

24.1.64E Prescribed Burning of Savannas Non-CO, Gases

Savannahs are tropical and subtropical formations with continuous grass eoverag
Alternating wet and dry seasons control the growth of the savannahs with most of the
growth occurring in the wet season.

Man-made and/or natural fires frequently occur during the dry season, resulting in
nutrient recycling and rgrowth. The burning fosavannahs results in immediate
emissions of carbon dioxide (GQnto the atmosphere. However, the O@eased

into the atmosphere is reabsorbed during the next vegetation growth period and is
therefore discounted as emissions. This same processedssas gases other than
CO; and they include methane (@Hcarbon monoxide (CO), Nitrous Oxide A

and other oxides of nitrogen (NOx). Unlike g@missions of this type should be
accounted for because they are anthropogenic.

Cattle herders customériburn areas of bush and grass in successive stages to
produce feed for the animals, especially in the dry season, as a common practice in
Sierra Leone. Burning usually begins after the end of the rainy season and ends only
in the beginning of the nexainy season. The burning of old vegetation results in the
growth of a new one, including grass much need as feed for cattle. Therefore, huge
fires are set on the grasslands of Sierra Leone in the dry season every year and this
result in the emission of Ganto the atmosphere.

24.1.74F Field Burning of Agricultural Residuesi Non-CO, Gases

Crop residues are increasingly used by producers for other purposes (cattle feeding,
fuel, etc.) and are therefore collected after harvesting. Hence, burningpatesidues

is not very common in Sierra Leone. This activity is a sourg®,NNOQ, and CO
emissions even if the quantities burntote are not very significant.

24.18 Livestock Production

The relative contribution of the livestock saéctor into tke growth of the agricultural

sector of Sierra Leone, as indicated above, reflects a minor fraction both in terms of
production and growth.
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Emissions from this subector are therefore not anticipated to be significantly high.

The rearing otcattle in Sierra Leone is free range. It is based on animals feeding on
grasses and other vegetation from the wild and involves movement of herders from
one site to the otheir a practice that often causes clashes and disputes as cattle
sometimes invadeuttivated field crop$ with long distances being cover by nomadic
groups at times.

Further to the above mode of feeding for cattle on wild grasses, the herders have an
alternative mode based on the mixture of termite earth and loose salt (mostly local
salt) to provide the necessary mineral salts required for normal growth of cattle.

2.4.1.9Data Sources

A number of widely different estimates are abound for cattle population in Sierra
Leone but the PEMS Division of the MAFFS has recently publistatd (tab.1) that

could be used for the purpose of inventorying even though it could be fraught with
anomalies due to constant migration of cattle in and out of Sierra Leone across the
Guinea border along the north, nevilestern and norteastern boundas. The data

on cattle for instance shows a dynamics of cattle heads rising from 94,800 (in 2000) to
156,989 (in 2003) and finally to 226,064 (in 2005). The dynamics of production for
other types of livestock besides cattle is also given in table 1 afmve
comprehensive inventorying of GHGs from enteric fermentation.

2.4.1.10Analysis of the Data

An estimate of GHGs emissions from enteric fermentation was carried out for the
First National Communication using the available data with some projectiads

from the recorded livestock population growth rates in existence then. That estimate
might have been questioned by critics because of the likely impact of the 10 years war
on dynamics of livestock population growth rate that should have been expected
decline. The current data indicates a trend in favour of the latter expectation and that
gradually increases towards the end of the war. A sharp increase in growth rates and
GHG emissions level is observed thereafter from 2002 to 2008 for almost all
categories of livestock (see emissions data in the appendices).

The current calculation of GHGs emissions for livestock (enteric fermentation,

manure management), rice cultivation from flooded fields and prescribed burning of
savannah (for 1995 only due data availability) is founded on much more reliable

data that has been built on the efforts of the MAFFS, INGOs, NGOs and donor

partners of Sierra Leone such as the DFID, EU, FAO, UNDP, UNIDO and others who

have wor ked t oget her esettemem,r rehabditatiom gnd f ar mer
commercialization initiatives to boost food security.

As a result it is now clearly evident that Sierra Leone manages cattle, sheep, goats,
pigs, poultry and rabbits in various parts of the country (Tab. 1). Based itabkeva

data and projections that could be made from that said data, enteric fermentation is
not a key source category of emissions. So too are the other categories of emissions

86



sources from Agriculture in Sierra Leohewith the exclusion bagricultural soils for

which data has not been provided by MAFFS. If projections are made on the basis of
production for the different types of livestock raised in the country over the thirteen
year period’ 1995 to 2008 given in table 1, the followmig data would be obtained

(tab. 2, 2a and Fig. 1).

2.4.1.11Methodology

The inventory methodology used is from the 1996 revised version of the
IPCC/OECD/IEA inventory guidelines.

2.4.1.12Enteric Fermentation and Manure Management

Methane from enterifermentation is derived from the digestive process by which
carbohydrates are broken down by miorganisms in the digestive tracks of
livestock into simple molecules for absorption into the blstsdam. The amount of
methane released in the processethels on the type, age and weight of the animal. It

Iso depends on the quantity and quality of the feed consumed. Methane from manure
management, on the other hand, is produced as a result of its decomposition under
anaerobic conditions in dairy farms dbéeedlots, piggery and poultry farms.

N>O emissions are also derived from manure management during storage, in which
case some manure nitrogen is converted 40.NThis source category (i.e. manure
management) also accounts for emissions @ Kesultng from manure handling

prior to its addition to the soil. However, manure relate® lmissions from soils

are considered as agricultural soil emissions.

Emissions are calculated on the basis of IPCC guidelines by applying an emission
factori EF 1 (deiived from a specific table) to the number of animal heads of each
livestock type in the country to produce a total for enteric fermentation. Default
emission factors are provided but it is recommended to use national emission factor,
where available. Th&F for this estimate is derived from tabled 40 46 of the

jointly produced IPCC workbodk

From the IPCC manual,

Emissions of CH4 = EF * Population + 18(to express in Gg)

Where:

Emissions = Methane emissions from enteric fermentation, in t/yr oClk&gper

year;

EF = Emissions factor for the specific population, Kg/head/year; and,
Population = the number of animal heads.

"IPCC, OECD, IEA, (1997)Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories:
Workbook.

87



Table 2.14Resultsof Estimation of emission from Agriculture Sector
The following results were obtained foetlrear2000:

MODULE | AGRICULTURE
SUBMODULE | METHANE AND NITROUS OXIDE EMISSIONS FROM DOMESTIC LIVESTOCK
ENTERIC FERMENTATION AND MANURE MANAGEMENT
WORKSHEET | 4-1
SHEET | |1 OF 2 METHANE EMISSIONS FROM DOMESTIC LIVES TOCK ENTERIC
FERMENTATION AND MANURE MANAGEMENT
COUNTRY | O
YEAR | O
A B C D E F
Livestock Type Number of Emissions Emissions Emissions Emissions from | Total Annual
Animals Factor for from Enteric Factor for Manure Emissions
Enteric Fermentation Manure Management from
Fermentation Management Domestic
Livestock
(kg/head/yr) (t/yr) (kg/head/yr) (t/yr) (Gg)
C=(Ax E=(AX F=(C+
B)/1000 D)/1000 E)/1000
Dairy Cattle 94800 36 3,412.80 1 94.80 351
Non-dairy Cattle 0.00 0.00 0.00
Buffalo 0.00 0.00 0.00
Sheep 109400 5 547.00 0.21 22.97 0.57
Goats 127950 5 639.75 0.22 28.15 0.67
Camels 0.00 0.00 0.00
Horses 0.00 0.00 0.00
Mules & Asses 0.00 0.00 0.00
Swine 6020 1 6.02 2 12.04 0.02
Poultry 1193000 0.5 596.50 0.023 27.44 0.62
Totals 5,202.07 185.40 5.39
Table 2.15 Emissions of ch4 (gg) from enteric fermentation for 2000 to 2005
GHG Sources/Sinks| 2000 2001 2002 2003 2004 2005
Category
Cattle 3.412800 3.924720 4.709664 5.654604 6.781932 8.138304
Sheep 0.5478@ 0.656400 0.787680 0.945215 1.134260 1.361110
Goats 0.639950 0.767700 0.921240 1.105490 1.326585 1.591905
Chickens 0.545500 0.681875 0.852344 1.065429 1.331787 1.664734
Ducks 0.051000 0.063750 0.796875 0.996095 0.124115 1.556395
Pigs 0.006020 0.007525 0.009406 0.011756 0.014697 0.18372
Rabbits ND ND ND ND ND ND
TOTAL 5.15207 6.10197 8.077209 9.778589 10.713376 14.330820
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Fig.2.6 Methane (CH4) Emissions from Enteric Fermentation

Emissions from Domestic Livestock for 2000 to
2005: CH4 Emissions from Enteric Fermentation

2000

2001
#2002
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2004

2005

Cattle Sheep Goat Chicken Ducks Pigs
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Table 2.16 Emissions of CH, (t/yr) From Manure Management for the period 1995 to 206

GHG 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Sources/Sinks
Category
Cattle 214.2 190.4 166.6 142.8 122.4 94.8 109.0 130.8 157.0 188.4 326.1
Sheep 55.6 49.4 43.2 370 31.8 23.0 27.6 33.1 39.7 47.6 57.2
Goats 63.8 56.7 49.6 42.5 34.2 28.2 33.8 40.5 48.6 58.4 70.0
Poultry 58.0 51.5 45.1 38.6 33.1 27.4 34.3 3.7 53.4 67.0 83.7
Pigs 22.7 20.2 17.6 15.1 13.0 12.0 15.1 18.8 23.5 29.4 36.7
TOTAL 414.2 368.1 322.1 7836.4 2345 185.4 219.8 226.9 322.2 390.8 573.7

The same formula above was applied using different emissions factors (from4rabtle Workbook) for manure management for the various
categories of livestock.

Fig.2.7 CH4 Emissions of Livestock from Manure Management (Per Category Source or Animal Type)
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2.4.2 1Emissions from enteric fermentation

From table2.15a total of aboub.15207are produced through enteric fermentation in
livestock and from table 2.16 about 185.4 CH, are prodeed from manure
management. This converts to a totalbd39 Gg, CH, from livestock production in
Sierra Leonen 2000.

2.4.2.2Emissions from Manure Management

As shown at the bottom of tab®16 manure deposited by livestock that are grazing
extensvely in pastures producedout,185.4 t/yr of CH,4 per year.

Total Emissions from Livestock

Total Annual CHE mi ssi ons f or nufram all eaedgones ¢f livestodk C H
for enteric fisamivanuie Management+ E CH

Where:

E C = total methane emissions from enteric fermentation and manure management
of all categories of livestock in t/yr or Gg @Mear (i.e. t/yr divided by 1.

For example:

The Total Annual Emissions from domestic livestocR@®0is therefore 5.15207+

185.4 =5.39 Gg of CH,

The same could be done and concluded for the other categories of sources of emission
in the 10 year series above.

Note: n/d = Not determined.

Due to lack of adequate data and/or the intensive data collection required in the
execution of te higher tiers [of the methodology], only tier 1 of the same has been
applied herd i.e. higher tiers of the methodology have not been considered in the
calculations.

Fig. 2.8 Total CH4 Emissions for Domestic Livestock (Per Category Source or
Animal Typ e)2000
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Figure 2.8 TOTAL EMISSIONS FOR DOMESTIC LIVESTOCK -2000
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Table 2.17: Summary table for total emission from domestic livestock 199805

Year Emissions from Enterii Manure Management | Total Emissiong

Fermentation Domestic Livestock
(Go)
1995 11,75454 414.16 12.17
1996 10,448.48 368.14 10.82
1997 9,142.42 322.13 9.46
1998 7,836.36 276.11 8.11
1999 6,666.80 234.46 6.90
2000 5,202.07 185.40 5.39
2001 6,101.88 219.71 6.32
2002 6,508.89 226.97 6.74
2003 8,879.11 322.44 9.20
2004 10,713.77 390.8 11.00
2005 16,530.06 573.76 17.10

2.4.2.3 Emissions fronRice cultivation

IN 2000, CH emission from rice cultivation was estimated based on data on large
scale irrigation scheme and areas underfiednrice, contained in the ONAHA 2005
report.

Data

Only data on land areas under irrigated rice production has been considered. This area
amounted to 12,118 hectares in 2000. Water management regime considered for the
two types of rice production are the permanent flooding for {acgée irrigation
sclkeme and the rain flood for rafed rice respectively.

Methodology

The current resources of the Project and the support provided by the MAFFS in data
collection have not been adequate enough to achieve the intensive data collection
required for the exetwon of this tier of the methodology. Nevertheless, methane

emissions from cultivated rice fields are calculated in this exercise with the use of

available national data and the application of reasonable technical assumptions. A

more generalized approablas been applied instead and where possible default data

from the | PCC Guidelines Workbook has bee
emissions from the Agricultural sector to account for emissions from the wet or

lowland (irrigated, raiffed and deep waterice fields.
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A

B

C

D

E

Harvested Area|  Scaling Correction Seasonally CHa
Factor Factor for Integrated Emissions
for Methane Organic Emission Factor
Emissions | Amendment for
Continuously
Flooded Rice
without
Organic
Amend;nent
(1000 ha) (9/m) (Gg)
E=(AXx
B xCx
D)/100
16638.7 1 1 20| 3,327.74
0.00
16638.7 1 1 20| 3,327.74
332774 1 1 20| 6,655.48
8319.35 1 1 20 1,663.87
33274 1 1 20 665.48
0.00
78,201.55 15,640.31
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Figure 2.9 Methane emissions from flooded rice fields

Table 218 Methane Emissions from Flooded Rice Fields

Year Harvested Area CH4 Emissions (Gg)
1995 157,585.00 31,517.00
1996 184,099.00 36,819.80
1997 20,821.00 4,164.20
1998 154,301.00 30,860.20
1999 116,654.00 33,330.80
2000 78,201.55 15,640.31
2001 121,659.50 24,331.90
2002 161,272.40 32,572.04
2003 162,860.20 32,572.04
2004 200,581.90 40,116.38
2005 201,117.40 40,223.48

Methodology for Emissionsof methane from rice felds

Emissions of methane from rice fields can be represented as follows:
Fc=EF*A*10"
Where:
T Fc = estimated annual emissions of methane froparéicular rice water
regime and for a given organic amendment, in Tg/yr or Gg;
1 EI;; methane ensgon factor integrated over integrated cropping season, in
g/n;
T A = annual harvested area cultivated under the conditions specified above.
It is given by the cultivated area (converted int9) tiimes the number of cropping
seasons per year, i.e., if/gt with 1000 ha = 10m?
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Table 2.19 CH, Emissions from Rice Cultivation in Sierra Leone for the Period 1995 to 2005 (in Gg)

Year

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

Irrigated
(continuously
flooded rice
fields).

6700

7834

886

6566

4964

3327.74

5177

6862.44

6930.2

8535.4

8558.14

Irrigated
(Intermittently
flooded rice
fields with
multiple
aeration).

6700

7834

886

6566

4964

3327.74

5177

6862.44

6.930.2

8535.4

8558.14

Rainfed (flood
prone) fields.

13420

15668

1772

13132

9928

6655.48

10354

13725.68

13860.4

17070.8

17116.4

Rainfed
(drought prone)
fields.

3355

3917

443

3283

2482

1663.87

2588.5

3431.4

3465.2

4267.7

4279.1

Deep water
(Water Depth
50cm to 1m)

1342

1566.8

177.2

1313.2

992.8

665.48

1035.4

1372.56

1386.04

1707.08

1711.64

Total

31517

36819.8

4164.2

30860.2

23330.8

15640.31

24331.9

32254.48

32572.04

40116.38

40223.48
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Assumptions:

Scaling for rice areas cultivated in each ecology is as follows (expressed in percentage
of the total cultivated area): Irrigated continsbu flooded is 10%; Irrigated
intermittently floodedi multiple aeration’ is 10%; Rainfed (flood prone) is 20%;
Rainfed (drought prone) is 5%; and, Deep Wateri(3@0 cm depth) is 2%.

The number of cropping seasons adopted for irrigated/floodaithf& and Deep

Water fields = 1, respectively for the following reason: (i) conditions of the civil war
could not have allowed the practice of multiple cropping seasons; (ii) a study
conducted for IFAD last year revealed that a majority of small holteners rarely

do multiple cropping seasons these days because of increasing problems with pests
(birds and rodents, especially) and changing climate/weather patterns and their
negative impact on agricultural productfon

Emission factor (EF) used in thalculations = 2@ the global arithmetic mean;
Scaling factors were obtained from the IPCC jointly produced Workbook
Results

Rice cultivation

In 2000, CH emission from rice cultivation was estimated based on data on areas
under rainfed rice, containg in the Agricultural Bulletin.

In 2000 (base year), for the agriculture/livestock sector, the two main sources of
emissions are cattle enteric fermentation and agricultural soils, with 53.42% and
43.27% respectively.

Table 2.19 shows that oubf a totalof about 15640.3bf the CH4, emissions from
rice production activitie$655.48come from the deep water field3327.74come
from activities in irrigated rice fields

Prescribed Burning of Savannah
methodology

A number of users of the draft Guidelieespecially in Africa, have suggested that
savannahs should be divided into woody and grassland savannahs, if possible. For
woody savannahs, the abegmund biomass densities prior to burning would be
higher and the fraction oxidized should be lowernasch as the standing woody
biomass would not be burned. Over time, savannahs can degrade significantly as a
result of human intervention and thus resulting in leemgn loss of carbon in above
ground biomass and soils. In addition to the informationestgd in the Workbook,

the annual carbon loss should be accounted for, if this occurs.
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In the methodology, carbon released and other GHGs are estimated using the notation
below and then a nitrogezarbon ratio is applied to estimate total nitrogenteoin

The resulting estimates of emissions are converted to total weight using standard
factors. Due to lack of the requisite data GHG emissions from prescribed burning has
been calculated for the 1994/1995 planting season only, on the basis of thblavail
data from MAFFS i.e. Table 6 below.

Areas cleared for cultivation of rice in the upland ecology of North and North/Central
Sierra Leone are assumed to have been savannah grasslands whereas those cleared on
Boli and riverine ecologies, which are gosinantly grasslands are considered under

the same category too. The data on burnt areas of upland rice (75,790 ha),
Boli/Boliland (21,836 ha) and riverine (6,897ha) ecologies is derived from 2atle

below.

Table 2.20 Data on burnt areas of upland rie

I Fraction of total savannas burned annually 0.70 I
IAbove ground biomass density 6.00 tons dry matter/rl
(average)
I Fraction of dry matter actually burned 0.95
Fraction of above ground biomass that is living| 0.55
Fraction oxidized 0.90
Carbon fractn 0.45

The following relationships were used in the estimation.

Quantity of Biomass=Area of savannas burnt * Average biomass
density * Fraction of exposed biomass that
actually burns.

Carbon released = Quantity of biomass burned * Fraction
oxidized * Carbon fraction
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Total Carbon Released (t C) = Biomass Burned (t dm) x Rction Oxidized [Fraction that is
Dead x Carbon Content of Dead Biomass (t C/t dm)]

+ Fraction that is Live x Carbon Content of Live Biomass (t C/t dm)

I Table 2.21: Area (HA) and Production (MT) of Rice Per Ecology Per Regioand District 1994/95 I
VS

I REGION/ UPLAND | MANGROVES RIVERINE BOLI TOTAL

DISTRICT AREA PROD. AREA PROD. AREA PROD. AREA PROD. AREA PROD. AREA PROD.
SOUTH/ 28,834 37,809 9,737 26,130 17,160 39,199 6,551 14,982 5,419 6,806 67,701 124,926

I WEST
Moyamba 23,302 30,562 8,592 22,932 11,724 26,778 4,687 10,719 4,419 6,806 53,724 97,797
Bonthe 5,532 7,247 1,145 3,198 5,436 12,421 1,263 4,263 - - 13,977 27,129
I SOUTH 26,055 24,788 12,272 27,666 B - B - - - 38,357 52,454
Bo 17,720 15,771 10,295 22,932 - - - - - - 28,015 38,001
Pujehun 8,365 9,017 1,977 3,198 - - - - - - 10,342 14,363
EAST 28,878 18,232 17,126 19,160 B - B - - - 46,004 37,390
Kailahun 7,720 5,558 9,006 8,141 - - - - - - 16,726 13,699
I Kenema 21,158 12,674 8,120 11,019 - - - - - - 29,278 23,693
NORTH /CENTRAL 24,797 25,537 20288 34,556 - - - - 6,097 5,609 51,182 65,702
Tonkolili 8,858 7,972 6,336 8,801 - - - - 6,097 5,609 21,291 22,382
Kono 15,939 17,565 13,952 25,765 - - - - - - 29,891 43,320
NORTH 28,650 27,924 24,560 33,640 - - - - 7,469 7,173 60,679 68,737
Bombali 18,884 17,279 8,702 16,480 - - - - 7,102 6,818 34,688 40,579
Koinadugu 9,766 10,645 15,858 17,158 - - - - 367 355 25,991 28,158
NORTH/ 22,343 20,694 11,141 22,926 27,153 48,905 346 775 2,851 2,120 63,834 95,420

WEST
Port Loko 12,015 10,573 7,187 14,654 5,858 9,483 - - 1,369 697 26,429 35,579
Kambia 10,328 10,121 3,954 8,272 21,295 39,422 346 775 1,482 1,423 37,405 28,158

WESTERN AREA 463 425 132 268 B - - - - - 595 693

SIERRA LEONE 160,050 155,409 95,256 164,346 44,313 88,104 6,897 15,757 21,836 21,708 328,352 445,324

Source: PEMSD/DAF
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Table 2.22 Emissions from Prescribed Savannah Burning for the 1994/95 Planting Season (in Gg)

Ecology | Upland Boliland Riverine | Total Total Emissions
GHG Carbon Nitrogen | from
Emissions Released Content | Savannah
(Gg C) Burning
(Gg C)
Carbon 93,798.65| 27,024.51| 8,535.81 | 129,358.97| 776.15 | 129,358.97
Released
(Gg ©)
CH, - - - - - 689.91
CO - - - - - 24,147.01
N.O - - - - - 8.54
NOy - - - - - 308.58

2.4.2.4Emissions from Savannah burning (bushfies)

Net CO2 released from the burning of savannah is considered to be zero because most of the grasses th
regenerate during the following wet season absorb the CO2. Other gases such as £IN4OGDd

NOy are emitted due to incomplete burning and othetors such as temperature.

Results

From table2.22 35%.of the emissions from Prescribed Burning of Savannah ar®&%@present
emissions of CH4, and emissions of Ni@present about0% Emissions of BD are insignificant. It
should be noted that bnthree years of data were available for savannah burning.

2.4.2.5Emissions fromAgriculture Residue Burning

Similar to the burning of savannas, crop residue burning is not thought to be a net sourgbutfi€@
significant source of Ck CO,, NOx and NO. Howeveronly 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.

Results
Emissions of trace gases dte burning of agricultural residues are mainly in the form of CO
representing abo@5% d the total emissions, while emissions of CH4 and NOx contributed 3&f#ut

Emissions of MO were comparatively insignificant.

2.4.2.6 Emissions of NoiC0O, trace gases from Agricultural Soils

Emissions from this source category are usually the highest from agriculture for obvious reasons.
Unfortunately, treatment of this source category has not been possible due to lack of data, which we
strongly believe could havieeen produced by MAFFS if more effort was made by the Agricultural
Extension and PEMS divisions.
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Organic soils are not sources of gas emissions as the areas they occupy are marginal. Regardinc
prescribed burning of savannah and field burning of agri@allnesidues; emissions do not vary much

from one year to another and are low. This small variation may be linked to the fact, on the one hand,
that these activities are decreasing because farmers are increasingly using harvested agricultural residue
as danestic fuel and, on the other, these residues are not taken into account.

2.4.3Constraints in the development of the inventory for the agriculture sector

Data on flood duration and water depth in rice production ecology should be determined. Logahemiss
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.

Only one survey has been carried out on crop residue burning, and to esttaklnshthat will be usable
with limited bias, more surveys should be conducted as crop production varies with climate.

There is no country specific data on savannah burning. Figures used were adopted fibi@ the
covering the period 1990, 1991 and 1998fdult conversion factors from IPCC guidelines were used.

Annual fertilizer import 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 organic (Histokoiis)3ierra

Leone. All other values used in the calculations were obtained from the 1996 Revised IPCC guidelines
as default values.

Difficulties

Absence of monitoring of farm clearing;

Low monitoring capacity of bush fires in the country;

Total lack ofdata on some sub sectors such as the use of biomass (notably agricultural residues) as fuels;
Absence of conversion factors concerning the dry weight of some foodstuff (vegetables for example);
Inexistence of reliable data on the land areas occupied hyiorgoils even though they are very few in
Sierra Leone.

Recommendations

Integrate into the next agricultural and livestock censuses the concerns related to the agricultural sectors
inventories;set up an efficient monitoring mechanism of the progressfocultivated areas and bush

fires.

2.5Emissions of Greenhouse Gases from Lardse Change and Forestry

2.5.1 Introduction

In the IPCC 1996 Guidelines the Lakhide Change & Forestry sector looks at greenhouse gas emissions
and removals from five categes: 5A Changes in Forest and Other Woody Biomass Stocks; 5B Forest

and Grassland Conversion; 5C Abandonment of Managed Lands; 5D CO2 Emissions and Removals
from Soil and 5E Other.

100



66. According to the information provided in sectoral report, CO2 emnissind removals in this sector
were determined for the categories 5A, 5B and 5C. The emissions from the category 5D CO2 Emissions
and Removals from Soil were not estimated due the unavailability of activity data.

According to IPCC, OECD, IEA (1997) landgse 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 above ground and below ground and both living and
deal, e.g. tree crops, tree litter, roots, etc. the primary-le&ichanges that result in GHG emissions

and uptake are conversion of forests to-farest (e.g. conversion of forests to pasture or cropland) and
conversion of nofforests to forests (e.g. aslishment of plantations).

When forests are cleared, most of the carbon in the cleared biomass is released to the atmosphere a
CQO,. Clearing by burning (e.g. biomass burning) releases other gases in additioy tehi®D are by

products of incompleteoenbustion. These include GHCO, NO and NQ. CO, emissions from land
clearing may not imply a net release of £O the atmosphere but emissions of these gases are net
transfers from the biosphere to the atmosphere.

Land-use changes also result in GHRissions through the disturbance of forest soils. When forests are
converted to croplands, an average of aboyput éé
primarily through oxidation of organic matter. Loss of forests may also result in increasetinet C
emissions to the atmosphere since forest soils are a natural sink4of i@H forest soils absorb
atmospheric Cl

The total land area in Sierra Leone is 72,306.k@f this, 60,650 kris classified as upland and 11,650
km? as lowland. It is estintad that some 53,620 Kn6.36 million ha) are suitable for crop production
(i.e. 74.2% of total land area). The remaining 18,860 (@5.8 %) of the country is described as non
arable land, which includes rocky land, towns, rivers and creeks (MANR/FAIQ).19

Sources of Data

Data on total land area used for production of major crop types in the country for different ecologies as
well ason yield studies angroduction of other major foodraps were obtained from the Planning,
Evaluation, Monitoring and 8tistics Department (PEMSD) of the Ministry of Agriculture, Forestry and
Food Security (MAFFS). Data on National GIS database of total land area on varicusédayges was
obtained from M.Sc.

Thesis (Kamara, 2010) whereas data on forest productdamdtpns were obtained from the Forestry
division of the Ministry of Agriculture, Forestry and Food Security, the FAO Book (2005) and from
M.Sc. Thesis (Conteh, 1997). Default values for the different categories of forest types were obtained
from the 206 IPCC guidelines. For instance, an average annual growth rate of 13.5 tonnes dry matter
per hectare and 0.015 kilotonnes dry matter per one thousand trees was used as default value fol
plantations and forest trees and cash crops respectively. The metheadctilating the net changes in
biomass stocks is shown in the following equations:

Methodology
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The method described in the revised 1996 Intergovernmental Panel on Climate Change (IPCC) manual
of inventory guidelines was used to estimate the net cattlmxide fluxes and other GHG emissions

from the above landse practices. Country activity data were collected to the extent possible and IPCC
default factors were used where country data were not available riod investigated. This is due to the
2.6% growh applied to data for the

2.5.1.15A Changes in Forest and other Woody Biomass Stock€CO2

The following methods were used for the estimation of emissions undéradhea nges i n f or e
woody bi oncategery.st oc ks o

Hectares of land in padiular category (e.g. plantatioh)average annual growth per hectare in biomass
(IPCC default value)= gross annual growth increment (total biomass increment being the sum of all
relevant categories)

Total harvest by category (including fuelwood gathgyih expansion ratio to treat slash (IPCC default
value)= gross annual biomass loss

Total annual growth increment total annual biomass loss annual biomass change (positive or
negative)

For nonforest trees such as village and farm trees, accouwtisgdone on the basis of numbers of trees
(in thousands) rather than for hectares of land.

Calculations were initially done in tonnes of dry biomass, which was then converted to carbon for
estimating C@emission. A general default value of 0.5t C/t digniass (IPCC, 2006) was used for all
biomass conversions.

2.5.1.25B Forest and Grassland Conversioii CO, and Non CO, Emissions

Emissions of carbon dioxide due to forest and grassland conversions were calculated through a sequenc
of steps involving th determination of the following:

the net change in aboveground biomass carbon;

the portion of this change that is burned in the first year (eitheorooff-site) versus the amount left to

decay over a longer time periddy the burned portion, loss the atmosphere versus leteym storage

in charcoal current emissions from decay of biomass cleared over the previous deceade releases

of carbon from soils due to conversions (decomposition of soil organic matter)

The net CQflux is calculated fom the equation below:

Average annual land cleared over the period (default of 10 years) x Average quantity of aboveground
dry biomass per hectare remaining on site as slash but not burned (either oxidized or converted to
charcoal) x Carbon content of dsjomass

CO; flux in the inventory year from historical land clearing of the aboveground vegetation
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2.5.1.35C Abandonment of Managed Land’ CO;
Emissions from Abandonment of Managed Lands were determined from the following expression.

Total area abaloned (over the previous 20 years including the inventory year) x Average annual uptake
of carbon in the aboveground biomass (IPCC default value)

Biomass carbon gained

2.5.1.45D CO2 Emissions and Removals from Sail CO;

As no data was available fdrd Soils category, emissions were not assessed.
2.5.2Resultsof Estimation of Emission from Land-Use Change and Forestry
C0, emissions and sequestration by LULUCF activities in Sierra Leone

The results of the second greenhouse gas inventory of ensidsjoeources and removals by sinks
related to LULUCF are summarized in the Tables and figures that follow. The results indicate that the
LULUCF sector has evolved into a major £€mnission source with a potential to become an important
CO; sink as noted 2005, depending on the dynamics of the various-leselactivities (Table 3 and

Fig. 3).

In Table 3, the net flux (emission or removal) of JOolumn 1) is due to emissions from Changes in
forests and other woody biomass (Column 2), emissions front famesgrassland conversion (Column

3) and removals from abandonment of managed lands (Column 4). The emissions due to changes in
forests and other woody biomass stocks and forests and grasslands conversions are shown in Figure -
below.

Table 223. Total CQremoval (Gg) from the LULUCF sector of Sierra Leone
Year Column 1 Column 2 Column 3 Column 4

Total CG | CO, emissions| CO, emissons from| CO, removals from
uptake/removal from Changes in Forest and Grasslan Abandonment 0
[Column= (Column 2| Forest and othe| Conversion Managed Lands

+ Column 3 + Column woody biomass

4)] stocks

752748.7 1066501.5 5331300.6 -5645053.3
2336792.1 1900376.1 6765401.7 -6328985.7
3048731.2 2661336.1 8072770.6 -7685375.5
1466477.9 2771930.7 8280046.2 -9585499.0
2031946.8 3419216.8 9369871.9 -10757142
-1342727.6 3417217.5 9387475.8 -14147420.8
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2.5.2.1C0O; Emissions from Changes in Forest and Other Woody Biomass Stock

The estimated total CQe mi ssi ons by the countryés sources (c
stocks1.06x10° Gg and forest and grassland conversioB3x106 Gg) (Fig. 4 below) amounted to 6.24
310" Gg.

2.5.2.2Emissions fromForests and Grassland€onversion

A total of 2.7 x 16 Gg nonCO, trace gases were estimated to have been emitted during the period
considered in this inventory. Oxides of nitrogen (N@ccounted for 73.8 percent of the total 1@,

trace gas emissions related to forests amdgimnd conversion, CO emissions represent 21.7 percent,
nitrous oxide (NO) 2.5% and methane (GHconstitutes 2.0% of the total emissions (Figure 7).

2.5.2.35C Emissions fromAbandonment of Managed Lands

The total CQ removal by abandonment of manadedds (Fig. 5 below) was estimated-5413 10’
Gg. This gives the net G@mission in the landse change and forestry sector8a293 10° Gg. The
sector is therefore a significant source of@&missions in Sierra Leon&hese two landise activities
have resulted into significant emissions of £@ the extent that they far outweigh the CO
sequestration due to abandonment of managed lands and hence the emisSOn due to LULUCF-.

Emissions of carbon dioxide were due mainly to two major-lasedpractices. These are forest and
grassland conversions and changes in forests and other woody biomass stocks (Figure 4). This is mainly
due to the fact that these are activities that often result in removal of sink materials (plants/vegetation).
For exampe, when forests or swamps are cleared either for the purpose of mining or for crop
cultivation, the cleared vegetation is either burned down or left to rot often aerobically, both of which
processes lead to G@elease. When forests or faitmishes are céged for agricultural purposes and are
re-growing, the biomass before conversion (estimated mean value of 20 tonnes dm/ha) is in most cases
greater than that after conversion (10 tonnes dm/ha) and hence the observed emisSions in this
sub-category.Furthermore, current data suggests that there has been a gradual increase in commercial
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harvest activities for the different purposes including logging and traditional fuel wood consumption
following the reduction in hostilities in 2000 and the final deatian of the end of the war in 2002. This
commercial harvest of forest products (timber, fuel wood etc.) have apparently become more important
than the traditional practice of growing nforest trees such as fruit trees and cash crops in determining
thenet CQ flux in this subcategory. This escalation in logging activities resulting in the deforestation

of vast areas of forest lands led to the imposition of a ban on timber exportation in 2009 by a presidential
decree.
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Abanmdonment of managed lands, on the other hand, is an obvious sink becauserem@als from
biomass regrowth and soils recovery in abandoned lands. The significant removal of carbon dioxide
(Fig. 5) was due only to the latu$e practice of abandonmentodnaged lands.

