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Executive Summary 

Setting 
Ghana has a lot of coastal wetlands, some of which are under severe environmental 
pressure. This contributes to the pollution of the Gulf of Guinea, but is also bad at 
itself because lagoons, or wetlands in general, are important ecosystems, because of 
their productivity and biodiversity. Their economic value is often not recognised 
because a great deal of their value is not expressed in markets. If these values are 
calculated, and combined with knowledge on the environmental situation, the lagoons 
can be managed more wisely. 

Goal 
Our goal is to determine the economic value and investigate how it is related to 
human activities, environmental pressure and environmental quality. An integrated 
study of all of these aspects should give better insight into the threats and 
development options of the economic value. 

Theoretical framework 
A general model exists to study the total economic value of an ecosystem, and the 
relation with the functions, uses and goods & services it provides. A framework for 
studying environmental effects of human activities also exists, known as the 
environmental effect chain. We have combined the two models, to construct a 
framework that allows us to study the total economic value and its relation to human 
activities, environmental pressure and environmental quality in an integrated manner. 
Quantification of the environmental pressure and quality will enable us to identify to 
what extend the economic value that is threatened. 
This framework is shown in the following figure: 

-----------------------------------, 

Needs of 
stake
holders 

General 
Activities 

r ------------
Lagoon -

us mg 
activities 

Lagoon 

Catchment Area 

Figure E.1: Theoretical framework 

Environ
mental 

pressure 

Environ
mental 
Quality 

Environmental 
Goods & 
services 

Total 
Economic 

Value 

iii 



In order to answer the research question we first have to assess the concepts in the 
framework and their mutual relationships. 
Not all the concepts and relations are studied to the same extent. Besides the 
determination of the Total Economic Value through special techniques, we have 
focused on the pollution and erosion (both forms of environmental pressure) and their 
influence on the environmental quality. Since direct data on pollution were not 
available, we assessed it by relating it to the human activities, through the Rapid 
Assessment Method. 
The relation between the environmental pressure and the environmental quality was 
studied extensively, as a way to model the behaviour of pollutants in the lagoon, a 
way to check the data from the Rapid Assessment Method, and a way to gain 
information on the level of siltation, on which no other data were present. 

Results 
As a case study we have chosen the Sakumo lagoon, near Terna. It is quite a small 
lagoon (between 1 and 3.5 km2

), with quite a large effective catchment area (127 
km2

). Of the activities that are going on there, housing is the most polluting, 
especially with respect to BOD, while for nutrients also agriculture is important. 
Industrial pollution is very small. Erosion is a very big problem, mainly caused by the 
construction activities, farming and illegal sand-winning in the catchment area. 
The results, which are obtaine d by combining information from the Rapid Assessment 
and the hydrologic and mass balances, are shown in the following list: 

BOD waste load: 
Total N waste load : 
Total P waste load: 
Total SS waste load: 
Total Sediment yield: 

121 tonnes/year 
90 tonnes/year 
8.5 tonnes/year 
2, 000 tonnes/year 
8,000 tonnes/year 

Despite these loads the water quality is not bad, and there is enough oxygen in the 
water. The nutrient levels are high in the rainy season, when there is a lot of run-off, 
but recover during the rest of the year. By combining data from the Rapid Assessment 
and the mass balance for Suspended Solids, we have made a rough estimate for the 
level of siltation. The decrease in surface area is 0.16% per year. 
The fish in the lagoon is in bad shape, and has decreased in size because of over
exploitation. 
Concerning the economic value, the most important goods are water for agriculture 
and fish. There is also a very important non-use value, which is the value the lagoon 
has to the international community l:ecause it is a breeding site for rare bird species. 
In total the lagoon is worth around $ 432,000. This seems quite a lot, but the value per 
hectare is much lower than the value of agricultural land (315 $/ha compared to 1, 700 
$/ha for rain-fed farming). 

The pollution of the Sakuma lagoon is not a problem (yet). Erosion is a problem as it 
causes the lagoon to silt up. The fish resources of the lagoon are over-exploited. Since 
the water quality is quite good, most of the goods & services are not threatened Only 
fish is directly threatened; over-exploitation and siltation are expected to decrease the 
yield. Whether this will cause the value of fish to decrease is hard to predict since 
scarce supply of fish might also cause the value to increase. 
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Fishermen are thus threatening the goods on which they depend. This also goes for 
farmers although their threat is less direct. Both groups are also the ones with the 
lowest income among the stakeholders, and are thus the most vulnerable. Policies that 
focus on these groups and the threats they cause are thus likely to give high returns, 
and are likely to be successful. 

v 



Shout-outs 

According to an old Chinese saying everything there is to know is somewhere in the 
universe, the art is only to find it. During my the sis I certainly practised the art, since 
the majority of the research consisted of finding the right reports. It made me wonder 
whether I was actually doing anything, or just rearranging the data that were floating 
around in the universe. It was a turbid miverse I was working in, and finding the right 
information was at times more difficult than any old Chinese could have imagined. It 
did not bother me, however, because it would have been terribly boring to spend five 
months in a library in Ghana. As my fellow -exchange-student complained about the 
uselessness of the libraries I decided not to bother and prepare for a quest. I bought an 
All Terrain Bike, and visited every person in and around Accra that might know 
something about my research subject. It was interesting and entertaining, as I visited 
all kinds of institutes and met with all kinds of people that gave me a nice insight into 
the Ghanaian life. Talking about the subject and discussing the relevance gave me the 
feeling that I was actually working, and learning. Some days were more successful 
than others, but as time passed by I obtained almost every report that was ever written 
on the Sakumo lagoon. This report is the result of my quest, and naturally I owe a lot 
to the people that helped me during the quest. 
First of all I want to thank everybody at the Water Research Institute, where I did my 
research, for the kindness with which they received me. I am especially grateful to Dr. 
Charles Biney for his advice and support. The first part of the quest took place within 
the institute, and I thank Mrs. Asmah, Mr. Tumbulto, Mr. Baah, Mr. Akrasie, Mr. De 
Graft-Johnson, Dr. Abban, Mr. Dankwa and Mr. Asante for their help and advice. 
Outside of the Institute I want to thank everybody who was so kind to assist me, but 
special thanks go to Mr. Amankwah of the Wildlife Department, for all his assistance 
and advice that improved the quality of my work, to Dr. Gordon of the University of 
Ghana, to professor Dorm-Adzobu and Dr. Adorn of the Water Resources 
Commission, to Mr. Wise Amatefe of the Hydrological Services Department, Mr. 
Amlalo of the EPA, Mr. Hosch of the F AO, Mr Julius Ametefe of the TMA and Mr. 
Adu-Gyamfi of the TMA. 

Luckily my life did not consist of only working. For the well-arranged welcome in 
Ghana I thank Jeannette Klein, who made sure that I had a room and a meal upon 
arrival, and everybody that lived in the house with me. I also thank Paul, my parents 
and Haske for visiting me, and for the nice holidays we enjoyed. 

I also thank the conscience that made sure that I was not only travelling and 
celebrating holidays, personified by my supervisors in the Netherlands, Rennie 
Romijn and Frans Hermans, as well as Peter Scheren who was a pro-deo but essential 
part of the supervision. I enjoyed the cooperation, and the discussions we had about 
this report, although I think the last one is yet to come. 

Mark van Stiphout 
September 2002 

"But the harder they hit us, the louder we become 
Kind'a like the skin on the drum" 

Michael Franti 

Vl 



Table of Contents 

I SET UP OF THE RESEARCH .................................................................................... 1 
Li The Coastal Zone of Ghana ....................................................................... ] 
1.2 Research project ........................................................................................ 2 
1.3 Wetlands .................................................................................................... 2 
1.4 Problem setting .......................................................................................... 2 
1.5 Goal of the Research ................................................................................. 3 
1.6 Research Question ..................................................................................... 3 
I. 7 Relevance of the study ............................................................................... 3 

I. 7 .1 Theoretical relevance .............................................................................. 3 
I. 7 .2 Practical relevance .................................................................................. 4 

II THEORETICAL FRAMEWORK. ................................................................................ 6 
Ill Total economic value ................................................................................ 6 
II.2 Ecology and economic value ..................................................................... 6 
II.3 Environmental effect chain ........................................................................ 9 
IL 4 Le grand rapport ...................................................................................... 10 
II.5 Relationships. ........................................................................................... 13 
II. 6 Structure of the report ......................................................................... .... 14 

ill LAGOON CHOICE ........................................................................................... .16 
III.1 Criteria ................................................................................................... . 16 
III.2 Selection .................................................................................................. 16 
III.3 The Sakumo lagoon. ................................................................................. 17 

III.3 .1 Location and Climate ....................................................................... .1 7 
III.3.2 Catchment area ................................................................................ .17 
III.3.3 Land tenure and Population ............................................................. .17 
III.3.4 Land use and socicreconomic features ............................................. 18 
III.3.5 Cultural practices .............................................................................. 18 

IV NEEDS, ACTIVITIES, GOODS & SERVICES ....................................................... 19 
IV.1 Methodology ............................................................................................ 19 
IV.2 Operationalisation ................................................................................... 19 

IV.2.1 Data input .......................................................................................... 19 
IV. 3 Results ................................ .................................................................... .. 19 

V ENVIRONMENTAL PRESSURE ............................................................................. 22 
V.1 Pollution .................................................................................................. 22 

V.1.1 Methodology and Operationalisation ............................................... 22 
V.1.2 Results ................................................................ .............................. 24 
V.1.3 Conclusion & discussion ................................................................. .30 

V.2 Erosion ..................................................................................................... 32 
V.2.1 Methodology and operationalisation ................................................ 32 
V.2.2 Results .............................................................................................. .34 
V.2.3 Conclusion & discussion ................................................................. .35 

VI ENVIRONMENTAL QUALITY. ........................................................................... 36 
VI.1 Water quality ........................................................................................... 3 6 

VI.1.1 Methodology and Operationalisation .............................................. .3 6 
VI.1.2 Results .............................................................................................. .3 7 
VI.1.3 Conclusion and discussion ................................................................ 39 

VI.2 Status of fish ............................................................................................. 40 
VI.2.1 Methodology and Operationalisation .............................................. .40 
VI.2.2 Results ............................................................................................... 42 

Vll 



VI.2.3 Conclusion and discussion ................................................................ 43 
VII HYDRO LOGIC MODELLING ........................................................................... .44 

VII.I VII.I Hydrological balance ................................................................. 44 
VII.1.1 Methodology ..................................................................................... 44 
VII.1.2 Results ............................................................................................... 44 

VII.2 Nutrient balance .................................................................................. 4 9 
VII.2.1 Methodology ..................................................................................... 49 
VII.2.2 Results .............................................................................................. .51 
VII.2.3 Conclusions ...................................................................................... .56 

VII.3 BOD5balance ...................................................................................... 56 
VII.3.1 Methodology and operationalisation ............................................... .56 
VII. 3. 2 Results .............................................................................................. .5 7 
VII.3.3 Conclusions ...................................................................................... .58 

Vll4 Siltation and suspended solids balance ............................................... 58 
VII.4.1 Methodology and Operationalisation .............................................. .58 
VII.4.2 Results .............................................................................................. .59 
VII.4.3 Conclusion & discussion .................................................................. 61 

VIII TOTAL ECONOMIC VALUE ............................................................................. 63 
VIII. I Methodology and operationalisation .... ............................................... 63 

VIII.1.1 Selecting the right method ............................................................ 63 
VIII.1.2 Reference ...................................................................................... 66 
VIII.1.3 Data acquisition ............................................................................ 66 
VIII.1.4 Net Present Value and discount rate ............................................. 67 

VIII.2 Results .................................................................................................. 68 
VIII.2.1 Goods & services .......................................................................... 68 
VIII.2.2 Fish ............................................................................................... 68 
VIII.2.3 Nursery ground ............................................................................. 72 
VIII.2.4 Water for Agriculture ................................................................... 74 
VIII.2.5 Lagoon view ................................................................................. 76 
VIII.2.6 Self Cleaning Capacity ................................................................. 77 
VIII.2.7 Recreation ..................................................................................... 79 
VIII.2.8 Existence value ............................................................................. 80 

VIII. 3 Cone/us ions ................................................................ .......................... 8 I 
VIII.3.1 Total Economic Value of the Sakumo Ramsar Site ..................... 81 
VIII.3 .2 Change of the economic value ...................................................... 83 
VIII.3.3 Total Economic Value Theory ...................................................... 83 

IX SYNTHESIS OF FINDINGS ................................................................................ 85 
IX I Overview of results from previous chapters ............................................ 8 5 
IX2 Conclusions on the various issues ........................................................... 88 

IX.2.1 Stakeholders ...................................................................................... 88 
IX.2.2 Environmental Pressure .................................................................... 88 
IX.2.3 Environmental quality ...................................................................... 88 
IX.2.4 Hydrologic Modelling ...................................................................... 88 
IX.2.5 Goods & services and total economic value ..................................... 89 

X CONCLUSIONS & RECOMMENDATIONS .............................................................. 90 
X.1.1 Fill-in of the framework ................................................................... 90 
X.1.2 Threats to the economic value .......................................................... 93 

X2 Theoretical conclusions ........................................................................... 94 
X3 Recommendations .................................................................................... 94 

X.3 .1 Policy recommendations ................................................................... 94 

viii 



X.3.2 Recommendations for further research ............................................. 95 

XI LITERATURE .................................................................................................. 96 

APPENDIX III.A: DATA SOURCES ............................................................................ A-2 

APPENDIX III.B: MAPS ........................................................................................... A-4 

APPENDIX V.A: DOMESTIC WASTE LOADS .......................................................... A-10 

APPENDIXV.B: AGRICULTURAL WASTELOADS .................................................. A-16 

APPENDIX V.C: FERTILISER WASTE LOADS .......................................................... A-17 

APPEND IX V.D: WASTE LOAD FROM TCCBCGL. ................................................ A-19 

APPENDIX V.E: ASSESSMENT OF POTENTIA..L ERODIBILITY AND SEDIMENT YIELD BY 

J.K. AMATEKPOR. ................................................................................................. A-20 

APPENDIX V.F: J. TUMBULTO'S ASSESSMENT OF SEDIMENT YIELDS ..................... A-23 

APPENDIX VI.A: A VERA GE WATER QUALITY OF THE SAKUMO LAGOON PER 

MEASURING PERIOD .............................................................................................. A-26 
APPENDIX Vl.B DETAILED DATA ON WATER QUALITY OF THE SAKUMO LAGOON A-28 