In Sierra Leone, the decade long brutal civil war saw the abandonment of vast areas of managed
plantations and farmlands. As a result, there was significant accumulation of biomass that served as sink
for CO, sequestration. fe cumulative biomass growth and the resultant Qidake led to very high

CO, removal in 2005, thereby offsetting the combined ,Gfnissions by forest and grassland
conversion and changes in forest and other woody biomass stocks, thus producing areeto®al in

this year (Fig. 3).
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2.5.2.4 Emissions and/or removals from Mineral and organic soils

Table 4 and Figure 6 below shows the emissions of trace gases from the conversion of forests and
grasslands in to other lante classes. A total of 2.7 x®1Gg norCO, trace gases were estimated to

have been emitted during the period considered in this inventory. Oxides of nitrog@na@é¢@unted

for 73.8 percent of the total n€DO, trace gas emissions related to forestsgmdsland conversion, CO

emissions represent 21.7 percent, nitrous oxig®).5% and methane (GHconstitutes 2.0% of the
total emissions (Figure 7).

Table 2.24: Emissions (Gg) of trace gases from Forest and Grasslands Conversion

Year CH4 N2O co NOX

2000 5630.5 4645.2 49267.2 167890.5
2001 8759.5 7226.6 76645.5 261189.0
2002 11611.9 9579.8 101604.3 346242.7
2003 12064.2 9952.9 105561.4 359727.5
2004 14442.0 11914.6 126367.2 430628.4
2005 14480.4 11946.3 126703.3 431773.7
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INC inventory does not specify the distribution of emissions peissator

Figure2.13. NosCO 2 Non CO02 trace gases emissions from forest and grakstnversior
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Figure 2.14. Percentage contribution to emissions ofG@ 2 trace gases from t
conversion of forests and grasslands to other-leedclasses by ¢

CHa, 2.5%

NOx, 73.8¥

Conclusion

The overall assessment indicates that Jasel, laneuse change and forestry category is a siggnific
source of CQemission in Sierra Leone within the period considered in this inventory. Conversions of
forests and grasslandsid changes in forest and other woody biomass stocks are the most important in
this respect. The anthropogenic emission of @@ to forest and grassland conversions and changes in
forest and other woody biomass stocks was far greater than the amount taken upusye lactivities

related to abandonment of managed lands and hence the hetm@&Sion.
Difficulties

A Absence oh national forestry inventory which could generate more up to date data;

A An adequate, obsolete or even shortage of data for aimost all the Land Use, Land Use Change
and Forestry Sector;
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Unexploitableform of data when they do exist;
Low concern from holdenstitutions on data relating to inventory activities;
Inexistence of an inventory of trees outside forest (towns, villages, grazing areas etc.);
Obsolete nature of the rate of forest regression.

Recommendations

2.6 Emissions of Greenhouse Gases from Waste Management

Realize a national forest inventory wahview to having a better knowledge of the sequestering

potential;

Conduct surveys to finkine the estimate of trees outside forests, in particular trees in urban and

rural centers.

2.6.1 Introduction
Domestic, agricultural and industrial waste is generated in the form of solid and liquid. There is no form
of waste management or separation in Sierra Leone. Solid waste is collected from residential properties
and commercial services, markets, ratianal 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 cutting.

Table 2.25 : Types and composition of wastes generated in the Freetown Municipalit

Container sites

Sankey
Street

Taylor Street

Cape Sierra
Hotel area

Lightfoot
Boston
street

Average

Type of wastes

Type 1

Type 2

Type 3

Type 4

Quantity of wastes
sorted (KQg)

519

350 .4

465

490

Specific weight of
wastes (Kg/l)

0.45

0.3

0.44

0.37

% of biodegradable
organic matter

17.4

48

24.9

Percentage of paper

4.9

3.6

11.5

Percentage of tins and
scraps

3

1.8

2.8

3.1

Percentage of plastics
and foils

24

1.4

1.6

2.4

Percentagege of textile

5.6

3.3

1.2

1

Stones (>5cm )

1?

0

1

0.8

Glass

0.8

0.8

3.2

0.9

Wood

0.3

0

0.5

23.3

Toxic wastes
(batteries)

0.9

0.4

0.3

0.3

Miscellaneous

1.4

2.7

3.4

3.7

Gravel (<5cm >5mm)

41.7

46.6

22.5

26.6

<5mm

20.5

13

15

1.4

Compostable fraction

84.5

89.6

86.1

64.4

456.1 Kg
0.39 Kg/!
29.175 %

8.525 %
2.675%

1.95%

2775 %
0.45 %
1.425%
6.025 %
0.475 %

2.8%
34.35%
9.1%
81.15

ource : Solid wastes management study, 1995, GOPA Consultants in collaboration with

AFRIRELIEF
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Table 2.26: Summay table on waste generated and collected 19972000

1997 1998 1999 2000
Total Wastes generated (tons/a) 574123 644566 715008 785451
Vehicle collection by tipper 13670 15347 17025 18702
truck
By 5m 3 container to transfer 68348 76734 85121 93507
station
By 5m 3 container to transfer 39642 44506 44506 49370
station
5By 7m 3 container direct to 15036 16880 18725 20570
land fill
By hand carts and 20m 3 13670 15347 17025 18702
containers
By hand carts and 7m 3 21871 24554 27238 29921
containers
Subtotal/t ons/a collected 746363 837938 929514 1021090
% of total generated waste 30 30 30 30
Wastes from transfer station to 78676 95342 103008 110674
landfill
Backyard composting tons/a 70140 76273 82405 88538
% of total generated waste
Uncollected Waste tons/a 287061 322282 357504 392725
% of total generated wastes
SEWAGE
Total swag collected in Freetown 73622 7831 8300 8769
Flush toilet (tons/a 1030 1096 1162 1227
Pit latrines (tons/a) 5135 5462 5789 6116
Bucket latrines (tons/a) 266 283 300 317
River/bush 2615 2622 2628 2635
Source: Environmental Health Division of the Ministry of Health and Sanitation

2.6.2 Estimates of emissions from waste management

Methodology

The emission of greenhouse gasses from waste production and managystems in Sierra Leone

was assessed by analyzing the types, quantities and composition of wastes generated and the
management regimes in place for handling the generated wastes. Wastes generated from Freetown ar
composed of mainly garbage and fimazardos solids. The organic materials in the wastes are of
biogenic origin e.g. paper, yard trimmings etc. plastics, broken bottles, synthetic rubber, fibres, cans,
used clothing and footwear and packaging materials also form a sizable proportion of theé iPa§le3 6 s
guidelines for national green house gas inventories i.e. revised version of 1996 describe two methods of
estimating CH4 from solid wastes disposal sites, namely, the default method(level 1) and the
decomposition method (DPO) (levell)was used. Téfaudt method is based on the following equation:

Data obtained from these sources were fitted into the following IPCC equation to obtain the emissions
using default factors and some specific factors obtained in specific studies. In cases where different
values were recorded by different authors, the average was used.
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Mthaneemision(Gg/ yr) = (MSW * MSW. * MCF* DOC* DOCF *16/ - R)* (1- OX) where:

MSW = Total Municipal Solid Waste generated in Freetown
MSW: = Fraction of MSW disposed to solid wastes disposal sites at
Kingtom and Granville Brook

MCF
DOC
DOC:
F

R

OX

Methane correction factor
Degradable organic carbon
Fraction of DOC dissimilated
Fraction of CH in land fill sites
recovered Chl(Ggl/yr)

Oxidation factor (fractiondefault)

Percent DOC (by weight was calculated from theofelihg equation

DOC =04A+0.17B0.13C + 0.30D

Where:

A
B

C
D

percent MSW that is paper and textiles

Percent MSW that is garden wastes, park wastes or other
Non-food organic putrecibles

Percent MSW that is food waste

Percent MSW that is wood or straw

2.6.2.16A Solid Waste Disposal on Land CH4

2.6.22 Methane Emissions from Solid Waste Disposal Sites.

Data in table2.27 shows results of the analysis of emissions due to total annual solid waste disposed at
the disposal sites in Sierra Leodetotal of 785451 tons/aof Municipal Solid Waste (MSWiyom table
2.26 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 cdlledtequently in
market areasand other growth centres. The result is a gross annual methane gener&iéiChi,.
None of the CH4 generated is being recovered.

Table 2.27Solid Waste Disposal on Land

Solid Waste Disposal on Land

MANAGED

DISPOSAL ON LAND

WASTE | 0.6 0.6 0.6 0.6

UNMANAGED WASTE | 0.28 0.28 0.28 0.28
DISPOSAL SITES

2.6.23 Methane Emissions fromWastewaterproduced in the domestic and Commercial Sector

This subsector was not estimated
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2.6.24 Methane emissions from Wastewateproduced in the Industrial Sector

Domestic and commercial wastewater methane emission was estimated using the default IPCC
methodology (IPCC 2000). The Total Population of Freetown, Bo, Kenema and Makeni for each year
were multiplied by a per capita wasteter BODG production rate to determine total wastewater BOD
produced. It was assumed that, per capita 0.037 kg kilograms of wastewatersBid@duced per day

and that 5 % of this are anaerobically digested. This proportion of Bas then multiplied ¥ an
emission factor of 0.6 kg glkg BODs

2.6.2.5Methane emissions from wastewater produced in the domestic and commercial sectors

The industrial sector of Sierra Leone is undeveloped. Most of the industries (metal, fertilizer paper

and pulp, petileum refining andoetrochemicals, 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. Tab | wateéfiom mdusirsal sburcat a
was produced. This quantity resulted to the emi

Table 2.28 Waste Water Handling
Waste Water Handling

INDUSTRIAL 10.92 | 10.92 10.92 10.92
WASTEWATER

DOMESTIC 0.01 |0.01 0.01 0.01
AND

COMMERCIAL

2.6.2.6 6B2 Damestic and Commercial Wastewateir N20
Methodology

Nitrous oxide emissions from human sewage were estimated using the IPCC default methodology
(IPCC/UNEP/OECD/IAEA 1997) as follows:

N,O = Protein* FractionyprNRogop e * EFs

Where:
N2Os) =
N>O emission from human sewage (KgMNN/yr
Protein =annual per capita protein intake Kg/Person/year = 0.044kg/person/day
NRseopLe=number of people in Freetown (Table 3)sEEmission factor (default is 0.01kg®N/Kg
sewage N produced

Fraction ypr=Fraction of Nitrogen in Protein (default = 0.1¢K/kg Protein
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Table 2.29:Total Emissions from Waste Sector

1997 1998 1999 2000

Greenhouse Gas CO, CHs |N,O| COy | CHs |NO | COs | CHs | N2O | COs, | CHs | NO
Source And Sink
Categories
Total Emissions | 11.81| 29.31 11.81| 29.72 11.81| 30.49 11.81] 31.29
Fron Waste

Indirect nitrous oxide emissions from Human sewage

Sewerage system exists only in Sierra Leone. \

person per year and a population of eéaser ve

estimated adaéépéééannum.

From table2.29 above, the gross annual ¢Emitted n Sierra Leone in 2000.was ab@t.29. As
shown intable 2.28 and 2.2@f the CH, emitted came from wastewater handling, particularly from the
industrial sectarThe bulk.of the emissins came from solid waste disposal.

2.6.2.6 7C Waste Incinerationi CO2, CH4 and N20O
Difficulties

A Unavailability:
o of the total quantity of soda used in the country;
o of activities data on the consumption of halocarbons (HFC and PFC) andursulp
hexafluoride;

A Absence of data on:
- The homemade production of oil:
- The baking of bread through the number of bakeries and the total consumption at national
level;
- The production and characteristics of urban wastes of other towns in Sierra(aparie
from Freetown)

Conclusions and Recommendations

From the data collected on the total annual waste produced in Sierra Leone the following observations
can be made:

a) Waste produced is not sorted;

b) Lack of adequate resources to collect all the wasstadjor towns and municipalities makes the
results a gross underestimation;

c) All the waste dumped at the disposal sites are not managed;

d) The location of existing disposal sites are inappropriate in terms of environmental sanitation;
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There is no informatioron the proportion of the various constitutes that make up household
waste, and from waste from institutions;

Fire outbreak is common at the disposal sites;

Scavengers collect any material that may be useful to them;

Animals graze around the disposal sites;

There is inadequate data and information on waste management;

There is lack of strong legislation to enforce proper waste management, and

Administrative and legal frameworks together with institutional and financial commitments are
needed to develop affective management system.

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

a)
b)
c)
d)

e)
f)

9)
h)

A solid waste strategy needs to be developed for Sierra Leone;

Proper landfill sites should be selected;

There need to design and operate municipal landfills;

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 (&Hnd SQ) and the leachate from the dumpsites
should be developed;

Tree planting around the dumping sites should be encouraged so that they can serve as wind
breaks, to prevent the spread of waste inteagumping sites, as well as to serve as 6i0k;

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.

Waste management sector

Conduct a survey to know the composition of urban wastes;
Conduct surveys to have: (i) the total amount of soda useceicdbtintry; (i) data on activities

relating to the consumption of halocarbons (HFC and PFC) and sulphur hexafluoride;

Conduct surveys to obtain: (i) handicrafts production of oil; (ii) the baking of bread through the

number of bakeries and total consumptat national level.

Difficulties/Recommendation

Inadequacy or even the absence of statistical data is a general problem in most areas of activity in Sierra
Leone. This is partly due to the predominance of the informal sector.

The difficulties are genally similar to those encountered during the drafting of the Initial National
Communication. The difficulties encountered in the course of this inventory may be classifies into two
categories: (i) difficulties common to all the sectors and (ii) difficalsipecific to each inventory sector.

Difficulties common to all the sectors

They are difficulties relating to:
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A Time management: the time allotted is inadequate to cover all issues of data collection,
bibliographical analysis and compilation;

Dispersal dactivity data from many economic actors;

Inconsistency in the collection of activity data from the sectors professionals and absence
archiving of these data. There are very few institutions which correctly hold data sheets or even
have the requisite skil within the staff to correctly fill the templates requested. Most often, data,
when available, is on paper format and difficult to be retrieved from the achieves of institutions;
Low concern of sector professionals about emission and conversion factors;

Absence of data disaggrated per sector;

Unreliability of most unprocessed data, including at level of organized structure;

Mismatch of data provided by the National Institute of Statistics arsdodédiected from

Technical Directorates.

> >

> > > >

Difficulties speciffic to each sector
Energy sector

A Informal hydrocarbons importation channels are not subjected to the formal channels hence
difficulties in even the apparent consumption of the country. Only a regular consumption survey
will ensure reliable estimates;

A Increase in the price of hydrocarbons on the international market which increase the previous
structure grounds;

A Lack of data on autproducers due to the low keeping of energy statistics either as a result of
lack of interest or for reasons of supply in agtlal market;

A Disregard by many private operators of the
to climate change particularly the opportunities that the Clean Development Mechanism (CDM)
offers;

A Existence of too little official figures oenergy data, which tends to prove that this sector is
hardly considered at the strategic level by vocational and statistical institutions;

A Confidentiality of energy data for security grounds (army) or taxation (deductible expenses);

A Low prioritization of he sector in the various development policies and strategies in the tools
and instruments equal to the related challenges;

A Shortage of energy statistics professionals in institutions due to the lack of motivation from the

latter to gain such skills.
Land Use, Land Use Change and Forestry Sector

Absence of a national forestry inventory which could generate more up to date data;

An adequate, obsolete or even shortage of data for almost all the Land Use, Land Use Change
and Forestry Sector;

Unexploitable fom of data when they do exist;

Low concern from holder institutions on data relating to inventory activities;

Inexistence of an inventory of trees outside forest (towns, villages, grazing areas etc.);
Obsolete nature of the rate of forest regression.

D> DD
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Agri culture and Livestock sector

> > D> >

Absence of monitoring of farm clearing;

Low monitoring capacity of bush fires in the country;

Total lack of data on some sub sectors such as the use of biomass (notably agricultural residues)
as fuels;

Absence of conversiondtors concerning the dry weight of some foodstuff (vegetables for
example);

Inexistence of reliable data on the land areas occupied by organic soils even though they are very
few in Sierra Leone.

Waste Management Sector

A

Unavailability:
o of the total quanty of soda used in the country;
o of activities data on the consumption of halocarbons (HFC and PFC) and sulphur
hexafluoride;
Absence of data on:
the homemade production of oil:
the baking of bread through the number of bakeries and the total quisuiat national level,
the production and characteristics of urban wastes of other towns in Sierra Leone (apart from
Freetown)

General recommendations

Taking into account the foregoing, the following general recommendations are proposed withaa view t
improving the next inventories:

integrate the collection of data necessary for the inventory in the routine wWdiB/Ax;

reinforce information and training MDAs on issues related to GHG inventories;

take into account data necessary for the inventopyeparing a progress report of forest

services;

propose a data reporting guide for data holders;

provide additional support to enable the conduct of studies/surveys so as to generate information
necessary for the establishment of better quality investo

set up a databank to be provided regular inputs through an annual transmission system of activity
data by holders (the institution most recommended to implem8&mtatistic Sierra Leonehile

drawing on data providers);

define the type of data to lsellected concerning formal holders and conduct an awareness
campaigns to persuade them to integrate the collection of these data in their activities;
extend the dissemination of scientific mater
also theconstruction of a library to that effect; encourage research on climate change issues; of
development cooperation and private funding; sensitize public and private-pali@rs on

funding mechanisms set up by the international community such as CDM iwloicimterest to

data providers to keep reliable statistics;
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- organize specialized training sessions patrticularly for public and private jpodikgrs resultsro
the inventory and expanding the range of experts;

- build on the successes of institutions saked in data collection such as artdtSticsSierra
Leone to perpetuate a reliable database; systematically archive available and already processed
data after defining a template which is in line with the requirements of the IPCC software.

Consolidateinitiative taken in the second national communication. These initiatives are: set up an
inventory multidisciplinary team made up of experts from main institutions holding data:

- organize information and sensitization sessions for data holders;

- train expets in charge of the inventory;

- provide all the means and mechanisms likely to serve in complementary surveys during the
inventory to check data or to have solid grounds for expert judgments;

- set up a permanent national team in charge of carrying outvbietanies;

- organize workshops with the goal of showing to institutions the importance of data used in
inventories so as to motivate them to integrate it in their reports.

Recommendations specific to the sectors
Energy sector

- fine-tune data to make a et assessment of emissions through the sector method; conduct a
survey following a relatively less expensive methodology to establish a baseline case with more
elaborate collection tools and;

- use this survey to make a better assessment of the techricattehistics of production tools in
anticipation of mitigation measures.

LULUCF sector

- realize a national forest inventory with a view to having a better knowledge of the sequestering
potential;
- conduct surveys to firkune the estimate of trees outsfdeests,in particular trees in urban and
rural centers.
Agricultural sector

- integrate into the next agricultural and livestock censuses the concerns related to the agricultural
sectors inventories;
- set up an efficient monitoring mechanism of the pragjoesof cultivated areas and bush fires.

Waste management sector

- conduct a survey to know the composition of urban wastes;

- conduct surveys to have: (i) the total amount of soda used in the country; (ii) data on activities
relating to the consumption oélocarbons (HFC and PFC) and sulphur hexafluoride;

- conduct surveys to obtain: (i) handicrafts production of oil; (ii) the baking of bread through the
number of bakeries and total consumption at national level.

116



CHAPTER 2 REFERENCES

Asman, W.A.H., Sutton, M\. and Schjoerring, J.K. (1998\mmonia: emission, atmosphetransport

and depositionNew Phytol. 139, p. 228.

Brown, S. (1997)Estimating biomass and biomass change of tropical forests: A prifA€ Forestry

Paper no. 134, Rome. 55 p.

Global Forest Resources Assessment 2005, Progress towards sustainablenfaresiementFAO
Forestry Paper 147, Food and Agriculture Organization of the United Nations,

Rome, 2003PCC 2006 Guidelines for National Greenhouse Gas inventories.

Monteny, G.J. and Erisma J.W. (1998) Ammonia emissions from dairy cow buildings: A review of
measurement techniques, influencing factors and possibilities for redulsidm. J. Agric. Sci. 46, p
225247

Boyle, G. (1996), ARenewable Energy for Sustain
Huges, P. (1993)iPersonal Transport and Greenhouse Effect: a strategy for sustainability. Earthscan,
London.

Holdren, B. (1990)fEnergy in Transitiog, Scientific American.

Glasstone, S. (1982). Energy Deskbook.

Statistics Sierra Leone, (1995) AHKousehold Suryv
Planning Department. Sierra Leone Road Transport Authority. Statistics on VeRia0zk

Sierra Leone Petroleutunit (1996G1994)

Inventory of U.S. Greenhouse Gas Emissions and Sinks {1999)

Sierra Leone Initial National Communications

FAO Year Book on Forest Products ( 198994)

Anderson, Ded, (2004)WWW.drive.com.au/editorial/articlBEmission Impossible

Conteh, A. F. ., M. Sc (1997) . AWoodf uel Demand at
Leoneo. University of Stellenbosch.

Walubengo, D. 1995, Commercialisation of Improved stoves:Jdee Study of Kenya Ceramic Jiko.

Stove Images. A Documentation of Improved and Traditional Stoves in Africa, Asia and Latin America.
WWW.aeat.co.uk/netcen/airqual/annrefemhrep99/appl_29.htrnfiNational Atmospheric Inventooy
WWW.teriin.org/climate/emission.htfiEmission factors for GHGs from Small Scale Combustion

117


http://www.drive.com.au/editorial/article
http://www.aeat.co.uk/netcen/airqual/annreport/annrep99/appl_29.html
http://www.teriin.org/climate/emission.htm

Chapter 3

Assessment and Prioritiation of Mitigation Opportunities to Mitigate the Concentration of
Greenhouse Gases

3.1 Introduction: Assessing the country situation

In this chapter, an attempt is made to asaadsprioritizemitigationopportunitiesof Sierra Leone in the
key sectordor which the Green House gas inventory was d&ederence to other potential sectors to
avoid carbon dioxide emissiavas also made

A mitigation assessment provides a natidea€l analysis of the potential impacts warious
technologies and pracés that have the capacity to reduce greenhouse gas (@idiS$ions. The
assessment presented here uses historical data for 2000 (the bade 2688 in order to calibrate,
where appropriate, the bases for the projections.

3.1.1Development priorities and national context: Previous and planned initatives, policies and
legislation national and regional

The assessment draws upon the overarching sttatggction that will guide Sierra Leowmkevelopment
to 2025, as articulated Mision 2025(se National Circumstances)

The development priorities have been articulated in chapter one. Beyond the reporting period, Sierra
Leone has developed the second PRSP dubbed Agenda for Change for the perieRD2208 he

PRSP provided the framework withwhich development paers identified assistance programs, but

will also provide an overall framework for private sector international investment. Both will play a key
role given domestiocesource constraints.

PRSP 2 defined the country strategy forethi20082012 period. It focused on growth and human
development, and identified three drivers of growth: agriculture, energy, and transport infrastructure.
Crosscutting areas included improved governance, capacity development, private sector growth, and
managemenbf natural resources. The 20&0dterm review of the PRSP concluded that there had been
impressive progress in a number of areas, including humatogpevent, agriculture and infrastructure,

and decentralization, but that continued work was netmedild on successes and strengthen capacity

in a number of areasigluding procurement.

Although the assessment focuses primarily on energy related emissiorenangy sector activities
(agriculture, forestry, waste, and menergy emissions) aré¢sa included.

3.1.2 Outcomes of the GHG inventory

The total carbon dioxide emission (CO2) for the year 2000 is 574.061GgT®@ distribution per
major sectors is as follows:

The emissions from energy generation are fairly high in the country, amguatb29.287Gg of C{as
Sierra Leone energy generation is based on diesel powesedratprs. Recently, with the
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commissioning of the Bumbuna Hydro Electric Power Station; édssion from the energy sector has
been fairly reduced at least on asmalbasis.

The Land Use, Land Use Change and forestry (LULUCF) sector is the leastcaigingource of CO
emissions up taking 752,748Gg of ¢Qollowed by the waste sector emitting 11.83. The industrial
processes are however marginal amounting to 38¢6f CQ mostly fromcement production.

The total methane CHemissions are 32,312.53 Gg. Agriculture is the most itapb source of Ci
emissions (86.67%), followed by the LULUCF sector (5.631) and finally the waste sector (11.83).

The other sectorare not sources of GHmissions.

Nitrogen dioxideN,O emissions estimated at 13.91 Gg with 8.54Gg coming almost exclusively from the
agricultural sector. The waste sector is also a source of emission (31.29Gg).

From theabove it can be seen that the LUC/Forestry sector, agriculture andeegy sectors have the
most potential for GHG reductions.

Sierra Leone is not a producer of oil and gas and the energy sector is dominated by hydropower. Thus
SierraLeoneis mitigating GHG emission which has not yeeb quantified for CERs

Though SerraLeone emissions are negligibla,a bid to significantly contribute towards the reduction
of the sources and potential sources of GHG emissions or @ngararbon sinksSierra Leone
proposd to undertake appropt&mitigation actions as listed belamwits response to COP 15

1 Establishmenof the national secretariat folimate change (NSCC3etting/developing air,
water and soil quality standards, and ensure reggesaments and monitoring through
control pograms.

1 Expanding clean energy utilization (e.g. solar, shiydro electric power, LPG, biomass
stoves etc)

1 Development of energy efficiency programniesough sensitization and awareness raising
campaigns. Sustainabproduction of charcoalraduce épendence on firewood.

1 Development of alternative energy sources such afuble from sugecane, corn, rice husk,
etc.

Developing agricultural and urban waste incineration programmes for energy production.
Improved waste management through compostmbracycling of waste.

= =4

1 Development and enforcement of regulationsregular maintenance of vehicles (vehicle
emission testing): formulation of transport plans.
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1 Improved and promoting use of public transport (e.g. road and water): for gassamnd
cargo to reduce traffic congestion and GHG

3.1.3 Gaps and Challenges that the country has faced while elaborating this Chapter

The major gap is a comprehensive economic analysis of mitigation options and identification of viable
technological options. The major challenge is in terms of quaivgt and qualitative data for the
mitigation softwaregLEAP,COMAP ,COPATH etc.),The Projecimustincrease the numbef trained
personnel skilled inGreenhouse Gases measurements and detatghnological economic policy
analysis, as well as providing an Institu# framework for collaboratioamong all concerned sectors.
Furthermore, the country will benefit by hag high quality information orlimate change issues that

will assistthe Government to formulate anonplement suitable Greenhouse Gases initiatives and
policiesrelevant to mitigation

3131Si erra Leonebds Second Poverty Reduction Stra
3.1.4 National Institutions and Agencies Related to Implementation of Mitigatia Actions.
Ministry of Lands Country Planning and the Environment

This Ministry is chargel with the responsibility of land country planning also for managing the
environment

Ministry of Fisheries and Marine Resourceslt is responsible for the managent of fisheries
resources and related habitats in a manner which would maximize benefit in terms of fish catch now and
in the future. It is expected to develop fisheries resources and to devise methods of enhancing current
production and more effective @woitation. The ministry issues licence for offshore trawling and
monitors smalscale inshore and offshore largeale fishing. It is also responsible for enforcing laws

on fishing activities and concerns itself with pollution and other environmentalepne which affect

water quality and fisheries resources.

Ministry of Agriculture, Forestry and Food Security

This ministry if mandated to preserve and conserve, as well as through managed commercial
exploitation to provide for sustainable and permanegémerating forest resourcéisis responsible for
issuing licences to exploit and maintain all forests types on public lands to monitor their harvesting so
that they are sustainable and ecologically stable. It is also now responsible for the manafement o
fisheries resources and related habitats in manner which would maximize benefit in terms of fish catch
now and in the future.

Ministry of Mineral Resources

This ministry is charged with the responsibility to supervise mining operations in the courgsyelk
licences for all mining operations, enforces laws and provisions contained in the Mining Act and its
amendments. It is responsible for enforcing provisions in the new mining act relating to the
rehabilitation of mined out areas.
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The maininstitutional conflicts are (1) the extent to which the Ministry has jurisdiction over marine
areas with respect to marine based mineral resource, offshore dredging and its impact on marine
resources and (2) the overlap of water quality monitoring wighirtkerest of the Ministry of Marine
Resources.

Ministry of Tourism

This ministry is responsible to promote and develop
and culture.l t is also charged wi t h helitage:ynonorhentyy and cudtwwal and g t
historical sites

Ministry of Transport and Aviation

This ministry is mandated to deal with issues related to transport on land, air and sea as well as local and
international communicationhe SLRA maintains the ti&base with registration information for the
licensed motor vehicle fleet.

The National Meteorological Office is the focal point for climate change in Sierra Leone.
Sierra Leone Maritime Administration

This organisation is responsible for the adminigiraof maritime affairs including shipping activities,
safety of marine transportation, pollution and vessel registration

Ministry of Energy and Water Resources

This ministry is responsible for the development of the energy sector water supply aratigeradr
electricity are all functions of the above ministry. It is expected to develop the energy resources and
enhance current production to meet and satisfy the needs of the community as well as provide adequate
water supply to the nation. It enhanceée improvement of water supply and delivery facilities and
maintenance of existing ones.

The Ministry of Energy and Water Resources (MEWR) has also just formulated the National Energy
Policy and the Japanese International Cooperation Agency (JICA) halsged Power Master Plan for

the next fifteen years to improve and extend power supply system in the Western Area. One of the main
objectives of the Energy Policy is the development of cleaner energy Byafeshg the development

of hydropower nationwiel and exploiting other renewable energy resources including solar energy and
biomass to reduce dependency on fossil fuels.

Sierra LeoneEnvironment Protection Agency

The Government of Sierra Leone has also established the National Environmental Rrétgetioy
(NEPA) in July 2008. This Agency is responsible to coordinate and monitor the implementation of all
environmental policies, programmes and projetis ensure the enforcement of the strategic
environmental assessment (SEA) and Environmental kmpasessment (EIA) as well as related
legislation to promote sustainable environmental development, human wellbeing and poverty reduction
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in the country.EPA- SL i s the agency entrusted with ma n
marmmade envionment and is the lead government agency responsible for environmental management

Local Government Councils

Are responsible for the administration of local government including and implementation of the
devolved

The Ministry of Finance and Economic Revelopment

The MOFED has responsibility for the mamconomy which includes implementing tax related
incentives/disincentives for the development of all sectors including the energy sector.

The Forestry Department

The Forestry Department of the Ministry Afyriculture, Forestry and Food Security and he fead
agency responsible for the management and cons
mandated by the Forest Act, 1996, and are aimed at managing forestastaimable basis to maintain

and increase the environmental services aoti@nic benefits thdbrests provide.

A National Forest Conservation and Management Plan and the Strategic Maresjement Plan

20091 3 8 , among ot her things, d e s c r ifraneework, hf@est D e p a
management constraints, forest v alesablish goatslarelac ur
wide range of implementation forest management strategies avitlesct

The Sierra Leone Standards Bureau (SLSB)

SLBSis a statutory body established by the Standards At8&8. Its main functions are formulating,
promoting and implementing standards for goaisyices and processes. The Bureau develops and
enfarces technical regulations for thosemmodities and practices which affect health and safety. It is
the agency that sets fuelgecifications.

The Government of Sierra Leone established the Disaster Management Department in the Office of
National Securit. As a first step in dealing with the problem of climate change, the Department together
with key stakeholders embarked on the development of a national hazard profile, national disaster
management policy, national disaster management preparedness @orseeslan, vulnerability and
capacity assessment and contingency plans on health related problems, population movement, floods.
water shortage, Avian flu and H1N1 virus

3.15 Desk review of literature and Stakeholder Consultations
Key Policies and Legishtion Related to Implementation of Mitigation Actions

Vision 2025: National Development Plan provides the overarching context within which

Sierra Leonebs mitigation act i viiNAPAand INGDevelopt a k e
measures to agato climate changand Contribute to the effort to reduce the global rate of climate
change
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The National Transport Policy drafted in 200 s gui ded by the vision 1
competitive, safe, accessible, and environmentally friendlp@m network providing world class air,

land, rail, and marine facilities contributing to a vibrant import, export andrst@pment trade for
Sierra Leone and the world.o The transport po
measures (e.gefficient traffic management; car pooling; park and ride; use of clean fupithtmize

pollution;

The possibility of enhanced coastal and rail transport wikdmt under constant review

The overarching objective is to position Sierra Leone to camtaiurther on opportunities for
partnerships with other developed countries, private organizations, as well as relevant regional or
international institutions. This will generate social, economic and environmental benefits for the country
through investmat in initiatives that will also foster sustainable development goals.

The Government of Sierra Leone established the Disaster Management Department in the Office of
National Security. As a first step in dealing with the problem of climate change, thetept together

with key stakeholders embarked on the development of a national hazard profile, national disaster
management policy, national disaster management preparedness and response plan, vulnerability anc
capacity assessment and contingency plansealth related problems, population movement, floods,
water shortage, Avian flu and H1N1 virus

3.1.6 Reduction Potential

It has been difficult to calculate the emission reduction options for each sebtas.dlso beedifficult

to calculate the emssion potential of each sectorfor each one of the identified mitigation measures
however wewould try to provide this kind of informatiosince thisit is one of the most important
elements of the mitigation aryais in the next NC Report.

There werea number othallenges for the conduct of the mitigation studies these include but not limited
to:

a) Lack of comprehensive and software (LEAP,COMAP ,COPATH etampedible data;

b) Shortage of qualified professionals;

c) The Project has not been able to iefieom UNFCCC/UNDP Workshops, Seminars and
Conferences as reesonended in the Project Document;

3.1.7 Contribution of mitigation efforts to national development

For instance, renewabémergy solar and biomass policies in the context of NadidDevebpment can
contribute to poverty reduction and pollution control.