APPENDIX VII.A: HYDROLOGICAL BALANCE INPUTS .......................................... A-33 

APPENDIX Vll.B: TIDAL INCURSION MEASUREMENTS .......................................... A-3 5 

APPENDIX VIII.A: METHODS FORECONOMIC EVALUATION ................................ A-39 

APPENDIX VIII.B: DETAILS ON ECONOMIC EV ALU A TI ON ..................................... A 46 

APPENDIX XI.A: LIST OF M.SC. THESES .............................................................. A-51 

IX 



List of Tables 

TABLEIV-1: ACTIVITIES, GoODS & SERVICES,ENVIRONMENTALPRESSUREAND 

STAKEHOLDERS .................................................................................................... 20 

TABLE V-1: EXOGENOUS VARIABLES OF THE RAPID ASSESSMINTMETHODOLOGY. ...... 23 

TABLE V-2: POLLUTION FACTORS FOR HOUSEHOLDS ..................................................... 26 

TABLE V-3: DOMESTIC WASTE LOADS .......................................................................... 27 

TABLE V-4: POLLUTION FACTORS FOR AGRICULTURE .................................................. 27 

TABLE V-5: AGRICULTURAL LAND WASfE LOADS ........................................................ 28 

TABLE V-6: FERTILISER USE IN THE SAKUMO CATCHMENT AREA .................................. 28 

TABLE V- 7: NUTRIENT CONTENT OF THE FERTILISERS .................................................. 28 

TABLE V-8: TOTAL AGRICULTURAL WASTE LOADS ...................................................... 29 

TABLE V-9: TOT AL POLLUTION LOAD DISCHARGED INTO THE SAKUMO LAGOON IN2001 

BY THE FOOD AND BEVERAGE SECTOR .................................................................. .29 

TABLE V-10: WASTE LOADS OF TCCBCGL ................................................................. .29 

TABLE V-11: TOT AL INDUSTRIAL WASTE LOAD ............................................................ .3 0 

TABLE V-12: OVERVIEW OF WASTE LOADS .................................................................. .30 

TABLE V-13: SOLID WASTE PRODUCTDN .................................................................... .34 

TABLE Vl-1: CONDITION FACTOR .................................................................................. 43 

TABLE VII-1; RUNOFF ................................................................................................... 46 
TABLE VII-2: CHANGE IN VOLUME ............................................................................... 48 

TABLE VII-3: ANNUAL NUTRIENT BALANCE INPUTS ...................................................... 51 

TABLE VII-4: TOTAL NUTRIENT INPUT BASED ON ANNUAL BALANCE ............................ 53 

TABLE VII-5: WET SEASON NUTRIENT BALANCE INPUTS .............................................. .54 

TABLE VII-6: TOT AL NUTRIENT INPUT BASED ON WET SEASON BALANCE ..................... .54 

TABLE VII-7: DRY SEASON NUTRIENT BALANCE INPUTS ............................................... 55 

TABLE VII-8: NUTRIENT INPUT FROM SEDIMENT IN THE DRYSEASON .......................... .55 

TABLE Vll-9: NUTRIENT INPUT .................................................................................... .55 

TABLE VII-10: ANNUAL BOD BALANCE INPUTS ........................................................... 57 

TABLE VII-11: BOD BALANCE FOR THE RAINY SEASON, ACCUMULATION= 0 ............. .57 

TABLE VII-12: BOD BALANCE FOR THE RAINY SEASON, ACCUMULATION:;C 0 ............. .58 

TABLE VII-13: ANNUAL SUSPENDED SOLIDS BALANCE .................................................. 60 

TABLE VII-14: SUSPENDED SOLIDS INPUT FOR DIFFERENT SITU A TIO NS ......................... 60 
TABLE VII-15: SUSPENDED SOLIDS BALANCE FOR THE RAINY SEASON .......................... 60 

TABLE VII-16: SUSPENDED SOLID INPUTIN THE RAINY SEASON FOR DIFFERENT 

SITUATIONS ........................................................................................................... 60 

TABLE VII-17: SUSPENDED SOLID LOADS FROM CHAPTERV ......................................... 60 

TABLE VII-18: DECREASE IN SURFACE AREAOFTHESAKUMO LAGOON ........................ 61 

TABLE VIIl-1: SOME VALUATION METHODS BY WAY OF USE ......................................... 64 

TABLE VIIl-2: FIN FISH THAT ARE FOUND IN THE SEA AS WELL AS THE LAGOON .......... 72 
TABLE VIIl-3: SHELL FISH THAT ARE FOUND IN THE SEA AS WELL AS THE LAGOON ...... 73 

TABLE VIIl-4: ANNUAL CATCH AND VALUE OF SHRIMPS (P. N OTIALIS) BY INDUSTRIAL 

SHRIMPERS INGHANA ........................................................................................... 73 

TABLE VIll-5: VALUE OF SAKUMO LAGOON AS A NURSERY GROUND ............................ 73 

TABLE VIIl-6: WWTP CHARACTERISTICS .................................................................... 77 
TABLE VIII- 7: BOD LAGOON CHARACTERISTC:S .......................................................... 78 

TABLE VIll-8: OVERVIEW OF VALUES OF THE SAKUMO LAGOON .................................. 82 

TABLE IX-1: OVERVIEW OF RESULTS ............................................................................ 87 

x 



List of Figures 

FIGURE II-1: CONNECTIONS AMONG WET LAND FUNCTIONS, USES AND VALUES .............. 8 

FIGURE II-2: ENVIRONMENTAL EFFECTCHAIN ................................................................. 9 

FIGURE II-3: ENVIRONMENTAL EFFECT CHAIN AND CONNECTIONS AMONG WETLAND 

USES, FUNCTIONS AND VALUES ............................................................................. .11 

FIGURE II-4: THEORETICAL FRAMEWORK ..................................................................... .13 

FIGURE V-1: SHARE OF POLLUTION SOURCES IN TOT AL LOADS ...................................... 31 

FIGURE Vl-1: 0 XYGENIC CHARACTERISTICS ................................................................ .3 7 

FIGURE VI-2: NUTRIENT LEVELS ................................................................................... .3 7 

FIGURE VI-3: CHEMICALOXYGENDEMAND ................................................................ .38 

FIGURE VI4: SUSPENDED SOLIDS ............................................................................... .38 

FIGURE VI-5: TOTALP PER LOCATION ......................................................................... .38 

FIGURE VI-6: TOTALN PERLOCATION ......................................................................... .39 

FIGURE Vl-7: DISSOLVED OXYGEN PER LOCATION ...................................................... .39 

FIGURE VIl-1: SCHEMATIC OVERVIEW OF HYDROLOGICAL BALANCE ............................ 45 

FIGURE VIl-2: MONTHLY RAINFALL AND EV APOTRANSPIRA TION ................................. 45 

FIGURE VIl-3: SEA FLOW MEASUREMENTS ................................................................... 4 7 

FIGURE VII-4: LAGOON SIZE .......................................................................................... 4 7 

FIGURE VIl-5: SCHEMA TIC PRESENTATDN OF NUTRIENT BALANCE ............................... 49 
FIGURE VIII-1: CHOI CHE OF VALUATION TECHNIQUE ................................................... 66 
FIGURE VIII-2: A VERA GE ANNUAL VALUES PER GOOD OR SERVICE ............................... 82 

FIGURE X-1: THEORETICAL FRAMEWORK ...................................................................... 90 

FIGURE X-2: WATER QUALITY ...................................................................................... 91 

FIGUREX-3: STATUS OFFISH ........................................................................................ 92 

FIGURE X-4: SILTATION ................................................................................................ 93 

Xl 



11 Set up of the Research 

1.1 The Coastal Zone of Ghana 

The "Water Pollution Control and Biodiversity Conservation in the Gulf of Guinea 
Large Marine Ecosystem" (GOG-LME) project aims to conserve the gulf and stop the 
environmental degradation of this gulf. First goal was to scientifically study the 
biodiversity, productivity and water quality of the coastal waters. It was implemented 
by the United Nations Industrial Development Organisation (UNIDO), and funded by 
United Nations Development Programme (UNDP), Global Environmental Facility 
(GEF), National Oceanic and Atmospheric Administration (NOAA) of the US 
Department of Commerce and the United Nations Environment Programme 
(UNEP).[ 1] Participating countries were Cote d'Ivoire, Ghana, the Republic of Togo, 
Benin, Nigeria and the Cameroun. Recently it has be en extended and now includes 
sixteen countries bordering the Gulf of Guinea, stretching from Angola in the south to 
Guinea Bissau in the north. Heavy pressure is laid on the ecosystem because of the 
concentration of people in the coastal region of West Africa. The region's main cities, 
harbours and industrial areas are found near the coast. Major aspect of preserving the 
environmental status of the gulf, is to halt pollution in the coastal zone. 

Ghana's coastline measures 550 kilometres, and it is filled with lagoons and deltas. 
The major delta is where the Volta river pours out into the sea, and more than 50 
lagoons with a total area of 40.000 hectares are stretched along the coastline. 
Although the coastal zone represents only 6.5% of the total surface area of Ghana, it 
houses 25% of the population. Big cities are located here, like Accra (the capital), that 
together with Terna (the main harbour), 25 kilometres to the east, forms an 
agglomeration called the Accra-Terna Metropolitan Area (ATMA) with an estimated 
population of 2 million people. Other major cities are Takoradi (the second harbour) 
and Cape Coast. 

In 1988 Ghana decided to put environmental issues on the priority agenda, which led 
to the National Environmental Action Plan (NEAP), aimed at making the country's 
development plans more sustainable. The Ghana Environmental Resource 
Management Project (GERMP) was designed to support implementation, and this 
project also dealt with coastal wetlands management. The GERMP involved the 
designation of five key coastal wetlands as Ramsar sites a, and they were placed under 
supervision of the Wildlife Department.[2] It also involved more attention for the 
coastal zone in general, and integrated coastal zone management. Ghana's 
participation in the GOG-LME project was a logical consequence, but also reports 
like Coastal Management Plan for Accra (1991)[3], and Towards an Integrated 
Coastal Zone Management Strategy for Ghana (1996)[ 4] show this increasing 
attention. 

a These wetlands are of international importance as defined by the "Convention on Wetlands of 
International Importance especially as Waterfowl Habitat'', commonly referred to as the Ramsar 
Convention from its place of adoption in Iran in 1971. The mission of the Ramsar Convention (Ramsar, 
1996)[7] is "the conservation and wise use of wetlands by national action and international cooperation 
as means to achieving sustainable development throughout the world". 
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1.2 Research project 

The Centre for Sustainable Development (TDO) of the Eindhoven University of 
Technology has acquired assignments of the GOG-LME project, allowing three 
students to elaborate an investigation in one of the participating countries. Besides the 
author these students were Joost Ossevoort, who studied aspects of the Ebrie lagoon 
in Ivory Coast [5], and Jeannette Klein, who was in Accra, Ghana, working for the 
Water Research Institute [6]. My research also took place in Ghana, were I was 
attached to the Water Research Institute. This is the Ghanaian institute that is 
connected with the GOG-LME project. 
Goal of all three of the research projects was to contribute to the knowledge on water 
pollution in the urban areas, focussing on the sources and impacts. 

1.3 Wetlands 

According to the Ramsar Convention wetlands are; "areas of marsh, fen, peatland or 
water, whether natural or artificial, 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 metres."[7, Article 1.1] This is a very broad definition 
and it includes all kinds of wetlands. We are interested only in coastal wetlands, and 
we can distinguish between different types of them:[ 8,9] 
1. Estuaries: where rivers meet the sea and salinity is intermediate between salt and 

freshwater (e.g., deltas, mudflats, salt marshes) 
2. Marine: not influenced by river flows (e.g., shorelines and coral reefs) 
3. Lagoonar: brackish to saline lagoons with one or more relatively narrow 

(temporarily or permanert) connections with the sea 

They play a very important role in marine water quality, because almost all of the 
water pollution passes through coastal wetlands before it enters the sea. In itself they 
are very important; wetlands are among the Earth's mostproductive ecosystems, and 
they have been described both as "the kidneys of the landscape", because of the 
functions they can perform in the hydrological and chemical cycles, and as biological 
supermarkets" because of the extensive food webs and rich biodiversity they 
support.[10] 

1.4 Problem setting 

Because of their productivity, wetlands are of high socio-economic importance, for 
example for fisheries and agriculture. But they are also under heavy pressure, 
especially in urban zones. Their resources are over-exploited, their land is converted 
to other uses, and upstream activities influence the quality and inflow of water. This 
imprudent use does damage to the socio-economic value. A lot of the socio-economic 
functions of a wetland are not directly expressed in markets, and this ignorance about 
the economic value causes imprudent use, for the following reasons: 
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• Damage that is done is not accounted for (for example when a wetland is used as a 
sink for waste of production processes). In economic theory this is referred to as 
"extemality". 

• Its public good status causes that preference is given to more obvious and 
immediate (personal) benefits in development options.[11] 

The extemality and the public good status mean that no responsibility is taken when 
wetlaoo degradation takes place, and lack of knowledge about the magnitude of the 
economic damage makes it hard to address the responsibility. This means that certain 
activities in the area cause damage to other activities (or even the same in case of 
over-exploitation), while not taking the blame for it. By assessing the economic value 
of wetlands, its importance can be shown, and development options can be compared 
in a more honest way. It can help to give better insight into the role of activities: the 
way in which they depend on the wetland as well as the damage they do to its 
environment. The dependence of activities on the wetland and its environmental 
quality, as well as the impact of the activities on this environmental quality, can be 
quantified in economic terms. 

The general wetland problems stated here certainly go for the lagoons located in the 
Accra-Terna Metropolitan Area in Ghana. They have an important socio-economic 
function, but the concentration of activities in the area puts heavy pressure on these 
lagoons. However, little is known about the economic damage done to the lagoon, so 
little responsibility is taken. 

1.5 Goal of the Research 

The goal of the research is: 

Determine the economic value and investigate how it is related to human activities, 
environmental pressure and environmental quality, for a lagoon in the Accra-Terna 
Metropolitan Area. 