3.1.8 Approach in the Mitigation Assessment

3.1.8.1Desk review of literature and Stakeholder consultations

The first approach to mitigation assessment was to conduatpengcworkshop, (LEAP, COMAP}
which involved collecting data and information through atakder consultations and desk review of
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literature on mitigation options of GHGs. The outcome was the development of a comprehensive list of
mitigation options, whils were then screened for further analysis:

An International Consultant from ENDA, Senegal, Mr. Libasse Ba carried out training on the use of
LEAP and COMAP. Handen-desk simulation exercises were carried out with available data. However

particularly forLEAP Software compatible data was in very short supply. Hence the mitigation analysis
team had to resort to the conventional approach of identifying and the screening the mitigation options.

3.1.8.2 Residential sector

In the residential sector, in thorural and to a lesser extent urban areasséhold energy consumption

in Sierra Leonas dominated bybiomass fuel essentially for cooking and kerosene for lighting. The
mitigation options here are: popularization of metallic improved stoves withex betput (between 12
and 30%) and substitution with a fuel more appropriate to current uses.

1. (a) Rural Areas

Food preparation in rural areas is done almost exclusively from biofuels (fuel wood and various
residues). As reported in the INC, thecarte domi nant technol ogy makes
with very low energy vyield (about 4 to 5%). As rural populations make up about 83% of the total
population of the country, the economic potential of fuel is very high there. This economy could be
obtained by cmbining two technologies namely the popularization of metallic improved stoves with a
better output (between 12 and 30%) and substitution with a fuel more appropriate to current uses.

In Sierra Leone, fuelvood and kerosene account for abB6t8% and 2.7% respvely as the main
sources of energy used for domestic cooking.

The LPG and other petroleum-pyoducts technology is less appriate in this environment for issues
of cost and security. Lighting is dominated by kerosene, oils ascgg well as torches and agricultural
residues.

1.(b) Urban Areas

However, in urban areas, NPA plans to electrify over 60% of households through a electrical grid
extension policy. Cooking stoves notably coal stoves and the LPG are being promatist o gover

the needs of the populace. The major obstacles here are the cost of new equipment (both solar and fuel)
maintenance and especially the high level of the task

Possible Technological Resources

The Economically Profitable Technologies (ERb}ential, as envisaged in this case, is the extension of
the rural electrical and electrification.

Another EPT consists of using portable PV solar lamps. It is a unit made up ofesdélent tube, 6 to

12 V battery and an amorphous pankll® Wc. The major obstacles are high cost, unavailability of
spare parts and inexistence of skilled staff for the maintenance of this equipment.
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(2)Transport Sector:

Designing and improvement of provincial and feeder rpabsadfree petrol, Mass

transpotation (road and water) for passengers and c&@ugality control for spare parts for all
types of vehiclesenforcement of regular maintenance ulagons for vehicles, regulations /
policies on fuel use and consumptions.

(3)Energy /Industrial Sector
Hydro Electric Power (HEP), switching and promotion for renewable energy (Solar Energy &
LPG), use of other fuels such as Ethanol, Oxygen, dpwedot of alternative energy sources
such as Biduels (from corn, sugarcane, rice husk etc).

(4)Agricultural s ector

Water management in rice cultivation and maintenance of soils, use-sfreee compost, and
biogas residues, mineralrféizers, fallow incorporation and mulching.

(5)Forestry sector

Forest protection, conservation and increased efficienforést management.
Reforestation, afforestation and agroforestry, urban and community forestry

(6)Waste management sector
Waste incineration, composting, recycling, landfills and eghemps
3.1.8.3Screening

In screening this long list of mitigatianeasures the following criteria were applied:

National and project screening criteria and indicators. The criteria included the availability and ease of
collecting the data needed for project depaient and implementation, the benefits and costs of the
projects, the economic and social importance of the project in the country, 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 prgects span the range of GHG mitigation opportunities in the country;

- How representative these projects are of GHG mitigation opportunities in the countegsub
as a whole; and

- The availability of information to assess these projects;

3.18.4 Outcomeof the screening
The outcome of the screening was the reduction ofaojhions inthe various sectors above to

manageable options that were then subjected to some general analysis usinegcdmnafid cost
effectiveness.
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Transport
V Improvement of the ater transport system
V Designing and improvement of provincial and feeder roads
V Quality control for spare parts for all types of vehicles

Energy

V Rural electrification using solar Home Systems to compliment the Hydro Power Plant;
V Greenhouse gas reductidwdugh the use of Improved Cooking stoves;
V Large scale introduction of Liquefied Petroleum Gas to displace fuel wood;

Forestry
V Carbon sequestration through reforestation and protection of existing forests;
V Managing a multproduct forest for cashew nutgyneybeekeeping, etc;

Agriculture
V Integrated crop and livestock farmingitilizing rice straw (treated with urea) as cattle feed,;

Waste
V  WasteUtilizing waste to generate landfill gas for bottling
V Waste management using composting;

3.1.8.5 Analysis of options and project ideas by sectors

A comprehensive economic analysis of mitigation options and identification of viable technological
options and a calculation tifie emission reduction options for each sector was not carried out. However
from the setors above, from expert judgement it is thought that the options proposed above would to a
large extent reduce the huge dependence on fossil and bio (wood) fuels. This general analysis was base
on the methodology below.

3.1.8.6 Methodology Utilized for the Analysis

The method for mi tigation assessment used 1 s t
based on the following criteria:

Mitigation benefits, Financial Viability, Implementation/Organizational viktyi, Technological
viability, Size, Acceptability, and Political Willingness.

3.2  Assessing and Prioritizing Mitigation Opportunities
3.2.1 Assessing and Prioritizing Mitigation Opportunitiesin the Transport Sector
3.22 Analysis of the sector

Since2000, theréhas beera steady inease in the number of vehicles plying the rodits data exist
on the consumption rates of motor vehicular transport in the country.

In 2000, the transport sector had some 16,763 constituent units for’abmfuthe passenger vehicles
including motorgcles and remaining 1/3 for transportation of goods. Its growth rate is quite high
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especially since the advent of low cost seebadd car, which increases €@mission potential in the
sector.

The ERT potential envisaged in the NTS is the promoting tefrative means of transportation, the
modernization of number of motor vehicles and especially thetreaction of 2000 km of railway lines.

Table 3. 1 Vehicle Population By Region
East 9826
North 6770
South 7452
West 38560
Total 62608

As preseted in the table above, the vehicle population of the country, found by the census is 62.608.
The Western region takes 38,560 of this total, followed far behind by the Eastern region with 9,826, then
the South with 7,452 and the North in the fourth positidth 6,770.

This shows that on the basis of percentage, the Western region takes 61%, Eastern region 16%, Souther
region 12% and Northern region 11% as seen in pie chart below.

Figure 3 .2

VEHICLE POPULATION PERCENTAGE DISTRIBUTION BY REGION

Figure 3.1: vehicle population percentage distribution by regn

3.2.3Resultsof Screening

The list of mitigation options, for the transport sector outlined above which as a result of the screening
exercise are summarised and prioritized below:
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Table 3.2Summary of Analysis of Mitigation Options for GHG Emission in Transport

Mitigation Options Priority
Designing and improvement of provincia High
and feeder roads
Mass transportation (road and water) for, High
passengers and cargo
Improvement of the water transporst&yn | Moderate
Quiality control for sparearts for all types| High
of vehicles

3.2.4 Analysis of options and project ideas

3.2.4.1 Description of the potential of mitigation options

That most mitigation efforts from private vehicles would need to be carried out in the Western region
given that they concentrate more than 61% of the emissions. Improvement of feeder roads in the city for
instance would significantly reduce congestion and engine idlimgrovement of conditions in the
provinces will encourage vehicle owners to use their velmdieose areas rather than the Western area
where there is a high vehicle population concentration.

Other strategies can be envisaged which basically make use of energy conservation through the user:
capacity building. The promotion of urbtmansport and the tanical control of means of transportation.

Costs are also major constraint here both for the renewal of the car fleet and for the promotion of transit
in urban centers. The promotion of less pollutant alternative fuels, such asbidPls or battery
powered vehicles, is other Energy Profitable Technology alternatives, thomghobstacles remain.

3.2.5 Potential mitigation measures forthe relevant sector
3.2.6 Possible Technological Resourcde implement the measures

In theurban areas of Sierra Leone particularly, more roads can be designechsindcted at strategic

places to ease congestion and idling of vehicle engine. In the case of new vehicle imports, vehicles used
for more than ten years should not be allowedrfgrart. The importation of Leafilee petrol should be
encouraged.

Another Economically Profitable Technologies (EPT) potential, as envisaged in this case, is the
extension of the railway.

3.3  Assessing and Prioritizing Mitigation Opportunitiesin the Energy Sector

3.3.1 Analysis of the sector

Regarding the energy sector, poor access to electricity is recognized as a binding constraktetmlong
economic growth in Sierra Leonenergy was a majoo€us of the PRSP&Agenda for Changevhich
included ag o a | of ncheap, a fOverall dcadsdo enodern energyss increased a | |«
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from 3% of the popilation in 2000 to 9% in 2011, but biomass from fwebod and charcoadtill
accounts fomore tharB5% of total energy usé& here ist scope for #fiency gains from all sources of
energy, and transmission losses remain high at over 40%. The target is to increase billing and collection
rates to 90%. Fuel prices (USD 0.94 per liter for both gasoline and diesel irf.208¥rra Leone
currently hasonly 90 MW of installed capacity, of which 86% is for Freetown; electricity generated
from the hydreelectric facility at Bumbuna, completed in 2009, accounts for 62% of power generated
and oilpowered facilities the remaindé®.

There is potential for ore sustainable fuel wood production, charcoal processing, and marketing.
Improving charcoal conversion rates and energigieficy of cookstoves (currently, only 30% of the
cookstoves are energy efficient) is a priority. This sector is important egoallyna recent study in
Rwanda estimated the value added from fuel wood and charcoal at 5% of GDP, and a study of Tanzania
estimated that the sector created 2 million jdbdhe National Energy Profile also makes the case for
increased solar and hydroower generation and a range of biomass souritealso highlights
knowledge and capacity constraintgV/ith private sector supportSierra Leone has invested in
hydroeletric power generation, building the Bumbuna hydlectric plant.

The Ministry of Erergy and Water Resources has prepared an ambitious new Energy Steastdgpen
outlined in chapter oné?

lts vision builds on the three pillars of access, efficiency and renewable Enevilly specific, time
bound targets for each pillar.

Sierra Leme, a wateabundant country, has potential in{@onergy production, especially from sugar
cane, so long as environmental and social safeguards are respected

The use of palm nut shells as fuel for thermal generabbrslectricity was also viewed as aabie
mitigation option. These shells are being produced in huge itjgarduring the harvesting period of

palm oil in theprovinces. Ty can be used assource of fuel as they have high calorific value. Though

this option results in reducing emissioitg;an be controlled as it is from a single source. Its benefits are
that rural communities will have electricity and have the opportunityseelectric stoves. This will

result in fuel wood savings, less time spent collecting wood, forest preservadioncame generation
through the selling of the nuts since these nuts are annually produced in large quantities in the provinces.

Sierra Leone has over 20 hydro potential sites of which the Bumbuna Dam is the only one that has been
tapped. This dam, whichas been completed, has a capacity of 50MW. This was considered as the most
viable mitigation option for the electricity sector. If five of these hydro potentials including Bumbuna

are utilized, it will result in almost zero emission from the electrixigtor.

% World Development Indicator2012

© MEWR Energy Strategy 2012

1 BiomassEner gy Strategy for Rwanda, 20009: AEnvironment al Crisis

Charcoal sector in,@nhzaniao WB policy note

Y5Sustainable Energy for allod: MEWR Government of Sierra
13 The pllars are consistent with the UN 2012 Energy for All goals, which aim to double energy access, double the rate of

i mprovements in energy efficiency and double the proport
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Projections of the amount of emissions from electricity sector cannot be quantified as there are:
1. No data available on the number of private generators or their fomirogtion patterns.
2. NPA fuel consumption is subjected to the functioninghefgenerators which are old and are
not functioning most of the time.

Production of petroleum products

All the petroleum products consumed in Sierra Leone are imported basicallytieomational market.
Recently the country has proved to have oilmesg At present this is at an exploratory stage. A
development of this resource is envisaged in the¢; therefore emission from this sector will
consequently be enhanced.

3.3.2Result of Screening
Mitigation options, for the energy sector

The list of mitigation options, for the energy sector outlined above which as a result of the screening
exercise are summarised and prioritized below:

Table 3.3Proposed mitigation optionsin the Energy and Water Sector

Energy and Water Sector

Possible Mitigation Options to be Priority
Considered
Hydro Electric Power (HEP), High

switching and promotion for renewableeegy | High
(Solar Energy & LPG)

development of alternative energy sources | Moderate
such as Biduels (from corn, sugarcane, rice
husk etc)

3.3.3 Potential of the mitigation options

For the different activities considered for which fossil fuels andviweld are the sources of energy, the
following mitigation options were considered and weighted (Table 3.4).

Table 3.4: Mitigation Options and their weightings

Activity Mitigation Option Weighting
Electricity Steam generators using Nut shell 21.8
Cooking Efficient Biomass stove using Rice husk 18.7

Efficient Biomass stove using Wood shavings & saw dust 16.1
Road and River Masstransportationi Railway 20.5
Transportation | Mass transportation Bus 18.7
Mass transportation Water (Boats or Ferry) 18.7
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3.4  Mitigation Capacity in the Waste Sector

34.1 Analysis of the sector

Domestic, agricultural and industrial waste is generated irotine ¢f solid and fuid. There is no form

of waste management or separation in Sierra Leone. Solid waste is collected from residential properties
and commercial services, markets, recreational areas, government offices and institutions (schools and
Hospitds), fish and poultry processing plants, industries, hotels, etc. the waste constitutes the following:
leftover food, paper, grasses, construction waste and other cutting.

In Sierra Leone, waste management analysis is only conducted in the Freainiwipatlity, which is

located intheWestern area. As such, much of the destadis based solely on data provided for this area

by the Ministry of Health and Sanitation. No data exist on waste management for both the rural and the
provincial areas, which is abit 90% of the country. We shall therefore only focus on Freetown, with the
following characteristics: It is

3 The most densely populated area in the country

[ The ®& of government, commercial and economic centre of thatoou

3 Where the harbour; the entpoint of all imported goods is located and the point of
attraction of nost food stufé produced in the country.

3.4.1.1Estimates of Emissions from Waste Management Sector

Five main sources were considereshlid waste disposal on laidCH4, industial wastewatei CH4,
domestic and commercial wastewaielCH4, domestic and agomercial wastewatei N20O, waste
incinerationi CO2, CH4 and N20O

3.4.2 Mitigation options, for the wastesector

The list of mitigation options, for the waste energy sectdtireed above which as a result of the
screening exercise are summarised and prioritized below:

Table 3.5 Proposed mitigation options in the Waste Sector

Waste Sector
Waste Management Practices Possible Mitigation Options to be Caosidered
Solid Waste sposal On Land Composting
Industrial Wastewater Recycling
Domestic And Commercial Wastewater Recycling
Waste Incineration Conversion to biogas

3.4.2.1Results of screening
Mitigation options in the waste management sector

The method used to arrivé #ne mitigation options proped by the stakeholders was théii t i gat i ¢
Option Weightingo metlbteddn.tabld h2dveré idehtified and waightedp t i o n s
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Table 3.6: Weighted Mitigation Options

Mitigation options Weighting 3Q/pri ority
Waste incineration 19
Landfills and operdumps 15
Composting 28
Recycling 25

The weighting method identified transforming organic wastes to manure as the most suitable mitigation
option, using composting. This methothough considered as thest alternativehas its constraints

with respect to the manner in which garbage waste is collected. As such, for the manure option to be
successful, initial separation ofrgage wastes must first be done. For separation of garbage wastes to
be achievedhe following should be done:

1 Effective education of the populace on separation of garbage wastes.

1 Separated garbage wastes should be sold.

1 Recycling and manure producing (controlled anaerobic digestion)-soadd industry
should be encouraged.

34.3 Potential of the mitigation options

Crops and animal wastes are known to provide significant amounts of energy. It is estimated, for
example, that about 110MT of dung and crop residues can be used as fuel, coming second only to wood
as the dominant biomagsel world-wide.

Operations such as thinning of plantations and trimming of felled trees can generate large volumes of
forestry residues. At present in Sierra Leone, these are often left to rot on site. They can be collected,
dried and used as fuel Imgarby rural industries and domestic consumers.

Timber processing is another source of wood residues. Dry sawdust andsoffoduced during the
processing of cut timber make very good fuel. The sawdust armlisffcan be collected countrywide
from fumiture industries and processed to produce fuel.

Over 90% of domestic waste in Sierra Leone is currently-féled and most of the remaindeis

incinerated. The presence of plastics, metals, bottles and toxins create pollution problems, but landfill
and incineration sites can be subjected to operating conditions laid down by appropriate regulatory
authorities and designed in such a way to ensure that GHG emissions are reduced to acceptable levels.

Again, large scale plans for waste separation, recyeaimcompostingemains alsivein Sierra Leone.
Energy from wastes is an attractive option but the shortage of suitable landfill sites within the city and
the high costs of transporting the wastes to distant sgepastraints.

3.4.4 Possible Technolgical Resourcego implement the measures

In the urban areas of Sierra Leone particularly, landfill sites can be designed at strategic places were
domestic refuse (MSW) can be safely deposited after sorting, to allow anaerobic digestion. The gas
(LPG), poduced can be collected by an array of interconnectedrptatl pipes buried at depths of up
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to 20m in the refuse. In the case of new landfill sites, the pipe system is constructed before the wastes
are deposited. The gas collected can be used for elpotsier generation or heat as required

The potential technology options for the different mitigation options are identified below:

Table 3.7 Potential technology options
Waste incineration

Landfills and operdumps

Composting

Recycling

3.5 Mitigati on Capacity in the Agriculture Sector
Assessing and Prioritizing Mitigation Opportunitiesin the Agricultural Sector

3.5.1 Analysis of the sector

A recent inventory on GHG emissions from the Agricultural sector in Sierra Leone identified a number
of gase such as methane (@Hcarbon dioxide (Cg, Carbon monoxide (CO), Nitrous oxide ;D)

and NOx (Consultancy Repdz010). The mriod of inventory waden years, 198-2005 with 2000as

the base year.

The agricultural sector, contributed in 2006 torappnately 46% of gross domestic product (GDP) and
employing over 65% of the labour force. Increase in food production and security is another
government s top priority on its national agend
higher cop yields are obtained in order to reduce on food imports to save more foreign exchange
earnings that could be used for other development programmes and projects.

Government is also making strides to give a face lift of meteorological Department iAtgeaay to

provide agremeteorological information to avoid crop failure in the country

Crop production in the country is very sensitive to climate and climate variation. Agriculture is the
largest economic sector in Sierra Leone, contributing (in 200@ppwoximately 46% of GDP* and
employing over 65% of the labor force. Rice is the main agricultural production and it is mainly
cultivated for subsistence purposes. The fluctuation in yearly crop yields is mostly due to weather effects
and climate variahtly. The impact of climate change is already tangible in the country. Indeed, Sierra
Leone is experiencing climatic hazards such as seasonal drought, strong winds, thunderstorms,
landslides, heat waves, floods and changed rainfall patterns. As reportddén Si erra Leone
Adaptation Programmme of Action (NAPA), poor communities have suffered the most from climate
change impacts, as floods destroyed their crops and increased droughts caused water shortages in son
areas of the country. In partiamlcrop production, being highly vulnerable to climatic change, has been
affected by prolonged period of dry days even during the rainy season (July/September) and heavy rains
in March that prevented farmers to burn their fields resulting in weeds expaAsican example of
predicted climate change impact on crop production, for temperature above 25° C rice production is
expected to retard and yields to decrease2. Other production such as maize, millet and cocoa are
projected to be negatively affected bipmate change. Considerinthat food production depends
entirely on subsistence farming, a decline in agricultural productivayupled with the increasing trend

of food priceq is expected to ultimately worsen current food insecymitblems.
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The rairfall in the country is increasingly becoming sporadic and in the last two years more rain has
fallen in March which is the driest month of the year than the last three decades. Furthermore, the
country is now experiencing prolong period of dry days evernh& months of July/august and
September which are supposed to receive the highest precipitation. The heavy rains now falling in
March have prevented farmers from properly burning their farms which leads to early emergence of
weeds resulting in poor yielaf crops.

3.5.2 Mitigation options in the agricultural sector

The list of mitigation options, for the agricultural sector outlined above which as a result of the
screening exercise are summarised and prioritized below:

Table 3.8Potential Agri cultural Mitigation Options in the Agriculture Sector

Agriculture Sector

Agriculture Management Practices Possible Mitigation Options to be
Considered

Deep Water Rice Cultivation Fallow incorporation and Mulching

Flooded Rice Water Regime Management/ddification

Organic Amendment
Mineral amendment

Straw Management

Composting

Crop Establishment

Low Land Flooded Rice Prevention of DenitrificationAvoiding Nitrogen
Ferilizer

Enteric Fermentation Feed and fodder modification
Manure Managenmg

Burning of Savannahs Formulate legislation or enforce existing ones tatim,
minimize or even abolish savannah burning.
Introduce support and promote sedentary farming
cattle raring in the country.

Encourage and promote irrigated rice cwition in all the
ecologies. This involves very little or no burning

Agricultural Residues Use residues to make compost for use as orgaaicim
in rice fields.

Burn residues and use ash to fertilize initiated as well
deep water rice fields and rafied farms. Burning
residues reduce GHemission but DO increases

3.5.2.1Results of screening
Mitigation Options for GHG Emission in Agriculture

The method used to arrive at the mitigation options wepdy the stakeholders was théii t i gat i ¢
Opt on Wei ghtingo met h tstedin tabled.2Wecelidentfied andgveighped i o n s

Table 3.9Summary of Analysisof Mitigation Options for GHG Emission in Agriculture

Mitigations options for irrigated rain fed and deepwater rice cultivation.
No. | Mitigation option Weight
/30/priority
1 | Water regime modification 23
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2 | Organic residue management 23
3 | Use of mineral fertilizer 18
4 | Straw management 21
5 | Crop establishment 24
LIVESTOCK: ENTERIC FERMENTATION AND MANURE MANAGEMENT
1 | Creatian of cattle ranchestablespig pens and poultry houses 22
2 | Improved intensive/semntensive ducks and chicken manageme 21
3 | Animal manure managemeinuse of manure in lowland and upla 21
rice fertilization

3.5.2.2Potential of the mitigation options

3.5.2.3 Possible Technological Resources to implement the measures

The potential technology options for the different mitigation options are identified below:

Table 3.10Potential technology options

Water regime modification

Organc residue management

Use of mineral fertilizer

Straw management

Crop establishment

LIVESTOCK: ENTERIC FERMENTATION AND MANURE MANAGEMENT
Improved intensive/serintensive ducks and chicken management

Animal manure managemeintuse of manure in lowtal and upland rice fglization

3.6 Mitigation Capacity in the Forestry Sector

3.6.1 Analysis of the sector

Forestry and land-use situation:

As reported in the INCSierra Leone is essentially a forestry country, but the forest tymes been
consicerably modified by the activities of man. About 95% of the forest production is fuel wood. Most
of it is slaskhandburn agricultural system, and does not enter the market economy. Forestry contributes
about 24% to the GDP of which oriurth is attribuéd to the wood processing sséctor (Artisan).

Ecosystems Conservation and Management

One major forest policy objective is to lessen the impact on the environment of necessary deforestation,
and to prevent, as much as possible, unnecessary deforestafiomumber of strategies will be
developed to help achieve the policy objectives in this area, including:
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The development of integrated watershed management in the major catchments areas, where watershe
degradation is beginning to be evident, as welinathose watersheds which are critical for meeting
national energy and water supply needs;

Collaboration in all matters pertaining to the forest environment and climate change with the Sierra
Leone Environmental Protection Agency now responsible fersight on enwonmental matters;

The preservation and protection of natural fauna and flora where their retention is essential for climatic
stability and for the conservation of soil and water resourceslLzaidpn with adoptionof, association
with, ard pursuit of the plans of UN agencies inttaes regarding the forest environment.

Public Awareness

The mounting of a publiawareness campaign using the various public media, and the provision of
incentives to aid awareness of the importance ofamaile management of forest resources and the
value of forests. The major thrust in this regard will be the dpeedat of education packages for
schools, media, and communities to increase awareness about issues in the forest sector.

Forestry Education, Training and Research

The main objectives here are the development of a forest sense. The vital element in the achievement of
this policy objective is a welplanned and weltoordinated educational and training policy. Very high
priority will be givento educating a crossection of the commnity in the value of forests in national
development.

Government 6s mai n st r addegion byvprdmbtingi thre foomatoe of gatuees s r
clubs and forestry cooperatives, so that the benefits ddtfgrean be discerned easily, and by gradually
introducing forest conservation into school curricula. Anotheportant strategy will involve
intensifying national Tree Planting Day activities so that there is more widespread involvement, and
encouragingyouth participation in nursing and planting tree seedlings, for example, schools and clubs
will be encouraged to establish their own nurseries.

3.6.2 Potential forest Mitigation Options
The following Comprehensivéist of mitigation options, which werethen screened for further analysis:
I. Reducing the demand for fuebod (reducing deforestation)

il. Preserving forested lands as national Parks, Sanctuaries, Aboreta etc
ili. Afforestation /plantation establishment

iv. Community Forestry

V. Forest Conservation

Vi. Forest Pragction

Vil. Agro-forestry croppingystem

viii.  Reforestation/Rehabilitation of degraded lands

iX. Increasing efficiency of wood recovery/use

X. Substitution of timber for high energy construction material
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Xi. Substitution of wood and other bio fuel for fossil fuels
Xil. Integratingtrees into existing landse patternshelter belts
xiii.  Residential shade trees/roadside vegetation

3.6.2.1Mitigation options for the forestry sector

The list of mitigation options, for the transport sector outlined above which as a result of the screening
exercise are summarised and prioritized below:

All these thirteen options have been grouped into

1. Protection options (i.e. maintaining existing sinks)
2. Reforestation/Regeneration options (i.e. expanding sinks)

3.6.2.2Mitigation policies in the Forestry Sector

The following Polices may be necessary to implement the mitigation options and can be used to
maintain carbon stocks afod expand carbon sinks:

1 Polices and local laws protecting cultivation of steep slopes and protecting othemablgner
areas/ecosystems such as PA and Forest Reserve.

1 Policies on shared responsibility for managing such PA between laoatwaties and central

government.

Control of logging and harvesting fifrest and notfiorest products.

Planned and aggressive affetation and reforestation polices by privateivitthals local

communities, FD and Environmental NGOs.

1 Land tenure policies that encourage private ownership of some lands with an expressed mandate
to sustainable development by planting and retaining waetheir land i.e. parties involving
Agro-forestry cropping systems.

= =4

Agricultural policies that emphasize more intensive farming and conversion of fewer marginal
woodlands

3.6.2.3Analysis of mitigation options in forestry

Studies were carried out aneasures to mitigate climate change through the forestry and land use
sector, using the COMAP (Comprehensive Mitigation Analysis Process) model as an analytical tool.
1980 was chosen as the base year and 2030 as the end of the analytical peryedwsf 50

3.6.2.4 Methodology

The COMAP approach is dependent on finding the least expensive way of providing forest products and
services while reducing the amount of carbon emitted from the land use sector.

The mitigation options are then matched whk types of future wooegroducts that will be demanded
and with the type of land that will be available. Based on tii@mation, the potential for carbon
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sequestration and the cost and benefits per hectare for each mitigation option is determioadhorhe

and cost and benefits infoation is used to establish the c@dtectiveness of each option, which yields

its ranking among other options. The information is used to estimate the total and average cost of carbon
sequestration or emission reduction.

3.6.2.5Forest Protection as a Mitigation Option

Land area under Baseline Scenario is estimated at 15,000ha and the areadtedbedpunder the
Mitigation Scenario is also 15,000ha during the period 1990 to 2030. The biomass density (t/ha) was
200 for Baseline Scenario and Mitigation Scenarios. Also the soil carbon density for both scénario
cost of protection was estimated at US$ 2/ha/year.

At the end of the study period (2030) the land area under Baseline Scenario (BSL) and Mitigation
Scenario MTS) were 1,000ha and 12,000ha respectively.

3.6.2.6Result of Carbon Pool and Sequestration

Baseline Scenario Mitigation Scenario
Biomass densityjons per area (t/ha) 107 238
Biomass Carbon densitgns per carbon (tc/h&h4 119
Soil Carbon density (tc/ha) 100 149
Total Carbon density (tc/ha) 154 268

3.6.2.7Result of cost effectiveness of Forest Protection

- Net Present value of benefits is calculateddS$0.12/tc or US$ 31/ha.
- Benefits of reducing Atmosghic C is US$0.009/tt year.

- Initial cost of Forest Protection was US$0.020/tc or US$5/ha.

- Present value of costs (Endowment) is US$0.36/tc or US$92/ha.

As a result of these protection measures, an additional 12,000ha of high forest above the Baselin
situation would be maintained and managed as productive forest. The rate of deforestation of intact
forests would be progressively reduaaditotal carbon density increased from 16/ha to 268tc/ha at

the end of the 40 year period.

Among the variousctivities under the forest protection option, the following are of importance;

0 Increased surveillance of the Permanent Forest or Protected Areas.

o Involvement of major stakeholders in the management, conservationas@ctipn of forest.

o Provision of a@ernatve livelihood for local communities as an incentive to prevent deforestation
i.e., forestbased ecaourism, provision of markets for namber forest products and Agro
forestry cropping system.

o Creation of National Park¥Vildlife SanctuariesArboreta etc.

o Education, sensitization and enforcement of regulations/laws on eméantal degradation.
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3.6.2.8Reforestation/Regeneration as a mitigation option

Waste land under the BLS was 40,000ha and land to be reforested under the MIT was 1,000ha per
annumfor aperiod of 40 years. The total carbon density produced was 310tc/ha as compared to 79tc/ha
under the Baseline Scenario. The vegetation carbon pool was 180tc/ha over a 40year period. Mean
annual increment was 12tB/year/ha.

1 Annudly created incremental carbon pool in 9,240,000 tc

BLS (waste land) - 3,160,000 to 3,160,000
Total MIT - 3,391,000 to 12,400,000
On waste land - 3,081,000 to 0

On forest land - 310,000 to 12,400,000

Cost effectiveness fdhe 40 years is as follows:
o Present value of benefits US$.22/tC or US$51//ha
o Benefit of reducing Atmospheric Carbon is US$0.003/tC
o Initial cost is US$ 0.1tC or US$27/ha
o Present value of costs (Endowment) US$0.06tC or US$13/ha

This option will ensur@n additional 40,000ha is reforested. In this mitigation, the sequestered carbon is
stored in four pools i.e. the growing vegetation, decomposing biomass, the soil and the harvested wood
products.

3.6.2.9Potential of the mitigation options

Identify posible technology resources to implement the measures
If possible. Prepare a national mitigation strategy to reduce GHG emissions or a giraritof
mitigation options, at a minimum, for this you can use a table prioritizing measures.

Table 3.11:Summary of Analysis of Mitigation Options for GHG Emission from Forestry

Mitigation Options Prioritizing Measures
Reducing the demand for fuelvood | High
(reducing deforestation)
Preserving forested lands as natig High
Parks, Sanctuaries, Aboreta etc
Afforestation /plantation establishment | Moderate

Community Forestry Moderate
Forest Conservation High
Forest Protection High
Agro-forestry cropping system High
Reforestation/Rehabilitatioof degraded | High
lands

Increasing efficiency of woo( Moderate
recoveryfuse
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Substitution of timber for high enerd moderate
construction material
Substitution of wood and other bio fuel ff moderate
fossil fuels
Integrating trees into existing landse| High
patternsshelter belts
Residential shade trees/roadsidegefation Moderate

3.6.3 Possible Technological Resources to implement the measures
3.7  Other Potential Sectors to Avoid Carbon Dioxide Emission

Analysis of these sectors

Other potential sectors to avoid carbon dioxide emissretated to he energy sector are: (i)
manufacturing and construction industries, (ii) agriculture, fishery and fishing activities, (ii) Mines (gold
washing and exploitation of rutile, bauxite, iron ore and diamonds). Emissions from these sectors are
presently not quaiied but may develop further considering the targeted ambitions in the various
strategic frameworks by the year 2017. ERT possibilities in these sectors may be summarized as
follows:

3.7.1 Manufacturing and construction industries

There are plans to @énease agrindustries particularly slaughterhouses, hides and skins and agricultural
by-products. The viability of such industries depends, to a large extent, on the source of energy and its
cost.

Consequently, industrial units out of the electrical grd hardly sustainable. It is thus possible to
expect few risks in their development out of the electrical grid in the various electrical energy supply
scenarios in the country.

3.7.2 Agriculture and Fishing Activities

The energy consumption of thiscséar has experienced a substantial lift with the Modernization program
of this sector in recent years.

Emissions result from two sources: (i) mobile through the extension of agricultural tractors and (ii) fixed
through the promotion of irrigated farming.

The mechanization of ploughing is limited in Sierra Leone and its development will not be quite
promising in view of the projection of the cou
highly envisaged with targets of about 270 000 ha by 20b%pared with less than 50 000 ha today. At

least 50% of this land area is ésaged in the form of smallholder size private farms.

The major constraints are the costs and maintenance operations. With the building of the Bumbuna
Dam, the navigability othe river will be certain, which will increase emissions caused by fishing and
possibly fish farming. Measures should also beisaged here on the most appropriate means of
navigation. Sierra Leone has very little experience in this area.
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To conclude tte chapter; one may say that the ultimate aim is the economicoaiadl development
while protecting the environment.

The achievement of these objectives is a national priority for a country with a low human development
index which led to a high mobilizah of the international acomunity.

The countryds huge natur al resour c esge obtdcinelagy gr e
transfer crucial in all sectors and the energy, mining, agricultural and fisheries sectors in particular
Fortunately for all the possible technology alttinres, the country is endowed with the resources
necessary. The major challenge is their correct assessment and a consequent capacity building prograr
to tackle the suation.

3.7.3 Assessment of the istitutional capacity-building requirements to sustain mitigation work
and the related legal and institutional frameworks

Sierra Leone has very lowstitutional and technologicakapacity to sustain or to undertake the
mitigation work This is because ¢hcountry has very high level of poverty, low level of trained and
gualified personnel at all levels in the sectors were mitigation can occur.

However, the various sector policies particularly those dealing with natural resource management,
mining, agriclture, fishing and others have components with the potential of enhancing mitigation
activities.

Barriers and opportunities for mitigation

A lot of barriers and opportunities for implementation of the different identified measures exist. These
include oth institutional and those related to capacity and iregency coordination.
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Chapter 4

4.0.  Vulnerability of the Major Economic and Other Crosscutting Sectors of
Sierra Leone to Projected Climate Change

41 Introduction

Vulnerability generally refers to dhe incapacity of a system to address the negative effect of climate
change. It i's usually a function of climatic
variations and its adaptation capacity. The information relating to the vulneraibil8ierra Leone to

Climate Change is limited due to the amount of available data and the incompleteness of the areas anc
topics being looked at.

The main purpose dhis chapter is to present the results of sector based and othecuitoxs studies
on the impact and vulnerability of key economic sectors to Climate changtidé to develop current
climate and future climate change scenawas undertakehy the Meteorological Department of Sierra
Leone The scope of this study is to characterizedlmate of Sierra Leone for the period 195210
with projections up to 2050 and consider it as the continuation of current climate of the country.

The results were made available to the sect oral teams for their use in thalrsicifdmary
vulnerablity assessments

The methodology used for the assessments were sector spauoficountry has identified the most vulnerable
sectors based on the following set of criteria: Contribution of the sector to the National Gross National Product
(GNP), Contibution of the sector to food security and vulnerability of the sector to physical alterations due to
Climate Change and extreme weather events.

4.2 Current Climate variability
4.2.1Baseline Climate Scenarios

Forty nine years (181-2010 of current clmate data were used to develop the baseline climate
scenarios for Sierra Leone. Selection of this period is expected to minimize bias tovwaodswat

periods that span more than 20 years.

The Dry and Wet Seasons Precipitation

As a typical tropicalcountry within latitudes 7° and 10° N and being on the Atlantic on the West at
Longitude 13° W extending eastward to longitude 10° W, the country has two main seasons of wet and
dry. The wet season is associated with the southwesterly tropical maritineomowith pressure and

drift originating from the St. Helene High Pressure belt gradually encompassing northwest.

As a tropical country, all the months give appreciable amount of sunshine hours as seen in Figure 1
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Figure 4. 1: Means morthly temperature (OC) of Sierra Leone for period 196 - 2010

The premonsoon period runs for two months from April to June when the predominant wind direction
is Southwesterly.

As the convective activity gathers strength and due to the embeddednkigly,ethunderstorms are
frequent. The most important weather phenomenon is Squall Lines which a line of thunderstorms and
strong winds resulting from the local as well as regional frontogenisisglagrand brought about by

the sudden depression of theer-Tropical Convergence Zone (ITCZ). Surface winds of 60 or more
nautical miles per hour (Kts) are common with Squall Lines and are sometimes accompanied by rain
storms. They bring with them periodic disastrous consequences to some weakly consthacted vi
houses and vegetation. There are instances of tree fall causing the loss of lives as in the last Kenemz
Airfield area tree fall that reported the death of three people in 2001. Within the period under review,
some five recorded squall caused treksfahd the destruction of homes and property in several parts of
the country.This situation has changed in the last years with more frequent and violent storms.

The Wet or Monsoon Season

The monsoon season runs for the period July to September wheimettteon of wind continues to be
southwesterly and the ITCZ makes its highest northward ascend. The intensification eivesteny
moisture laden wind is at its peak. Thus the coastal areas of the country experience the heaviest deposi
of this moistire in the form of torrential rains.

These rainfall amounts decrease progressively as one moves eastwards and northwards. For the perio
1961 to 2010 the country average rainfall is about 2650 millimeters (mm) and varies from 3614 mm at
Bonthe in the sott 2865 mm at Lungi in the west (Freetown), 2358 mm at Kabala and 2585mm at Bo

in the north and central parts of the country respectively.
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Figure 4.2below shows the monthly variation of rainfall at the major stations whose data has mken use
in_this study to construct the present climate of Sierra Leone and also the climate change scenarios for
the impacts studie3he precipitation regime has become more erratic in the last 50 years.

The mean annual rainfall over the country is about 3@0@nd the southern and coastal areas receive
from 3000 to 5000mm. The rains fall steadily in the wet season with the heaviest in the months of July
and August.

The temperatures are consistently high throughout the country, roughly averaging aboute28 degr
centigrade. The humidity, like the temperature is usually high as a result of the heavy rains coupled with
high temperature and maritime influences. Humidity rises up to

93% in the wet season and decreases inland to about 47% as the rainfall deodiress.
is little variation in the day length due to the near equatorial location, but sunshine hours are affected
during the wet season.

Figure 4.2 The Average Monthly Rainfallmm) of Sierra Leone at selected Stations for thé&eriod
19612010
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Figure 4.3: Average Monthly Temperature (OC) of Sierra Leone for the period 1961 -2010
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Other Meteorological Elements of Sierra Leone

The post monsoon period of October to November has predominant wind direction efiestgHy but

with lesser strength and it signals the withdrawal phase of the raingnsead also the Southward
migration of the ITCZ. During this time, thunderstorms are also very frequent due the similar high
energy surrounding air mass is weaker. Periodic squall lines result with speed obQyist@t least
once per season.

Temperatures:

Seasonal temperature variations in Sierra Leone are not large. As shown in Figure 3 below the amplitude
of the average annual mean temperature (middle curve) of Sierra Leone is 3Boul&imum
temperature shows larger amplitude (abdi)5while minimum temperature has an amplitude of about

2°C; (Figures 3a and 3b) Highest temperatures are recorded in March and resonate between February
and April while lowest temperatures are recorded in July and August. The low temperatures in July and
August are rainly due to almost continuous cloudiness and rain during these months of the south
western Monsoon Season described in preceding sections of this report.

The average temperature during the dry season is abdlidagfime (around 13000Hrs) and 15°C at
night (0600 Hrs). The country is mostly humid. However, humidity is least in the northern part during
the hottest period when humidity is recorded as about 40% while it is mostly above 60% throughout the
year.
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Figure 7 shows that since 1961 evaporation has a decreasing trend and was low in the late 1970s. It,
however, picked up an increasing trend in the early 1980s. The top graph of Figure 2(see the country
mean curve) is the plot of rainfall for the same @eriThe figure illustrates that annual rainfall is about
twice annual evaporations but decrease in rainfall is more.rapid
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Figure 7: Rainfall and Evaporation of Sierra Leone
for 1961-2010
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Figure 4.4 Rainfall and Evaporation of Sierra Leone for 19622010
Climate Change Scenarios

In this report theeurrentclimatechange scenarios for Sierra Leone was accomplished through the use of
MAGICC version 5.3 (Model for the Assessment of Greenhgaselnduced Climate Change). The
models used by MAGICC have been developed in the ClimaticaRd#sEnit and the climate model is a
standard upwellingliffusion, energy balance model of the form originally developed by Hoftdral.

(1980) and described by Wigley and Raper (1987, 1992, 1993) and by &®ag(1996). The GCM
output fran the HADQV2, UKTR, CSIRQTR and ECHAM4 models were used to construct the
climate change scenarios.

All of theclimate scenarios show an increésethe futurein the normal annual maximum temperature
for the whole country, rangindgor e.g.from 1.25 °C (32.13°a 33.38 °C for MIROC3.2) to 1.87 °C
(29.56° to 31.42 °C for CSIR®IK3).

4.2.2.1Temperature Scenarios

The average annual temperature of Sierra Leone for the period 1961 to 2010 and based on observed dat
from the meteorological stations discussed inceding sections is about 28®. Combining this
average annual temperature with the 2*CO2 output from the GCMs, the average annual temperature for
Sierra Leone for the period 19@D10 is projected to increase by about 7 to 9.5 per cent above this
averagetemperature at 2125. Figures 8a, Figure 8b and Table 2 below show the variation of this
projected increase in the anna&kerage temperatures at 2125.
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Figure8: Current Climate(1961-2010) and
projected Climate, Change Scxeenarios at 2125
UKTR = ECHANMZ4
140
120 J9g 303 3 7 298
—786 ’ 73 28-3—28:728.8
100 ' '
00 036530630207 ., rr—30— 33528820
40
50 P2 G228 B B e sy e e L e e P o]
0
JAN FEB MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC ANN

The current Climate Scenarios projected for 2025 are given in tte k¥ow for HADCM, UKTR and
ECHAM4 model runs.

Figure 4.5; Current Climate (1961-2010) and three projected Climate Scenarios at
2025

Similar work with the CCSIRE'R model only gave the projection for 2010 using the same country data
of 19612010.

Table 4.1: Current climate (1961 -2010) and projected climate change temperature scenarios at 2120

Scenario JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | ANN

CSIRO-TR 28.1 | 205 | 299 | 2908 | 289 | 288 | 27.0 | 26.8 | 27.1 | 295 | 279 | 283 28.5
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However the GCMs were considered where the later was extrapolated to give Figure 8b

Figure 4.6: Projected Temperatures by the GCMs considered relativ
to Current Climate (1961-2010) of Sierra Leon:

1961-199( HADCM2
UKTR CSIRO-TR
— ECHAM4

JAN FEB MAR APR

4.2.2.2Precipitation Scenarios
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Figures 9 and 10 show current (19€010) and projded rainfall to 2125. Both figures show that
monthly (Figure 9) and annual (Figure 10) rainfall values at 2125 under the ECHAM4 and HADCM2
models are similar to current climate rainfall values
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Figure 4.8: Projected Mean Monthly Evaporation of Sierra Leone &
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Mean monthly evaporan for current climate (1962010) and projected values at 2125 by GCMs are
illustrated in Figure 11. During the period from January to May monthly evaporation values under
current climate are higher than all projects to 2125 by the GCMs except for teM_model whose
projection is higher than current climate values and projects by all other GCMs used in this study.

4.2.2.3Evaporation
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Figure 4.9: Current and Projected Mean Monthly Evaporation of Sierra Leone at
70 2125 at 2125
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However, the CSIRR and UKTR models show a decrease in rainfall by about 3.5% and 9%
respectively below current monthly and annual rainfall values.

The monthly variations in evaporation shown in Figure 11 above are markedly reflected in the mean
annual evaporation values illustrated in Figure 12 below. Variations about the nmegah @aporation

of 1690 mm under current climate (198210) show an increase of about 6.5% under the ECHAMA4
model but a decrease of about 20% under the HADCM2, 8.5% under the UKTR and 5% under the
CSIROTR models.
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Figure 4.9: Current and Projected Mean Annual Evaporation of Sierra Leone to
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4.2.2.4Solar Radiation

From Table 3 the estimated average annual solar radiation received at the surface is about 6021
MJ/m’lyear for the period 1961 to 1990. Based on projects using GCM outputs this is expected to
decrease by 12% undthe HADCM2, 9% under the UKTR, and 3% under the CSIRROmodels but
increase by 5% under the ECHAM4 model.

Table 4.2 Current (1961-2010) and Projected (to 2125) Solar Radiation (MJ/fimonth) for Sierra
Leone

JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
19612010 530| 412 601| 567 552| 486| 446| 422| 465| 530| 498| 512
HADCM2 530| 292 319| 306 364| 433| 464| 481| 521| 626| 513| 512
UKTR 530| 412 559| 403 403| 496| 397| 341| 470| 546| 378| 578
CSIRO-TR 530| 354 523| 533 519| 462| 415| 413| 465| 530| 543| 578
ECHAM 530| 412 641| 632 521| 486| 440| 406| 462| 565| 542| 703
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COs levels and Sea Level Rise Scenarios:

Based on the best reference MAGICC/SCENGEN projects dd@centration of about 350 parts per
million (ppm) for the 1990s. Double GQ@oncentration levels of abo@®80 ppm are likely to be
achieved by 2075 and about 700 ppm by 2100 and to about 950 ppm by 2025. 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 and by 3.5 r
(IPCC, 1990).

Table 4.3 Atmospheric CO, concentrations and sea level rise scenarios

Year CO,Concentrations Sea level rise

(Ppm)
1990 350
2025 425 Baseline 0.2 m by 2100
2050 510 ASLR1 0.5 m by 2100
2075 580 ASLR2 1.0 m by 2100
2100 700 ASLR3 2.0 m by 2100
2125 950 ASLR4 3.5m by 2025

ASLR is Accelerated Sea Level Rise

4.3  Vulnerability of the Major Economic and Other Crosscutting Sectors
Introduction

Vulnerability assessmentsere carriedout using standard software packages for the sectors below.
However, he unavailability ofdata during the war years of 1991 to 2002 when the war was declared
officially over made it difficult to mprove onthe GCM scenarios, and so@conomic data toun the
simulation of impacts to climate change the forestry and fisheries sectons the country. The
simulationsusing the models belowould therefore not be run including these yedisnetheless,
expert judgment from consultations withéountryforestry andisheriesspecialists was used to suggest
likely effects of climatic changes the forestry and fisheries sectamsthe countrybased on modelling
results of the INC.

4.3.1 Agriculture

The primary objective of #hstudy is to provide greliminary assessment of the vulnelipiof
agricultural sector talimate change

The study further assesses the potential impatkey agricultural crops in Sierra Leone to likely
climate change in some detail.
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4.3.1.1 Current Conditions

Agriculture is the largest sector in the economy of Sierra Leone providing employment for over 65
percent of the labour force, and contributing about 35 to 47 percent of the Gross Domestic Product. Rice
is the staple food crop in Sierra Leonegwgn mainly by smailkcale farmers undeain-fed conditions.

The impact of climate change is already felt in the countrghamged rainfall patternsirong winds,
thunderstorms, landslides, heat waves, floods,s@adonal droughTranspoting agriculural produce
continues to be a challenge in the country; most of the roads in remote areas are impassable during the
rainy season.

Data Requirement

Thecrop specific data required for the assessment of the impacts of climate change on agriculture was
obtained from the Sierra Leone Agricultural Research Institute (SLARI)

4.3.1.2 Climate Change Scenarios & Their Btential Future Effects on Yields

All the climate scenarios show an increase in the normal annual maximum temperature for the whole
country, ranging from 1.25 °C (32.13° to 33.38 °C for MIROC3.2) to 1.87 °C (29.56° to 31.42 °C for
CSIROMKS). For rice, the productivity effects of climate changeould result in yield declines of 3.7

to 4 percent. Climate change would resalield declins of 3 to 4percent and 2 to 2.5 percent for
cassava angroundnuts respectively.

CSIRO MIROC

YIELD CHANGE UNDER @UATE CHANGE RAINFEDRICE

Area lost

Yield lost » 25%

Yield lost 5% to 25%
Yield change within 5%

Yield gain 5% to 25%
Yield gain > 25%

Mew area gained

4.3.1.3 Impacts of Climate Change on Crop Production
In assessing the impacts of clite on the crop production ssbctor of agriculture climate change,

sociceconomic and crop production data and scenarios were input into the DSSAT3 biophysical model
to run the simulation of impacts of climate change.
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4.3.1.4 Crop physiological respong to climate change

The effect of climate change on key crops is mapfadp yields for 2050 with climate changee
compared to therojected 205Fields withunchangedZ2000 climate.Both CNRM-CM3 and CSIRG®
MK3 show ice doing well under climate chargg particularly in the nortérn regionsof the country
These scenarios shovield gains greater than Zfercentof baselinein areasthroughoutthe country.
ECHAMS5 and MIROC3.2 show similar results for rigarticularly in the northern regiokinder thes
scenarios, lte rest of the country shawield loses of5 percentto 25 percentof baselingas well as
areas withyield changgpositive or negativelithin 5 percentof baseline.

Under climate changscenarios, igpundnutsshowa yield loss of 5 to 2 percentof baseline in many
areasof the country MIROC3.2 medium resolutioshowsrelatively less arebeing affected. CSIRO
MK3 and MIROC3.2 however, shova yield increase of ® 25 percentalong the coast.

4.3.1.5 Agricultural Vulnerability Scenar ios (crop-specific)

All of the scenarios show increasingly negative trends for net rice e@phidsigh much less so in the

case of the pessimistic scenario. All three scenarios show a general increasing trend in the world price
for rice. Rice productivityneeds to improve to meet domestic consumption demand; increasing
production will also benefit farmers, through high world prices.

The scenarios for production and yield of cassava and other roots and tubers show an increase towarc
2050, with only a sligt increase in the area under cultivation. Net export of cassava and other roots and
tubers is shown increasing up to 2030, followed by a decline up to 2050 for all the scenarios.

Groundnut production is shown to increase as a result of expansion inurgdea production;
productivity is shown to decrease, probably due to climate change. Depending on the scenarios, net
exports are shown to increase through 2020 and decline thereafter. With decreasing productivity, more
area has to be brought under cultiva to meet the demand for groundnut as population increases,
while increased land degradation forces farmers to use expensive inputs.

4.3.1.6Potential Adaptation Measures
4.3.1.7Conclusions and policy recommendations

Crop production in the countns ivery sensitive to climate and climate variatias seen in recent
experience as well as in the modelled outcorRaifall is becoming increasingly sporagdic the last
two yearsmore rain has fallen in Mardthe driest month of the yéahanin thelast three decadeghe
model outputsbased on climate scenariehowspecificclimate change impastfor temperature above
25°C, for exampleyice production is expected &howdecreasingields. Othercrops,such as maize,
millet, and cocoparealso shownnegatively affected by climate change.

The various models show different reswitile differing significantly from the baseline scenarios. The

most significant resudtare those relating to possibtkeclinesin production of basic food crepthe
vulnerability of crops to climate changéso poses a direct threatfeomer® | i v eahdiolowemld s
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food security. These disturbing scenanesuld undermine government plans to expand agricultural
productionto alleviate povertyandto secureaffordable food for all.

Potential adaptation measures include improving wagerefficiency of crop through management of
soil fertility, improved irrigation systems, developing early warning system, and promoting and
encouraging improvedost harvest technologies astitching to drought and salinity tolerant, and high
yielding crop varieties.

The following specific adaptation measures regarding agricultural policy measures are strongly urged to
implement in order to mitigate the impadtonirrent and future climate challenges:

1 Support the establishment of adequate weather stations around the country in order to
providereliable and adequate weather data that will be useful to properly inform farmers.

1 Provide adequate support to the Bekeone Agricultural Research Institute as well as
Njala University to develop appropriate crop varieties and production practices that will
enhance resilience to adverse weather conditions

1 Develop and maintain seed banks to provide a variety of seesl tiyat preservaiological
diversity and enable farmers to make informed choices.

1 Promote innovative and adaptive approaches such as irrigation and water harvesting, to
protect farmers from variability in rainfall.

1 Make provision for the construction op@ropriate roads particularly feeder roads in the
rural areas to be able to withstand increasaigfall.

1 Take appropriate measures to control rapid increase in population as well as providing
appropriate infrastructure, social services and mechanizafiagriculture in the rural
areas to slow down massive movements of youths into urban areas.

4.3.1.8 Future Vulnerability of the Agriculture Sector

The models are showing normal annual maximum temperature increases. The most worrying
temperature incraas will be the range of 2.503.50C. With such increases, the country should be
bracing itself for sea level rises along the coasts, serious drought and extreme heat, which might
adversely affect all forms of agricultural activity (crops, livestock €iiss).

Under the influence of population pressure, the gap could in the long term have an exponential trend
(resulting in a demand/probable production balance sheet) which will always be negative in spite of the
sensitive growth ofice, cassavandgroundnutproduction

The major impact of rainfall decline will be soil degradation, decline in agricultural production and

chronic distribution of food supply. There is also an expected continuous large scale movement of
populations, and increase in diseamed an important loss in terms of biodiversity.
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4.3.1.9Livestock production

The various results of the study on the vulnerability and adaptation of the livestock sector to climate
change illustrated the influence of climatic factors particularly afliahd temperature on livestock.

There is a correlation between the total number of cattle, as for example in 1990,the total number of
livestock increased by abot® as compared with their 99 value notably as a result of rainfall
fluctuations whichhave an impact on forage crop production. The socioeconomic impact of climate
factors on the livestock sectoan becharacterized by:

A decline in the incomes of rural dwellers;

Important modifications of the composition of herds through a progresplecement by small
ruminants;

1 Malnutrition of the population;

)l
)l

The impact of future condition on the livestock

The models are showing normal annual maximum temperature increases. The most worrying
temperature increases will be the range &.503.50C With such increases, the country should be
bracing itself for sea level rises along the coasts, serious drought and extreme heat, which might
adversely affect all forms of agricultural activity (livestock, fisheratg). This could limit the amount

of fodder available for grazing and could lead to confliegiveen communitiesn the countryas is

already occurring between cattle herders and farmers in the north of the country.

The major impact of rainfall decline will be soil degradation, declineic@l¢ural production and
chronic distribution of food supply. There is also an expected continuous large scale movement of
populations, and increase in diseases and an important loss in terms of biodiversity.

4.3.2 Water
4.3.2.1 Current Conditions

Adequate amount of water exists in Sierra Leone from rainfall, surface and underground. The mean
annual rainfall ranges between 80@m along the coast and 200 in the northeast. The duration of the

wet season varies from 9 months, stating in March in tls¢ &a7 months, starting in May in the north

and west and ending in November.

Sierra Leone possesses enormous water resources which are contained in over twenty major rivers.
These include Rokel, Moa, Sewa, Little Scarcies, Pampana, Great Scarcies andwiloriengths

ranging from 40 kms to 290 kms. Four of these rivers namely, Moa, Lillte Scarcies, Mano, and Great
Scarcies have their sources in the neighbouring countries of Guinea and Liberia.

Most of the flow in the rivers during the dry season cofr@s ground water storage that recharges the
channels. According to occurrence, most of the ground water comes from sedimentary and igneous
rocks. In the soft sedimentary rock, good ground water potential and depth to water have been found to
be shallowabout 6 meters below ground level. Ground water potential in the hard rocks depends on the
weathering depth and the amount of rainfall in that area. Ground water has been found to occur around 8
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T 10m below ground level on average with a seasonal fluctuaf 37 5m. However the recharges
rates were not measured.

Water resources management in Sierra Leone is very limited and carried out on a sectoral basis, undetr
which each institution involved in water related issues has its own separate legfslatrtanagement
of the resources.

The social and economic circumstances prevailing today in Sierra Leone have made exacting demands
upon the countryds water r es o tsust@irabililyasstreeatanaddby t h e
various human and cliate induced activities. Over the last decade these demands have intensified with
increase in population in urban areas, and the development of economic activities such as industries anc
mining which require water as an input.

Despite the abundant wateesources, access to safe drinking water is very limited as a result of
unavailable or limited functional infrastructure for water supply. Today only about 32% of the rural
population has access to a reliable water supply. Due to poor operational armhamaatarrangements,

most of the urban water supply schemes are not functioning properly. Theswaidy coverage for

urban areas, in particular Freetown, the capital city is about 50%. The poor state of the water services in
Freetown do not meet the mkseof its population which increased during the period civil war.

The sewerage and sanitation situation in the country is also highly unsatisfactory. Sewerage
infrastructure is confined to Freetown where it is limited, old and inadequate to meet thmemasing
demand. The institutions responsible for provision of sewerage services have insufficient human
resources as well as financial ability to carry out their responsibilities.

The sanitation situation in Freetown not served by the sewerage syslamthe rest of the country is

not satisfactory. An estimated 3.43 million Sierra Leoneans do not have access to adequate sanitation
facilities. The estimated number of people who do not have adequate sanitation in urban areas is aboult
half a million. Deeases associated with lack of safe water, poor hygiene and sanitation are major causes
of sickness and death in the country. In addition to the adverse impact on the health of the population,
sanitation has a serious economic impact on household econd®egsng families in the cycle of
poverty, illness, illiteracy and lost income.

Access to improved water supplies in the country is in the form ofljmpse water, boreholes or wells.
These are distributed unequally between rural and urban areasallicoomrmunities, the main water
sources are from shallow wells, rivers, lakes and swamps. Until recently, much of the effort has come
from NGOs who provide rural areas with hashay wells some of which are fitted with pumps.

The average minimum per capitansumption of improved water for the rural population measured in
litres per day is as low as 2 in the dry season and 20 in the wet season. During the dry season, most o
the rivers, streams and swamps dry up and women and children have to traveltiorgesis search of

water.

Due to ruralurban migration as a consequence of the civil conflict, water demand in the city of

Freetown now far exceeds the supply. This aggravated by climate change is responsible for the perennial
water shortagéhat now affects many parts of the city.
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In the water sector, the National Water and Sanitation Policy has been prepared and approved by
Cabinet in 2008. The Policy sets out the goverr
water resourcg® and the draft Strategy and Action Plans have been proposed. The key objectives of the
Strategy include (i) ensuring efficient water utilization and (ii) sustainable development and use of water
resources which include plans to protect catchment areas.

The overarching objective of the study is to assess the vulnerability of the water resources sector in
Sierra Leone to climate change with a view to formulating strategies to adapt to the adverse impacts.

The specific objectives include: To carry oantassessment of the performance of WatBal model on

a selected exposure upitwater in the country.

To use simulation technique(s) to predict changes in the hydrological regime with and without climate
change.

To proffer measures aimed at reducing likely impacts of changes in the availability and timing of
water resources.

The choice of water unit subjected to climatic stimuli is based on:

V The availability of long data series;
V The sensitivity of the water resource system to climate stimuli;
V The s@io-economic importance of the system;

4.3.2.2 Impacts of Climate Change onWater
Against the backdrop of these principles, the agreed exposure unit is:

Surface waterWater resources have been identified as one of the sectors that will be affedtethtey c
change if and when it happensl/ater scarcity is already occurring in the country as some of the
scenarios predicOur socieeconomic development will suffer serious setbacks if the available water
becomes insufficient to meet the domestic, agucal, industrial, and energy needs of the rapidly
growing population.

In a similar vein, excessive rainfall could lead to high incidences of flooding. Consequently, a national
strategy must be put in place to identify the-sabtors that are likely tbe affected by climate change
and to proffer adaptation measures for coping with the irreversible changes in the hydrological regime.

Climate change will affect the water balance, more so the amount of runoff and recharge, which in turn
determines the ater resources available for human and ecosystem uses. In this study, a conceptual
hydrological model is employed to simulate runoff of the Rokel Basin in Sierra Leone, without and with
climate change. The result of model calibration Ww#l to predict he changes that are expected by
increases in temperature caused by an increase in greenhouse forcing.

4.3.2.3 The specific objectiveof the study included:

1 To carry out a assessment of the performance of\WatBal model on a selected exposure ohit
water in the country.

1 To use simulation technique(s) to predict changes in the hydrological regime witlitaodt
climate change.
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1 To proffer measures aimed at reducing the likely impacts of changes in the availability and timing of
water resources.

4.32.4 Scope of Assessment

The scope of the assessmenaison a river basin scalethe Rokel River which has a fairly long record
required for the analysis of the water balance for the catchment. The temporal scale is monthly for some
analyses and annufdr others. The monthly time step is suitable for assessing climate change as it
models fairly accurately the seasonal distribution. The analyses of water demand and supply were done
using a water supply scheme that had operated for over 30 years now.

4.3.2.5 Climate Change Scenarios & TheiPotential Effects on Water
4.3.2.6 Assessment (Simulation) Methodology

The procedure for assessing the impacts of climate change on water resources and possible adaptatio
measures can be divided into fourpste

1. Assessment of the impacts of changes in temperature on river runoff.

2. Assessment of the effect of the impacted river runoff on the management of water resources for
sustainable development.

3. Assessment of the vulnerability of the river basin to chaumgéhe supply and demand balance.

4. Assessment of adaptation measures for coping with the adverse impacts of climate change on
water resources.

The framework for assessing the impacts of climate change on national water resources and analyzing
possibleadaptation assessments is made up of four distinct composeppdy, demand, vulnerability

and adaptations. Supply is analyzed in two stages. In the first stage river runoff impacts are assessed b
means of one of the methods recommended below. Tladeatage involves the assessment of the
effect of the impacted river runoff on the management of the water resource system and the resulting
water supply. National vulnerability is accessed via a gross national saqpgptiemand balance and by

a restrictve basin method.

The model used (WATBAL) is a monthly spatially lumped, -diteensional water balance model that

is used to model the hydadimatic cycle. To apply the model, the Rokel watershed was selected that
has one or more stream flow measuring sStaons wi th O66sufficientlydd |
the impact of global warming the runoff model is executed to generate 100 monthly flow sequences
assuming (i) no rise in global temperatw@/dt= 0, and (ii) a warming trendiT/dtthat degnds on the

GCM output used.

Q(t) = P(t)- E(z PET,t)- Smaxj—f
whereSay is defined as:

Simax “Yai= Pe(t) i Rs(z,Pe,t)i Rg (z,t)i Ev (z,PET})
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in which Syax is the maximum water holding capacity (mm) of the catchment; Pe is the effective
precipitation(mm/da); Rs is surface runoff (mm/day); Rg is subsurface flow (mm/day);i€actual
evapotranspiration (mm/day) which is a function of potential evapotranspiration (PET), relative
catchment storage (z), and time in days.

In the model, PET can be estimateg Using a variety of methodologies based solely on average
monthly temperature and daily sunlight duration. Precipitation is divided into interception, direct surface
runoff, and infiltration. The impact to climate change is analyzed by inputting to tthel inaseline and

climate change scenarios of mean monthly temperature and precipitation values. The climate change
scenario values are obtained by using G@d&herated monthly differences in temperature and
precipitation between 2*C{and 1*CQ. The models run holding all parameters constant, and runoff
estimates are generated. These new runoff values represent the estimate of the impact of the associate
GCM scenario on water supply, both in terms of total annual supply and seasonal distribution.

The apfication of the model involved two stages, that is, calibration and validation. During the
calibration stage the model parameters are adjusted by trial and error until the model closely reproduces
the observed runoff. Six years of monthly flow records wsed during the calibration (Ja&972i

Dec. 1975).

Validation of the model was performed using monthly stream flow records for the period Jan. 1976 to
Dec. 1979. Precipitation and potential evapotranspiration also covered that period. The moldel was a
calibrated for high, low and normal flow years.

4.33.7 Data Requirement

The data required for the assessment of the impacts of climate change on water resources can be divide
into (a) hydrological i.e. stdeam discharge record for a period obab30 years (b) meteorological i.e.

air temperature, precipitation, and potential evapotranspiration. Potential evapotranspgation
determined by the hydrological model given the number of sunshine hours and air temperatures.

The stages of the Rokélave been recorded since 1970 when the first gauge was installed under a
UNDP program. Previous to this, no stream discharge data were available for the Rokel. Stream
discharge data were recorded for a year period (1972 1979). Since relatively lanrecords were

needed for the hydroelectric project, the measured stream discharge data were modeled to produce a 5
T year record extending from 1921 to 1979. Both the measured and simulated data have been used ir
the current study.

Water supply and demand data are necessary to assess the impacts on water resources supply and
demand caused by changes in the hydrological regime due to climate change. Population estimates are
also required to assess future changes in supply and delwana ruralurban migration.

4.3.2.8 Baseline and Climate Change Scenarios

Sierra Leone is drained by 12 major river basins with 9 of these having their sources within the country.
Table 1 shows the largest basins.
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Table 4.4 The location and catchment area of some of the major river basins in
Sierra Leone
River Basin Catchment Area (kmz) Location of Station

Little Scarcies 12,870 Mange
Sewa 14,140 Jaiama
Rokel 10,620 Bumbuna
Moa 9,220 Kenema
Pampana/Jong 7,511 Magburaka

The Rokel Basin habeen selected for the assessment of the impacts of climate change on water
resources. The Rokel watershed is the third largest in Sierra Leone, and supports the biggest
hydroelectric scheme (The Bumbuna Falls Hydroelectric Project) in the countryaldb ihe source of

an irrigation scheme where water is diverted to support a sugar cane plantation at Magbas. The River is
380 km long and drains an area of 10623.km

4.3.2.9Impacts on Rokel River Runoff/Flow

Figure 1 belowshows the monthly flowlaracteristics of the Rokel River under current climate. The
flow is described as Low Flow (LF) when it is one standard deviation lower than the average flow
described as Normal Flow (NF) and is described as High Flow when it is one standard deviagion high
than the average flow.

The Model was executed with the values for LF, NF and HF combined with the climate change
scenarios developed from the GCM outputs serving as input. Table 2 shows the percent change
compared to the current climate values of 1821978 monthly and annual averages.

The results indicate that with the projected climate change, flow of the Rokel River Basin will increase

by about 1% to 7% by 2100. A decrease of about8#4s projected by the UK Meteorological Office
Transient Mode(UKTR). These variations are also depicted by Figures 2 to 4 below.
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Figure 4.10 Low (LF), Normal (NF) and High (HF) Low characteristics of the Rokel River

Table 4. 5 Percent Variation of Flow of the Rokel Rver Basin compared to 1921 to 1978

flow

LOW FLOW HADLEY2 UKMOTR CSIRA ECHAM4
2025 2 1 1 2
2050 4 1 1 4
2075 5 1 1 6
2100 7 -5 1 6

I R R e
NORMAL HADLEY?2 UKMOTR CSIRA ECHAM4
FLOW

2025 2 1 1 2
2050 4 1 1 4
2075 5 1 1 6
2100 7 -6 1 6

HIGH FLO W HADLEY?2 UKMOTR CSIRA ECHAM4
2025 2 1 1 2
2050 4 1 1 4
2075 5 1 1 6
2100 7 -6 1 6
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Figure 4.11 Simulated Flow of the Rokel River at 2100 compared to the 19211978Normal Flow
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Figure 4.13 Simulated Flow of the Rokel River at 2100 compared to the 19211978High Flow
Average

4.3.2.10 Assessment of Adaptatioto Impacts on the Rokel Basin

Inadequate resources (human, financial and time) were a big constraint in the identification, evaluation
and development of adaptation options for Sierra Leone, particularly for the water sector. The water
resources assesent team resorted to desk review of potential climate change adaptation measures
adoptable for Sierra Leone.