1.6 Research Question 

The following central question is defined: 

What is the economic value of a lagoon in the Accra-Terna Metropolitan Area and 
how is this economic value related to the human activities in and around this lagoon, 
the environmental pressure on this lagoon, and the environmental quality of this 
lagoon? 

1.7 Relevance of the study 

I. 7.1 Theoretical relevance 

Nowadays it is recognised that the environment pays an important role in economic 
development and that it can not be regarded as a free good. Making an environmental 
assessment to reduce adverse environmental effects in project development is already 
done, and more and more attention is given to integrating environmental aspects into 
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cost-benefit analyses for project appraisal. Economic evaluation of the environment is 
recommended by for instance the World Bank as an important tool for this.[12] 
This can be seen in a broader perspective. As stated by Barbier [9, p79]: "Each choice 
or option for an environmental resource - to leave it in its natural state, allow it to 
degrade or convert it to another use - has implications in terms of values gained and 
lost. The decision as to what use to pursue for a give n environmental resource, and 
ultimately whether current rates of resource loss are 'excessive', can only be made if 
these gains and losses are properly analysed and evaluated." Therefore, economic 
valuation is a tool for comparing different development options for environmental 
resources. It is recognised that the economic value of the environment in general, or 
wetlands specifically, is dependent on its quality, and that this quality is influenced by 
human activities. Therefore, a lot of attention is given to the integration wetland 
research. According to R. Kerry Turner [ 13, p 19]: "Integrated wetland research 
combining social and natural sciences can help to partly solve the information 
problem and to get a grip on the required consistency among various government 
policies." They suggest that a combination of economic valuation, systems modelling, 
stakeholder analysis, and multi-criteria evaluation can provide complementary 
information for policy optimisation. 

There seems to be a bias however, to study mainly the wetland system itself and its 
influence on economic value. Although it is recognised that human activities have a 
major impact on the wetland system, not much attention is given to integrating 
quantitative studies into wetland research. It is limited to statements on wetland
threatening activities and ways of mitigating them. A framework for studying 
environmental impacts of human activities is already available, namely the 
environmental effect chain. This can be used to quantify the impacts of human 
activities on the environment. If the environmental effect chain is combined with 
ecological-economic models, a truly integrated framework emerges to investigate the 
role of human activities in wetland use. Compared to the integration of environmental 
impact assessment and cost-benefit analyses for project appraisal as mentioned at the 
beginning of the paragraph, it means applying this to the total wetland management 
instead of one project/activity. Of course quantification of environmental impacts is 
not straightforward and the relation between ecology and economics is even less so, 
but our case is to give more attention to the impacts of human activities on economic 
value, by relating them to environmental pressure and environmental quality. 

I. 7 .2 Practicalrelevance 

There is a lot of attention in Ghana about the coastal zone and its wetlands, as is 
mentioned before. It is recognised that knowledge on the coastal zone is the key to 
good policy, which is also stated in the GOGLME project. Therefore a lot of research 
is done on coastal wetlands, on varying aspects like ecology, hydrology and socio
economic aspects. It is recognised that they are valuable ecosystems, but so far not 
many attempts have been made to actually calculate the value. This case study 
therefore can give an idea of the value of the lagoons, and give an example of how 
economic evaluation can be applied to the coastal zone of Ghana. This study is also 
useful to identify and quantify the threats to the lagoons, the values at stake, and to 
address the responsible actors. All this can be useful in designing policies for the 
lagoons. Better management is possible when more is known about the conflicting 
uses, in order to obtain an optimal use of the lagoons. This is in line with the Ramsar 
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Convention concept of wise use, that Ghana wants to implement. The wise use 
concept means "their sustainable utilisation for the benefit of humankind in a way 
compatible with the maintenance of the natural properties of the ecosystem."[ 14] 
The study also fits into the wetlands research that is given a role in the national 
wetlands conservation strategy, and this is defined as follows: 
"Government will initiate a co-ordinated research programme to provide basic 
information and knowledge on wetlands. Areas of research will include, but not 
limited to: 
1. Ecological inventory and mapping 
2. Wetland assessment in terms of the socio-economic and environmental aspects 
3. Ecological monitoring and evaluation"[15, pl9] 
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In Theoretical framework I 
In this chapter the theoretical framework of our study will be developed and 
discussed. We will start by defining the total economic value, one of the central 
concepts of our study. Then a scientific model will be discussed that has been 
developed to show the connection between an ecosystem (i.e. a lagoon) and the total 
economic value of an ecosystem. Another scientific model will then be discussed, 
which is the environmental effect chain. We will show that they overlap, and combine 
them to construct our theoretical framework. We will define the concepts as we shall 
use them for our study, and we shall discuss the relationships between the concepts, 
and how we shall study them. We will end this chapter by explaining the structure of 
the report. 

11.1 Total economic value 

The economic value of any good or service is generally measured in terms of what we 
are willing to pay for the commodity, less what it costs to supply it. Where an 
environmental resource simply exists and provides us with products and services at no 
cost, then it is our willingness to pay alone which describes the value of the resource 
in providing such commodities, whether or not we actually make any payment.[9] 
The different values together constitute the total economic value (TEV) of the 
ecosystem. An environmental good (the lagoon as a whole in this case) is composed 
of various attributes, i.e. various goods and services, some of which are concrete and 
easily measured, while others may be more intangible and difficult to quantify. 
When the values of these goods and services are directly reflected in market prices, 
the valuation is easy and can be based on market prices. When they are not, other 
valuation techniques have to be used. The total economic value of the lagoon, 
however, is the sum of the values of all of these componentsb. 

11.2 Ecology and economic value 

According to R.K. Turner et al.[13], the ecology oflagoons, or wetlands in general, is 
determined by three different aspects: wetland characteristics, wetland structure, and 
wetland processes. This is shown in Figure II-1. Wetland characteristics are those 
properties that describe a wetland area in the simplest and most objective possible 
terms. They are a combination of generic and site-specific features. Wetland structure 
may be defined as the biotic and abiotic webs of which characteristics are elements, 
such as vegetation type and soil type. By contrast, wetland processes refer to the 
dynamics of transformation of matter or energy. The three aspects are not independent 

b In the summation of different values, attention must be given to the danger of double counting. If each 
function is valued separately, it can occur that one value is already captured in another value, when 
wetland functions are strongly interconnected. This demands for an explicit allocation of benefits 
between functions. 
The interconnection between wetland functions can also cause incompatibility in summation, for 
example between water extraction and groundwater recharge. 

Theoretical framework 6 



of each other, but they are formed through interaction. Ecosystem functions are the 
result of interactions among these characteristics, structure and processes. 
These ecological concepts constitute the upper part ofFigure II-1. They allow an 
ecological characterisation of wetlands. But an economic valuation of wetlands 
requires a complementary typology, since economic values depend on human 
preferences; only those functions have economic value, that are regarded valuable by 
society. Therefore, the link between ecology and economy here is the link between 
wetland functions and wetland uses. Functions in themselves are not necessarily of 
economic value; such value derives from the existence of a demand for wetland goods 
and wetland services due to these functions. People use wetland goods and services 
and thereby they have value.c Their interfacial role between wetland ecology and 
economy is shown in Figure II-1. From these goods and services we can determine the 
economic value, by using various methods of evaluation, but this will be discussed 
later. 

c Wetlands can also have a value without being used. This is called the non-use value and will be 
explained later. 
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Source: R.K. Turner et al.[13, p12] 
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11.3 Environmental effect chain 

As is stated above, the total economic value of an ecosystem depends on human 
preferences. People have to express their value for a good or service by using it. The 
way they do this is by developing activities that use tre lagoon, like fishing or 
tourism. 

On the other hand, people can also develop activities that put pressure on the lagoon. 
A framework for studying environmental effects of human activities is given by the 
environmental effect chain. This framework takes the human needs as a starting point. 
Human beings have needs, and they develop activities to satisfy their needs. Those 
activities can have an effect on the environment; they can cause environmental 
pressure. If the pressure exceeds the capacity of the envronment, it causes a 
deterioration of the environmental quality. This can has negative effects on human 
beings, but also on plants, animals and goods. A schematic representation of the 
environmental effect chain is shown below: 

Human 
needs Activities 

Environ
mental 

pressure 

Environ
mental 
quality 

Negative 
effects 

Figure II-2: Environmental effect chain 
Source: Ragas et. al. [16] 

We describe the concepts of the environmental effect chain below. 

Human needs 
The human needs are defined as the needs that human beings have because they are 
aware that they are missing something that they can not or can hardly miss. A 
distinction can be made, based on their importance, between primary, secondary and 
tertiary needs. 

Activities 
Activities are developed to satisfy the human needs. This can be by pmlucing goods 
and services or enjoying produced goods and services. Since they use inputs from the 
environment or produce outputs that flow into the environment they cause 
environmental pressure. 

Environmental pressure 
Environmental pressure can be exerted in a lot of ways. It can be divided into 
pollution, exhaustion and corrosion. [ 16] Pollution is the case when a substance is 
added to the environment in a quantity that exceeds the capacity of the environment. 
This substance can be chemical, physical or biological. When exhaustion takes place, 
a substance is withdrawn from the environment at the rate that the environment can 
not compensate for. A distinction is made between biotic and a-biotic substances, for 
example wood and fossil fuels respectively. The main difference between the two for 
effects of exhaustion is that biotic substances can renew itself and therefore have a 
(better) compensating capacity. Corrosion can be regarded as any change in structure 
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of the environment, that is not pollution or exhatstion. Corrosion can happen in the 
form of disturbance or claiming of space. 

Environmental quality 
The environmental quality concerns the wellbeing of the ecosystem, in this case the 
lagoon. Therefore assessment of the environment involves the same typology as 
assessment of the ecosystem itself. In Figure II-1 the aspects that determine a wetland 
are mentioned as being structure, characteristics and processes, and in the boxes a lot 
of parameters are mentioned that can be used to determine the environmental quality. 
It is not necessary to take all of those into account to make an accurate assessment of 
the environmental quality. 

Negative effects 

The negative effects are the consequences of the change in conditions of the 
environment, that have a negative impact on the quality of (human) life. In the next 
chapter they will be defined more precisely. 

11.4 Le grand rapport 

The two models presented in the previous paragraphs are related: In both models 
activities play an important role, although in the first model they are incorporated 
indirectly in the use of goods and services. Also it can be seen that environmental 
quality of the environmental effect chain depends on the same aspects as the ecology 
in the first model, namely the ecological structure, processes and characteristics; both 
represent the same concept. The environmental quality influences the quality and/or 
quantity of the goods & services that are provided by the lagoon and used by the 
people. The economic value is thus influenced through the environmental effect chain. 
By combining the two models (and simplifying the first) we can show this: 
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Figure II-3: environmental effect chain and connections among wetland uses, functions and values 

"Negative effects" from the environmental effect chain seems to have been left out, 
but in fact they have been limited now by integrating the two models, because now we 
are only considering economic effects. 

Concerning the bounmries of the model, we want to determine the total economic 
value of the lagoon. The goods and services, as well as the environmental quality and 
the environmental pressure are thus limited to this ecosystem. Activities are not 
restricted by the ecosystem, but by the catchment area of the lagoon. This is the area 
from which the water (eventually) runs into the lagoon. 

We shall now explain and define the concepts with respect to the lagoon. 

Needs of stakeholders 
We will replace "human needs" of the environmental effect chain for "needs of 
stakeholders" to stress the different interests in the use of the lagoon. The people who 
perform the activities, or who the activities are developed for, are the stakeholders. 
They benefit from the lagoon-using activities, but they can also have a negative 
impact on the lagoon if their activities cause environmental pressure. They are the 
people involved in with the lagoon, and that is why it is important to take them into 
account. 

Activities 
It is useful to distinguish between general activities, that take place in the catchment 
area and are independent of the lagoon, and lagoon-using activities, that make use of 
it and are restricted to (the vicinity of) the lagoon. Both kind of activities can cause 
pressure with an impact on the environmental goods and services. For general 
activities this can be for example in the form of industrial pollution, and for lagoon
using activities, this can be disturbance by tourism. But, since lagoon using activities 
make use of the goods and services of the lagoon, there must be a feedback 
relationship between these two concepts in the model. Activities that cause 
environmental pressure have an impact on the lagoon-using activities. 

Theoretical framework 11 



Because some of the lagoon-using activities cause environmental pressure, they 
appear twice in the theoretical framework. This can be explained by looking for 
example at agriculture. When agricultural activities are elaborated, the water is a good 
provided by the lagoon, and it has an economic value. However, agriculture uses 
fertilisers that drain into the lagoon, and this causes environmental pressure in the 
form of pollution. This causes degradation of the environmental quality, and this can 
cause lower fish catch, thus lower economic value. Lower fish catch also will cause 
fishing activity to change, which is the feedback relation in the model. 

Environmental pressure 
In case of a lagoon, pollution is an issue, and chemical, physical as well as biological 
substances can cause problems. Exhaustion can also be a problem, when mangroves 
are cut at a high rate, or fishery is overexploited. Corrosion can for example take place 
when a busy motorway is close to the lagoon, houses are built at the lagoon site or soil 
erosion causes the lagoon to silt up. In this research all forms of environmental 
pressure are taken into account. It should be noted that not all forms are equally well 
quantifiable. Pollution can be calculated through determining the production of 
substances that end up in the lagoon. In data scarce environments this is often not 
possible, and therefore the relationship between activities and environmental pressure 
is modelled. Exhaustion will be studied only in a descriptive way, because it is hard to 
quantify. Since corrosion is a very broad category that can have many forms, we will 
limit ourselves to one important form, namely erosion. 

Environmental quality 
We are most interested in the parameters that are direct indicators of identified forms 
of environmental pressure. It should be noted however, that enviraunental pressure is 
exerted on the whole ecosystem and therefore it influences all the parameters, be it 
directly or indirectly (for example the accumulation of heavy metals in fish). This 
makes it hard to separate the impact of different kinds of environmental pressure on 
environmental quality. We limit ourselves to studying the water quality of the lagoon 
(pollution), the status of fish (exhaustion and pollution) and siltation (corrosion and 
pollution). Not all aspects of the environmental quality can be described in the same 
quantitative way, and sometimes we restrict ourselves to a more qualitative 
description. 