Three broaddaptation measures are possible in the water resources Batagement of supply and
demand, improved planning and coordinatiomdivities in the river basin and effective monitoring
and management of the watershed.

4.3.2.11Management of Supply and Demand:

Efficient management is expectedrénluce demand and increase the supply base. Water demand can be
reduced through the folwing options.

U Identification and adoption of positiv@haviors to use less water reuse water and recycle water.
This will also include dcreasén the activities that require watand also modification of crops and
cropping patternthat have low wateuse efficiency.

U Encouragenent ofefficient water us¢hrougheducation, voluntary compliance, pricing policies,
legal restrictions on water use, rationing of water, or the imposition of water conservation standards
on technologies.
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Increasen watersupplycan be achieved through:

U Improvement of catchmentgetatorc over ai med at i mproving the s
and thus reduce surface and-swisface runoff.

U Construdbn of reservoirsaand dams

U Developnent ofgroundwater resources and

i Utilization of inter-basin transfers.

4.3.2.12improved Planning and Coordination of River-Basin Use

Comprehensive planning across a river basin may allow coordinated solutions to problems of water
guality and water supplylanning can also help to aeds the effects of population, economic growth,

and changes in the supply of and demand for wdtteés prudent to devise anabopt @ntingency
planning for dought. Plans for shoterm measures to adapt to water shortages could help mitigate
droughts.The cost of developing contingency plans is relatively small compared with the potential
benefits.

In planned construction, consider marginal increases in the size of dams or marginal changes in the
construction of canals, pipelines, pumping plants, éminsdrainages. This change may be much less
expensive thabuilding capacity in the future

4.3.2.13Effective Monitoring and Management of Watershed

Climate change is likely to affect theefjuency of floods and droughldonitoring systems will helpni
coping with these changes and will be benefielsnwithout climate change.

4.3.2.14Future Vulnerability of the water sector

The analysis of rainfall anomalies in theailablestations distributed overarts ofthe country shows
variablerainfall since the last three (3) decad&ke corresponding rainfall deficit is in averagel6f6o
but may reach higher valuesZ6 in some regions.

Recent studies conducted in the entire West African region (Servat et al. 1998) show that the decline in
rainfall is basically as a result the reduction of the number of rainy events. In addition, the analysis of
rainfall time-series shows a definite trend of isohyets slide southwards.

Furthermore, in spite of t he ¢ ou nconstyaidts onrwaterh — w:
availability including difficultto-access water sources, poor quality surface sources, limited capacity for
ground water abstraction, inaccessible water table during certain periods of the year, inadequate funding
to meet the challemsg in abstraction and delivery, poor community attitude towards development
interventions, poor technology design and low community involvement in planning, other problems
relate to fragmented institutional structures and diffused responsibilities;

4.32.15 Surface water
Hydrometeorological observations shothat consequenaan water flows and the decline in rainfall
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observed over three (3) decades are: (i) a significant variation of annual average flows, concomitant with
that of rainfall from 181 for the major part of rivers and notably tRekel River, (ii) a widespread

decline in flows from rivers.

The decline in th&ierra LeondRiver flows for instance is more significant than that of rainfall of 40%

to 60% since the early 1970s compared witht@@0% for rainfall at the Sierra Leone station. This
decline is however |l ess obvious in tributary ba

The vulnerability of ground water resources to climate change and variability lies on the qualitative
levels. Concerning he qualitative level, the variation of ground water quality is linked to the
modification of mineral properties of water.

4.33 Health
4.33.1 Current Conditions

The health sector of Sierra Leone is a government institution set up by an act ofgrart@deliver
health service to the people of Sierra Leone.

4.3.3.2 State of health in Sierra Leone

The profiles of health and disease vary greatly between regions in Sierra Leone. In Sierra Leone
infections disease (especially in childhood) are wenyortant. However an emerging trend shows that
norrcommunicable disease such as cardiovascular diseases, cancer and depression are becoming mo
common. This can be attributed to an increase in urban populations with changing lifestyles, trauma
from thedecade old war and environmental exposures.

Nationally, infectious disease remains a major cause of human morbidity and is responsible for about
two-thirds of all deaths. The control reduction and elimination of these diseases are at the centre of the
comtryds public health programmes.

4.33.3Environmental Conditions

In general, there is poor environmental sanitation throughout the country. Due to inadequate water
supply, poor land use planning resulting in slum developmeopr sanitation facilitiesand poor
drainage system

Climate Risks

Flooding of the city are common occurrences during the rains.

There have been serious ecological disturbances thus interfering with agricultural activities leading to

inadequate food supply and tlm®nsequence of malnutrition particularly in women and children.
Deforestation is a serious factor which leads to soil erosion and this too has affected food production.
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4.3.34 The Health Policies in Sierra Leone

The focus on health policies has bedacpd by government on the development of promotive and
preventive services and the expansion and gradual extension of primary health care (PHC) to cover all
the districts. This development is expected to continue and to intensify with the setting ugiczl me
manpower training institution so as to provide a constant supply of all categories of manpower needed in
PHC and other health care programmes country wide.

4.33.5 The Policy Goals of the Most Recent National Health Policy

1 To decentralize the admstrative structure of the health care delivery system culminating in the
creation of district, provincial and area health board which will function within the frame work
of less stringent central control.

To identify areas of possible mobilization of resmes to ensure sustainability.

To provide adequate manpower both in numbers and quality of effective health care delivery.
To provide reliable transport and communication system to facilitate effective health care
delivery.

To establish the directorate pfimary health care

To reduce the high mortality and morbidity among mothers and children thereby improving their
quality of life.

To establish a directorate of hospital and clinical services to provide support for PHC activities.
To provide alternate swces of health care by encouraging private practice;

To develop and make optimum use of the potential that drugs have in controlling common
diseases in Sierra Leone.

To reduce the incidence and prevalence of communicable diseases.

To improve the nutritioal status of the population, especially children and mothers and other
vulnerable groups.

To provide relevant information for planning and management of the health services.

To educate the general population on health matters and to bring about therpetessges in
behaviour that will lead to the attainment of better health.

To train appropriate cadre of health personnel to meet the health needs of the country.

To ensure the highest standards of ethical behaviour in medical and allied professioisal pract
To determine research needs and ensure ethical acceptability in reseachrade that

medical practice conforms to the laws of Sierra Leone

= =4 = = = =4 =4 E = =4 =

= =4 =4

Choiceof criteria of exposure units concerns the characteristics of the disease itself and thehgesdgrap
area.

As far as the disease is concerned, it should be a public health problem, climate sensitive and ravaging
over a given area and quite a considerable period. Finally, we should have data on a relatively long
series.

In this studygeographicabreas of regionwerechoserwhich have data on diseases which ravage in an
endeendemic manner and have a considerable smmoomic impact. Thesareas that met this
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conditionsare theprovincial areasof the country, northern, eastern and southernipceg and the
western aredpr the following three diseases; malaghplera andtyphoid

Time scale

The studyconsidered the following time horizons;
A The baseline reference period: 1962010
A The period under study; 19612005
A Climate change projeion period 2020 to 2049

Assessing the potential health effects of climate change involves many uncertd&asesarchers
considered not only future scenarios of climate change but manglinmate factors as well. For
example, trends in soceconomiccadi ti ons can have a major affec
Clearly, poorer communities will be more vulnerable to the health impacts of climate change than rich
ones.

4.3.3.7Health models

Methods of assessing the potential health impacts of ioteangéncluded Analogué&tudies

This involves analogue of a waing trend (e. g. increase malaria in highland region correlated with a
local trend in warning analogue of extreme events e.g. assessment of the mortality irageeztofave

and a description of curve or recurrent climate/health relationships (e.g. inter annual variation in malaria
correlated with minimum seasonal temperature using time series data.

Predictive Modelsmpirical i statisticalmodelswhich incorporatd extrapolation of simple climate /
disease relationship using univariate, eajly temperature and mortality and extrapolation of climate /
vector / disease relationship using mapping and statistical methods for use with spatially correlated data
e.g.mapping tick abundance with climate and other variables.

4.3.3.8Potential impacts of climate change on Health

Climate change is expected to have wideging consequences for human health.

Public health depends on sufficient food, safe drinking ivateure shelter, good social conditions, and

a suitable environmental and social setting for controlling infectious diseases. All of these factors can be
affected by climate.

The results obtained by the study on the vulnerability and adaptation ofdlik kector relative to the
occurrence of diseases such as malartalera, and typhoid reveal sound correlations between
meteorological and health parameters.

In fact, in thenorthern region studied, it was established that extreme égatpres influence the
seasonal or quarterly distribution of cases or rates of occurrence of these digedsesparticular

cholera which occurred in February to March and which is now being reported in three districts and the
western area of the couptRainfall is also a climatic parameter which influences the incidence of the
rate of malaria attack. Indeed, the same study shows that the highest rates of malaria attack were
recordedduring the transition period to theainy season. For the case of ara, the fve months
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characterized bynigher temperatures and the secohdlf of the yearcorresponding to théowest,
experience the lowest rates of attack of the year. The influence of extreme temperatures on the rate of
malaria attack is translated byw rates during the first two quarters (Januasbraary, March, Apr)l

during which temperatures are highd3tiring the rainy season months of May, June, July and August
water borne diseases such as cholera and diarrhea and typhoid predominates

Heat waves are linked to cardiovascular, respiratory, and other diselleess and deaths from these
causes could be expected to increase, especially for the elderly and the urban poor. A greater frequency
of warm or hot weather, thermal inversions (a metiegical phenomenon that can delay the dispersal

of pollutants), and wildfires may also worsen air quality in many cities.

By reducing fresh water supplies, climate change may affect water resources and samfgtiorturn

could reduce the water alatle for drinking and washing. It could also lower the efficiency of local
sever systems, leading to higher concentrations of bacteria and otherong@nisms in raw water
supplies. Water scarcity may force people to use poorer quality sources oiviieshsuch as rivers,

which are often contaminated. All of these factors could result in an increased incidence of diarrhea
diseases.

Any increase in the frequency or intensity of extreme weather events would pose aHieatatvaves,
flooding, stormsand drought can cause deaths and injuries, famine, the displacement of populations,
disease outbreak, and psychological disorders.

Food security may be undermined in vulnerable regions. Local declines in food productiorleaduld
to more malnutrition ad hunger, with longerm health consequences, particularly for children.

4.3.3.8Adaptation measures to minimize these enhanced health risks.

The most important, urgent, and ce$fective adaptation measuriss to rebuild the public health
infrastructue in the country given thatthe conditionshave deteriorated in recent years. Many diseases

and public health problems that may be exacerbated by climate change can be effectively prevented with
surveillance, sanitation programmes, disaster preparedmgseyed water and pollution control, public
education directed at personal behaviour, training of researchers and health professionals, and the
introduction of protective technologies such as housing improvements, air conditioning, water
purification, andvaccination.

The strategies to achieve the above goals are as follows:

Rehabilitation of the network of health facilities at primary, secondary and tertiary level.

Promotion of environmental health, especially the supply of safe and adequate drinteng wa

and improved sanitation.

1 Control of communicable diseases through improved Maternal and Child Health and
Immunizations.

1 Promotion of community participation and involvement and also intersectoral cooperation in
health care delivery.

1 Strengthening of aperation with international agencies and NGOs in the drive towards better

health care in the service.

1
1
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1 Decentralization of the health services.
1 Partial privatization of certain services within the health care system
1 Increasing allocation of GNP to the hhadector

Major impacts on human health may occur via changes in the magnitude and frequency of extreme
events. These include:

1 Undertaking vulnerability studies of existing water supply and sanitation systems and ensuring
that new systems are built taltece vulnerability.

1 Developing improved training programs and information systems for national programs and
international cooperation on emergency management.

1 Developing and testing early warning systems that should be coordinated by a single national
agerty and involve vulnerable communities providing and evaluation mental health care,
particularly for those who may be particularly vulnerable to the adverse psychosocial effects of
disaster (e.g. children, the elderly, and the bereaved).

4.3.3.9 FutureVulnerability of the health sctor

In Sierra Leone institutional and cultural barriémnkibiting the use of seasonal forecast information
remain. Decision makers should be educated or encouraged to used scientific information that may lead
to reductions iosses from natural disasters

The socieeconomic burden of disease is very high in Sierra Leone, particularly for the common
communicable and epidemrone disease. It plays an important role in the poverty cycle because it
slows economic growth and ham development by depleting the workforce and productivity country
wide.

4.3.2Forests

4.3.2.1 Current conditions

Sierra Leone is essentially a forest country but with the forest types considerably modified by the
activities of man. Relic stands of higbrest indicate that much of the country was at one time covered
with forests. The present extent of foresgrewth attests to this and that the forest was removed in the
process of shifting cultivation. Rotational bush fallow is by far the most wiolggticed farming

system in the country and it is estimated that the current area occupied by this system is about 3.7
million ha (Allen 1990). Only about 185,000 ha (5%) is closed high forest located largely in the eastern
part of the country.

4.3.2.2Forest Ownership
The system of forest ownership is very simple. Outside the Western Area, forests are owned by the
communities. Thus, although 296,000 ha forming the national estates are under tenure of Government,

only 17,688 ha (in the stern Area) are directly owned by Government. All the remaining forests are
privately and communally owned.
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4.3.2.3Forest Resources and their Management

The extent of Sierra Leoneods Forest i s resaumest ed
occupy an even smaller area restricted to closed forest formation of about 365,000 ha. Forests still
remain the basic provider of domestic energy supply (95%) in the form of fuelwood and charcoal and
also provide 20% of the domestic sawn timheeds (Kamau 1988Jorestland lost to infrastructural
development, encroachment etc amounts to 300,450 ha.

Table 4.6: Forest Resources of Sierra Leone

1950 1996
Major Vegetation Types 000 ha % 000 ha %
Closed high Forests 3,300 50
Secondey Forests 655 10 626 10
Forest Regrowth (Bush 1,158 18 3,774 60
| Fallow) |
Savanna(Woodland/Lophira 790 12 1,619 25
Wetlands 707 10 286 4.92|
(Mangrove/Coastal grass)
I Plantations 450 0.006 5 0.08I
Total 6,610,450 100 6,310,000 100

I Source; orestry Division 2000 I

4.34 Forest Policy

When the Forestry Department was established in 1911 to provide merchantable timivesptiahd

to protect catchment areas, subsequent policies were formulated and implemented as interventions tc
control theeffects of factors which impacted negatively on development and growth of the sector i.e. the
proliferation of forest industries, expansion of urban settlements, mining in forest reserves, increasing
demand for fuelvood and charcoal etc.

The goal ofthe Forestry Policy is to support the development and exploitation of the forest and wildlife
resources of Sierra Leone in a sustainable manner for the material, cultural, environmental and aesthetic
benefit of the people of Sierra Leone in particular ewaghkind in general.

The Forestry Act (1988) and Regulations (1989) recognized and classified the forests into three
categories i.e. National Forest, Community Forest and Private Forest.

4.34.1 National Forest Policy:

The main general fostry objectives are to develop, conserve and maintain forest land resources
covering at least 45% of the total land area of the country
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4.3.4.2. Methodology for Vulnerability and Adaptation Assessment:

Two techniques are normally used in the progranmion@ssess the Vulnerability and Adaptation of
Forests to Climate Change; these are (1) Preliminary screening technique and (2) Simulation technique.

4.3.4.3Preliminary Screening Technique

This technique can be used to identify areas and/or speciesabésfrvulnerability or as a substitute for
more quantitative analysis where insufficient data are available for model development and application.
The process identifies;

1 Factors within the scenarios (e.g., Climate Change) that may influence foregstents
1 Areas critical to forest resources, i.e., Forest conservation areas and Forest production areas
1 Critical species and/or groups of species within these areas so identified

By examining the climatic changes and other environmental features pdedictine global change
scenarios, it is possible to evaluate the susceptibility of the identified areas or species to the predicted
changes in environmental conditions.

The following have been identified as Areas Critical to forest conservation in Séema;

- Western Area Peninsular Forests

- Loma Mountains

- Kangari Hills

- Bush Fallow Forest Rgrowth

- Mining Areas of Kono and Moyamba districts
- Mangrove/Wetland ecologies

- Outamba/Kilimi National Park

- Gola Forest Complex/Tiwai Island

The following are Critichto Forest Production:

- Gola Forest Complex

- Tama Forest Reserve

- Tonkoli Forest Reserve

- Bush Fallow constituting 60% of the land surface area of Sierra Leone
- The Mangrove ecologies

Critical species or groups of species within the identified Areas: Aoflishirty species within these
areas has been compiled with relevant basic parametgesine species attributes, i.e.

- Maximum height (m)

- Maximum diameter (m)

- Maximum age in years

- 1Shade tolerance

- Number of seedlings produced per year
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4.3.4.4The Simulation Techniques

This technique employs two biophysical models for evaluating the potential impacts of climate change
on forest ecosystems. l.e. (i) the Holdridge Life Zone Classification and (ii) the Forest Gap models.

4.3.4.5The Holdridge Life Zone Classification Model:

This is a climate classification model that relates the distribution of major ecosystem complexes to the
climate variables of bitemperature and associated mean annual precipitation. It is suitable for
examining the broadcale paern of vegetation as they relate to climate and the influence of climate
changes on the suitability of a region to support different vegetation/forest types.

The Figure 1.1 below illustrates the Holdridge Life Zone classification scheme. The life a@enes
depicted by a series of hexagons in triangular coordinate systems. Identical 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 biemperatures oriented perpendicular to its base. The two variable bio
temperature and annual precipitation, determine classification. By striking equal intervals on these
logarithmic axes, hexagons are formed that designate the Holdridge Life Zone (SmitH-i§#4).

Mean Annual Biotemperature [*L)

Holdridge Life Zone Classification Scheme

Implementation of the Holdridge model for a region requires only data on annual rainfall and
temperature for a grid network based on latitude and longitude-teBiperature is calculated from

mean temperature values at monthly resolutibhe values of mean annual precipitation (Figure 2) and
bio-temperature (Figure 3) are then used to classify each grid cell to determine the potential land cover

based solely on climate. The resulting database of potential land cover (Life zones) cappkd,m
providing a base map of the country.
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Figure 4.14 : Model Projection of Rainfall in Sierra Leon
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4.3.4.6Simulation Results from the Holdridge Model

Under current climate the land in Sierra Leone has the potential land cover abimap&# wet forest,
49%tropical moist forest 21%sub-tropical wet forestand 23%sub-tropical moist forest The overall
indications from the analysis are that under an equilibrium climate the potential land cover of Sierra
Leone as projected by the GCMitputs used in this study will tend to the 66% (HADCZ2), 55%
(UKTR), 66% (CSIRO) and 81% (ECHAMA4jopical dry forestand 30% (HADC?2), 40% (UKTR),
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26% (CSIRO) and 13% (ECHAM4yopical very dry forestcategories as a result of the projected
decrease in prgutation ( Figure 2) associated with the increase intéperature (Figure 3) by 2100.

4.3.4.7Simulations using the Forest Gap Model

The Forest Gap Model evaluates changes in the species composition and productivity of specific
forested sites. It siulates the establishment, growth and mortally of individual trees on a forest stand
on an annual time step. Because the model simulates the response of individual trees on a forest plot, i
can predict changes in species composition, forest structeirsitie class distribution) and productivity.

It also incorporates forest management practices, which allows for evaluation of adaptive strategies. The
Gap model can simulate species composition and structure on an annual basis. It also simulates the
temporal dynamics of forests in response to environmental conditions.

The model is run on data from individual species as discussed in section 2.2.1 below. The potential
growth of each tree is estimated from spesiescific optimal growth curves. This griwcurves are
derived from simple silvicultural data on maximum tree size and longevity.

The following twelve (12) speciegereused in the simulatioandare discussed in greater detalow.
Chloraphora Regia Cordia platythyrsa, Cordia, Hannoa Klaineana, Nauclea didderrichii,
Terminalia ivorensis, Tieghemelia heckelij Daniella thurifera (Ogea) Khaya anthotheca (African
Mahogany) Parkia bicolor, Gmelina anborea (Yemane)Ceiba Pentandra:

4.3.4.8Species Specific Growth Data (Diameter and diameter inement):

Data on diameter size and diameter increment were imputed «@ORVE component of the GAP

Model to determine the growth characteristics of the twelve individual tree species. Figures 4 and 5
show the speciespecific optimal growth cung for Chlorophora regia and Terminalia, the most
valuable, widespread and multipurpose species simulated. Growth is defined 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 optimal growth is modified by the environmental conditions on the plot.

Figure 4.16: growth curves (diameter and diameter increment) for CLOROPHORA REGIA

Figure 4: Growth curves (Diameter and diameter increment) for
CIL.OROPHORA REGIA
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Figure 5: Growth (Diams
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Figure 4.16: growth (diameter andcadieterincrementfor TERMINALLA IVORENSIS
Simulation results suggest that all species do not attain their current maximum diameter for all climate
change scenarios. However diameter increment for each of the simulated species varied widely as showr
in the table below:

Table 4.7 Simulation results from the Forest Gap Model

Species Maximum diameter Year of maximum
increment (Cm) diameter
Ceiba pentenda 2.5 32
Chlorophora 2.6 13
Cordia 1.76 12
Daniella 1.47 11
Gmelina 1.85 10
Hannoa 3.01 10
Khaya 2.22 13
Nauclea 2.49 8
Pakia 1.65 9
Tectona 1,86 14
Terminalia 2.32 11
Tieghemalia 1.80 20
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Figure 4.17: Total Biomass (T/ha)

Figure 4.18: Total Biomass (T/Ha)
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Figure 6 shows the tot@iomass produced under the various climatic scenarios and indicates that there
is an overall gradual increase In total biomass production in the following ascending order of magnitude:
CURR, CSIRO, UKTR, ECHAM, and HADC.

Figure 7 similarly predicts the we trend for the total Based Area production but with a wider
difference of 450m2/ha between CURR and CSIRO. HADC continues to dominate the total basal area
production.
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Species distribution by per class size for each specific year is shown in table@aHdieneana is by

far the fastest growing species attaining thelimeters class (over 60 cm diameter) in 25 years. The
slowest growth was exhibited by seven species (Chlorophora, Cordia, Daniella, Gmelina, Khaya,
Nauclea and Parkia)

4.3.4.9Adaptation measures/Strategies/Options

Tropical trees and other woody plants have remarkable recuperative capacities and rapidly reoccupy
disturbed forests and open spaces. However, the number of economically and socially desirable species
present following diturbance is seldom adequate. Regenerating and adequate number of desired species
that are used locally and/or have a marketable value will therefore usually require additional silvicultural
interventions. Prominent among these are:

Stimulating natwail regeneration from seed trees
1 Afforestation
1 Reforestation
o0 enrichment planting
o introduction of new species/provenances
o additional silvicultural interventions and appropriate management and adaptation measures
including adjusting planting and harvestithgtes and switching to more droughsistant species.

Other important silvicultural treatments applied in the adaptation of forests are refining and liberation
thinning. Refining is the elimination of silviculturally undesirable trees shrubs andptaimés that will

inhibit site occupation by desirable tree species. It allocates growing space to one group of species, the
so-called potential finatrop trees, at the expense of others.

Liberation thinning is defined as a cutting that relieves yoweglléngs, saplings and trees in the middle
layer from ovethead competition. It stimulates growth since tree growth is directly related to the
formation of a healthy and dense crown.

Refining and liberation are important (in the initial stages) to destnate measurable effects from
management and adaptation efforts. They also reduce the time in which a merchantable crop of wood
and norwood forest resources will becomes available. Therefore silvicultural interventions need also to
be considered as amportant policy tool in the management and adaptation of forests to climate
change.

4.3.4.10 Policies for Adaptation responses

Despite their large extent, rapid growth and increasing importance at the local, national and regional
levels for theproducts and services they provide, forests are not afforded adequate prominence in forest
policy, planning and research. There is a general lack of policies regulating and encouraging their
management, use and conversion. Ecological, silvicultural sacid-economic knowledge regarding
forests exists to a certain extent, and there is an increasing volume of research regarding restoration,
rehabilitation and management.
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Currently the National Forestry Policy formulated by government and strategiehigveapolicy
objectives are those outlined above.

With most of our primary forests in Sierra Leone disappearing, adaptation to changing environmental
conditions are becoming a major part of many rural landscape and their importance in the supply of
goodsand services is growing rapidly.

A fundamental problem in trying to achieve this balance is the question of change over time. When
communities evolve, markets change and fluctuate in response to changing human values and demands
However, the adaptationf forest ecosystems is a lotgym enterprise. The social and economic
conditions that exist when a forest crop is destroyed (or harvested) are seldom the same as those
prevailing when a tree seedling first takes root, nor do the priorities of individoeain the same.
Strategies for the management and adaptation of forests must adopt -geriongerspective,
anticipating, as far as possible, future trends. But they must be flexible and capable of adaptation to
changing circumstance.

The primary objective of this study is to provide a preliminary assessment of the vulnerabiigy of
forestry sectoto the projected rise temperature and variation of other climatic factors.

The study further assesses the potential impadtsyofropcal forest tree species in Sierra Leone to
likely climate change using accepted IPCC models.

4.35. Coastal Zone and Resources
4.35.1 Background on the Coastal Zone

The coastal zone of Sierra Leone extends for a distance of about 456km. It has 15&taroEgpen

ocean coast and about 70 miles (190km) e.g. sheltered coast along the Sierra Leone coastline. The
sheltered coast is dominated by extensive mangrove systems (230 km) and mudflats. Only about 150 km
of the coastline is significantly developeadathis includes Freetown, the capital.

The coastal resources of Sierra Leone comprise mangrove swamp forest, which cover an area of abou
0.2 million hectares. These forests form a protective barrier to waves by reducing coastal erosion and
stabilizing estuarine flood plains. They also provide detritus and nutrients, which form the food base of
many marine and fresh water organisms.

Sandy beaches are also important coastal resources of Sierra Leone. They are found along the coastline
south of the Riverstuary. They are interrupted in some areas by rocky headlands, bays, estuaries and
creeks. Like the mangroves, these beaches play a significant role in stabilizing shorelines, by serving as
barriers for coastal erosion. They also serve as recreatiorsairsites tourism industry and as landing

sites in the fishing communities. Other resources include hard rock, gravel in sea beds, clay materials,
salt etc.

The coastal zone of Sierra Leone is one of the most densely populated areas of the country and is
dready vulnerable to a number of natural and fmedehazards including, inundations from the major
rivers flowing through Sierra Leone to the coast of Sierra Leone, flash floods which come down from a
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number of rivers during the monsoon period and sédime intrusions due to decreased low water flows

in the dry season. Because of all these characteristics the coastal zone of the country will be particularly
vulnerable to any climate change and sea level rise that may occur if they were to incredsadite

or frequency of these natural hazards.

The need for a vulnerability assessment of all coastal zones to climate change and sea level rise has bee
identified by the Inter Governmental Panel on Climate Change (IPCC) and endorsed by the UN
Confereme on Environment and Development (UNCED) held in Rio de Janeiro, Brazil in June 1992 as
part of a strategy for coastal zone development globally.

The present vulnerability assessment for Sierra Leone to climate change and sea level rise is part of a
study on Sierra Leone prepared for the Second National Communications, under the Climate Change
Project on behalf of the Ministry of Transport and Aviation, Government of Sierra Leone with support
from the UNDP.

The primary objective of this dlly is to provide a preliminary assessment of the vulnerability of the
coastal zone of Sierra Leone to the projected rise in sea levels as an input to national studies on
vulnerability and adaptation strategies for climate change.

The study further assesséhe potential impacts of séavel rise on the coastal zone of Sierra Leone
with emphasis on loss of land due to erosion and inundation. The most likely scenario of a rise of one
metre (1m) by the year 210@@asexamined in some detalil.

4.35.2. Methodology for Vulnerability and Adaptation Assessment:

Two techniqgues are normally used in the programme to assess the Vulnerability and Adaptation of
Forests to Climate Change; these are (1) Preliminary screening technique and (2) Simulation technique.

4.35.3. Preliminary Screening Technique

This technique can be used to identify areas of greatest vulnerability or as a substitute for more
guantitative analysis where insufficient data are available for model development and application.

For thescreeningorocessof this study, the coastline was divided into a series of geomorphic units and
for each of those units the relevant development factors were identified and an assessment of physical
changes and natural system responses were assessed.

Unit 1: From tre Guinea border to the southern bank of the Great Scarcies River

Unit 2: From the southern bank of the Great Scarcies River to the Southern (back) of Sierra Leone River
estuary

Unit 3: From the southern bank of the Sierra Leone River estuary to the sotithef the Freetown
peninsular of the Western Area.

Unit 4: Yawri bay

Unit 5: From Yawri bay (Northern bank of the Sherbro river) to Sherbro Island to Southern tip of
Sherbro Island
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Unit6:Turner s peninsula to the Mano River

In this study, on the vuérability of coastal areas and resources of Sierra Leone to climate change, the
study has been conducted as a local area study with respect to the Freetown Peninsula coastline.
This sample area was chosen as a result of the following considerations:

A Off the 510km coastline, only about 150km is significantly developed and this includes Freetown
the capital city.

A Elsewhere the coastline is largely underdeveloped except for some fish landing sites and jetties
strewn along the coastline.

A The rest of the codste is dominated by sheltered embayment and mangrove systems with mud
flats and a long stretch of sandy coast (beyond Bonthe Island).

The Sierra Leone coastal zone is defined as the area below-thec@0tour and covers about 10% of

the total land areaAt present it is already vulnerable to a number of natural andmaale hazards
including coastal erosion, deforestation of coastal vegetation and on adjacent hill slopes, sand mining,
and flash floods due to heavy rainfall and salt water intrusionsaddecreased water flows in the dry
season (Johnson & Johnson 1998). Because of these characteristics, the coastal zone of Sierra Leon
will be particularly vulnerable to any climate change and sea level fluctuations that may occur. Several
consequences clolibe expected for a rise in the level of the adjacent sea in Sierra Leone. Low lying
sandy coastal areas all along the Freetown peninsular, bays and estuaries will be most affected. The
expected impacts of séavel rise includes but not limited to:

1 Submegence of lomying areas (bays beaches mangrove swamps)

1 Erosion of beaches and soft shores leading to increased loss of sedim@ditshore)
9 Salinity increases in estuaries and aquifers

1 Raised coastal water tables

1 Aggravation of coastal flooding arstorm damage.

4.35.4. Study Area site specific

The study area comprises the western area coastal zone of Sierra Leone in line with the requirements o
the common methodology, for the assessment of climate change impacts of sea level rise. It iadefined
all the land that has annual flood probability of 1/1000 (or 0.1%) in 2100. The area generally covers
much of the sandy and beach areas of the Sierra Leone coastline below the 3m contour. The fringes of
mangrove swamps and other wetlands along thdalaag included in the study area.

4.35.5. Objectives

The primary objective of this study is to provide a preliminary assessment of the vulnerability of the
coastal zone of Sierra Leone to the projected rise in sea levels as an input to globalostudies
vulnerability and adaptation strategies for climate change.
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The study further assesses the potential impacts efegeharise on the coastal zone of Sierra Leone

with emphasis on loss of land due to erosion and inundation. The most likely scenariseobfaone

metre (1m) by the year 2100 is examined in some detail. The other sea level rise scenario although
relevant could not be evaluated on account of limited data on topography of the coastal zone. Assuming
that sea level rise is the only drivingrée (IPCC, 1990), various response strategies are developed.
Probable cost of protection of critical areas is assessed and the consequences of doing nothing are
evaluated as well as controlled abandonment.

4.35.6. Procedure and Methodology

The procedwr used in this study involves the collection of data on infrastructure, land, buildings and
population along the coastline that would potentially be vulnerable to sea level rise. An analysis of the
cost involved in adopting a measure to adapt to the sislarried out. The analysis assumes protection

for all critical areas (i.e. areas with a population density of 10 persons per square kilometre).

When no adaptation measure is prescribed (i.e. theottong option) the area threatened by inundation

or eroson is considered at risk. The vulnerability of that segment is eliminated by full protection. Land
and infrastructure that is at risk is considered lost and the population at risk is assumed displaced.
Wetlands subject to inundation are considered lost.

The bulk of this study is focused on the loss of land and property as a consequence of shoreline
recession, flooding and inundation. A qualitative assessment of other impacts such as loss of wetlands,
salinisation of coastal zone is also carried out. TH&CIprocedure was followed as much as possible
utilizing existing data. Various simplifying assumptions being that out of the many elements that might
influence shoreline evolution, sea level rise is the main driving force of coastal change. This assumption
is considered appropriate as an initial analysis towards a more detailed coastal zone management
strategy.

The procedure considers:

1) One socieeconomic scenario (the case ag@@0

2) A future sedevel rise of one metre, and

3) A defined response snario and estimates of the associated cost.

4.35.7. Data Requirements

The major constraints for the quality of available data for this assessment have been the data on coastal
topography to the scale required and the accuracy of such data.

4.35.8. Impact on Climate Change Induced Sea Level Rise

It is expected that for the yearZthe SLR will be one meter

With this expectationjt is projected that about 45% of the coastal zone of Sierra Leone will be
inundated, and about 25% of the land lostnendation will come from the sheltered coast. The low
lying beaches along of the capital city of Freetown will be lost due to the fact that the greater part of the
city is on raised beaches. The mangrove systems on sheltered embayments are likebt to be |
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4.35.9. Potential Impacts of Climate Change on Coastal Zone

The main limiting factor for making an accurate assessment of the vulnerability of the coastal zone to
sea level rise, has been the lack of data on the topography of the coastal aeealésitbd accuracy

(i.e. to allow the delineation of the appreciation contour line). Some sections of the coast, particularly
the urban centres of Freetown and coastal towns of Kambia, Bonthe Sherbro Island do not have these
data. As much data as possiblas derived from limited information on survey bench marks and
surveys of roads within the coastal areas. The elimination of areas outside the Risk Zone was assisted b\
the availability of maps showing the 30m contour.