Environmental goods & services 
The goods & services provided by the lagoon were already defined well in paragraph 
II.2, and some examples of them are shown in Figure II-1. Determining which goods 
& services are used starts by finding the lagoon using activities, and then determining 
what specific good or service these activities use. Then the amount has to be 
quantified. The change in the amount of goods & services in the past is very 
interesting for analysing the impact of the activities, but due to lack of data on this, we 
cannot assess it. 

Total economic value 
The total economic value was defined at the beginning of this chapter. The quantified 
goods and services can be evaluated using scientific methods, which will be explained 
in chapter VIII. 

With these definitions the following framework is constructed: 
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Figure 11-4: Theoretical framework 

With the help of the model we can answer the central problem, which was defined as: 

What is the economic value of a lagoon in the Accra-Terna Metropolitan Area and 
how is this economic value related to the human activities in and around this lagoon, 
the environmental pressure on this lagoon, and the environmental quality of this 
lagoon? 

To answer it we need to assess the following: 
1. The stakeholders that perform the activities 
2. The activities that take place in and around the lagoon 
3. The environmental pressure 
4. The environmental quality 
5. The goods & services provided by the lagoon 
6. The total economic value of the goods & services 
7. The relationships between these concepts 

11.5 Relationships 

In the model we will consider the needs of stakeholders as an exogenous variable, and 
we will not study the relationship between that and the activities. 

Two relationships we will try to model in order to gain more knowledge on their 
influence on economic value. These are the relationship between the activities and the 
environmental pressure, and the relationship between the environmental pressure and 
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the environmental quality. These relationships are chosen to gain more insight into the 
total chain of the framework. 
Concerning the relationship between activities and environmental pressure we have to 
limit our modelling, because there are a lot of forms of environmental pressure. 
It will be limited to pollution, for the following reasons: 
• Data on environmental pressure in the form of pollution are hardly available, but 

by relating it to activities estimates can be made, and there is an accepted 
scientific method available for this modelling. This is the Rapid Assessment 
Method, designed by the World Health Organisation. This method is however 
quite rough and does not provide exact results. 

• The field of expertise of the author 

The relationship between environmental pressure and quality is limited to the relation 
between pollution and water quality, and the relation between enviromnental pressure 
and siltation. These are studied because they are within the field of expertise of the 
author, while the relationship between exhaustion and the status of fish is not studied, 
and it is also muchmore complex. 

The relationship between the environmental quality and its goods and services can be 
studied in an ecologic model (see also I. 7 .1). This will not be done here, since it is not 
the field of expertise of the author and since we want to focus on other, less studied 
relationships in our theoretical framework. It can also be studied empirically, by 
combining historical data on environmental quality and environmental goods and 
services. Especially for the goods and services these historical data are not available, 
and that is why we will study the relation more qualitatively. We will address it in the 
final conclusions, combining results from the environmental effect chain and the total 
economic value assessment. The relation between goods & services and TEV is 
simply the assessment of value to the quantity of goods and services, and the methods 
to do this will be explained in the chapter on total economic value. The feedback 
relation between goods & services and activities is a behavioural relationship, and 
there is a time aspect involved; that is why this line is dotted. This relationship is also 
addressed in the conclusions, since it follows from completion of the concepts and 
other relations in the theoretical framework. Because of lack of historical data this 
also will be a qualitative assessment. 

11.6 Structure of the report 

First of all, we have to choose the lagoon will that will be used as the case study, and 
we will describe the important characteristics of this lagoon. This will be done in 
chapter III. 

Then the central concepts will be studied one by one, and the study of each concept 
will be done in the same way. First the methodology will be explained, how it is 
operationalised will be described, and then the results are discussed, followed by 
conclusions on the concept. We have chosen to study each concept separately for sake 
of consistency, so that each concept in the framework is known before it is put back in 
the framework and overall conclusions are drawn. 
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We will start with the activities in chapter IV, since they are necessary to identify 
sources of environmental pressure, and they are also a good starting point to identify 
environmental goods and services. The activities will be connected to environmental 
pressure and goods & services, to define the study objects in later chapters. The 
stakeholders will also be identified here. The role of stakeholders will be subject to 
study in the rest of the study when more information is gained on the different 
concepts. 

In chapter V we shall study the environmental pressure. The relation between 
activities and pollution will be studied with the Rapid Assessment Method, since no 
direct data on pollution are available. The second part of the chapter considers the 
erosion. Exhaustion (i.e. over-exploitation of fish) will not be studied in this chapter, 
but it will be studied together with environmental quality in that chapter. 

In chapter VI the environmental quality is assessed. This concerns water quality, 
status of fish and siltation. As said above, under the status of fish also the 
environmental pressure in the form of exhaustion will be studied. Because there are 
no direct data on siltation, it cannot be studied here, but will be studied in the next 
chapter. 

After the assessment of the environmental quality, we will study the relationship 
between environmental pressure and environmental quality by constructing a 
hydrological model and mass balances in chapter VII. This will be used to check the 
data on the pollution that was determined with the Rapid Assessment Method, and it 
will also be used to gain information on siltation, which is otherwise not available. 

After that we will discuss the Total Economic Value in chapter VIII. We will further 
explain the theory, and describe the various evaluation methods as well as when they 
can be applied. The goods and services that are identified will then be evaluated, 
based on the methods presented. Inputs from the other chapters will be used, and the 
first part of the central question will be answered. 

Now that all of the concepts in the model, as well as most of the relationships have 
been assessed, we can combine the information to answer the rest of the central 
question. First an overview of the conclusions from the different chapters will be 
given in chapter IX. In chapter X this will be put in the theoretical framework, to gain 
knowledge on the question how the economic value is influenced by the human 
activities, the environmental pressure and the environmental quality. This will be used 
to give recommendations for policy and further research. 
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1111 Lagoon choice I 
111.1 Criteria 
Before the research could take off, a lagoon had to be found that made a good case 
study. This was done through a first general survey, in which a lot of experts in Ghana 
on lagoons and waterbodies were consulted, and an inventory of available data was 
made. The choice for the lagoon to study was based on the following criteria: 
1. Available data 
2. Size and location of the lagoon 
3. State of the lagoon (environmental quality) 
4. Relevance of research on the lagoon 
5. Use of the lagoon (diversity of economic activities) 

As said in the first chapter, the lagoon that was be studied had to be in the proximity 
of Accra or Terna, mainly for practical reasons. 

111.2 Selection 

There are a number of lagoons in the Accra-Terna Metropolitan Area, of which some 
are very small. The possible study areas are the Korle (including Chemu I), Densu 
Delta (including Sakumo I), Kpeshie, Chemu II and Sakumo II. Of those, the Korle 
lagoon, that is located in the centre of Accra, and the Chemu lagoon, that is located in 
Terna near the Free Trade Zone were a lot of industry is located, are so heavily 
polluted that they are dead. On the Kpeshie lagoon there was not much information 
available. As said in the beginning, in 1992 the government of Ghana declared five 
coastal wetlands as Ramsar sites because of their importance for migratory birds, 
putting them under authority of the Wildlife Department. Those are Keta Lagoon 
Complex, Songor, Sakumo, Densu-Delta,and Muni-Pomadze (for maps see Appendix 
III.B). Two of the lagoons are located in the ATMA, being the Sakumo lagoon and 
the Densu Delta. To maintain the ecological integrity of the Ramsar sites, the Coastal 
Wetlands Management Plan (CWMP) was set up, organising a management system 
that involves the local communities and other stakeholders. This includes compatible 
and wise use of resources, biodiversity conservation, and poverty alleviation and 
public education.[17] 
It was acknowledged that for good management good information is indispensable, 
and environmental baseline studies were done on the Ramsar sites, concerning 
different aspects like fishery, hydrology and socio -economic activities. On the basis of 
these baseline studies management plans were constructed for each site. 
Therefore, a lot of information is available, and there is great interest in new studies 
on these lagoons, which make them interesting as a case study. 
The Densu delta is an extensive delta, located on the outskirts of Accra, receiving 
water from a large area that passes through the Weija lake, an artificial lake that is 
dammed for electricity and drinking water. 
The Sakumo II lagoon (from now on referred to as Sakumo lagoon) is located 
between Accra and Terna, and population is increasing at a very high rate in its 
catchment area. 
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It turned out that this lagoon is the most interesting because of the increasing 
environmental pressure, and also it is better demarcated and more information is 
available, hence this lagoon was chosen as a case study. 

111.3 The Sakumo lagoon 

111.3.1 Location and Climate 
The Sakumo Ramsar site is defined as the area located at the west of Terna (05.30N, 
0.08W), enclosing an area of 1,364.35 hectares [18] (see Appendix 111.B). This area 
will be used as the lagoon area in evaluating the goods & services. The lagoon has a 
size that varies between 1 and 3.5 square kilometres, depending on the time of the 
year (dry and rainy season), with an adjoining floodplain of 7 square kilometres.[19] 
The mean annual rainfall in the area was 734 mm recorded between 1954 and 1991, 
occurring in two rainy seasons.[20] The main wet season is from mid-March/April to 
mid-July, and the minor wet season is from early September to mid-November. About 
75% of the total annual rainfall falls during the ma.Pr wet season.[21] In recent years 
the minor wet season has known very little rainfall. The annual temperature is about 
27°C, they are highest in the dry season (January to March) and lowest during the 
short dry season (August). The lagoon is separated from the sea by a narrow sand 
dune on which the Accra-Terna coastal road is built. It is connected to the sea by two 
culverts that continuously exchange water with the sea, and four flood protection 
culverts that are only exchanging water in case of high water level. Before the culverts 
were constructed the lagoon was a closed lagoon.d[22,23] 

111.3.2 Catchment area 
The catchment area is quite large, with an area of 276 square kilometres, although the 
effective catchment area is 127 square kilometres [24], because of dams that are 
placed in the streams leading towards the lagoon. See Appendix 111.B for a map of the 
catchment area with the demarcation of the Ramsar site and a map with the land use 
in the catchment area. The major streams that drain into the Sakumo wetland are the 
Onukpawahe, Mamahuma, Dzorwulu and Gbagbla -Ankonu. The Mamahuma and 
Dzorwulu, that together drain 60% of the catchment area, have irrigation dams built 
across their channels and this reduces the volume of freshwater inflow. The 
Sakumono village is on the immediate west of the lagoon, and the catchment area 
stretches from Madina to Oyarifa on the west and to the Aburi highlands in the north. 
On the east it is bordered by the Terna municipality, and the Ashiaman township is 
located in the northeast. 

111.3.3 Land tenure and Population 
The people that currently live in Terna New Town traditionally owned the lagoon and 
its surrounding floodplain. Before it was a Ramsar site it was under the jurisdiction of 
the Terna Development Coorporation. The whole catchment area is situated in the 
Terna district of the Greater Accra Region. Presently, a lot of land is privately owned 
in the catchment area outside the Ramsar site. In the area a lot of development 

d This means that the lagoon is separated from the sea by a sand bar, and it only opens to the sea during 
a certain period per year, when there is enough inflow from rivers to breach the offshore bar. 
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activities are going on, and population is increasing at a high rae. In 1984 the 
population in the Sakumo catchment area was 114,61925, in 1997 this was 250,000, 
including Terna township [26], and it was expected to be 300,000 by the year 2000, at 
a growth rate of 4.4% [27]. The wetland has the highest rate of urban growth and is 
the most urbanised of the coastal wetland sites. Terna, the largest settlement's 
population is estimated to be 1.500.000 by the year 2010.[26] 

111.3.4 Land use and socieeconomic features 
The main land use in the catchment area is agriculture and livestock farming, although 
they are decreasing in importance because of the increasing population. Agriculture is 
the main occupation, other important occupations are salary worker, artisanal work, 
fishing and manual labour.[27] The fishing concerns sea fishing as well as fishing in 
the lagoon. The main fish in the lagoon is the Sarotherodon Melanotheron, often 
referred to as the Tilapia. It constitutes over 90% of the fish catch in the lagoon. 
Most of the salary workers are employed in the industry in the area, including Coca 
Cola, Johnson Wax, a manufacturer of insecticides and detergents, Spintex, which 
produces textiles, an abattoir, and Poki, an ice cream manufacturer. 
Fuel wood harvesting is done in the catchment area for household cooking and 
commercial uses such as fish smoking. The soils in the catchment area are very 
suitable for concrete block making, therefore sand and gravel winning takes place. 
The annual income ranges between 1,000 and 5,000,000 cedis, which equals 
respectively 1.11 and 5.556 dollars (1 United States dollar is 900 cedis in 1995). The 
majority of the people earn between 200,000 ($ 222) and 500,000 ($ 556) cedis 
annually. [27] 

111.3.5 Cultural practices 
The lagoon is regarded as a fetish by the local communities, and it has a fetish priest, 
the Sakumo Wulomo, and there are some traditional rules and taboos associated with 
the lagoon that concern the fishing activities: 
• Prohibition of the use of seine nets and other nets of mesh size (stretched) below 

2.5 cm 
• Prohibition of fishing from daybreak to noon on Fridays 
• A closed season for fishing from October/November till March.[19] 

Detailed information about the lagoon on climate, hydrology, geology, population and 
occupation et cetera will be discussed when needed in the course of this research. 
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IV Needs, activities, goods & services 

IV.1 Methodology 

The activities are the basic issue in the research, since they are the starting point for 
the research. It has to be determined which activities take place that are connected to 
the lagoon. Then it has to be determined whether the activities depend on, or are a 
threat to the lagoon. 
When activities depend on the lagoon, their identification is also the start for finding 
out what goods and services of the lagoon are used. 
When they are threats, it is important to know what kind of environmental pressure 
they exert on the lagoon. 
Another important aspect is to find out for what needs the activities are elaborated and 
whose needs these are: Who are the stakeholders? This is essential in order to know to 
whom, and how,the effects of environmental pressure as well as the effects of future 
policies (to mitigate or relieve environmental pressure) will be shifted. 

IV.2 Operationalisation 

IV.2.1 Data input 

An inventory of the human activities that take place in and around the Sakumo lagoon 
was made. It was determined how those activities are related to the lagoon; or they 
depending on the lagoon, are they exerting environmental pressure, or both? Those 
activities that depend on the lagoon were linked to goods and services provided by the 
lagoon. The threatening activities were related to different forms of environmental 
pressure. 
This was primarily done through a stakeholder survey, i.e. talking to the different 
stakeholders to get an idea of the situation of the lagoon and its (socio-economic) 
surroundings. Also general literature was studied, general reports on the activities in 
the Accra-Terna Metropolitan Area, as well as reports on the socio-economic 
activities in and around the lagoon. 

IV.3 Results 

In the general survey the following activities that were in any way connected with the 
Sakumo lagoon were identified: 
1. Fishing 
2. Secundary activities connected with fisheries 
3. Agriculture 
4. Sea fishing 
5. Housing 
6. Recreation/Tourism 
7. Industrial activities 
8. Mangrove harvesting 
9. Sand winning 
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10. General health impactse 
11. Clay winning 
12. Salt winning 

A lot of these activities make use of the lagoon and cause environmental pressure at 
the same time. In the table below it is stated how they are connected to the lagoon, 
and who the stakeholders are. 

Activity Good or service Pressure Stakeholder 
Lagoon fishing Fish Overexploitation of (Local) artisan 

fish fishermen 
Secundarv activities Fish Fish Mongers 
Sea fishing Breeding and Artisan fishermen 

nursery ground f and industrial fleet 
Agriculture in Water Waste disposal Farmers 
lagoon vicinity Flood protection Erosion 
Agriculture in the Waste disposal Farmers 
catchment area Erosion 
Housing in lagoon Lagoon view waste disposal Citizens 
vicinity Self cleaning Encroachment Real Estate Agents 

capacity (for lagoon view & 
encroachment) 

Housing in the Self cleaning Waste disposal Citizens 
catchment area capacity 
Recreation/Tourism Recreation Disturbance Recreants, tourists 
Industrial activity Self cleaning Waste disposal Industrial 

capacity compames 
Mangrove cutting Mangroves Overexploitation of Wood traders, fish 

mangroves mongers 
Sand winning in the Sand Erosion Local people 
lagoon vicinity 
Health Lagoon bacteria Local people 
Clay winning in the Clay Corrosion of Industrial 
Ramsar site ecosystem compames 
Salt winning in the Salt Corrosion of Industrial 
lagoon ecosystem compames 
Construction Erosion constructors 
activities 
Table IV-1: Activities, Goods & Services, Environmental pressure and Stakeholders 

Not all of the goods and services identified here are worthwhile investigating. 
In the past there have been plans to exploit the clay in the area commercially, but this 
was forbidden. Also sand winning is forbidden, at least in the Ramsar site, although it 
still happens illegally, but at a small scale. Mangrove harvesting does not happen 
because there are very little mangroves around the lagoon. It has been like that for 

e Health impacts do not literally make use of the lagoon, bu health status of the surrounding population 
can be influenced by the lagoon. It can be said that it depends in a negative way on a good provided by 
the lagoon, namely the disease causing agents. 
f This means that sea fish use the lagoon for breeding, or juvenile sea fish use the lagoon to mature 
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many years, and it is not known whether this is due to human impacts. Salt winning 
was an activity of economic importance until the 1960' s or 70' s, but has now been 
abandoned, because it was no longer economically feasible because of the scale of the 
activities. At the location of the salt ponds now a wastewater treatment plant is 
located. In the next chapter the remaining goods and services will be evaluated. This 
will also show the importance of the different stakeholders, i.e. the value that is at 
stake for them. 

The overexploitation of fish is a form of exhaustion. 

Agriculture, industry and households are the sources of waste disposal, and this is a 
form of pollution. The magnitude of the pollution they cause will be calculated by 
relating it to the scale of the respective activities. Disturbance and erosion are forms 
of corrosion. Disturbance will not be taken into account, but erosion will. The main 
sources of this in the catchment area of the Sakumo lagoon are agriculture, 
construction activities, but also sand winning is an important cause, although the 
activity is not of economic importance. The other activities that are not of economic 
importance are also not interesting with respect to environmental pressure. 
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I V Environmental pressure I 
In this chapter the environmental pressure that is exerted by the activities is 
determined. We start with pollution, and after that the corrosion in the form of erosion 
will be determined. For both the subjects we first discuss the methodology and the 
operationalisation, after which the results are presented, from which conclusions will 
be drawn. Concerning exhaustion, the environmental pressure is hard to determine 
separately from the environmental quality. Since it is easier to study exhaustion and 
its effects on the environmental quality at the same time we will study it there. 

V.1 Pollution 

V.1.1 Methodology •d Operationalisation 

The pollution load, which depends on human activities, can be measured in different 
ways. The most adequate would be to measure in detail the loads at all the sites where 
waste is disposed into the wetland. This would give a clear picture of the type of 
pollution and waste sources, including their location and emission levels. This 
however is very time and money consuming, factors that are not abundantly available, 
neither in this project nor in developing countries. With less effort and data, it is 
however possible to make reasonably accurate emission inventories, through the use 
of the rapid assessment methodology. This is a methodology that is based on the 
relationship between activities and environmental pressure. It is based on the 
assumption that different activities generate different levels of pollution, and accurate 
estimates of pollution load can be made per activity. This methodology was developed 
by the WHO [28], and investigated further by Scheren et al.[29] and Zanting [ 30], to 
quickly determine waste loads in a data scarce environment. The waste load is 
basically calculated by the following formula: 

Waste load= functional variable •pollution factor •penetration factor 

The functional variable represents a characteristic parameter that is assumed to be 
proportional to the amount of waste produced. The pollution factor represents the 
amount of waste produced per unit of the yearly waste variable. The penetration factor 
is a correction factor that accounts for purification effects, due to for example 
wastewater treatment, self-purification of waste disposed upstream-river or nutrient 
retention by swamps.[31] 
The functional variables and pollution factors for the different pollution sources are 
listed in Table V-1. 
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Type Functional variable Pollution factor 
Industrial Annual production Waste per unit 

produced 

Agricultural Area of (non-) cultivated Yearly runoff of 
land (non-cultivated) land 

Domestic Population number Yearly waste per 
person 

Table V-1: Exogenous variables of the rapid assessment methodology 
Source: adapted from Zanting [30, p5] and Vlieghe [31, pl2] 

Penetration factor 
Efficiency of wastewater 
treatment/self-purification 
effect 
Wetland nutrient retention 

Efficiency of wastewater 
treatment/self-purification 
effect 

By adding up the waste loads of the different sectors, we get the total amount of waste 
disposed. Because the rapid assessment methodology distinguishes between the 
different sources of pollution, including the different industrial sectors, we are able to 
address the total waste disposed to different activities. The agricultural waste load 
calculation does not take the use of fertiliser into account. If there is considerable 
fertiliser use, this has to be accounted for separately. 

The study of the waste loads will be limited to biodegradable organic waste (BODsJ, 
nutrients (nitrogen and phopshorus) and suspended solids. This is because they are 
believed to be the most important pollutants of the Sakumo lagoon (we refer to the 
next chapter for the validity of these assumptions), and because the Rapid Assessment 
Methodology is best developed for these substances. 

Data input 

In order to determine the waste loads of the pollution sources, the polluting activities 
first have to be identified. These sources have to be located in the catchment area, and 
then the data can be acquired for the input in the rapid assessment equations. 

The input needed for industrial pollution is: 
• The annual production of the industries 
• The waste disposal of the industries 
• The self-purification of rivers (for upstream industries) 

The input for domestic pollution is: 
• Human population in the catchment areas 
• The annual waste per person 
• The self-purification effect of rivers (for domestic waste disposed upstream) 

The input needed for agricultural pollution is: 
• The land use in the area 
• The yearly runoff of the pollutants 
• The nutrient retention of (other, upstream) wetlands 
• The level of fertiliser use 
• Composition of the fertilisers, and fraction that reaches the lagoon 

g See next chapter for further explanation 
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V.1.2 Results 

Pollution sources 

In chapter III it was stated that although the catchment area is 276 km2
, the actual area 

that drains into the Sakumo lagoon is smaller because of dams that are placed in the 
streams. The reduced catchment area is 127 km2

, and this is important to keep in mind 
in the calculations. Since all the information available is on the whole catchment area, 
we will describe the pollution sources likewise. 

The Catchment area of the Sakumo lagoon has a quickly rising population, in 2000 it 
was expected to be 300,000 at a growth rate of 4.4%. This was including the city of 
Terna, which is mostly, but not entirely, located in the catchment area of the Sakumo 
lagoon. h The sanitation in the settlements in the catchment area is quite bad. Most of 
Terna is served by a sewage system, and a waste water treatment plant treats this 
water before it is drained into the sea. The rest of the communities, however, have less 
facilities. Some have no toilet facilities at all, but most of them use pit or pan latrines, 
or KVIP (Kumasi Ventilated Improved Pit latrine). Some of the people have them in 
their houses, but in most of the communities they are public. 
More details on the population is given in Aprendix V.A. 

With respect to agriculture, the environmental baseline study to soil and land-use in 
the catchment area gives a share of 49% for agriculture. It is said however that "crop 
production in the area is very low. During the 1994 major rainy season our estimates 
indicated that less than 15% of the 13 ,562 ha of agricultural lands mapped ( ... ) were 
cultivated to crops such as maize, cassava, okro, pepper, tomatoes, onions and 
mellons."[21, p21] Several interviews revealed however, that the land use has 
changed significantly, since there is a lot of construction activity going on in the 
catchment area, making less space available for agriculture. There are some areas in 
the catchment area where the agriculture is quite intensive, and fertilisers are used. 
These areas are the Lashibi area, which includes the farmers that are active in the 
Ramsar site, Michel Camp, at the upper east of the catchment area, and the Ashiaman 
Irrigation project, which is quite close to the lagoon. Based on interviews, information 
was gathered on the amount and type of fertilisers used, and the contribution to the 
total waste load can be calculated based on this information. 

According to Amatekpor [21] there is not much animal grazing going on in the 
catchment area. There are a few reasonably big farms, namely the Nungua Animal 
Research Farm and the Legon University Research Farm, but besides this farming is 
mainly at a subsistence level. According to Dadson [27], 4.7 percent of the population 
in the catchment area is involved in livestock farming, and the herds are small, 
consisting of sheep, goats and cattle, and some pigs. There are however no data 
available on the number of animals grazing in the catchment area. 

There is not too much industry going on in the catchment area of 1he Sakumo lagoon. 
There are a few factories; in chapter III Coca Cola, Johnson Wax, Spintex, an abattoir, 

h See also chapter III 
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and Poki were mentioned. A study by Miss. J. Klein also identified a factory involved 
in canning and preserving of fruit, and several biscuit companies. There are also some 
small-scale industries present in the catchment area [27], but it is assumed that they 
are included in the pollution factor for domestic waste load. 

Pollution loads 

The following assumptions were made in the calculation of the waste loads: 
• Refuse disposal is neglected. For BOD this is justified because BOD will be gone 

before the rainy season. For nutrients this does not count, but there are no numbers 
for nutrient content of solid waste available. Solid waste collection is not 
organised outside of Terna, although most of the communities have special dump 
sites. 

• Almost all of the people live in the reduced catchment area; the northern part of 
the catchment area that does not drain directly into the Sakumo lagoon is less 
densely populated. The borders are not precisely known, but for Ashiaman and 
Sakumono for example, it is known that they are located in the reduced catchment 
area. 

• Although population has increased significantly since 1994, and land use has 
changed in the form of exchange of agricultural land for built-up areas, we shall 
assume that the agricultural and savannah areas have not changed significantly, 
since better information is lacking. 

• The domestic BOD production by latrines is reduced to 30% when it reaches the 
surface water. Domestic BOD production in absence of toilet facilities is not 
reduced.[32] 

• The BOD production by agriculture is negligible. 
• The ratio of land use is the same in all of the catchment area. 
• All of the industry is located in the reduced catchment area. 
• There is no knowledge on waste production through cattle and animal husbandry. 

therefore we shall assumte that it is negligible. 
• The self-purification through rivers is negligible, since the distance from the 

source of pollution to the lagoon is never long. There is also no nutrient retention 
through wetlands because their presence is negligible in the reduced catchment 
area. This means that the penetration factor is unity for all the different waste 
loads. 

Domestic waste loads 

Different pollution factors have been mentioned in various assessments of the rapid 
assessment method. The pollution factors we have used are shown in the following 
table: 
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Sanitation Source Volume BODs TSS N p 

(m3/pers/ (kg/pers/ (kg/pers/ (kg/pers/ (kg/pers/ 
year) year) year) year) year) 

Sewered Econ om op 55 18.1 3.3 0.93 39.2 
oulos 
(1993)[33] 

Unsewered Economop 7.3 6.9 16 3.3 0.4 
with septic oulos 
tank (1993)[33] 
No Hobbelen 0 0.68 Negli- 0.36 0.009 
facilities (2001)[34] gible 
Sewered WHO 73 19.7 39.2 3.3 0.4 

(1982)[28] 
Unsewered WHO 7.3 6.9 3.3 0.4 16 
with septic (1982)[28] 
tank 
Pit latrine Calamari 6.9-8 

(1994)[35] (range) 
Table V-2: pollution factors for households 

We have used all of these pollution factors, and information on the toilet facilities 
from different sources, to assess the pollution load and create a range within we 
expect the actual load to be. We have calculated the waste loads for different pollution 
factors and situations. The various possibilities were: 
A. Pollution factors from Economopoulos (1993) and Hobbelen (2001). 
B. Pollution factors from WHO (1982) and Hobbelen (2001). 
C. Pollution factors from Economopoulos (1993), Hobbelen (2001) and Calamari 

(1994) on pit latrines. 
D. Pollution factors from Economopoulos (1993), w~re we have ignored 

Hobbelen' s study and assumed that households with no facilities produce the same 
load as unsewered households. 

E. Pollution factors from Econopoulos (1993) and Hobbelen (2001), with the 
assumption that Ashiaman has no toilet facilities. 

F. Pollution factors from Econopoulos (1993), assuming that 70% of the population 
of the catchment area (including Terna) is unsewered and uses pit latrines. 