4.35.10. Shoreline Recssion
Cli mate change could i mpacts Sierra Leoneds san
1) Accelerating the rate of recession on sandy shores

2) Increasing littoral transport capacity arising from increases in the intensity and duration of
storms.

4.35.11. Coastal Strudures
The coastal structures that could be affected by a rise in sea levels are jetties along the coastline, gabior
groynes protecting some stretch of the Lumley beach, and piers at government wharf. The maintenance

of these structures would require theassessment of their structural integrity in the light of new
evidence of water level increases.

4.35.12. Flooding and Inundation.

Flooding and inundation can be expected for some coastal segments of the Freetown peninsular (bays
estuaries and beaches

4.35.13. Saltwater Intrusion

In addition to seavater intrusion, salinization and contamination of coastal aquifers may result from
various sources.

Sea level rise augments a decrease in the quality and quantity of ground water resources, otherwise
caused by mands activities.

4.35.14. Population at Risk

The estimated number of people at risk shows a total of 2,315,860. This population represents all that
will be impacted both by inundation and shoreline recession.

4.35.15. Land at risk

A total of 26 knt of land is estimated to be lost if nothing is done. The land at risk includes significant
areas that are currently wetland and substantial amounts of mangroves.
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4.35.16. Coastal Habitats and Biodiversity

The collateral impacts of rising sea l&ss/en the coastal zone will include shoreline recession, increased
flood frequency probabilities, inundation of coastal lands and wetlands, and the salinization of surface
waters and groundiaters. These impacts will in turn affect coastal habitats amfiveisity. In Sierra

Leone, the retreat of the shoreline will result in significant loss of the mangroves of the Kambia district
and elsewhere, strand vegetation, coastal swamps and the habitat of marine biodiversity (turtles, snails
etc).

The most vulneable wetlands are those of the Kambia district and areas of the Western area (Freetown)
i.e. Aberdeen creek, which is one of the Ramsar sites in Sierra dunkss of beach will adversely

affect the survival of intertidal organisms and those that ma&ef the sandy beaches at some stage of
their life cycle.

Rising sea levels will also alter water depth and salinity, which are the factors critical to the feeding of
migratory birds. These include the fishing terms, stalking herons/egrets, herbiw@euwucks and
fishing pelicans. Others include the foraging waters. Increases in salinity of both surface and ground
water within the coastal zone will impact aqua culture which is an emerging industry within Sierra
Leoneds coastal area.

Sealevel rise orthe coastal zone is largely concentrated on the Freetown peninsular, where about 70%
of the vulnerable areas are located. The population density within this segment of coast averaging about
120 persons per square kilometre is high compared with the alatieerage of 67 persons per square
kilometre. The impacts of sea level rise can be expected from the effects of erosion, flooding and
inundation, which are already occurring.

Incomes within the coastal zone are generally low except for the urban cestresdreetown. For the

large proportion of the districts within the coastal zone, incomes are below US$150 per person. The low
incomes further exacerbate the capacity of the communities within the coastal zone to addpiv® sea
rise. The slumarea abng the coast islso increasing putting further pressures on the resources of the
coastal zone.

Sealevel rise is expected to inundate many of the areas covered by mangroves along the Sierra Leone
coast. In the absence of any protection, the land atisigstimated at 1,220 Krmost of which lies
within the north and south coast.

4.35.17. Autonomous adaptation strategies/Options
The following are adaptation strategies recommended to combat coastal erosion:

Set Backi allowing space between the shareland associated coastal hazard and property to act as
buffer.

Controlled abandonmenti abandoning the existing line of defence and allowing nature to redefine the
shoreline position. Monitoring would be required regularly and possible interventiore ifortim of
protection applied when necessary to achieve objectives in respect of environment enhancement.

Coastal protectioni deliberate actions to maintain the shoreline at a particular location often through
the design and construction of artificial sttwres. The structures include revetments, sea walls, groynes,
artificial headlands andeach nouristment.
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Do nothing T the option that involves abandoning the existing line of defence without any future
monitoring or intervention of any kind.

The variousoptions of managed retreat will be considered for each of the shoreline segments, north
coast, central coast and south coast. For shores that have been undeveloped, (North and South Shore
more detailed assessments of the situation is possible in orcleme up with a rational response.

4.35.18 Barriers and Appropriate Policies. It could be very important to have asimilar section
for all the sectoral assessmentsegal Framework

In Sierra Leone a legislative framework for coastal zone gamnant is absent. However, there is a

large number of scattered legislations and regulations, which are designed to protect the coastal zone
directly or indirectly. Again the implementation of these sectoral legislations that border on the coastal
zone hasgenerally been very poor. This has resulted in a large number of illegal settlements and
activities, which have been allowed to continue, mainly as a result of overlapping mandates.

The Environment Protection Agen¢{PA-SL) raised the profile of the magement and conservation
status of the coastal zone. However, it is necessary to draft a law to acquire legislative support for the
management of the coastal zone. This law should provide for the following:

A The power to designate any area within the coasta as protected coastal area for the purpose

of preserving and developing the physical, biological and human resources of the coastal zone.
The declaration of some areas as protected coastal areas. The removal or carrying away of any
rocks, stones, shgles, gravel, sand, soil or any part of the coastal zones should be prohibited.
The power to reserve and portion off the foreshore or uncultivated land or an open space, of the
beach of protected coastal area, for landing or for other purposes.

The powetto reserve any suitable coastal areas of the coastal zone for agricultural use.

The power to make regulations to control the use of chemicals in agriculture and agricultural
development and practices within the coastal zone.

> >

> >

>\

The power to monitor and assele impact of irrigation projects and agricultural development
within the coastal zone.

A The definition and extent of the coastal zone to comprise the land including lagoons, lagoon
depressions, marshes and estuaries and swamps, together with the mdeinterfluves areas
within 30 metre contour adjacent to the ocean space; and the continental shelf of Sier@sLeone
defined by statute for the time being in force.

4.35.19. Vulnerability and adaptation projects
The most important issues to be addréssehe management of the coastal zone in Sierra Leone are:

- establishment of sea level observation system and studies on coastal erosion in Sierra Leone
- mapping of disaster prone and hazard areas,

- further work to improve on the quality of topographitadimr the coastal zone,

- monitoring of the Coast, Sand and Gravel Mining,

- Education and Research.
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The various conflicts arising from the uses of the coastal zones for different objectives could be resolved
through EPASL.

The impact of sea level rise wid take decades. However, the gathering of the information required and
the work of the institution to manage the coastal area would be a slow process. It is therefore necessary
that the establishment of the institution be initiated now.

4 .3.6Fisheries
4.3.6.1Current conditions

The Fisheries Sector is comprised of the industrial and artisanal fisherisecdals and contributes

about 12% to GDP. The sector produces fskl (which is the major source of animal protein for the
majority of Sierra Lepeans) for local consumption and for export to earn foreign exchange. The
average annual per capita fish consumption is estimated at 23kg. Fish consumption is higher than other
sources of protein (livestock & poultry). As the population continues to exipa8Scrra Leone, fish
demand is going to increase.

The artisanal fisheries stgector is the major employer and supplier of almost all the supplement animal
protein needed in the diets of Sierra Leone. The fishing and fisheries related activities girecidand

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 wogk on the ancillary activities as well as their
dependants are added, it is estimated that not less than 140,000 people in Sierra Leone depend on th
fisheries sector for their livelihood.

About 80% of artisanal catches are bor(@hmalosa fimbriata) The riverine artisanal fishery is
considered noindustrial operation, employs traditional methods, and is uvexigoited due to low

levels of fisheries technologies. Some of the marine fish species caught in the Sierra Leone River
include shadgEthmalosafimbriata) 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 purpostwdadfins, solefish,

catfish and shrimps). These fish migrate up the river during the dry season. The upper reach of the river
has freshwater regime whefdapia niloticaand Clarias luzerraare important fish species. The most
important crustaceans the river fishery are shrimps caught by artisanal fishermen in the estuary. 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 thepawcies.

The industrial fisheries sedfector 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 longuiing. The suksector also targets species in all four stock categories
(pelagic, demersal, cephalopods and crustaceans). It is this aspect «fpexcikis fisheries that creates
problems in the management of fishery resources due to the fact that ledhahrand industrial
fisheries target the same species especially the most valuable categories of fish stocks namely, demersa
cephalopods and crustaceans. Over 95% of industrial fisheries production is processed and exported. Ir

188



view of the reported resirce 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 aquatic habitats present in Sierra Leone are the main river§,s t r i but ari es
systems, coastal habitats such as estuaries and mangrove swamps.

In addition to this diversity of habitats, an even greater variety of ecologically and economically
important species occupy these habitats and will hav®etoonsidered with regard to the impacts of
potential climate change.

The fishery resources of the coastal area and marine areas of Sierra Leone comprises pelagic anc
demersal species found in various ecologies along the coastal zone, as well asdHesiday found in

inland ecologies. These ecologies consists of estuaries, bays, lakes, mangrove swamps inland valley
swamps etc.

The fishery is very diverse and contains different species of fish belonging to various genera. At present
the fishery is ulnerable to a number of natural and mmaade hazards including; ovéshing,
deforestation of fish spawning grounds, increased turbidity of coastal waters (due to coastal erosion),
flash floods, land and sea pollution, saline water intrusion etc.

Becaus of its diversity, the fishery of Sierra Leone will particularly be vulnerable to any climate change
and sedevel fluctuations that may occur. Several consequences could be expected for a rise of sea
temperature or sea level fluctuations. The pelaglefis of Sierra Leone, which by expert experience

has proved to be very sensitive to environmental variations, will be most affected.

4.3.62. Impacts of Climate Change on Fisheries

This study assesses the potential impacts of climate change on thg t§heierra Leone, or the
vulnerability of the fisheries sector of Sierra Leone to climate change.

The methods for evaluating climate change impacts on rivbased fisheries are focused on the
assessment of the impacts of temperature, dissolved axggenprecipitation on fish growth, life
history and habitat suitability and yield.

4.3.63. Methodologies Used and Results of Impacts of Climate Change

The assessment for evaluating potential climate change impacts on fisheries resources follows a weigh
of evidence approacfthis 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 weafhevidence approach uses multiple lines of evidence to
identify potential impacts and evaluate the significance of any projected impacts.

In general the methods involve:

1 Use of General Circulation Model Predictions of air temperature, precipitattar, radiation
and wind;

189



1 Identification of coastal marine and fresh water conditions vulnerable to climatic changes such as
increased water temperatures reduced dissolved oxygen levels, altered lake and sea levels,
changed river hydrographs.

1 Development bhabitat and catch/yield models including empirical models relating fish yield or
catch with habitats or climatic factors relationships between population abundance and thermal
habitat and temperatureprocess relationships and predict process responses.

The procedure used in this analysis involves a collection of data on the fishery of Sierra Leone and other
allied data to feed into the specific methods outlined later, that may be applicable to Sierra Leone for
assessing the vulnerability of the fislesrisector of Sierra Leone to climate change. Two approaches are
involved in the general vulnerability assessment:

Preliminary screening technique:

The purpose of the preliminary screening is to identify and prioritize those fisheries within a country for
which detailed vulnerability and adaptation analyses might be needed. The screening technique used is
heavily based on expert judgment. Having identified and prioritised the fishery within Sierra Leone their
vulnerability to potential changes in precipit@, temperature or sea level rise will be ranked as low,
moderate or high. All fisheries that have high economic or ecological importance and are ranked as
highly vulnerable are then considered for detailed analyses. #abldustrates the form usedithe
preliminary screening process.

Table 48: A Typical Preliminary Screening form

Fishery (ranked) | Low Moderate High Remarks

Detailed Simulation technique

Fisheriesthat are ranked as moderately vulnerable ar® a@gnsidered for detailed analyses. In the
detailed analysis various formulae are utilized based on available data and information.

4.36.4. Description of the Methods considered in the detailed analysis and potentiahpacts of
Climate change

4.36.5. Assessing the Effects of Temperature on Productivity
This method evaluates the annual productivity, K, of a river on the basis of average stream, average

annual temperature,;Kthe acidity or alkalinity, Kof the water and the type of fishhe produativity is
calculated using the formula:
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Productivity K=B*W * (k1 * ko * k3)

Where K = annual productivity (kg/km of river)

W = average width of the river (m)

B = the Biogenic capacityB = 11 3 for waters with little fooddr fish; B = 47 6
waters with average levels of fish food; and B ¥ X0 for waters that are rich in fish
food).

kp, = annual average water temperature of selected sites across the country

k, = salinity of the water

ks = type of fish population presentiiver.

The value for k 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 dguation
= (2L + R)/100,whereL = the percentagef the fish comprised of limnophilic species aRd= the
percentage of fish comprised of rehophilic species. Valuds 0f5% and R = 95%as assumed by
Jallow (1997) are used in this study. Most rivers are fast flowing waters hence it is reasonabi@¢o ass
R to be95%.

The data required for the assessment include estimate of food resources available for the river segmen
of concern, alkalinity data/salinity, historic and predicted mean annual water temperatures, average
stream width data, topographictbgmetric maps and current annual productivity estimates

For assessing the impacts of climate change on the productivity in Sierra Leone, the effects of
temperature on annual productivity of riverine fisheries resources are evaluated on the basis of the
average stream width of 250 metres for the Rokel River, the biogenic capacity of the stream, the average
annual water temperature, the alkalinity/acidity of the water, and the type of fish population present in
the river.

Productivity of the riverine fiseries of the Rokel River is projected to increase under all climate change
model scenarios. The estimated productivity of the Rokel River under current{2961 climate is
228 tons per kilometre (tons/km) reach of the river.

All the climate change meail scenarios project an increase in the productivity of the river. The highest
increase in productivity is projected by the HADLEY2 model scenario and it ranges from 3% (~ 236
tons per km) increase by 2025 to about 8% (~249 tons/km) increase in 21000ojEHedgn based on

the CSIRA model is lowest of all the models considered for this assessment. The projected productivity
under the CSIRA varies from about 2% (~ 234 tons/km) increase in 2025 to about 6% (~ 243 tons/km)
increase in 2100.

Table 4.9 and Figure 1 show the results of the assessment under the various climate change model
scenarios.

Table 4.8 : Estimates of Fish Biomass Productivity (Tons/Km) for the Rokel River as Climate Changes

2000
Scenario B W L R k1l k2 k3 = K=B*W* (k1*k2*k3) Percent
(2L+R)/100
(metres) (%) (%) ©“C) ph (Kg/km of River) Variation
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Figure 4.21: Projected MSY and yield as temperature changes influence concentdtat
2100 relative t0 19611990 average temperature
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4.36.6. Assessing the Effects of Temperature Change on Shrimp yiedsthd Parameters

Using empirical data from several sources, Regier et. al. (1990) developed the following model for
penaced shrimp yield:

Loge SCSY =52.0° 14312 (1/T)

Where SCSY = stabilized commercial shrimp yield (kg/ha of intertidal vegetation) and T = mean annual
air temperature®K). The basis for this approach is development of regression equation of the form:

Loge ki = ai b(1/Ti)

where k = rate constant, T = alste temperature’k), and a (yintercept) and b (slope) are coefficients
estimated by regression analysis.

Data required for this method includes:
1 Historic data on shrimp yield in Kg/ha of intertidal vegetation;
1 Historic mean annual air temperature; &adM 1 predicted temperature for input to models to
predict shrimp yields undelifferent temperature
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Table 4.10: Estimation of Shrimp Yield from Temperature Changes due to Climate
Changes

MEAN ANNUAL AIR

Model Scenario TEMPERATURE NATURAL | SCSY PERCENT

(degrees C) | degrees K LOG INCREAS

SCSY E
HADLEY CENTRE MODEL (HADLEY?2)

1961-1990 26.7 299.9 4.3 71.5 0
HADLEY?2 2000 27.0 300.2 4.3 75.0 5
HADLEY2 2010 27.2 300.4 4.3 77.4 8
HADLEY?2 2020 27.4 300.6 4.4 79.9 11
HADLEY?2 2025 27.6 300.8 4.4 82.5 13
HADLEY?2 2030 27.7 300.9 4.4 83.8 15
HADLEY?2 2040 27.9 301.1 4.5 86.5 17
HADLEY2 2050 28.2 301.4 4.5 90.7 21
HADLEY?2 2060 28.4 301.6 4.5 93.6 24
HADLEY2 2070 28.6 301.8 4.6 96.5 26
HADLEY?2 2075 28.7 301.9 4.6 08.1 27
HADLEY2 2080 28.8 302.0 4.6 99.6 28
HADLEY?2 2090 28.9 302.1 4.6 101.2 29
HADLEY?2 2100 29.1 302.3 4.6 104.4 32

UK MET. OFFICE TRANSCIENT MODEL (UKMOTR)

19611990 26.7 299.9 4.3 715 0
UKMOTR 2000 26.9 300.1 43 73.8 3
UKMOTR 2010 27.1 300.3 4.3 76.2 6
UKMOTR 2020 27.3 300.5 4.4 78.6 9
UKMOTR 2025 27 4 300.6 4.4 79.9 11
UKMOTR 2030 275 300.7 4.4 81.2 12
UKMOTR 2040 27.7 300.9 4.4 83.8 15
UKMOTR 2050 27.9 301.1 45 86.5 17
UKMOTR 2060 28.1 301.3 45 89.2 20
UKMOTR 2070 28.2 301.4 4.5 90.7 21
UKMOTR 2075 28.3 3015 45 92.1 22
UKMOTR 2080 28.4 301.6 45 93.6 24
UKMOTR 2090 28.5 301.7 4.6 95.0 25
UKMOTR 2100 28.7 301.9 4.6 98.1 27
CSIRA MODEL

CURRENT

(1961-1990) 26.7 299.9 4.3 715 0
CSIRA 2000 26.9 300.1 4.3 73.8 3
CSIRA 2010 27.0 300.2 43 75.0 5
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CSRA 2020 27.2 300.4 4.3 77.4 8
CSIRA 2025 27.3 300.5 4.4 78.6 9
CSIRA 2030 27.4 300.6 4.4 79.9 11
CSIRA 2040 27.6 300.8 4.4 82.5 13
CSIRA 2050 27.7 300.9 4.4 83.8 15
CSIRA 2060 27.9 301.1 4.5 86.5 17
CSIRA 2070 28.0 301.2 4.5 87.8 19
CSIRA 2075 28.1 301.3 4.5 89.2 20
CSIRA 2080 28.2 301.4 4.5 90.7 21
CSIRA 2090 28.3 301.5 4.5 92.1 22
CSIRA 2100 28.4 301.6 4.5 93.6 24
ECHAM4 MODEL
19611990 26.7 299.9 4.3 715 0
ECHAM4 2000 26.9 300.1 4.3 73.8 3
ECHAM4 2010 27.1 300.3 4.3 76.2 6
ECHAMA4 2020 27.3 300.5 4.4 78.6 9
ECHAM4 2025 27.3 300.5 4.4 78.6 9
ECHAMA4 2030 27.4 300.6 4.4 79.9 11
ECHAM4 2040 27.7 300.9 4.4 83.8 15
ECHAMA4 2050 27.7 300.9 4.4 83.8 15
ECHAM4 2060 28.1 301.3 4.5 89.2 20
ECHAM4 2070 28.3 301.5 4.5 92.1 22
ECHAMA4 2075 28.4 301.6 4.5 93.6 24
ECHAM4 2080 28.4 301.6 4.5 93.6 24
ECHAMA4 2090 28.6 301.8 4.6 96.5 26
ECHAM4 2100 28.7 301.9 4.6 98.1 27
Stabilized Commercial Shrimp Yield = SCSY in units of kg/ha of intertidal vegetation and
degrees K = C +273.15

In this assesment the Stabilized Commercial Shrimp Yield was estimated for current climate, taken as
average climate for the period 1961 to 1990 and for simulated climate change to 2100 based on model
output from four General Circulation Models (HADLEY2, UKMOTR, C8IRand ECHAM4)
downloaded from the IPCC Data Distribution Cenipe¢dcc@wmo.ch

The Stabilized Commercial Shrimp Yield (SCSY) under current climate with an average annual
temperature of about 26C is 71.5 Kg/ha. Simulation based on the warming of the atmosphere by
2075 to about 28°C under the HADLEY2, 282C under the UKMOTR, 28°C under the CSIRA and
28.4°C under the ECHAM4 models shows increases from current climate SCSY of 71.5kg/ha to 98.1
Kg/ha (27%), 92.1 Kg/ha (22%), 89.2Kg/ha (20%) and 93.6 Kg/ha (24%) for the models respectively.

Table 410above show these variations with temperature as climate changes to 2100.
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Assessing the Effects of Precipitation on Cat€latch vs. Floodplain Area

This approach uses regression analysis to develop empirical models to predict catch. In the absence o
sufficient historic catch and floodplain data, either of the following relationships may be used:

C =2.65Ai 0.98 (r*=0.828)

C =3.83A (r* = 0.865)

Where C = annual catch (metric tons) per km reach of river and A = floodplain ar§apéamim reach
of river.

The vulnerability is assessed by estimating its catch and floodplain area for predicted precipitation
regimes. Total catch is estimated byuttmg the predicted floodplain area to the appropriate empirical
model. Vulnerability is assessed by comparing historic yields under current and each climate scenario.

The floodplain area of the Rokel River is 259%ah an average annual rainfall of 267mm of annual
rainfall. This floodplain area is assumed to vary linearly with the projected annual precipitation. From
the projected annual rainfall scenarios the floodplain area is determined as 26anéten the
HADLEY?2 scenario, 234 kfmunder the UKMOR scenario, 252 kfunder the CSIRA scenario and

261 knf under the ECHAM4 scenario. These values are input intoFtbedplain Areai Catch
Equations to project Catch from the Rokel River as climate changes.

The simulation results using the UK Transciant CSIRA scenarios show projected decrease in rainfall
and floodplain area by 10% and 3%, respectively. The results from the HADLEY2 and ECHAM4
scenarios show an increase in rainfall and floodplain area by 1%. Based on these variations in rainfall
and floodplain area, floodplain fishery catch for the Rokel River within Sierra Leone of 992 metric tons
per year under current climate will increase to 999.6 tons/yr under the HADLEY2, 896 tons/yr under the
UKMOTR, 965.2 tons/yr under the CSIRA and 999.6 tamdeu the ECHAM model scenarios. Figure 6
below illustrates these variations in floodplain area and catch as climate changes at 2100.
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Figure 6: Projected Floodplain Area (Km2) Versus Catch (tons/yr) for the
Rokel River by 210C
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Figure 420 Projected floodplain area (Km2) Versus Catch (tons/yr) foRtbleel River by 2100

4.36.7. Assessing the Effects of Temperature and other parameters of a water body
on Maximum Sustainable Yield (MSY).

Maximum Sustainable Yield of a water body is related to the temperature (Maptoedaphic Index
(MEI), and he MEI is also related to total dissolved substance (TDS), concentrates (CON),
alkalinity/salinity (AKL) and depth (z) of the water body. In this study the effects of temperature on
MSY is investigated using the MEIYield relationships indicated below.

Prediction of MSY based on Temperature Effect only:
Logio MSY 1 = 0.061*T + 0.043 Equation 1

Prediction of MSY based on effect of Temperature, Total Dissolved Substance (TDS) and depth (2) is

given as:
LOglo MSY(T, MEI (TDS/Z))) = 0.05*T + 0.28* LquEl(TDS/Z) +0.236Equation 2
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Prediction of MSY based on effect of Temperature, Concentration (CON) and depth (Z) is given as:
LOglo MSY(T‘ MEI (CON/Z)) = 0.05*T + 0.28* LOg (ME(kION/Z) +0236) Equation 3

Prediction of MSY based on effeof Temperature, Alkalinity (AKL) and depth (Z) is given as:
LOg1o MSY(T, MEI (AKL/Z)) = 0.05*T + 0.28* LOg (ME(IAKL/Z) +0.236) Equation 4

Prediction of MSY based on effect of Temperature, Total Dissolved Substance (TDS) and depth (Z) is
given as:

Logio Yieldr, mer (rosizy) = 0.051*T + 0.358*Effort + 0.161* Log (MEips/z - 0.383)  Equation 5

Prediction of MSY based on effect of Temperature, Concentration (CON) and depth (Z) is given as:
LOglo Yie'd(‘r, MEI (CON/Z)) = 0.051*T + 0.358*Effort + 0161f_Og (MEI(CON/Z) - 0383) Equation 6

Prediction of MSY based on effect of Temperature, Alkalinity (AKL) and depth (Z) is given as:
LOg]_o Yi6|d(T, MEI (AKL/Z)) = 0.051*T + 0.358*Effort + 0.161* LOg (MEAKL/Z) - 0383) Equation 7

Microsoft EXCEL Spreadsle® versions of these equations were constructed and current climate and
climate change scenarios input in the spreadsheet. Zdlfland Figures 7 to 10 show the results of the
effects of temperature change at 2100 compared to current climate averapedoiod 1961 to 1990.

Table4.10 Projected Yield (tons/year) and Maximum Sustainable Yield (tons/year) of the fishe
Rokel River as climate changes at 2100

Temperature Maximum Sustainable Yield Yield
MSY MSY MSY MSY Yield Yield Yield
Tair Twater () (rosy | (ncon} | (5 Ak} (T,TDS,2) | (T,CON,Z) | (T,ALK,2)

19611990 26.7 24.0 3227 | 33.25 | 38.47 | 2045 | 17.74 | 19.29 | 13.42
HADLEY?2 29.1 26.2 43.71| 42.64 | 49.34 | 26.23 | 22.86 | 24.87 | 17.29
UKMOTR 28.7 25.3 38.52 | 38.44 | 4448 | 23.65 | 20.57 | 22.37 | 15.56
CSIRA 28.4 25.6 40.01| 39.65 | 45.89 | 2439 | 21.23 | 23.09 | 16.06

ECHAM4 28.7 25.8 4156 | 4091 | 4733 | 25.16 | 21.92 | 23.84 | 16.57
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Conclusion: Please include an adaptation considerations and a concluding section for the shrimp sector,

Figure 4.21: Projected MSY andYield as temperature changes influenc
Concentrated at 2100 relative to 1961990 average temperatur
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Figure 4.21: Projected MSY and Yield as temperature changes influen:
Alkalinity at 2100 relative to 19611990 average temperature

28

26

24

22
Tonslyr.

1961199C

4.3.6.8 Assessing the Effects of Precipitation, Tenmgrature and Dissolved
Oxygenon habitat. Whose habitat
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4.4  Other Crosscutting Sectors

This is a speciespecific approach, which inalles the development of Habitat suitability Index (HIS)
models for individual species of concern. These models incorporate environmental variables such as
water temperature, current velocity, floodplain inundation duration, dissolved oxygen (DO)
concentrabns, and substrate composition. The models produce an index of habitat suitability.
Following construction of speciespecific models, habitat suitability indices (HS\as estimated for
specific habitats using historic (or current) climatic, hydrologiceal ecological data. Habitat Suitability
Indices will then be calculated for the predicted climatic and hydrological conditions associated with
each climate change scenatrio.

The data required include:

1 Speciesspecific habitat and physiology data;
1 Habita characteristics, but not limited to temperature, DO, substrate, stage and flow and
predicted temperature and precipitation.

Vulnerability will be assessed by comparing the HSI under current with those of climate change
scenariosHowever due to lack o&ppropriate data work was not done using the Habitat Suitability
Index.

The Habitat suitability Index model was used to assess impacts of climate change on fisheries.

Fish productivity is projected to increase by 14.£<1@&g/km of the river by 10% unde GFDL30
equilibrium model, 11% under the CCCM and the HCGS, and 14% under HCGG and the Transient
GFDL.01 models using a Habitat Suitability Index, it was found that potential warming“éf 1..8° 2

over the next century will have little or no effect de tsuitability of the present habitat for the pelagic
species of shad and catfish. For shrimps, grouper, and lady fish, a projected by the various General
Circulation Models, shrimps yield is estimated to increase.

Analysts suggest the suitability of thabitats of the species will remain favourable especially within

the protected areas. The suitability of the habitats for the will be highly reduced under the projected
climate change scenarios. Migratory species such as the may be especially vulnecabke 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 habitat loss.

By the end of the next century, yield increases over the baseknmario values are expected to vary.

Suggested adaptation measures include stricter control on exploitation of resources, safeguard the
spawning sites, halting the destruction of mangroves, organizing sensitization workshops on
conservation, and conduatj research to further assess the feasibility and scope of fish farming in Sierra
Leone.
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Chapter 5

Other Information Considered Relevant to the Achievement of
the Objective of The Convention

51 Introduction

Within the framework of the impleemtation of the convention on climate change and in accordance
with partiesd obligation in educating, trainin
frameworks have related programs within them.

The specific strategies to implemenetkector plans are given below. The major strategy will be to
mainstream the Mitigation and Adaptation measures identified in the SNC. The implementation of the
Mitigation and Adaptation measures identified in this National Communication will be coortimate

the EPASL and the UNFCCC Focal Point for Sierra Leone. The relevant Ministries, Agency and
Departments (MDASs) will implement the sector plans in collaboration with the relevant institutions,
NGOs, Local Government Authorities and Community Based idsgtons.

5.1.1 Energy sector

- fine-tune data to make a better assessment of emissions through the sector method; conduct a
survey following a relatively less expensive methodology to establish a baseline case with more
elaborate collection tools and;

- use this survey to make a better assessment of the technical characteristics of production tools in
anticipation of mitigation measures

Implementation Strategy

The Ministry ofEnergy and Water Resources will lead the implementation of activities dedelagder
the Energy and Water Resources Sector.

5.1.2 LULUCF sector Priority Actions for Forestry and Wetland Ecosystems
- Realize a national forest inventory with a view to having a better knowledge of the sequestering
potential;
- Conduct surveys to finkune the estimate of trees outside forestqarticular trees in urban and
rural centers.
Implementation Strategy
The Dvision of Forestry in the Ministry of Agriculture, Forestry aRdodSecurity in

Collaboration wih the Universities and ConservatidlGOs, will lead the implementation of activities
for the Forestry Sector.

201



5.1.3 Agriculture - Implementation Strategy

- Integrate into the next agricultural and livestock censuses the concerns related to the agricultural
sectors inventories;
- Set up anfficient monitoring mechanism of the progression of cultivated areas and bush fires.

The Ministry of Agriculture, Forestry and Food Security will play a leading role for the
Agriculture sector in collaboration with other peats such as SLARI, the FAGarmer
Associatios, NGOo6s, et c.

5.1.4 WasteManagement Sector
Priority Actions in the Waste Management Sector:

Conduct a survey to know the composition of urban wastes;

- Landfill/dump site management
- Alternative wastemanagement strategies;
- Wastewatetreatment;

- Aerobic treatment; and
- Recovery and utilization of methane from anaerobic digestion of wastewater or sludge.

Implementation Strategy:

The Minidry of Local Government and Rural Development will lead implementation of elements of
Waste Managment Action Plans by using the Municipal Councils countrywide and collaborating with
the Ministries of Health and Sanitation, Energy and Water Resoittoet) and Sports

5.1.5 Coastal Zone of Sierra LeonePriority Actions -

- Improvement on the qualityf topographic data for the Coastal Zones.

- Studies on Coastal erosion in Sierra Leone.

- Delineation of flood and erosion hazard areas.

- Strengthening of the monitoring of the Coast

- Development of programmes on education and research o#éstaCZone of Sierra Leone.

Implementation Strategy

The Ministry of Marine Resources and Fisheries in collaboration\WiBhO GE®A-SL, the
Institute of Marine Biology an@ceanography, University of Sierra Lepigsaster

Management Departamt of the Office of National Security and the Maritime Administration of
the Ministry of Transport and Aviationill implement these strategies.

5.1.6 Fisheries Sector:- Priority Actions
- Introduction of biological monitoring.

- Enforcement of fishingontrol measures in the country
- Promotion of agaculture.
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- Modification and strengthening of fisheries management policies and institutions.
- Strengthening and expansion of catchments

Implementation Strategy: -

The Ministry of Marine Resources aollaboration with thénstituteof Marine Biology
and Oceanography, FBC, University of Sierra Leone.

5.1.7 Environment Sector: -
Priority Actions include:

- conduct surveys to have: (i) the total amount of soda used in the country; (ii) data oreactiviti
relating to the consumption of halocarbons (HFC and PFC) and sulphur hexafluoride;

- conduct surveys to obtain: (i) handicrafts production of oil; (ii) the baking of bread through the
number of bakeries and total consumption at national level.

Implementation Strategy: -

The Environment Protection Agencgierra LeondEPA-SL) in collaboration with theelevant
Institutions will lead implementation on this sector.

5.1.8 Cross-Cutting Issues (Education, Training and Public Awareness, Research and Systatic
Observations):-
Priority Actions on Cross Cutting Issues:-

1 Sensitization of political, economic and industrial decision makers with the aim of sensitizing
national parliamentarians, members of governraedtexecutive of the administration as veal
economic operators on climate change, the Kyoto convention and protocol: challenges and
prospects, CDM: investment opportunities and prospects for national companies;

1 Education and training of the civil society and technical executive on the prepgnato@uures

of projects in the area of climate change, and funding procedures;

Clean Development Mechanism and adaptation strategies and mitigation measures;

Education, information and sensitization of producers on the effects of changes on their

environmet, the opportunities that the CDM offers, and adaptation strategies and mitigation

measures;

1 Education and training of school children and scholars on the adverse effects of climate change

on the environment, mitigation and adaptation measures and the CDM

Setting up an information exchange operations center;

Revitalization of websites;

Setting up thematic networks on exchange and reflection;

Development and (or) reinforcement of exchange programs between parties.