Situation A to Dare based on the information from Dadson's baseline study [27], 
which identified the sanitation facilities for the different communities in the 
catchment area, and it is assumed that Terna is connected to the sewer that eventually 
drains into the sea. Situation Eis based on a statement by L. Faabeluon that there is a 
lack of sanitation facilities in Ashiaman.[36] Situation Fis based on information from 
the Environmental Impact Assessment for the Septage Treatment Facility.[37] For 
details we refer to Appendix V.A. 

Environmental pressure 26 



BOD 5 (tonnes/year) TSS (tonnes/year) N (tonnes/year) P (tonnes/year) 
A 252 1,924 394 111 
B 252 1,908 394 48 
c 291 
D 273 1,979 404 113 
E 40.2 111 61.0 6.41 
F 431 3,334 687 194 
Table V-3: domestic waste loads 

The ranges are wide, and for now we assume that situation A is the most likely, but 
when constructing balances in the "Hydrologic Modelling" chapter we will gain more 
information on the most likely situation. 

Agricultural waste loads 

The agricultural pollution factors that we have used are shown in the following table: 

Cultivated arable 
land 
Uncultivated arable 
land 
Forest and pasture 
land 

N (kg/ha/year) P (kg/ha/year) 
5 0.5 

0.08 0.015 

1.35 0.4 

Table V-4: Pollution factors for agriculture 
Source: Thomann and Mueller [38] and Lindenschmidt [39] 

The load of suspended solids is not taken into account here, because for agriculture 
this is the same as land runoff, and it will be studied later, under erosion. For 
agriculture the reduced catchment area of 127 km2 was used, because the nutrient run
off in the upper parts of the catchment area will not pass the dams. 
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Relative Area Nrunoff P runoff 
share (ha) (kg/year) (kg/year) 

Agriculture 490/o 6233 
Cultivated 15% of 675 3377.25 337.725 
arable land agricultural 

land minus 
fertilised 
land 

Uncultivated 85%of 10795 863.6 161.925 
arable land agricultural 

land 
Forest and 33% 4191 5657.85 1676.4 
pasture landi 
Total load 9898.7 2176.05 
{kg/year} 
Table V-5: Agricultural land waste loads 

For the cultivated arable land, we have substracted the land that is fertilised to prevent 
double counting. The fertilised land and the load it produces should be accounted for 
seperately. Fertiliser is used in three areas, and the fertiliser use there, as well as the 
nutrient content per fertiliser, are given in the following tables: 

NPK Sulfid of Ammonia Poultry 
(kg/ acre/year) (kg/ acre/year) manure 

(kg/ acre/year) 
Lashibi 200 0 112.5 
Ashiaman 300 300 
Irrigation Project 
Michel Campi 300 300 0 
Table V- 6: fertiliser use in the Sakuma catchment area 

N (weight%) 
P (weight%) 

NPK 

15 
15 

Table V- 7: nutrient content of the fertilisers 

Sulfid of Ammonia Poultry 
Manure 

20.6 8.4 

It is assumed that 30% of the total amount of N and 13% of the total amount of Pin 
the fertilisers reaches the lagoon.[40,41,42] The nutrient load due to fertilisers, and 
the total load of nutrients, is shown in the following table. For details, see Appendices 
V.B and V.C. 

; In this case this is coastal savannah vegetation 
J For Michel Camp no data are available therefore we assume the same use as in the Ashiaman 
Irrigation Project 
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N runoff (kg/year) P runoff (kg/year) 
Agricultural land 
Fertiliser 
Total Agricultural 
nutrient load 
Table V-8: total agricultural waste loads 

Industrial waste loads 

9,898.7 
6,245.8 

16,144.5 

2,176.1 
1,314.0 
3,490.1 

For the calculation of the industrial waste loads we make use of a study that was 
recently done by Miss. J. Klein.[6] She investigated the industrial pollution load of the 
food & beverage sectors. According to Scheren et al.[43], these sectors produce the 
majority of the industrial BOD5 load; 81% of the total load is produced by food 
manufacturing, and 8% is produced by beverage production. Their research concerned 
the main agglomerations in West Afr£a. A study by Biney and Asmah [ 44] also 
stated that the food and beverage sectors are together responsible for 80% of the 
volume of industrial waste and 90% of the industrial BOD 5 production. That is why 
she focussed on these sectors. It is however unknown how big their share is in the 
nutrient and suspended solids production. The following results were presented in 
Miss. Klein's study: 

ISIC BODs TSS Total N Total P 
code (kg/year) (kg/year) (kg/year) (kg/year) 

Abbatoir 3111 1,710 2,507 3,102 410 
Fruit canning and 3113 1,078 290 
preservation 
Biscuit companies 3117 132 5 
Soft drink production 3134 198,400 275,200 
Total load by food and 201,320 277,977 3,107 410 
beverage sectors 
(kg/year) 
Table V-9: Total pollution load discharged into the Sakuma Lagoon in 2001 by the food and beverage 
sector 
Source: J. Klein, 2002 [6, p38] 

Since this research, the soft drink producer (The Coca-Cola Bottling Company of 
Ghana Limited (TCCBCGL)) has installed a wastewater treatment plant, and its waste 
loads have changed considerably. The production capacity also increased, and the 
factory is currently operating 22 hours a day. This increased the wastewater 
production from 230m3 /day to 370 to 400 m3/day. We have taken the old and the new 
situation into account, since also the old wastewater production was different from the 
study by J. Klein. With new data we have calculated the present waste load (for 
details see Appendix V.D): 

Waste water BODs TSS (kg/year) Total N Total P 
(m3/day) (kg/year) (kg/year) (kg/year) 

230 4,472 8,779 255 15 
400 7,778 15,268 433 26 

Table V-10: waste loads of TCCBCGL 
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We will use the amount of waste water at the increased capacity to cabulate the waste 
load of the food and beverage sectors and of the total industry in the catchment area. 
As said before, there is not too much industry going on in the catchment area, and the 
factories that are left out in the calculation are only a few. Those are Poki, an 
icecream producer, that is very small and therefore neglected [ 45], Spintex, a 
Lebanese textile producer, and Johnson Wax, a producer of insecticides, detergents 
and disinfectants. The last one is possibly an important source of nutrient loads in the 
catchment area, but according to Amatekpor [21], it is an environmentally sound 
factory, with its own wastewater treatment plant, that uses its treated water for its 
gardens. Therefore, although the observation dates from 1994, we assume that this 
factory does not contribute to the waste load. 

BODs TSS Total N Total P 
(kg/year) (kg/year) (kg/year) (kg/year) 

Total load by food 10,698 18,065 3540 436 
and beverage sectors 
Total industrial load 11,887 > 18,065 >3540 >436 
Table V- 11: total industrial waste load 

The difficulty now is whether we stick to the assumption that the food and beverage 
sectors produce 90% of the BODs waste load or not. Because of the uncertainty of this 
assumption, and its lack of information on suspended solids and nutrients, we will 
take the load of the food and beverage sector as the total industrial load in the 
catchment area. 

V.1.3 Concluslon & dl1cu11lon 

Below an overview is given of the total waste load in the catchment area: 

BODs TSS Total N Total P 
(tonnes/year) (tonnes/year) (tonnes/year) (tonnes/year) 

Domestic 252 1,924 394 111 
Agriculture 0 16.1 3.5 
Industry 10.7 18.1 3.5 0.4 
Total 262.7 1,942 413.4 115 
Range .. 50.9 - 442 129 - 3,352 81 - 707 11- 198 
Table V-1 2: Overview of waste loads 

It is shown that households are by far the most important source of any of the studied 
waste loads, except for the situation when Ashiaman has no toilet facilities. 
We demonstrated the values that are considered to be most likely, but the ranges have 
to be kept in mind for further elaboration in the "Hydrologic Modelling" chapter. 
In the following figure the relative shares are shown: 

kRange is based on the different possibilities for the domestic waste load. It is proven from its relative 
importance that ranges are most interesting for this source. 
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Figure V- 1: share of pollution sources in total loads. 

TSS load 

Total P load 

Although during the elaboration of the study it was often stated that agriculture is the 
main source of nutrients to the lagoon, this is rejected by the calculations. Domestic 
pollution is the most important, and this is understandable because of the high 
population density and the bad sanitary situation in the catchment area. 

The population is increasing at a high rate, which means that the domestic waste load 
will increase in the future. Improvement of the sanitation facilities in the catchment 
area can mitigate the higher loads, but the problem is that it will probably increase 
before it can eventually decrease. Sanitation improvement will likely start by 
providing running water to the communities, and more (public or private) toilet 
facilities. This will increase the waste production per person. To prevent this waste 
from ending up in the lagoon, waste water treatment is needed. This requires high 
investments. 

A note has to be made with respect to the calculation of the waste loads. 
The situation in the catchment area of the lagoon is complex. There are a lot of 
housheholds without toilet facilities. Those people use communal and private pan 
latrines, pit latrines, aqua privies, water closets, cr the open areas. There is no 
organised faecal sludge and septage disposal method. The toilet facilities are emptied, 
but the companies that empty them have limited options for the sludge. It is brought to 
Accra Metropolitan Authority (AMA) treatment facilities at either Teshie or 
Achimota for disposal, or it is dumped illegally, at the sea side, at waste dumps, near 
streams or even at the lagoon side. This illegal dumping increases the waste load of 
the lagoon significantly, but it cannot be accounted for, since there is no knowledge 
about how much of this sludge ends up in the lagoon. 

In the chapter where the pollution of the lagoon will be modelled, we have to take this 
uncertainty into account. 

There are plans to build a septage treatment facility, in the catchment area of the 
Sakuma lagoon, but no permit for this project has been granted yet, and in personal 
interviews it was revealed that it would probably never be granted, because of the 
serious impacts this plant would have on the Sakuma Ramsar site. 
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The sludge is a serious problem that has to be accounted for. The Terna Development 
Corporation, that is responsible for the new developments in the area, will place septic 
tanks in all the houses. The sludge is thus likely to increase. 

V.2 Erosion 

V.2.1 Methodobgy and operationalisation 

As said in chapter three, the study of corrosion will be limited to erosion. 
Erosion is the loss of soil due to forces exerted on the soil by water or wind. An 
example is coastal erosion, in which the sea takes sand from the beaches. We are 
interested in water erosion caused by rainfall. The power of the rain causes soil 
particles to move with the rain; this is the runoff that we have already spoken of in the 
previous section. Soil is lost to lower areas, and the quality of the hnd degrades. 
Erosion is expressed in the soil loss (weight or volume) per surface unit. When the 
erosion is known, the total sediment yield of the Sakumo lagoon can be calculated. 
Although erosion itself is a very important problem, especially for agricuiure, we are 
most interested in the eroded soils that end up in the lagoon. This is because the 
sediment yield is the actual environmental pressure on the Sakumo lagoon, causing a 
decrease in size, which is called siltation. 

As said in chapter IV, the main sources of erosion in the catchment area of the 
Sakumo lagoon are agriculture, construction activities and sand winning. 
It is very hard to make quantitative assessments of the erosion for these different 
activities, also because erosion is dependent on much more than only the land use. 
Therefore erosion is normally not studied per activity, but in a more integrated 
manner for an area of interest. 
Erosion is caused by interaction of various factors, namely the erosivity of rain and 
runoff, soil erodibility, slope, vegetation and management factors. 
For erosion also counts that the best way of determining it is through direct 
measurement. Since erosion is complicated, measuring it is time and money 
consuming, and the methods are not free of discussion. 
Equations have been designed to predict erosion; the mostly used is the Universal Soil 
loss Equation (USLE), but scientists have also designed empirical equations or made 
assessments of soil loss by comparing different soils and erodibilities, and all are not 
without discussion. 
The Universal Soil Loss Equation (USLE) is widely used to predict potential erosion 
by water, and it is defined as: 

In which: 

A computed soil loss per hectare [metric tonnes/ha] 
R rainfall factor based on the number of erosion-index units in a normal 

year's rainfall at a specific location [-] 
K soil erodibility factor [metric tonnes/ha/erosion index unit] 
L length of slope factor [ -] 
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slope gradient factor [-] 
crop management factor [-] 
erosion control practice factor [-] 

The problem is that in Ghana there are no adequate values for R and K available to 
make use of this equation. 

Therefore, other analyses were done on the erosion. One of these was a scientific 
assessment of the potential erosion rates, by analysing soil profile characteristics in 
relation to the physical environment. Based on this predictions can be made on 
sediment yields, by comparing it with similar environments were research has been 
done on sediment yields. This is done for the Sakumo area by J.K. Amatekpor [21] , 
and it will be discussed in the results. Other assessments of erosion will also be 
studied. 

When the total sediment yield for the lagoon has to be calculated from these data, a 
problem emerges. It cannot be assumed that all the sediments end up in the lagoon. A 
lot of the soil that is lost will only be replaced by short distance, and not reach the 
lagoon. There are not much scientific models that allow assessment of sediment yields 
for basins based on erosion data, especially for tropical areas.[ 46] Pioneers have 
applied models on sediment yields, but it is beyond the scope of this report to do that 
here. There are however scientists who have given attention to the problem of 
sediment yield and its relation to erosion. For example, Mahmood argued that 90% of 
eroded material is temporarily stored in large basins, which means that it can be 
transported to water bodies later, but that there is at least a delay in the sediment yield, 
compared to the erosion.[47] Other research stated that in the Mississippi River Basin 
soil loss was ten- or twenty.fold the estimated sediment yield, which means that most 
of the sediment is stored before reaching coastal areas.[ 48] The total sediment yield 
for a basin is thus more complex than a simple summation of sediment yields in the 
basin. It is dependent on specific area features, like the geomorphology (is the soil 
capable of receiving and storing runoff from other areas), but also the size of the area; 
larger areas have more erosion storage than small watersheds, where more of the 
erosion is likely to reach the water. Since this kind of information is lacking, we shall 
assume a sediment yield of 10% of the eroded soil. 

Data Input 

If we make a scientific assessment of the potentia 1 erosion rates and sediment yields, 
we need to know the characteristics of the soils in the Sakumo catchment area, as well 
as the physical environment (e.g. the land use). 
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V.2.2 Results 

Comparative assessment of soil and erodibility 

In his environmental baselne study, Mr. Amatekpor made a more qualitative 
assessment of the sediment yield in the Sakumo catchment. 
Because of the lack of local data, he uses information from other studies to estimate 
the potential erodibility and the sediment yield for the Sakumo catchment, based on 
the soil types present. Based on this assessment, the total sediment yield will be 
somewhere between 35,000 and 40,000 tonnes/year, which is extremely high (for 
details see Appendix V.E). 
We have not corrected this number for the difference between soil loss and total 
sediment yield. If we assume that 10% of the soil loss ends up in the lagoon (see the 
theory), the sediment yield of the lagoon is 3,500 to 4,000 tonnes per year. 

We have not taken into account the solid waste produced by the population in the 
area. A large part of the area, the majority of the settlements outside of Terna, does 
not have regulated refuse collection, causing unorganised and disordered disposal of 
wastes. These wastes can end up in the lagoon during heavy rail.fall . In the Rapid 
Assessment Method solid waste is also considered, and for the solid waste production 
the following figures are given: 

Municipal Refuse 
collection 
Very low income areas 
Developing areas 
Industrialised areas 
Very high income areas 

Putrescible solid waste 
(kg/person/year) 

Table V- 13: solid waste production 
Source: Economopoulos [33} 

150 
250 
400 
900 

The area we study is a low income area, and if we assume that 90% of the people 
outside of Terna does not have regulated refuse collection (see Appendix V.A), and 
that 10% of the solid waste produced ends up in the lagoon (assuming that it behaves 
the same as eroded soil), the following figure results: 
122,532*0.9* 150*0.1 = 1,654 tonnes/year. 

Other Research 

Mr. Tumbulto of the WRI has made an assessment of the sediment yields for some of 
the lagoons in Ghana, and he determined a sediment yield of 6000 tonnes/year.[ 49] 
(for details, see Appendix V.F) . He assumed the runoff as a percentage of rainfall to 
be constant for all the catchment areas. The runoff he assumed was fairly high, but we 
see that this number is quite close to the figure that results from our information. 
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V.2.3 Conclusion & discussion 

There is not much information available on the erosion in the catchment area of the 
Sakumo lagoon. This makes it hard to make an assessment of the total sediment yield 
to the Sakumo lagoon. Our own calculation is limited in its knowledge and therefore 
the assumptions made are rough and liable to discussnn. The sediment yield 
calculated is however close to the figure that Tumbulto determined. Sediment yield 
for the Sakumo lagoon would therefore be between 5,000 and 6,000 tonnes/annum. 

Although theses figures are quite high, it is possible that the total sediment yield of 
the Sakumo lagoon is still underestimated. It is known that the high level of 
construction activities, plus the illegal sand winning, causes a lot of erosion in the 
catchment area. These factors are not corrected for in our calculation, which makes it 
likely that we have underestimated the erosion. For Tumbulto's calculation it is 
unknown what his presumptions were, so we don't know whether he took this into 
account. Stakeholders stated that erosion is exceptionally high in the catchment area 
because of these activities. We have based our calculation mainly on soil 
characteristics, but recent studies have revealed that the focus on agricultural erosion 
may be erroneous. Not with respect to land degradation, which is especially in poor 
countries a very important problem, but with respect to sediment yield. And it is for 
assessing the sediment yield that we have studied erosion. Some studies state that 
erosion from cultivated lands often is overestimated and erosion from rural roads and 
footpaths may generate a large part of the sediment yield of catchments.[50] In a 
sediment yield study in Indonesia rain-fed agriculture, with a surface cover of 8%, 
was expected to cause 55% of the total sediment yield, while research revealed that it 
was only responsible for 30%, while built-up areas, with a surface cover of 8%, 
caused 73% of the total sediment yield instead of the expected 30%.[51] 

Although our study concerns a distinct geographic area, the conclusions from these 
studies are important to take into account. Built-up areas are a very important source 
of erosion. 

The study also shows that erosion and sediment yield for basins is complicated matter, 
and that it is hard to measure, let alone take measures against it. It was already stated 
that construction activities and sand winning are important sources of erosion, but 
quoted research shows that built-up areas are also more important than agriculture. 
This is not proven by data from the Sakumo catchment, but it certainly deserves 
attention, especia Uy if we take into account the fact that population is increasing, thus 
it is likely that built-up areas will grow, and construction activities will continue to 
take place. In the measures against erosion, and siltation of the Sakumo lagoon, these 
are things to take into account. 

The total sediment yield caused by erosion that we have calculated will be discussed 
further in the chapter on hydro logic modelling, when we assess the siltation of the 
lagoon. 
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I VI Environmental qua I ity I 
In this chapter the environmental quality will be described. The three concepts that 
indicate the quality that will be studied are the water quality, the status of fish, and the 
siltation. The last one will not be studied here, because of lack of information. Water 
quality and status of fish are studied in the familiar way, by explaining the 
methodology and the operationalisation, followed by a presentation of the results and 
ended by conclusions on the subject. 

Vl.1 Water quality 

Vl.1.1 Methodology and Operatlonallsatlon 

The water quality is retermined by a range of characteristics, and they can be 
measured by different parameters. We are most interested in the parameters that 
express the level of pollution in the lagoon. 

The most important oxygen related characteristics are the oxygen level in the water, 
(measured by DO, i.e. Dissolved Oxygen), the organic material in the water 
(measured by BOD5: Biological Oxygen Demand), and the inorganic material in the 
water (that together with organic material is expressed by COD, i.e. Chemical Oxygen 
Demand). 
Concerning the trophic state of the water, the nutrient level is determining, measured 
by levels of Nitrogen (Total Nitrogen, which consists of organic nitrogen, Ammonia, 
Nitrate and Nitrite) and Phosphorus (Total Phosphorus). 
The bacterial content of the water is measured by coliform counts, in which we 
distinguish between Total Coliform (TC) and Faecal Coliform (FC). The latter is a 
measure for faecal contamination by human and animal excretes, and it is used as an 
indication of pathogenic organisms. 
The water can be muddy, and this is determined by the concentration of Total 
Suspended Solids (TSS) in the water, or by the turbidity of the water. 
Other important parameters are the temperature (T), the pH (as a measure of the 
acidity), the salinity (measured by the Chlorine level), the toxic agents and the heavy 
metals present in the water. 

We have sufficient reason to assume that the latter two are of minor importance in the 
pollution problem, because of information on other coastal wetlands in the 
region[44,52]. Neither shall we consider temperature, turbidity, salinity and acidity, 
since they are no direct indicators of pollution. The focus shall be on BOD5, DO, SS, 
TN, TP, since they are directly related to the pollutants studied in the previous 
chapter. We will also consider, but in less detail, COD, TC and FC. 
For more information on these parameters and their influence on the environmental 
quality of the ecosystem, we refer to the literature. 1 

1 Detailed information on water quality characteristics is available in Systematic Assessment of Water 
Pollution in Ebrie Lagoon by J. Ossevoort [5] 
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Data input 

The data needed are the concentrations of the different parameters that we have 
discussed above; DO, BODs, COD, TSS, TN, TP, TC, FC. This information is readily 
available from the Water Research Institute, which has done several measurements of 
the water quality of the Sakumo lagoon in the past recade. Organic Nitrogen is not 
taken into account since it has not been measured by the Water Research Institute, but 
doesn' t matter since organic nitrogen does not contribute to water quality 
problems.[5] 

Vl.1.2 Results 

Studies on water quality have been performed in 1994, between 1997 and 1999, and 
since April 200 l it is quarterly monitored for the Wildlife Department and the Coca. 
Cola Bottling Company of Ghana Limited (TCCBCGL). The measurements were 
done at least twice a year, at the end of the dry season (April) , and in the major wet 
season (June or July). Between 1997 and 1999 they were also done between the minor 
wet season and the start of the dry season, and in the current monitoring they are also 
done in September and December/January. The data we have end with September 
2001 . The tables with the results are presented in Appendix VI.A and VI.B, and here 
we shall present an overview of these results. In the following graphs the average 
levels of BOD5 and DO, COD, TSS, and TN and TP per sampling period are shown. 
It must be noted that the x-axis does not have a time scale, but is presented per 
measurement. Total Nitrogen consists of Ammonia, Nitrate and Nitrite, and Total 
Phosphorus is measured only by P04
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Figure VI-1: Oxygenic characteristics 
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Figure VI-2 : nutrient levels 
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Figure VI-3: Chemical Oxygen Demand 
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Figure VI-4 : Suspended solids 
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Besides the change in years, it is also interesting to look at the spatial distribution of 
the water quality in the lagoon. In the following figures, the results from the 
measurements between 1997 and 1999 and the recent results are averaged per time of 
the year, for the different locations in the lagoon. June and July, as well as September 
and November, are taken together since they fall in the same seasons. Although the 
time of the year is not exactly the same, and sampling locations are also different 
(between ' 97 and '99 the southern sampling station was closer to the culvert), this 
gives a good idea of the differences within the lagoon.Spatial differences for BODs or 
TSS are not recorded, but for nutrients and dissolved oxygen there are patterns visible. 
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It must be noted that the differences per location are less notable in the recent 
monitoring measurements, but this can also be because of the fact that the southern 
sampling station is now further away from the culvert, and more in the south-western 
comer of the lagoon. For Total and Faecal Coliform less data are available. From the 
tables in Appendix VI.B it can be seen that it fluctuates, but has reduced since 1994. 
The last measurements show that levels are below the WHO limit for secondary 
contact, which is the only contact made with the water. 

Vl.1.3 Concluslon and dl1cu11lon 

Generally, the data reveal that the water quality in the Sakumo lagoon is not very bad. 
The oxygen level in the water is acceptable (8 mg/I is often stated as a healthy level), 
and organic pollution is not very high. Nutrient levels are quite high, but fluctuate 
heavily troughout the year, and the concentration of total suspended solids is also 
high. For BOD5 it can be seen that it varies each year, and is lowest in April, but there 
is no visible trend. The fact that BOD5 levels are higher in April can be attributed to 
the fact that in this time of the year the lagoon dries up and concentration of organic 
pollution increases. The COD concentration has reduced during the past decade, 
which might be due to the improvement of COD levels in the TCCBCGL wastewater. 
In Figure 11-1 it can be seen that the oxygen level in the water is lowest in the north, 
were pollution comes in, and that it is higher in the south, were organic waste has 
already degraded. It is also seen here that levels are highest in September and 
November. This is hard to explain. 
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For the nutrient, there are no clear trends over the years. The levels of phosphorus and 
nitrogen both vary throughout the year, and it can be seen (also in Figure VI-2) that 
concentrations are highest in June/July (the rainy season), whereas they are lowest in 
April. This trend may be attributed to the increased runoff from near by farms,[ 17] but 
it can also just be the fact that nutrient-containing runoff from any source in the 
catchment area flows into the lagoon this time of the year. High nutrient levels mean 
there is a lot of food available for phytoplankton, that also uses oxygen in its activity. 
Therefore usually high nutrient levels cause low oxygen levels, but in the Sakumo 
lagoon this is not the case. The oxygen level is not below water quality standards. 
The peak of pollution input in the rainy season can cause sudden problems for the 
water quality, but for now this is not the case for the Sakurno lagoon. 

From Figure VI-5 and Figure VI-6 it is clear that nutrient levels are highest in the 
north of the lagoon, which is we:e the runoff flows into the lagoon. In the south the 
levels are lower, which means that nutrient have been taken (by the plankton for 
example) or fixated. It must be said that the spatial differences were less visible in 
2001 than between '97 and '99. In these figures the seasonal differences also appear 
clearly. 

No trend is visible in suspended solid concentrations, but in most recent 
measurements it was much higher than before. According to Biney [ 53] this is due to 
high concentration of phytoplankton in the lagoon. It is also possible that this is due to 
erosion, but the increase compared to 1999 is not totally explained by this. 
As said above, coliform counts are less documented, but concentrations are below 
WHO limits for secondary contact. This means that they are not a danger to the health 
of people that have secondary contact with the water, like the fishermen. 

Vl.2 Status of fish 

The goods that are provided by the lagoon are fish, water and recreation (see IV.3), 
and the only one of those that is over-exploited is fish. In this section we will study 
the environmental pressure and the environmental quality at the same time, since they 
are difficult to separate in case of exhaustion, being over-exploitation in this case. 
Over-exploitation is very hard to quantify. It has to be known what the level of 
exploitation is, what the stock is, and what the compensating capacity is of a certain 
good, before it can be stated that it is being over-exploited This requires high quality 
data, that are not available. Because exhaustion affects the environment, it can also be 
determined by analysing the ecosystem. The response of an ecosystem to exhaustion 
can be used to determine the level of exhaustion. Therefore the two concepts are 
studied together. 

Vl.2.1 Methodology and Operationalisation 

An indicator of exhaustion in case of fish is the fishing effort. It is a form of 
environmental pressure, but because it is meaningless on itself, and will be studied 
only briefly, we consider it here. By canparing fishing effort, in man hour/day or 
fishing intensity, in man hour/day/km 2

, over different years we can get an idea of the 
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change in pressure on fish resources. The information on fishing effort is available 
from studies done by Pauly[ 54] and Korangteng[ 55]. 

As stated, we need more information on fish to determine whether they are over
exploited or not. Important characteristics that reflect fish health, are for example size, 
species diversity and biomass. There are some characteristics that reflect the over
exploitation, which are the size structure of fish and the species composition of the 
catches.[56] Those can be determined directly from observations. We will not 
consider those, but limit ourselves to quantified methods. 

A formula designed to assess the level of overexploitation is: 

F=Z-M 

On the basis of these coefficients the exploitation rate can be determined: 

In which: 
E 
F 
z 

E=FIZ 

Exploitation rate 
Fishing mortality coefficient 
Instantaneous total mortality coefficient 

The optimal value for E = 0.5 [ 57]. 

The parameters can be determined from length-frequency distributions of fish catch 
through computer programmes like ELEF AN[58] or Fi SAT[ 59], empirical 
equations,[ ro] or, in case of Z, can be determined by constructing a length comerted 
catch curve[ 61], in which Z is the slope. m 

There is also a factor that is often computed based on length frequency data, and that 
is not directly related to over-exploitation, but is a general indicator for the status of 
fish. It is the condition factor (K)[62], which is obtained in the following way: 

In which: 
K 
BW 
L 

Condition factor 

BW 
K=- •100 

L 3 

Body weight (g) 
Standard Length (mm) 

This factor says something about the well-being of the fish. By relating length to 
weight it gives a constant that varies between a small range for all fish). If it is high, 
the well-being of the fish is okay, and the environment is healthy. It does not give 
direct information on over-exploitation, but on the level of pollution status of the 

m We will not step into detail on these calculations since we have not done them ourselves but use 
outcomes from other studies. 
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lagoon. We decided to take it into account to give a broader view on environmental 
quality. 