E

= =4 =4 -4

Implementation Strategy

The Ministry ofEducation, Science and Technology, Ministryrdbrmation and
Communications the Universities (Freetown and Njal&)JGOs, Drama groups, etc.
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Conclusions and Recommendations
5.2 Technology Transfer

5.2.1 Introduction

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

By its Decision 4/CP.the COP adopted the framework for meaningful and effective actionhémen

the implementation oArticle 4, para 5of the Convention by increasing and improving the transfer of

and access to environmentally sound technologies (ESTs) andhHavwwlhe successful development

and transfer of ESTs and kndwow require a countrgriven, 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
mechanismsdr technology transfer.

5.2.2 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 adoptec
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 é&ping countries in the Kyoto Protocahd posKyoto

Protocol process.

5.2.3 Activities Undertaken

Since 2003the capacity of théask forces of the NCC@as been built through training workshops.
These workshops covered the development of Nationadniories of Greenhouse Gas emissions,
assessment of greenhouse gas mitigation measures, assessment of vulnerability of the national econom
and ecosystems to projected climate change, and development and evaluation of CDM projects,. These
were executed ahfunded by the GEF through UNDP, and the IPCC underiiit and SNC
communications. Thdask forces ofNCCC are, however, constrained in the capacity to execute
methodological concepts of cost assessment of Mitigation and adaptation measures andgdudevelo
projects in these areas.

Institutional capacity development is limited to procurement of computer hardware and software through
projects funded by the UNFCCC and GEF through UNDP. This has particularly improved access to
global environment informatn and communication between the UNFCCC Focal Point. IPCC and other
multilateral environment organizations.
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The GEF has provided financial and technical resources to Sierra Leone to enable the Task Forces of the
MEAs of biodiversity, Desertification an@limate Change to undertake courleyel capacity needs
assessments and to develop specific capaaifging activities consistent with the Conventions. The
EPA-SL which is the GEF Focal poig coordinating teseactivities The NCCC will pay particalr

attention to the capacity development framework annexed to decision726Cfhe UNFCCC. The

NCCC would identify the specific needs, options and priorities for capacity building for Sierra Leone
and this will be achieved through the participation ofwmle range of stakeholders, including
government, national and international organizations, civil society and the private sector.

During the past Q years. Sierra Leone has promoted and encouraged the shift to more environmentally
friendly technologies dsed on the awareness of the consequences of environmental degraftiation

the war which lasted from 199D0Gs. The shift has been form fossil fuel to renewable (solar) energy.
Penetration of solar energy technology is high inAtiministrative (Distrct and City councils), Balth,
Communication, Water Resources, Commercial and Residential sectors of the economy.

I n the Health sector most of the faciliphatoes at
voltaic technology. Telephone and telacilities in the hinterland of the country are also powered by
solar technology. Water lifting and supply systems are powered by diesel, and solar generators. The
diesel generators are being replaced by solar generators because of reduced opesttioredditon

to environmental benefits of reduced pollutidrhe penetration of wind energy is lower than solar
energy due to lower wind speeds as one mowduinland from the ocean. The commercial (mostly
hotel) and residential sectors have also mxwdd 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 facilitiBisere is a potential move the useof

LPG for cooking in the residential sector to displace biomass (wood and charcodajtiioegh the

issue of pricing is a major concer@ierra Leone is therefore aware and receptive of clean technologies.
There are a lot of opportunities caravenues in Sierra Leone for collaboration in the transfer and
diffusion of climate friendly technology.

5.2.4 Technology Transfer

Activities that need to be undertaken include, among others:
1. Technology needs assessment;
2. Establishment of an efficientfiormation 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 Kmmom

5.2.5 Activities undertaken
5.2.6 Activitie s to be undertaken

Activities that need to be undertaken include, among others:
1 Improving the quality of activity data for future GHG inventory studies;

1 Improving the quality of agricultural data for climate change impact analysis;
1 Abating CQ emissionsn the energy sector;
1 Sequestering carbon and improving on the 66k base of the country; and
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1 Adapting to possible climate change effects on water resources, coastal zone and agriculture;

It is envisaged that the international community will selectfand these projestto allow Sierra Leone
attain sustainable development whilst contributing effectively to global initiatives in addressing climate
change.

5.3 Research and Systematic Observations
5.3.1 Introduction

The climate research aims totain wellfounded statements on global climate development (trends and
fluctuations), and on concomitant regional effects, including weather extremes.

5.3.2 Assessmentf the Systematic Observation Systemrad Information Dissemination

Climate Change sence is new in most Least Developed Countries (LDCs). The capacities of such
countries to undertake meaningful Climate Research is very limited due to data gap, the lack of
necessary traed personnel in respective Climate Change related disciplinesurtaeailability of
relevant Climate Data collection platforms, public ignorance on most Climate related matters, lack of the
required legislation to enforce Climate Change Mitigation options and very limited logistics that will
facilitate these actives.

The capability of the Meteorological Department to cope \lithtask of weather monitoring, data
collection, data analysis and storage was greatly affected by the war

The picture is not different from that in the Hydrological, Marine or Agro MET Sectors.
Thereis a partial disconnein between various institutions on climate issues and the lack of necessary
legislature has not put CC to its rightful place.

5.3.3 Sector Policy

The Meteorological Sector is the sole institution enacted by the goverfonéimé collection, analyses,
dissemination and storage of meteorological data for the country.

The meteorological sector on behalf of the Sierra Leone government signed and ratified the United
Nations Framework Convention on Climate Change (UNFCCChatcountryodés <cl ear
concern for climate change issues.

Sierra Leone is also a signatory to the ratification of the other two conventions of Desertification and
Biodiversity both of the United Nations Environment Program (UNEP) and thedWieateorological
Organization (WMQ.

The main aim of the Global Observation System on Climate (GCOS) is to ultimately get in the long run
a good network of systematic climate observation system the enhance Climate related scientist the
necessary data faarious investigation for the proper understanding of the climate for proper climate
predictions.
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5.3.4. TheCapacity Building Needs

Least Developed Countries (LDCs) like Sierra Leone mustfilutthe wide data gafaced by African
scientist and itsmpacts on the climate modeling capacitiésAfrica. Thus improving the systematic
observation system of Sierra Leone will help addspsgific challenges faced by the country regarding:

1. The general observation of the present climate bringing ouhhierent extreme events and
variability

2. Getting the necessary information that will assist in the determination of climate change and its
effect

3. The provision of observation that will help us determine the specific climate forcing caused by
the specific Geen House Gases present (GHGS) in the atmosphere of Sierra Leone.

4. The establishment of a good network of systematic observation will help to not only provide
climate modelling data but also help to validate them and other models previously developed.

5. We @n use these data from the observation to quantify the impact/effect of the perceive climate
variability and climate change

In order to be able to manage data information and other actifigdsllowing capacity building neesd
mustbe addressed

a.

The provision of the necessary financial resources to key of the country charged with the
responsibility of data collection such as the Meteorological Department and the Water Resource
Department

The streamlining the roles of various state actors in the reiffeengagements in climate
investigations and activities

The provision of a structured institutional body charged with the implementation of systematic
observation and research as Article 6 of the Convention hopes to address.

Enhancing the already exisgjrstructure for the enhancement of the exploitation of satellite data for
climate studies and services.

The sensitization of the general public of Sierra Leone and other stakeholders on the climate issues
at all levels ranging from local to central govesmh

The strengthening of the institutional capacity of both the data collection departments and the
university for undertaking climate research.

The training of the relevant personnel of the various institutions for them to carry out their respective
roles.

Enhance both the government and respective institutions in mainstreaming these activities in the
governance structure of the country such as necessary legislation on water catchment areas, read\
provision of the needed counterpart funding for thegquts identified below

Enhancement of a permanent sustainable structure for systematic observation strategies and policies.
The harnessing of the soeamonomic and meteorological data should also be complemented with
the assimilation and managementtofda k no wl ed ge g ai sustathable developnteet c o
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5.3.5 Plan for Systematic Observation

In Sierra Leone the need feechnology transferin the field of earth data collection cannot be over
emphasized. This includes the hardware setup oftttierss, the operating software and the necessary
training of personnel in working with the supplied tools.

The following observational and related activities are planned:

5.3.6 Technical Projects

The following identified projects include: a) Network@bservation b) Research and Capacity Building

A. Observation Networks

1.

It is necessary tetrengthen the Network of Obsations for measuring of Agrdjarine and
Hydrological Meteorological Data sets together with that of the present Synoptic and Rainfall
stations and the means for transmission of these data to relevant users either in the raw form or
in the processed form that will enhanced actind planning for National Development (ND)
Reinstituting the UppeAir (Altitude) data collection through these of Radiosonde and Pilot
Balloons for the Measurement of the various layers of average Temperatures, humidity, wind
and pressures

Observation of Aerosols and its measurement in various parts of the country

Strengthening the Remote sensing capacity hef Meteorological/Hydrological Institutions
through the use of Radar and Satellite data.

The initiation of Ozone observation in the country

Strengthening the assessment and monitoring of underground water measurement, and the
countryo6 Water Resources

Reseach and Capacity Building

Establishment of Network of Applied Meteorology and Climate Study with Higher Educational
institution in the country and sub region.

Establishment of Network with Local Grassroots organizations and International Non
Governmental @anizations for the enhancement of development and use of Climate
information and services.

Undertaking Various Climate Researches in our universities that will address different Climate
Concerns for Development

Building the capacity of policy makersnoClimate issues and legislation that will enhance
compliance of the convention and its accompanying protocol(s)

Sensitization of the general public on Climate and Climate Change issues and the use of Climate
Information and Services in National Developrne
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To support and complemettie above activitiest is necessary to improve/rehabilitate or establish new
monitoring systems such as the following:

Upper Air Observation

The rehabilitation of twaipper air observatiorend provision of additionalvo in the remaining regions
ofsouthand nortwi ' I support our quest to turnaround th
upper air phenomena.

The Monitoring of the Water Resources

There were plans to fully gauge all the main rivers andhoa¢nt areas of the country. At each gauge
site/station, the needed weather parameters of temperature and rainfall will also be m&éhsuwad
enhance the World Weather Watch (WWW) that will complement the basic climate observation data
base of the amtry.

We hope to integrate these set of data collection for our sub regional grouping of the Mano River Union
(MRU) States of Sierra Leone, Guinea and Liberia.

GUAN Station Monitoring

The World Meteorological Organization (WMO) setup the GUAN System eomponent of the GCOS
aerological network set up in each of the WMO six regions. The one for RAL is set up in Niamey,
Nairobi, Cairo and South Africa. States of each sub region usually assign personnel for short time
attachments to these stations. Tiecessary training of Sierra Leonean will greathljhance this
collaboration among states in each RAs.

Satellite and Aircraft monitoring System

The countryds meteorological Depart ment uses t
(EUMETSAT). We have the PUMA and AMSED stations. The training of more personnel to handle
these data for the respective service delivery is a dare need of the department especially when they have
just recruited some 35 Weather Observers, 5 Meteorological Foredadigising and 3 Pupil
Meteorologists after a big gap created by retirement and long period-oécraitment.

The integration of this with aircraft observation over our country will bridge the gap presently existing

in this area.

Surface Weather and Climate Observation System

These are collected at our synoptic and CLIMAT stations established at some ten (10) sites at the
moment though with some a little below standard.

The Spanish Government through the United Nations Development Programme (UNDIR) sviolld

Met eorol ogi cal Organi zation (WMO assisted the ¢
s of the arts Automatic Weather Stations (AWSs). The United Kingdom Meteorological office (UK
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MET Office) provided the technical assistance fbe ttraining of our personnel for the use and
maintenance of the stations.

However the department still needs to increase its data collection platform for the expected service
delivery. This will fill the gap of data collection platform of the Meteoroledi Department to re
establish its data collection, analysis and achieving of these information and for highest quality services
delivery to eneusers.

The surface weather/climate observation system will therefore include:
The establishment of s{%) in the remaining university campuses and colleges throughout the country

1 The establishment of thirteen (13) automatic stations in each districts olthieyco
1 Thetraining of the respective personnel to man these stations;

Cloud Observation

The refabilitation of these stations together with the setting up of the remaining stations will greatly
capacitate weather department.

Rainfall Observation

Each synoptic station measures rainfall. There were series of rainfall stations established all over the
country totaling some eighty but that was as far back as 1975. Over the years some of them were not
maintained and the war destroyed the rest.

Atmospheric Data Collection

WMO international data collection and dissemination mechanism is referred tbea&lobal
Atmospheric Watch (GAW). There at the moment no component in either the GAW or GCOS for
measuring the atmospheric composition and chemistry. The bridging of this gap will help us to
contribute to our obligation of atmospheric chemical compositeiarmination over our country.

Observation of Greenhouse Gas Composition

As mentioned above there is none at the moment but the setting up of such stations will help us to
determine their respective concentrations in atmosphere above Sierra Lasmell Tinclude Carbon
Dioxide (CO2), Methane (CH4), water vapor and Ozone (O3}ldlthese, the collaboration with the
university and other higher institutions is key here.

Ozone Observation

The presence and use of this layer in the stratosphere absioeption of the high energy ultra violet

(UV) radiation cannot be over emphasized. Thus the setting up of an ozone monitoring system will
expand the sparse data collection on ozone around the globe.
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Aerosol Measurement

The role played by aerosoils the atmosphere has long been documented and theGow@rnmental

Panel on Climate Change (IPCC) report of 1996. There is still the task of expanding the limited
knowledge on the extent of its impact on the climate system. The establishment of mgpsitations

for these parameters will greatly improve our understanding of their influence on the climate system.
This will also be done with other line ministries and institutions like the water resource department, the
university and other developmentriveers.

5.3.7 Other constraints andgaps

The Sierra Leone meteorological department has not been giving the due supports needed in the carrying
out its huge scheduled tasks. This is not due to neglect on the side of the government, but as an LDC,
emergirg from war, the hands of the government were too full for the limited resources available that
some components have to be put on hold awaiting resources.

Thus the climatological, meteorological, hydrological, satellite data monitoring and use in service
delivery have not been as expected though they are very necessary.
The small number of observation network could not allow us to rightly play our part in the WWW.

The following problems could therefore be summarized as follows:

1. Country Level

a. Low level skiled manpower both in quality and quantity at all levels in the Meteorological
Department and similar institutions.

b. As a war affected country, with limited financial resources, the meeting of basic financial
commitments have not been easily met

c. The war dstroyed the entire observation network including the meteorological radar in
Freetown. The presenceiafrastructue in these places is very limited.

d. There is no sustainable research mechamsmost of the institution of higher learning. The
various reearchers are mostly donor driven and not based on the innate tendency of the
researcher inner satisfaction. This has not produced the desired effect that country driven
researches are supposed to give.

e. The lack of coordination among various institutioegs them far apart from each other and
thus prevents the intelisciplinary research that climate issues required.

f. The high cost of meteorological equipment and present high cost of Sierra Leone
telecommunication data transfer have compounded to the gdooblem.
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g. Climate Change issues have not been extended to include the necessary human dimension
needed to attract the needed attention and resources for investigation or streamlining the
sociaeconomic, political and dynamic effects.

h. Article 6 of UNFCCCconvention is a relatively new concept that the country is only now
considering for full implementation.

2. Regional Constraint

a. There is no permanent coherent system for systematic data observation was a given standard
has been set for various states pbamce: eg, minimum number of synoptic stations each
country should operate at any given time.

a. The absence of a reliably coordinated telecommunication network for the easiyneeal

transmission of data.
b. The countries operate individual radar and no netwf such operation.

c. There is very low integration of weather/climate issues into policies and strategies of national
development.

5.3.8 Priority Needs for Adaptation identified in the National Adaptation
Programme of Action (NAPA)

Given theLow GHG emissions in LDCs and the high cost of mitigating actions, combined with the high
vulnerability to climate change of LDCs, adaptation optimesisuresepresent the highest priority in

Sierra Leone. Adaptation actions at the local level can iserdfze resilience of the most vulnerable
members of the country/communities. Thus the identified measures will seek to not only will reduce the
impact of climate change but also address the urgent development needs of the most vulnerable
population. The idntified actions have provided the basis of the NAPA document. If implemented as
planned, they will greatly reduce the adverse effect of climate change in the country. Once prepared,
these adaptation options/activities are prioritized for implementatiothetbasis of an agreed set of
criteria under the NAPA process.

5.3.9 Articulation of NAPA options in terms of Technological Options

This will include the crossutting activities that the Meteorological Department will do in collaboration
with other ingitutions in addressing the adaptation needs to climate change.

Table 5.1 Technological options in the NAPA

NAPA options | Development| Type of Availability Observation
Sector of technology
Concerned
Observation Agriculture Realtime data | Could start crop modeling | Farmers could get
Network Water transfer Water resource mapping | more yield
Resources Complete data| done
availability
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and storage

Production and Agriculture/ Radio, TV, Technology developed by | Coupling with
Dissemination of | Water Internet and ACMAD and AGRHYMET | community media
Agro/Hydro- Resources RANET network
Meteorological
information
Fight against Human health | The The management of both | The integration of
some crop prone integration and| the rural and urban areas | Climate issues in
to climate use of the using the ACMAD/ the management of
sensitive disease RANET AGRHYMET technology | major endemic

System for eg. AMSED crop and diseases

issuing vegetation monitoring

warnings in

development

plaming
Extreme Human Health | The The Medical record Medical Doctors

weather/climate
events e.g. the
den® haze of
February, 2012 in
the country

integration of
clinical
diagnosis of
certain
outbreak of
diseases and
the extreme
weather events

management integrated int
the weather data
management. We mibg
use the
ACMAD/AGRHYMET
technology

and other
practitioners
working with the
Meteorological
department and the|
university

for future
forecast
Popularization of | Agriculture and | Seeds rsistant | Work with MAFFS and High economic
animals and plant| Livestock to Climate, Sierra Leone Agricultural | gain and
species with Production Fight against | Research Institutes enhancemerof
weather suitability parasites, (SLARI) of Njala and Public research
promotion of | Rokpur previously done in
crops the country

adaptable to
climate change
as well as
similar animal
production

The mainstreaming of environmental issues into governance is a project funded by the European Union
that will set up a coordinating office for climate change activities in collaboration with other line
institutions both within and without the country.

The need to fadrack development and poverty reduction of the government Agenda for Change is
about to end this year since it was a four years development plan. It is going to be replaced by the
perceivedAgenda for Prosperity which will possibly roll over some of the unfinished tasks.

We have therefore included the overall development of the meteorological and other climatic issue
related institutions i n this deroforoerclimata sgstet.e e pi n
54  Education Training and Public Awareness

The general public needs to be adequately informed about issues relating to climate change and the
consequences of climate change. This will help them play their differenimotéiiencing policy and

decision making processes in implementing the UNFCCC.
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Educationplays a crucial role in theociceconomic developmemh any nation. Weather, climate and

all other related environmentasuesshould be incorporated into the wersity curricula and treated to

such depth asto reveal the consequences of anthropogenic activities on climate change. The necessary
adaptation and mitigation measures should also be incorpordtestcurricula.

54.1. Formal Education

The formal edcation system will play a pivotal role in mainstreaming Climate Change sintbesur
educational systemCurrently, Climate Change studiese treated as subsections in subjects like
Geography, Environment&hysics and Energy studies.

54.2 Informal Education

The Informal Educatiorsector is less capacitated fdimate changeducation. Thushould be treated

as a universal problem and therefore be incorporatedhe informal sectoactivities Special awards

can be awarded to communities andogmized bodies for their respective roles in climate change
activities. Important figures and opinion leaders should be encouraged to act as propaganda machines
for issues on climate change. Youths and women who are key figures on the ground should be
en®uraged to participate in climate change activities. Mass media techniques such as video/television,
radio, print media, traditional communicators and extension agegtalready beingised in well
designed campaigns aimed at achieving favourable resmltsimate changeelated issuesThese
activities should be scaled up.

5.43. Training

A series of workshopand seminars \as held by the Climate Chang®ffice, Tower hill, Freetown to
train the members of the different technical teams (GHG Inventarinevability and Adaptation and
Mitigation) in the implementation of the projedhese trainings need to be formalised and scaled up.

5.44 Training on Assessment of Greenhouse Gas Mitigation Options.

An International Consultaffirainer was recruited dm the sukregion to provide services to
GOSL/GEF/UNDP project on the development of ®econdNational Communications for Sierra
Leone with particular reference ttraining on Mitigation tools (LEAP, COMAP etc.This training
lasted for aboutive (5) daysandconsisted of lecturesliscussionsand hands on deck exercisEata
requirements for eaddoftware packageere treated isomedetail.

The Consultant/Trainerin conducting the trainingexplained the Basic Methods and concepts of
Mitigation asessment for the Energy Industrial, residential, commercial transport and transport,
agriculture, rangelands and grasslands, land use and forestry and waste management sectors. Th
nationalexperts were also introduced to the basic steps in the analydisigdtion options. These steps
include:

- Determination and collection of the data and information needed fasfiessment
- Screening to iderfty mitigation options significant to the country.
- Development of baseline and climate change scenaribe @iptions.
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- Development and projection of future GHG net emissions anca@sirios

- Evaluation of the costffectiveness of mitigation optisn

- Development and evaluation of policies, institutional arrangements and incentives necessary for
the imgementation of the cosffective mitigation options;

The experts were able to easily identify data requirements for sHtlare and the results of the
analysis wereeported in Chapted of the National Initial Communications report

The Consultant adsed that the models for now should not be included in the report due to time
constraints They will hopefully be included in th8" CommunicationReportpending improvement in
both quantitative and qualitative data

5.4 5Public Awareness

During the mplementation of th&NC various studiessensitization and public awareness campaigns
were carried out by the project throughout the country. These campaigns took the form of workshops,
seminars panel discussions and question and answer sessions. Telserations were mostly
conducted in théingua francaKrio, with relevant translations depending on the type of audience. This
encouragednembers ofgrassrod communitiedo participate activelyThe workshops and seminars
were organised by the Loc&ouncils andattended by Government Ministers, high level Government
officials, representatives of NGOs, CBOayrmers,teachersstudents, Heads oGovernment Civil

Society Organisationgtc.

5.4.6 Development of sensitization materials to enhance public areness of climatechange.

Bill boards carrying messages related to Climate Change were erected at key sites in and outside the
city.

5.47 Translation of the sensitization material into the various local languages.

Jingles and short skits highlightitige causes and effects of Climate Change were aired on both national
and private radio stations nationwide.

As a sign of Governmeatsontinued commitment and support to the climate change process, his
Excellency the Vice President of the Republic of Bidreone launched the project early2010. The
Resident Representative of the United Nations Development Programme, Government Ministers and
otherimportant dignitaries graced the occasion.

Three national status reports were produced detailing Sierah e s achi evements ¢
implementing the UNFCCC to COP 15, 16 and 17 respectively.

One of The main constraints in enhancing public awareness is the inadequate human and institutional

capacity within the NCC to develop sensitization makeria enhance public awareness on climate
change.
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In order to address many issues highlighted previously the following response actions have been
proposed:

1. The education of the policy and legislative authorities on the climate change issues for possible
policy formulation.

2. The education of the media on climate change and how to report on them.

3. The training of the civil Society and local government authorities on the adverse effect of climate
change, its contributing actions and how to disseminate thatelichange information to the
grassroots people.

4. The formulation of policy on CDM undertakings and tailoring development paths through

renewable energy resources.

The use of the above in most mitigation and adaptation measures.

Diversification of our edud@nal system to involve the school children in knowledge on climate

and environmental matters.

7. The creation of the secretariat and website that will serve as a clearing house for information
sharing on climate change.

8. Collaboration among parties on commssues in addressing climate change matters.

9. Getting producers involve in using alternative environmentally friendly products. E.g., using re
circled paper for packaging instead of plastics.

10. Development of a Newsletter and Website for greater dissemiratioformation to the general
public. With the installation of Internet facilities and training provided to the members of the
NCC the development of a Website could be achieved in the very near future.

oo

5.4.8 Conclusion

Article 6 of the convention is speffin addressing the capacity needs especially the LDCs in Training,
Education (awareness rising) and research. The country has various laws and policies on some matter:
of concern in environmental matters, but there was formulated outside the convEmimnis need to
mainstream all these isolated ordnances into a more coherent one that will help us to address some of th
key issues of our mitigation and adaptation measures to climate change events.

The policy formulation should consider the grassraot$ most venerable members of our society but in
terms of information and response measures in addition to the technical capacity building. Thus the
target should among others include: a) Policy and legislative officials, b) Educational institution, c)
eanomic sectors such as the producers and d) the civil society.

The achievement of such goal should include programmes of actions that involve the following:

1. Targeting the politicians and other policy makers for their proper understanding of both the
conwvention and its accompanying protocols or actions.

2. The inclusion in the national development plan by the above the green economy where CDM
pathways are selected for alternative development.

3. The training of both the media and civil society on key issuefiefconvention and how to
disseminate this information to the local communities.

4. Capacitating various institutions to adequately contribute to addressing climate change
information collection, processing and dissemination
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5. Involving the school children in éhtraining on extreme climate issues and needed response
measures. We can even involve them in the collection of climate data by establishing weather

stations in schools
6. Creating a link between institutions to work jointly in both research and responsareseam

climate change.
7. The development of platform for exchange of views between parties and other development

partners
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Chapter 6

Constraints and Gaps, and Related Financial,
Technical and Capacity Needs

6.0Financial, Technical and Capacity Needs

6.1 Introduction - Implementation Strategy of the UNFCCC

For Sierra Leone, Climate Change is viewed as a development path. Hence, the UNFCCC is being
implemented with sustainable development guiding all futiecterities and programmes. Based on the
identified Mitigation and Adaptation measures in the preceding chapters of the National
Communication, the following strategy was developed for the future implementation of the Convention
in Sierra Leone. The succégsimplemenation of the strategy and the Convention depend on the
availability of the human and financial capacities in the country, and the requitexthational
Cooperation.

The major areaof difficulty is in the economic analysis and presentatiothefcost of the activities and
their implementation. The first task therefore is the finalisation of the Phancollaborating institutions
are constrained by inadequate human and institutional capacity.

The specific needs to implement the sectorsgptar given below.
The identified financial resources will need to be met by Government and Donors contributions.

6.2 Capacity Building Needs

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

1. The current capacity of the National Climate Cha@dfce under the Ministry of Transport and
Aviation and the EPAf the Sierra Leone is limited to coordinatiof nationalcommunications.
Thus, it is a high priorityn establishing andtrengtheningf the capacity of the national climate
secretariat to enable the effective participation in the implementation of the Conyvéifi®n
will involve:

a) The developmet of a comprehensive climate change action plan and integrated
implementation strategy that takes into account the capacity building needs of the various
institutions participating in climate change activities particularly in research and training.

b) Devdopment of education and training programmes, and specialized skills or expertise
and scientific institutions with the necessary equipment and scientific information; and
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2.

c) Enhancement of public awareness on climate change at all levels with the ultimate
objectives of improving decisiori and policymaking through rerientation and
development of appropriate policies.

In the area of development of inventory of national GHG emissions the members of the national
Task Force assigned the study will need capacimove 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 withthe ultimate objective of reducing uncertainties in the national inventory
statistics. This is likely to be achieved through the involvement of Sierra Leone in the
UNDP/GEF emissions factor project in West Africa.

Technical expertise of some membersh&f Task Forcefias been developed to execute climate
change scenario development tools and biophysical models (DSSAT, WATBAL) in the
assessment of vulnerability (impact and adaptation) of the economy to climate change. However,
these members of the commithave very limited expertise in influencing the source codes of
these models so as to Afine tuneA them to
vulnerability assessment the technical capacities and skills of experts need to be developed and
enhared beyond those acquired through workshops. The experts need to be trained on modeling
at institutions of higher learning through fellowships and/or internships. There is need for the
leading global climate modeling groups to collaborate with the Siezomé. in building the
capacity of members of the Task Faragethe development and execution of climate change and
biophysical models. The collaborative efforts should include the transfer of the model
technology Sierra Leoneans.

Understanding and paripating 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, regioal and global system of observation networks. Sierra Leone 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 beed freatizhe mid

1990s. Inadequate or navailability of equipment for systematic collection of letegm
instrumental observation of climate system variables has the consequence of limiting vital data
required in the development of adequate and accungté variables to model and simulate
climate and climate change. At the current rate of deterioration of the observation networks in
Sierra Leone, the future contribution of data for national, regional and global climate change
simulation will be limited It is thus a priority in Sierra Leone to reverse this deterioration of the
observation networks and improve the data and information availability. Improvement will entail
acquisition of additional automatic recording equipment amstablishment of hydrolacal
networks and their expansitm get more representative coverage of the country.
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6.3 Information on Financial Resources and Technical Support Provided for the
preparation of the SNC

The Global Environment Facility

The Gbbal Environment Facility (GEF) provides financial assistance taAmoex | Parties

to preparetheir national communications under guidance from the COP. Timasiding is

made available undgrojects calledenabling aavities for the preparation ofiSer r a Leone6s
Second National communciation to the united nationmémork convention on climate

change (UNFCCcQO which are implemented through the United Nations Development
Programme (UNDP).

Sierra Leonereceived up tdb405000 from the GEF. For Second National Communicatiansl $
30,000from Govt of Sierra Leoneén kind.

The Secretariat of the United Nations Framework Convention on Climate Change

One function of the UNFCCC Secretariat is to facilitate the provision of financial and technical
assistancé nomAnnex | Parties as they prepare national communications.

The UNDP/UNEP National Communications Support Programme

The National Communications Support Programme (NCSP) is a NDP/UNEP project, funded by the
GEF,which provides technical and policy supptmrtnomAnnex | Parties for the preparation of national
communications. The NCSP is based at the UNDP office in New York. The governments of Switzerland
and the USA have cebnanced NCSP activitieDuring its second phase (2G8610), the NCSP is
sustainng capacitybuilding efforts through technicand policy support, knowledge management, and
communications and outreach. The NCSP offersmtagrated package of technical and policy support

to enhance capacity in namnex | countries and tbetter meethe needs of countries, such as targeted,
intTdepth and issuepecific workshops anchnical backstopping. The NCSP also promotes the quality
and comprehensiveness of natiomaimmunications and the timeliness of their submission, and assists
nommAnnex | Parties to bettancorporate climate change into national development policies.

Other Resources

Mainstreaming Adaptation to Climate Change into National Development PlaimiBigrra Leongthe
European Unionntends toimplement a projectMainstreaning Adaptationto Climate Change into
National Development Planningvhich aimed to integrate climathange and variability into the
agendas of the tourism, agricukufisheries and infrastructusectors.

6.4 Information on Implemented AdaptationMeasures and/ or priority areas for
Adaptation

The following adaptation measures from Sierra Leone NAPA are currenggiog
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UNDP-UNE P p r $trgngthering Glimate Information and Early Warning Systems in Africa for Climate
Resilient Deveopment and Adaptation to Climate Chaage

Ongoingwith UNDP Establishment of Nation&arly Warning System

Ongoingwith UNDP, IFAD and AfDB Rehabilitation& Reconstruction ofneteorologicdtlimate
Monitoring stationghroughouthe country

Ongoingwith UNDP Capacitybuilding of theMeteorologicaDepartmenthroughtraining of
personnel for the o u n adaptafion talimatechange

Ongoing with UNDP and EU ProjectSensitizatiorandawarenessaisingcampaignon climate
change impaston womenrelating to the three conventions of biodiversity, desertification and
UNFCCC

Ongoingwith IFAD project . Development of Inland Valley Swamps for Rice Production in the
Moyamba Distrit.

Ongoing with UNDP Institutional Strengthening of the &tér Resources Sector in Sierra Leone.

Ongoingwith UNDP Promotion of Rain Water Harvesting and Development of An Integrated
Management System for Fresh Water Bodies

Priority areas for Adaptation
Some priority areas from the NAHRAclude not restried to:

Promotion of the use sénewableenergy (Solar Energy) in Sierra Leone and improvement of energy
efficiency and conservation of energy resources

Rehabilitation of degraded coastal habitats inNbethernProvince/Kambia district.
Healthsectomprojects

6.5 Priority Needs for Adaptation identified in the National Adaptation
Programme of Action (NAPA)

Given the Low GHG emissions in LDCs and the high cost of mitigating actions, combined with the high
vulnerability to climate change of LDCagaptation optionsieasuresepresent the highest priority in

Sierra Leone. Adaptation actions at the local level can increase the resilience of the most vulnerable
members of the country/communities. Thus the identified measures will seek to not 8msdwae the

impact of climate change but also address the urgent development needs of the most vulnerable
population. The identified actions have provided the basis of the NAPA document. If implemented as
planned, they will greatly reduce the adverseafof climate change in the country. Once prepared,
these adaptation options/activities are prioritized for implementation on the basis of an agreed set of
criteria under the NAPA process.
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6.6. The Selection of ranking of the priority of activities of the NAPA

The document was prepared with series of workshops where the input of the people at all levels formed
the core items/activities selected. It was validated by the people at the various levels from urban to
remote rural villages in order to ensunatttheir concerns were all articulated.

The following guidelines for the NAPA preparation was therefore very helpful

1. The quantification of the level of the adverse effect of climate change that are linked to the
vulnerable indicated previously selectedarmulated

2. It must reduce poverty in order to increase their adaptation to the adverse effect of Climate
Change.

3. The actions should be mainstreamed into the government development plans for collective
action.

4. It must have synergy with other multilaaéagreements.

5. We must also consider the cadtectiveness of the adaptation activity.

The devel opment of the first NAPA was in |line
(PSRP) 1 and its successor PRSP 2 specifically-naded the Agendmr Change. Their preparations
involve various stakeholders in All Works of Life (AWOL).

The following criteria were used for the documentation of the concerns.

The perceived impact on groups together with the most venerable group and resources.
The imp@act on the economy of the country as well as on the poor people

It has to reduce/avoid the damages or losses of the poor people

It must be in line with multilateral environmental agreements that the country has signed.

rwnE

We have used h eige enethodh vehere varopsigreups workdd together to come out with
their list and the statistical ranking done on them to categorize them for implementation.

Table 6.1- Prioritized Adaptation options and their ranking according to NAPA Classification™*

Project Name of Option and Option Description Rank

Number

Technical Projects on Network of Observatiorand capacity building

Project 1 Strengthening the assessment and monitoring of undergi 1
water measurement , and th

Project2 Establishment of Network of Applied Meteorology g 2

Climate Study with Higher Educational institution in {
country and sub region

Project3 Establishment of Network with Local Grassro(5
organizations, International NeBovernmenta
Organizations ihe ministries for the enhancement
development and use of Climate information and services
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Project4 Undertaking Various Climate Researches in our univers 6
that will address different Climate Concerns
Development

Project5 Building the @pacity of policy makers on Climate issues { 7
legislation that will enhance compliance of the conven
and its accompanying protocol(s)

Project6 Capacity building for the activities of Article 6 coordinati| 8
team
Project 7 Sensitization of theyeneral public on Climate and Climg 9

Change issues and the use of Climate Information
Services in National Development

Project 8 Observation of Aerosols and its measurement in various | 10
of the country
Project 9 The initiation of Ozone obsedtion in the country 11

6.7 Information on Projects for Financing
6.7.1 Proposed Pilot Projects

The proposed projects are some of the mitigation and adaptation undertakings that have been developec
in accordance with the priorities of the natiortshtegic framework and development plans. They have
been divided into two categories:

1. Technical Projects on Network of Observation and
2. Technical Projects on Research and Capacity Building

They are given as attachment or annex to this report
6.8. Capaciy Building Needs
6.9. Shortcomings, Constraints, and Priority Needs

The Agenda for Change document together with this present Second National Communication brought
the focus on Climate Change effects. This led to the creation of the Disaster MartaDepeatment

(DMD) under the Office of National Security (ONS) which is supervised by the Vice President. During
the past years, weather/climate disasters such as flooding (resulting in fatalities and crop damage) on the
one hand and shortage of waterret GUMA Dam (GUMA supply water to the City of Freetown) This

show the importance that extreme events have on and the willingness for collaborative actions to address
some of the perceived effect through mitigation and adaptation.

Despite this effort, théimited resources of the government in the post war reconstruction have made

some of these vital issues to shelf level. Thus the following constraints need attention which some of the
projects will address if implemented.
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8.

9.

The concept of Climatel@&nge is new. Many do not understand the issues (even some so called
educated men) and as such, some stakeholders first of all need to be educated before using then
to sensitize the general public.

As a new concept, there is inadequate staff knowledgeatiie science of climate change.

The media alone is inadequate in this venture due to the partial coverage of most media houses

In Sierra Leone, more that 60% of the people are illiterate and therefore need other means of
information dissemination.

The hgh cost of such learning materials hinders learning.

The resources put into Climate Change issues is not commensurate with the task that needs to be
addressed.

. Most players act in isolation as various Ministries are responsible for different aspectaateCli

Change. For example, the Forestry Man does not see the link of meteorological observation to
his line of work.

The civil society organizations have not shown the due interest in the implementation of the
UNFCCC as is done for Health and Education.

There is problem with information dissemination both within the country and between similar
institutions in the sub region.

10. The funding mechanism of UNFCCC (especially GEF) and other multilateral organization are so

complex that access to them has not besy & most countries. E.g. very few countries have
accessed the LDC special Adaptation fund, Somalia representative at the June, 2012 Article 6
planning workshop in Bonn said that they have never assessed GEF yearly grant.

11.In most LDCs the cost of medigervice (from newspaper to TV through radio and

advertisement) is very high which prevent the use though regrettably powerful.
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ANNEX 1: Pilot Projects on Technical Assistance on Systematic
Observation and capacity Building

Briefs of technical Projects on Network of Observation
Project 1a

Those strengthening the Network of Observations for measuring of Agro, Marine And Hydrological
Meteorological Data sets and the means for transmission of these data to relevant users lestihawifotm or
in the processed form that will enhanced action and planning for National Development (ND)

Project The Meteorological Department used to have eleven (11) syn
Background stations, three (3) Agro Met siats and two (2) upper air statio
Justification al |l over the country for mon

phenomena. There were plans to open five (5) more syn
stations in other to get an even distribution of stations
consonance with WMO improvedastdard of 1994.
However, during the war almost all of the existing stations \
destroyed. At the moment only five (5) are operational (Lungi
Port, Bonthe, Bo, Freetown and Makeni), with none of the uppé
functional.

In order to fully monitor an@ontribute to the proper monitoring

the weather and climate capability of the country to positi
contribute to the provision of better service

to end users, a good network of meteorological stations

equipped to adequately monitor the paransetexsponsible fo
initiating and propagating the weather/ climate change is ther
very imperative. The Sierra Leone government is expecte
establish the two upper air stations at Lungi and Daru as
contribution apart from the payment of theasis of these staffs.
The Spanish Government through the United Nations Develop
Programme (UNDP) and the World Meteorological Organisg
( WMO) , assisted the depart m
providing six state of the arts Automatic WeatBgations (AWSS)
The United Kingdom Meteorological office (UK MET Officg
provided the technical assistance for the training of our pers(
for the use and maintenance of the stations.
These stations have been successfully installed at Freg
{Fourah Bay College (FBC)}, Lungi Airport, Njala Universit
College, Kenema, Rokpur and Kabala.

However the department still needs to increase its data collg
platform for the expected service delivery.

The present project is therefore to fill the gap ofadedllection
platform of the Meteorological Department to re establish its

collection, analysis and achieving of these information and
highest quality services delivery to easers.

To meet this objective, the following specific objectives wi{
achieved by the end of the project phase:
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1. The establishment of six(6) weather stations in the rema
university campuses and colleges throughout the country i.¢
MMCET-Goderich; Eastern Polytechnic, Kenema; Port L
Teachers College; Makeni dehers College; Bo Campus a
Bunumbu Campus of eastern polytechnics.

2. The establishment of thirteen (13) automatic stations in
di stricts of t he country (
contribution to Agriculture and food security activities avttier
end users in order to give a full coverage of station nety
representative of WMO standard.

3. The provision of adequate equipment and logistics for ea
these stations to function properly.

4. The provision the necessary tools and office taggisfor the
collection, analysis, storage and dissemination to-useds of
weather/climate data and information.

5. To help the department to digitalize its remaining stock
climatic data collected over the years by employing five (5)
entry clerls and one data verifying officer.

Executing Agency

Meteorological Department

Possible Partners

Water Resource Department, Fourah Bay College Hydrology
Department, Environment Department, Faculty of Environment
Science, Njala University, Guma Valley VéatCompany, Sierra
Leone Water Company (SLWACO)

Project Objectives

The main objective of the Project is to establish and improvg
Meteorological/Climatic dater collection, data analysis and stq
of the country in order for the department to carmyt dts
obligations of better service provision to amskrs that will safé
guard lives and property

Expected
Outcomes

1. The Presence of the various station for their respective (
collection

2. The functioning of these station

3. The availability of the data dected from these stations fo
use in service delivery

Project Activities

There are three (3) Components to this project viz:
establishment of these stations to meet WMO standard (b
provision of tools and equipment for these stations and
provision of logistics for the running of the established stat
which include those for: data analysis, dissemination to end
and data storage. The components involve are outlined in the
budget.

Risks and
Sustainability

Some of the risks irolve are the remoteness of some of th
stations which make them venerable to thieves especially at

when the observer is off duty. The involvement of the local pe
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of the areas in the provision of security for the said stations
clear this rsk. The sustainability of the project is certain as aftel
provision of the various components mentioned the simple ta
maintenance and daily administrative cost of these stations col
met from that of the dep acentrah
government

Project
Demonstrative
Value

The Project can be replicated to other parts of the country with
by establishing more station in other parts of the country in ord
increase the data collection base of the department. Thig
emmpwered the country to meet up with the challenges of
national and international climate date collection, managemen
dissemination to end users

Project Financing
and Duration:

The Total cost of the projectiBve hundred and Three Thousang
Eight Hundred and Seventfive United State dollars(US$
503,875)and the total duration of the project Téree (3) Years
after which, the Sierra Leone Meteorological Department will f

take over the stations.

Project 1b

Reconstruction of HydreMeteorobgical/Climate Monitoring stations on the nine (9) main rivers

throughout the country

Project
Background
Justification

The Meteorological Department used to works with the w
resource Department in hydrological data collection. How
for the pasttwenty or so years, there have been no organ
hydrological data collection systems in the country. As W
covers both Meteorological and Hydrological services, we hoy
partnership with other institutions in the country that are invo
in the wateresource management and studies in establishmern
much needed data collection that their respective work def
upon. There were plans to fully gauge all the main rivers
catchment areas of the country. At each gauge site/statior
needed weatltr parameters of temperature and rainfall will alsc
measured

Executing Agency

Meteorological Department.

Possible Partners

Water Resource Department, Fourah Bay College Hydro
Department, Environment Department, Faculty of Environme
Science, Ngla University, Guma Valley Water Company, Si€
Leone Water Company f&&A WACO)

Project
Objectives

The main objective of the Project is to establish Hyc
Meteorological/Climatic dater collection, throughout the cou

and its accompanying data anatysind storage facility for th
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department to carry out its obligations towards the Climate Ch
Mitigation project.

To meet this objective, the following specific objectives will
achieved by the end of the project phase of two (2) years:

1. The estaldhment of six (27) Hydrdeteorological station
(three on each ricer with one at the top, middle and bottom e
the river) at Rokel, Little and grate Scarcise, Mano, Sawa,

Wanjah, Mano.

3. The provision of adequate equipment and logisticseézh of
these stations to function properly.

4. The provision the necessary tools and office logistics for
collection, analysis, storage and dissemination to-umais of
weather/climate data and information.

Expected Results

(a) Four (4) old HydreMET, and two (2) MarineMET Stations
Rehabilitated

(b) Ten (10) new HydreMET stations and four (4) MariAdET
Stations opened to meet WMO standard

(c) Availability of tools and equipment for these stations toge
with necessary logistics for the running ofetlestablishec
stations which include those for: data analysis, disseminati
end users and data storage.

1. The Presence of the various station for their respective data
collection

2. The functioning of these station

3. The availability of the data collectedrfuse in service delivery

Activities

A) Selection of sites for the location of the stations on the vario
rivers (9x3=27Sites)

B) Selection of sites on the five catchment areas (5x1=5 sites)

C) Selection of sites for the five Marine statighz1=>5 sites)
Site Preparation including the construction of concert slabs,
cutting of trees etc.

Purchase
1. Equipmenitand transportation to project site.
2. Installation of the station equipment.
3. Deployment of Hydro/Marine Meteorological Pensel at
each of theirespective station for routine observation an
recording.

Risks and
Sustainability

Some of the risks involve are the remoteness of some of the st
which make them venerable to thieves. The involvement of
local people of theareas in the provision of security for the s
stations will clear this risk. The sustainability of the projec

certain as after the provision of the various components ment
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the simple task of maintenance and daily administrative co
these dtions could be met from that of each of the respe

department sé annual all ocati
Stakeholders The reluctance of some personnel to work in some isolated
Participation made the department to come out with the ideaeofuiting the

locals of the area as station meteorological, HYMET Agro-MET

and MarineMET and observers. For some stations joint (
collection will be done such as the rainfall stations in conjund
with the ministry of Agriculture, Water Resoer®evelopment an
the Education Ministry.

The Climate model runs of climate date will be done jointly v
other institution such as the Environment department, Stat
Sierra Leone, and the University etc

Project Duration | Three (3) Years

Project 2
Reinstituting the UppefAir (Altitude) data collection through the establishment of Radiosonde and
Pilot Balloons observations

Project There used to be upper air observations in the country but there none
Justification moment. The use of upper amtd in the monitoring of understanding of ¢
atmosphere cannot be overestimated. This will support our que
turnaround the MET Department 0g
phenomena.

Objectives 1. To ensure national coverage in connect with uprelemperature,
wind, pressure humidity and related data reports

2. To be able to determine the current climate characteristics using th
release of two daily pilot balloons at each of the two (2) station at 1
and 0000z

3. To Use the Data collected talidate model products and use it to ma
forecast for daily operation and future climate perditions

Expected Results| 1. Two upper air observation stations established at Lungi and
Daru/Kailahun.

Functional upper air station available.

Upper air Data now\ailable on the country.

Activities Site preparation/construction

Obtaining the various equipments

Installation of equipment

Training of station operation personnel

Deployment of station operation personnel and start of routine

observation

arONPI®N

Project Cost $ 300,000

Project Duration | Three (3) Years

Project 3
Observation of Aerosols and its measurement in various parts of the country
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Project
Justification

1) The air quality measurement is very poor in the country and the qug
of air has various hetl factors. aerosols in the atmosphere alters th¢
natural dynamic processes of the atmosphere in terms of chemical
composition and reactions.

2) It has been acknowledged in the various assessments by the Inter
Governmental Panel on Climate Change (IPCC) tregjuivocal
important roles played by the aerosols in the atmosphere.

Objectives

1) For Sierra Leone to meet its obligation by playing active role in the
implementation of aerosol measurement

2) To establish Four (4) aerosol measuring/assessment stationstatifre
(the industrial area), one at each of the mining sites of Sierra Rutile
London Mining and African Minerals

Expected Results

Aerosols measuring stations established and running

Aerosols data available on the country and collected in the country
Theuse of the country aerosols information in the provision of vario
climate services.

wh e

Activities

Site Selection and preparation/construction

Obtaining the various aerosol equipments

Installation of equipment

Training of station operation personnel.

Deployment of station operation personnel and start of routine
observation

6. Transmission of data MET and other end users

agrwnE

Project Cost

$250,000

Project Duration

Two (2) Years

Project 4

Strengthening the Remote sensing ability of the Meteorological/Hydrolagitnstitutions through
the use of Radar and Satellite data.

Project
Justification

The countryodés only radar was ow
dates back as far as 1980 purchased during the hosting in Sierra Leon
the then Organization of Atan Unity (OAU). This radar was used to
forecast approaching storm, in search and rescues operations.

It must be noted that Sierra Leone is bordered by over one third (1/3) b
Atlantic Ocean and equally littered by some nine big rivers that ardarse
fishing, travel and other purposes.

The possession of this instrument will help the institutions of Meteorolg
Marine Time Administration, Port Authority, Disaster Management and
Boat Transport Ownersé and Fi sh

Objectives

1) Toreplaced the much needed storm detecting radar that the war destro

to provide that much needed function that will address some the adwvq
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effects of climate change.
2) To use remote sensing techniques in search and rescue operation

=

Theavailability of functional radar in Sierra Leone.

2. The availability of radar and satellite information and services to
various enelisers addressing weather and climate concerns

3. The availability of trained personnel capable of operating the statiof

Activities 1. The training of personnel in radar meteorology

2. Obtaining the radar and related satellite data reception equipment
equipments

3. Installation of equipment

4. Training of station operation personnel.

5. Deployment of station operation personnel and startudfrme
observation

6. Transmission of data to MET and other end users expected time fra

Project Cost $ 2,500,000

Expected Results

Project Duration | Two (2) Years

Project 5

The initiation of Ozone observation in the country

Project Following forth assessmehy the IPCC, the important role played by the

Justification atmospheric ozone in regional climatic variations was highly
acknowledged.

Objectives 1. Support the Global Ozone data collection through the creation o

(2) ozone concentration measuring stations in Siezomeé.

2. Use the data collected together with Africa Monitoring of
Environment for Sustainable Development (AMSED) and the PU
satellite data to help in providing the necessary information on cli
forcing resulting from Green House Gases.

ExpectedResults | 1. The availability of two ozone monitoring stations in Sierra Leone
2. The easy access to the data and services from these stationsigzen
3. The availability of trained and capable personnel to man the station
Activities 1. Setting up of the statio
2. The training of required personnel fot the management of the statio
3. Regular ozone observation
Project Cost $ 400,000

Project Duration | Three (3) years

Project 6
Strengthening the assessment and monitoring of underground water measurement, anduhe tor y 0
Water Resources

| Project | Various studies have been done on the waters of Sierra Leone but nor|
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Justification

comprehensive enough to give a holistic picture of situation that is relig
enough in climate mitigation/adaptation and prediction. Nogrop
assessment and monitoring have been done on ground water and the
resources of the country. In most rural areas the people on bole holes
their main sources of water for drinking, irrigation and the like.

It must be noted that the president edise concern of the drying of a rive
near Makeni that has never dried up expect for the past two or three ye
This negatively affected the agricultural practices of the people that
depended on this water.

He mentioned that for agriculture to thrive,¢ knowl edge ¢
water resources was therefore very necessary.
This will complement the current activity by the water resource departn
and other stake holders.

Objective

1. To characterize the current state of our hydrologic system
avalability of current data, assessment tools.

2. To use analytic tools, measurements and Modeling

3. To provide information that would promote prospective information
discussions on the mode of extraction and exploitation of the resou

4. To contribute tathe improvement of the living standard of the peg
through the provision of Hydrologic information in real time
protection of life and property.

Expected Result

1. The availability analyzed country data on Piezometry and H

chemical situation of theountry

The availability of specific quantitative and qualitative monitoring

networks for sensitive aquifers

Piezometric data regularly collected

Pervious noffunctional piezometers rehabilitated

Creation of five new piezometric data collection retwv

The availability of some fifteen trained for handling operations

Four (4) stations are equipped with Meteosat data collection plati

become operational

8. Processed Hydrolimatic date such as flow rate, rainfall, water level
available

9. Technical mtes on flooding and related hazards published biannual

100Quarterly and annual reports
water resources.

11.Instrument calibration centre established

12. Computers for the data processing purchased

no

Noohkow

Activities

1. The construebn and leveling piesometers and other station preparal
2. All piezometric, and hydrochemical data from 1990 to 2010 collectg
the country and analysed.

The rehabilitation of nowperational Piezometers nationwide

The installation five new piezometrifata collection centers
Acquisition of all equipment and logistics for the project

The training of six (6) technical officers

Noohkow

The collection of data by the necessary personnel
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8. Processing of these data
9. Publication of the various reports
10. Calibration of the @rious instruments for proper measurement.

Project Cost $ 800,000

Project Duration | Two (2) Years

B) Briefs of technical Projects on Research and Capacity Building

Project 7

Establishment of Network of Applied Meteorology and Climate Study with Highducational
institution in the country and sub region.

Project Only Njala University offer courses in environmental sciences and evel
Justification these are not structured according to World Meteorological Organizatiq
(WMO) standards. We spend huge soinmoney training personnel abroa
on courses that our university institutions can easily accommodate.
This project will therefore build the capacity of our higher institutions fo
them to capably train personnel in the field of meteorology and climate
change studies.

Objective 1. It will capacitate our higher educational institution for the provisiot
necessary training for incoming Meteorology/hydrological and Clin
Studies.

2. Government will spend less in the local training of Climate scientis
aganst the high cost of external training (Such savings can be us
carry out other development programs for poverty alleviation.

3. The shortage of trained personnel where expectorate were importe
be minimized

4. The country will now have store of tr&d personnel to capably hang
respective responsibilities in most aspects of Climate data colle
processing and related services

=

Expected Results Our Higher Educational institutions capacitated to train the necesss
personnel

Most Training of oupersonnel now available at our universities
Less money spent on training of personnel

Shortage of trained personnel reduced considerably

Pl W

Activities Provision of external scholarship for the specialization of some
members of various educational institumn s f or tr ai ni
courses in Climate and related studies.

2. Provision of basic training materials and logistics to these institutior]
3. The training in these institutions of the various interested students &

others sent by various line ministri@sd organizations

Project Cost $650,000

Project Duration | Three (3) Years

Project 8

Establishment of Network with Local Grassroots organizations, International Neavernmental
Organizations line ministries for the enhancement of development andaigélimate information
and services.
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Project
Justification

Climate Change effect affects to the greatest extent the most venerabl
women and children to the rural farmers. These are most of the times 1
from the discussion makers, the educadl@ifects and implementation.
They can be reached only through the Media and grass root organizati
(local CBOs), and other NGOs or related institutions.

There is need for the creation of networking with these institutions for t
easy dissemination afimate change related information for developmer
This ensure the all inclusiveness in either climate change adaptation o
mitigation

Objectives

1. To Identify at least one CBO per chiefdom for the network

2. To selection the media houses that can enhaneewtiole country
coverage

3. Training of the network members on types of climate informalt
methods of climate information dissemination and other relg
activities.

Expected Results

1. Some 200 CBOs, 24 NGOs, 24 radio stations, 200 Schools and a 2
newspapers identified

2. The network members trained as desired for climate change inform
dissemination.

3. Training and information materials developed

Activities

The respective activities done to achieve the above outcomes

Project Cost

$200,000

Project Duration

Two (2) Years

Project 9

Undertaking Various Climate Researches in our universities that will address different Climate
Concerns for Development

Project
Justification

Climate Change science is new and very poorly researched in most
espe@lly Sierra Leone. Educational level and standard have gr
improved in the country where young people mostly go beyond the
degree in career oriented discipline. This opens the door to various re
options and investigations.

Some of such #sis could be tailored to address various climate sty
such as the effect of last February dense haze that lasted the longes
count r vy o6 s-fivgp(88 teard. Mhisrwasya key course of cong
where the meteorological forecast office waslechlupon to give daily
update and professional advice. The hospitals were requested to ke
records of all eye disease and breathing or cardiac problems reported
the eight days period of that Hazy Air Mass (HAM). Researchers are n
for suchanalysis.

There are host of such climate research out there especially in agric
health, water, transportation, environment and you name it.

Thus the universities could also be capacitated to use their reg
department to undertake climate modgliin association with othe
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established organizations such as ACMAD and AGRHYMET in Niarn
Niger.

Objectives 1. To capacitate our universities to be able to undertake climate s
research such as climate and crop modeling.

2. To provide research meareas for those students that have intere
climate studies

3. To contribute as a country to the increase in knowledge in the fie
climate change

4. To be able to provide scientific explanations and solutions to §
hazardous climate events that méfget the country or subegion.

Expected Results| 1. Our universities capable to do some climate studies research.

2. Students able to do some climate studies researches in Sierra Leof

3. We can provide answers and/or solutions to some extreme cl
events diretly affecting us or likely to impact on us.

4. Adaptation and mitigation options provided in such research works.

Activities 1. Provision of logistics and training to our universities that will capac
them to undertake climate studies research.

2. The trainng of various research students for higher degrees in cli
studies.

3. Working with various institutions and organization in addressing S
concerns of extreme climate events and change.

Project Cost $ 600,000

Project Duration | Three (3) years

Project 10
Building the capacity of policy makers on Climate issues and legislation that will enhance compliance
of the convention and its accompanying protocol(s)

Project It is our anthropogenic activities that induces global warming and henc
Justification climate change and its unpleasant accompanying effects or consequer
We therefore need to control some those human activities that tends t¢
negative effect on the Climate Systems.

This needs in the first place getting the law and other policy makers t
understand the issues of climate change and its adverse effects.

Once adequately sensitized, they are then capacitated through the pro
of necessary logistics to make policies and laws that will mitigate those
activities that negatively impact onrotlimate system. This also requires
the mainstreaming of climate concern into the governance structure of
Sierra Leone.

Objectives 1. To conduct series of workshops and training for law and other p
makers on climate change issues.

2. To provide necessarpgistics to these trainees that will enhance t
capacity to legislate on climate change issues and also empowe
implement them.

Expected Results| 1. Law and other policy makers adequately knowledgeable on cli
change issues.
2. Laws enacted, policgeeformulated to address climate change issues.
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3. The relevant state institution empowered to implement the policie
laws on climate change issues.

Activities 1. Selection of participants for the workshops and training.

2. Conducting the training workshopg finese participants.

3. Providing the logistics for the enactment of law and policies that
address climate change issues.

4. Empowering relevant state institution to be able to implement {

policies and laws on climate change issues

Project Cost $300,@0

Project Duration | Two (2) Years

Project 11
Sensitization of the general public on Climate and Climate Change issues and the use of Climate
Information and Services in National Development

Project It is true that some of the activities@fe ner a | public o

Justification Sierra Leone will either impact directly or indirectly on climate change :
our development. The indiscriminate bush burning and cutting down of
trees together with atmospheric pollution are recipes for global waamith
climate change together with its adverse effects.

Most people are ignorant about such actions and consequences includ
even some soalled educated people. The need for mass campaign anc
sensitization on climate change issues is therefore imperative

The development of programs that offers alternative livelihoods to thos
whose daily lives will be affected is also essential. These are made to |
parts of the Government development plan in the Agenda for Change ¢
Agenda for Prosperity?

Objectives 1. To organize Regional, Districts and Chiefdom workshops
sensitization on climate change issues.

2. To develop training materials and methods respectively ranging
bill boards/hand bills to jingle/drama on the above issues.

3. To identify thase livelihoods that will be affected by the legislation :
policies on climate change issues.

4. To undertake activities that will address the damages caused s
deforestation

5. To design programmes that will provide alternative livelihoods to t
affected.

6. To mainstream objective 4 in the government development plan.

Expected Results| 1. The majority of people in Sierra Leone now know about climate chg

2. The drastic reduction of wide fires and deforestation noticed in the
parts of the country.

3. The obeying of environmental and related laws and policies.

4. Projects developed to address the damages done such as reforestg

5. Projects developed that will provide alternative livelihoods to tk
affected by the climate change.

6. The inclusion of the abe@v projects in the government developm
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agenda.

Activities

=

5.

Selection of participants for the workshops and training.
Conducting the training workshops for these participants at regi
district and chiefdom levels throughout the country.

The productionof relevant training and educational materials
Climate Change issues

Providing the logistics for the inclusion of projects developed to ad
the identified together with the alternative livelihood programmes.
Empowering relevant state institution be able to implement thes
policies and laws on climate change issues participants

Project Cost

$500,000

Project Duration

Three (3) Years

Project 12

Capacity building for the activities of Article 6 coordination team

Project
Justification

Sierra Leoe belongs to the Least Developed Country Grouping in
UNFCCC.
1.

Article 6 was specifically drafted to address the low adaptive capac
terms of Education, Training and Research. At the just concluded
workshop in Bonn 121 June which was called to providevork plan
for the implementation of Article6, it seen that there is need for setti
up of an institutional framework for the implementation of Article 6.
effectively coordinate these activities, there is need to capacitate th
focal point instituion for carrying out the needed coordination that is
required.

Objectives

To organize Regional, Districts and Chiefdom workshops
sensitization on climate change work plan for the implementatio
Article 6
To coordinate the activities of the variouplayers for the
implementation of Article 6
To provide support for the institutional setup for the implementatio
Article 6
To undertake activities that will promote the implementation of Ari
6.
To mainstream objectives of Article 6 in the goveamt developmen
plan.

Expected Results

=

The different players of climate change will be able to addresg
implementation of Article 6.

A proper functional institution for Article 6 implementation set up.
Various programmes done for the implementatbArticle 6.

Activities

N PN

Setting up the coordination office for Article 6.
Coordinating the activities of the various players of Climate Ch
activities dealing with Article 6.

Mainstreaming Article 6 activities in all climate change activities in

237



country.

4. Providing the logistics for the inclusion of projects developed to ad
the identified programmes of Article 6.

5. Empowering relevant state institution to be able to implement t{
policies and laws on Article 6 on climate change issues partisipa

Project Cost $300,000

Project Duration | Three (3) Years

ANNEX 2: Sample of the DETAILED BUDGET of the first two projects under the systematic

observation

Project 1a: 8engthening the Network of Observations for measuring of Agro, Marine and

Hydrological Meteorological Data sets and the means for transmission of these data to relevant
users either in the raw form or in the processed form that will enhanced action and planning for

National Development (ND)

Detailed Budget

No | Item Description Qty Unit Cost | Total Cost | Total
(LedO((LedOAQCost
($ USD)

1) Reopening of Meteorological Stations in Universities/Colleges
1 stations each at MMCEGogerich; Eastern Polyte¢gkenema; Port Loko Teachers
College; Makeni Teachers College; Bo Campus, Bunumb

i) Standard Instruments, 8 48,000 384,000 96,000
i) Solar Panel and Battery 8 6,400 51,200 12,800
iii) | Stevenson Screen 8 1,000 8,000 2,000

2) Agricultural Stations at main food crop production areas
1 Automatic stations each -dflambolo; Makali; Bauma; Kamakwie; Lunsar; Tormabun
Newton; Sulima; Mattru; Tongo Field; Gardorhun; Koindu

i) Standard automatic Agilet

Station, 13 28,000 364,000 89,000
ii) Solar Panel and Battery and oth

consumables 13 6,000 78,000 19,500
i) Ranet system foCommunity

weather information system 4 10,000 40,000 10,000
iv) SSB and Radio for Community 420,000

Weather information System 21 20,000 105,000
V) Motor bikes for Station

Monitoring and Supervision 4 10,000 40,000 10,000
vi) Utility vehicle for transport of 1 40,000 10,000
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routine equipment inspection

and/maintenance 40,000
Vii | 5 Data Entry Secretary for inpuf
from manual to digital for
6months 30 1,000 30,000 7,500
Viii | Data Sorting, and verifying
officer 1 person for 6 months 1,200| 7,2 1,800
IX Lap top 4,200| 4,800 1,200
3) Meteorological Forecast Office, Lungi
a) Instruments
i) Digital barometer, 1 Back up an
1 Calibration 2 28,000 54,000 14,000
i) | Anemometer for Wind speed an
Direction 1 8,800 8,800 2,200
iii) Transmitsmedr for visibility
assessment 1 10,000 10,000 2,500
iv) | Autographic, Barograph and
Charts 3,200 3,200 800
V) Sunshine Recorder and Cards fq
2 years 1Yr 11,200 11,200 | 2,800
vi) | Rain gaugemanual and
Automatic 2 14,000 48,000 | 7,000
Vi)
Ranet System 2 24,000 48,000 | 12000
vii)
SADIS System for Aviation
Meteorological Forecast 1 42,000 42,000 13,000
viii) | 1 set desk top & Lap top
computer, Printer, photocopier 1 12,000 12,000
ixX) | SSB Set and internet facility for
data transition to endser 1 5,000 5,000
b) Consumables
) Papers, pens, markers, recordin
charts etc 2 3,000 6,000 | 1,500
ii) Floppy disc, flash drive etc 4 2,000 8,000 | 2,000
iii) | Printer ink and cartridges 2 3,500 7,000 1,750
C) Air Conditioner to protect the 1 2,500 2,500 650
instruments in the office
d) | Office Space
Building for the data processing at | 3 6,000 18,000 4,500
Lungi, Freetown and Bo
Meteorological Head quarter
a) Office logistics
i) computers for data entry 4 2,500 10,000 2,500
i) Scanner 1 1,500 1,500 375
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i) | Printer 1 2,200 2,200 550

iv) | iv) Projector 1 3,500 3,500 875

V) Digital camera 1 500 500 125

A TV set 1 1,500 1,500 375

B V-sat modem for Lungi forecast| 2 2,000 32,000 8,000
office and SLBC

C Video recorder with multiple 1 800 800 | 200
channel

D One set computer for editing 1 10,000 10,000 | 2,500
presentation

E Set of Furniture for above 1 1,000 2,500

1,000
F C-D rom for recording broadcas| 10pkts 500 1,250
5,000

G Flash drives for storage of 10 250 625
broadcast for reference 2,500

H Video Camera 1 ,800 ,800 | 2,200

I Flip Chart Stand 1 00 500 | 125

J Installation of the vwsat 1 00 800 | 200

K Training of two MET personnel | 2 10,000
in Kenya on TV presentation (Ai 40,000 40,000
fare, lodging, food stipend etc)

2 Consumables for the sets
already supplied

A Laser Jet cartridge for the 5 450 2,250 | 5,625
Photocopier, printer/smner

B Transport for transportation (¢ - - - -
personnel, routine supervisio
utility and administrative duties. | 1
One jeep assigned to MET fro
UNDP/other Un agencies 1 28,000 128,000 | 32,000
One Toyota Hillux or Land Rove
purchase for the purpes 1 112,000 12,000 | 28,000
One pickup van

C Motor bike for the station 4 8,000 32,000 | 8,000
supervision by the MET
superintendent ( Victor bike)

D Fuel for bike and jeep|- - - -
Contribution by MET Dept

E Creation of Web Site for MET |1 10,000 10,000 | 2,500
Department and one year
payment

F Four internet modem and one | 4 7,000 28,000 | 7,000
year subscription

H GRAND TOTAL | 567,875
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National/Counterpart funding for 1a)

No | Item Description Qty Unit Cost | Total Cost Total Cost
(LedO|{(LedbO0OC((BUSD)
1 Personnel monthly payment of
salary to the various personnel ¢ 50 18,000 900,000 225,000
the observatories and data
processing centers for three yeg
2 Running cost for the transports, | 4 16,200 64,800 16,200
four (4) bikes and three (3) 3 32,400 97,200 24,300
vehicles for three years
3 Miscellaneous 17,200 4,300
4 Total 269,800
Project 1b)  Reconstruction of Hydro-Meteorological/Climate Monitoring stations on the nine
(9) main rivers throughout the country
No | Item Description Qty | Unit Cost | Total Cost | Total Cost
(Led60|(Led0O]|($USD)
1 | Site inspection for five personnel
for five days
a) Transport 5 200 1,000 250
b) DSA for five days for 5 25 | 250 6,250 1,562.50
2 | Site preparation
a) Hydromet Station Sites 32 |8,000 256,000 64,000
b) Marine Station Sites 5 10,000 50,000 12,500
3 | Station Observation Equipment
a) Hydro-Met equipment
b) Marine-Met 27 | 60,000 1,620,@0 405,000
5 80,000 400,000 100,000
4 | Station running cost for one year | 37 | 10,000 370,000 92,500
5 | Sub Total 2,703,250 621,436.78
6 | Grand Total for 1a) and 1b) 1,189,311.78
National/Counterpart funding for 1b)
No | Item Description Qty | Unit Cost | Total Cost | Total Cost
(Led0O|(LebdbO0O|(®USD)
1 Personnel monthly payment {52 | 18,000 936,000 234,000

salary to the various personnel
the  observatories and deg
processing centers for three years

2 Running cost for the transports, | None as the one quoted above can be here
four (4) bikes and three (3ghicles | simultaneously
for three years

3 | Miscellaneous \ | 93,600 23,400

4 | Total 257,250
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|5 | Grand Total for 1a) and 1b) | 527,050
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