Data Input 

For information on the over-exploitation of fish we need information on the following 
topics: 
• the size structure of fish 
• length frequency distribution of fish catch in the lagoon 
The last one is needed to calculate the coefficients M, F and Z, and thereby E. Studies 
were done to these coefficients a few years ago, and we will use this information in 
our research. There was no time to go out and gather new data on these coefficients. 
Concerning the condition factor we need information on body weight and standard 
length, but existing studies were used here as well. 

Vl.2.2 Results 

Fishing effort 

Pauly observed a fishing effort of 70 man-hours/day in 1971, and assuming a lagoon 
size of 1 km2

, a fishing intensity of 70 man hour/day/km 2.[54] In Korangteng's study 
it is stated that the total fishing effort is 419.7 man-hours/day in 1994 [55], and if we 
assume again a lagoon size of 3 .5 km2 (because his study was in the rainy seas on), the 
fishing intensity is 140.5 man-housr/day/km 2. This means that the fishing intensity has 
at least doubled. It is however likely that it has more than doubled, because now we 
have assumed a big difference in size. If we would not have taken this into account, or 
assumed a smaller decrease, the rise of fishing intensity would have been higher. The 
increase of fishing intensity is easily explained by the increase of population in the 
area. 

Exploitation rate 

As was said in chapter III, Sarotherodon Mebnotheron is the main fish in the Sakumo 
lagoon, constituting over 95% of the catches. Therefore, in the rest of this chapter we 
only pay attention to this fish. 

Pauly (1976) observed sizes that varied grossly between 60 and 150 mm, and a modal 
size of fish caught with dragnets as 100-110 mm (total length).[54] 
The length-frequency distribution in Korangteng's study showed that the fish caught 
by the dragnets varied between 50 and 94 mm with a mode of about 70-74 mm.[55] 
From this distribution the length-converted catch curve was constructed, and the 
slope, being the total mortality rate (Z), was determined as averaging 4.78yr-1 for all 
the stations studied. Using mean surface temperature of the water as 28°C, the 
ELEFAN II programme gave an average fishing mortality rate (F) as 2.88yr-1• The 
exploitation rate was therefore computed as 0.60. [55] 

By substitution, the instantaneous natural mortality rate (M= Z-F) was found as 
l.90yr-1

• Natural mortality in the lagoon was therefore comparatively lower than the 
instantaneous fishing mortality rate. 
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Condition factor 

At the moment the condition factor is determined quarterly by the Water Research 
Institute, to monitor the fish in the lagoon. 

Condition 
factor K 

1994 
3.40 

Table VI-1 : Condition/actor 

2001 
3.97 

It seems that the condition factor has improved slightly over the years, although the 
data that we have do not allow a strong conclusion about this. Therefore more data 
over the years are needed. 

Vl.2.3 Condusion and discussion 

The fishing intensity has at least doubled in the past decades. This is due to the 
increased population, but it has caused over-exploitation of the fish resources in the 
Sakumo lagoon. Overfishing causes changes in the size structure of the fish as well as 
the species composition of the catches. [63] In comparison with Pauly's (1976) and 
data on sizes, it is apparent that the average size of S. Melanotheron in the Sakumo 
lagoon has reduced. 

The estimated exploitation rate (E=0,60) is higher than E optimal, which is 0.5. This 
means that the fish is over-exploited. 

Korangteng states that "it appears that the rather high fishing mortality rate is 
compensated for by the fast growth of the species." [56 p19] However, the utilisation 
of moveable gears such as dragnets with apparently high catching efficiency in the 
lagoon, should be regulated or perhaps banned. This is because this gear might harvest 
the fish at a rate faster than the species could naturally replace itself through growth 
and reproduction. 

Concerning the condition factor (K), this was low compared to other Ramsar site 
(Muni and Densu Delta), but it is still okay. It is also shown that it is improving, 
according the most recent information. This indicates that the environment in which 
the fish lives is healthy. Pollution has no great influence on the fish level in the 
Sakumo lagoon, but this can happen in the future. Pollution does not cause fish 
mortality, but naturally decreasing fish stock, and therefore takes a lot of time to 
generate effect on fish. [ 64] The information on pollution in the first part of this 
chapter however does not give cause to decreasing fish stock, since the pollution 
levels are not very high. 
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I VII Hydrologic Modelling I 
In this chapter the relationship between environmental pressure and environmental 
quality will be assessed (see Figure II-4). The environmental pressure, in the form of 
pollution and erosion, will be related to the environmental quality in the form of water 
quality and siltation, because hydrological models can be used to assess them. 
The water quality is known better than the pollution. Better information is available 
on it since it can be (and has been) measured directly. By constructing the balances, 
we can use the water quality and hydrological data to compute the waste loads. 
Therefore the outcomes of the balances will be used to check the data from previous 
chapters, mostly the "Environmental Pressure" chapter. In this chapter we will model 
the nutrients, the BODs and the suspended solids by constructing a mass balance over 
the lagoon. Since no information is available on the siltation of the lagoon, the 
modelling of the suspended solids will be complemented by an assessment of 
siltation, in which we will also use the information gained on erosion and sediment 
yields in the previous chapter. Most of the data processed in this chapter have been 
assessed in previous chapters. Only for the hydrological balance new information is 
needed, like the in- and outflow, volume, surface area and depth of the lagoon, 
rainfall, evaporation etcetera. For the different mass balances the inputs come from 
the two previous chapters, except for some specific figures that are needed in the 
calculations. 

Vll .1 Vll.1 Hydrological balance 

Vll.1.1 Methodology 

To construct a hydrologic model, we need to assess firstly the in- and outflow of 
water, through a hydrological balance, and combine this with data on the pollution, to 
construct a mass balance. The mass balance shows the relation between the pollution 
loads and the environmental quality of the lagoon. Since the incoming water is 
processed by the lagoon, it can be said that the lagoon acts as a chemical reactor. 
Therefore the mass balances are based on models of chemical reactors. 
The basis for any balance is the following equation: 

In = Out +Accumulation + Conversion 

We will start by applying this to the hydrological balance, and then we will study the 
mass balances for the pollutants. 

Vll.1.2 Results 

For a hydrological balance, there is no conversion, and in case of the Sakumo lagoon, 
the hydrological balance is thus: 

Streams+ Runoff+ Precipitation + Inflow from the sea = Evapotranspiration + 
Outflow to the sea + Accumulation 
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In the following figure this is shown schematically: 

evapotranspiration precipitation 

runoff i 1 
t------------------------------1 

\ I 

\ Accumulation ,' 
\ I 

, ' inflow from the sea ... 
streams 

lagoon 

outflow to the sea 

Figure VIJ. 1: schematic overview of hydrological balance 

We will now assess these terms individually. 

Streams 

Concerning the streams not much is known. As said in chapter III there are four major 
streams flowing into the lagoon, but they are very small or even dry up in the dry 
season. There is no information on their flows, except for the Onukpawahe stream. 
This one receives wastewater from the Coca Cola factory, which is 300 m3/day. In the 
rainy season the inflow through this stream is 1390 m3/day.[37] We shall assume that 
the other streams are dry during the dry season. 

Precipitation and Evapotranspiration 

In the following graph the monthly rainfall and evapotranspiration are shown. 

Monthly rainfall and evaporation 

~ 150 +----------~ c -- Rainfall 
Q 
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Figure VIJ.2: Monthly rairifall and evapotranspiration 
Source: Appendix VII.A 
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From this figure it can be seen that there is only net precipitation in May and June, the 
rest of the year there is more evapotranspiration than precipitation. For calculating the 
the volume that enters or leaves the water through this, the precipitation and 
evaporation have to be multiplied by the surface area of the lagoon. 

Runoff. 

The runoff is calculated according to the following formula: 

In which: 

R 
p 

ET 
G 

R=P-ET-G 

Runoff depth per unit area (mm/month) 
Precipitation (mm/month) 
Evapotranspiration (mm/month) 
Groundwater storage (mm/month) 

The precipitation and evapotranspiration has already been discussed. In Figure VIl.2 it 
can be seen that there is only net evaporation in May and June. The groundwater 
storage is assumed to be zero, since the soils in the catchment area have poor 
groundwater potential.[20] The contributing catchment from which runoff flows into 
the lagoon is the reduced catchment area; 127 km 2

• When there is net 
evapotranspiration the runoff is negative, but this has no meaning since water will not 
flow back. This gives the following results for the runoff: 

Month 
May 
June 

Runoff (m3 /s) 
0.896 
3.47 

Table VII-1; runoff 
Source: Appendix VII.B 

Sea inflow and outflow 

The exchange of water between the lagoon and the sea happens through the culverts. 
As was described in chapter three, two culverts with a diameter of 1.80m exchange 
water continuously, while four other culverts are positioned higher and are only used 
during high water level in the rainy season. During the rainy season there is a lot of 
outflow to the sea, and this is quite easy to compute from a balance, but we are most 
interested in the exchange of water with the sea during the dry season, when the tidal 
incursion from the sea is supposed to cause a refreshing effect on the water quality. 
However, there were no data available on the sea inflow and outflow, whbh made us 
decide to measure it ourselves. 

On the 2Sh of October 2001 during 12 hours flow through the culverts was measured 
every fifteen minutes.n A full tidal cycle was measured in this way, and results from 
these measurements are shown in Figure VII~1 

n Measurements were done by Mr. S. Baah, Surface Waer technician of Water Research Institute, and 
the author. 
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Figure VIJ.3: Sea flow measurements 

The graph fluctuates, but a general sine pattern can be read from it. Although there are 
some limitations to the measurements (the pulse-flow meter used was designedfor 
rivers, and the high tide maxima and low tide minima vary over the year, which 
makes the cycles imperfect), from these data we calculated roughly the tidal incursion 
through the culverts (see Appendix VII.B). We assumed that the inflow and outflow 
are the same per cycle, and that this is more or less the same over the year, and 
computed an average flow of 0.14 m3 /s going in and out per tidal cycle. It is believed 
that the actual water exchange is still underestimated since there is in- and outflow 
every few minutes through the waves, as is shown in the graph. 

Lagoon size and volume 

In chapter three is written that the lagoon varies in size roughly between 1 and 3.5 
km2

• In the rainy season the lagoon grows quickly to the maximum size, and after that 
it decreases in size until the next rainy season. This has influence on the hydrological 
balance. We assume that the lagoon decreases in size linearly between 3.5 and 1.5 
km2 between July and April, as is shown in the following graph. 

Lagoon surface area 

Figure VIJ.4: lagoon size 

The volume thus also decreases in size. We assume a change in depth between 0.5m 
and 0.8m, as shown in the following table. 
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Surface Area (km2) 

Minimum 1.5 
Maxmum 3.5 
Average 2.5 
Table VJ/-2: Change in volume 

Depth (m) 
0.5 
0.8 
0.65 

Volume (m 3) 

750,000 
2,800,000 
1,625,000 

The change in volume in a year is thus 2,050,000m 3, which accumulates in the rainy 
season and slowly flows out in the dry season, through the culverts or through 
evaporation. In the hydrological balance we will determine which part is lost through 
culverts and which part through evaporation. 

Hydrological balance over a year 

The information gained can be put in a hydrological balance, and with it we can 
calculate the net outflow through the sea, X (which is the outflow apart from the tidal 
incursion). 

Streams + Runoff + Sea 

+ 0.36 
inflow 

+ 0.14 
m3!s 

net 
evapotranspiration 

0.043 m3/s 

+ sea 
outflow 

+ 0.14 + 
Xm3/s 

+ Accumu 
lation 

+ 0 
m3!s 

From this equation the net sea outflow (X) is calculated as 0.32 m3 /s. 

Not all the terms are equally important. Some are negligibly small compared to others. 
This is dependent on the season however. In the major rainy season, the inflow from 
streams and runoff is very important, while in the dry season there is no runoff and the 
inflow from the sea (the tidal incursion) and the evapotranspiration is more important. 
In our balance runoff is a major term, but there is only runoff in two months. The 
balance is distorted because it is computed on a yearly basis. To get a more 
sophisticated view on the hydrology of the lagoon, we shall construct seasonal 
balances. 

Seasonal balances 

We will construct two different balances for different seasons, one for the rainy 
season, and one for the rest of the year, when no runoff reaches the lagoon. Since 
there is only runoff in May and June, this is when the rainy balance is valid, and the 
other balance is valid for the rest of the year. ° For the rainy season (May and June) it 
IS: 

Runoff 
2,2 m3/s 

sea outflow 
1,8 m3/s 

+ Accumulation 
+ 0,39 m3/s 

The equation for the dry season, from July to April, can be used to calculate the net 
sea outflow more accurate than in the annual balance: 

0 This is referred to here as the dry season, but strictly regarded this is not correct since there is also a 
minor rainy season in September/October, but rainfall is less than evapotranspiration in this period. 
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Streams + 

+ 

sea inflow 
(high tide) 
0.14 m3/s 

Evapo
transpiration 
0.062 m3/s 

+ sea outflow + 
(low tide) 

+ 0.14 + X m3/s 

Accu
mulation 

0.078 m3/s 

From this balance a net sea outflow (X) of 0.019 m3/s is calculated, which means that 
most of the water is lost through evapotranspiration. 

We will now use these hydrological data to construct mass balances. 

Vll.2 Nutrient balance 

Vll.2.1 Methodology 

Based on information from the hydrological balance, and the water quality data, we 
can calculate the load of nutrients to the lagoon through a nutrient balance. 
To describe the behaviour of nutrients we will make use of the chemical engineering 
concept of a Continuous Stirred Tank Reactor (CSTR). There are three main 
assumptions related to this model: 
• Nutrient concertrations are the same throughout the lagoon (complete mixing); 
• The volume and the outflow of the lake are constant; 
• All processes involving nutrients (e.g. sedimentation) are linearly related to the 

nutrients concentration. 
We also assume that fixated or converted into nutrient-containing molecules are not 
important. We only consider the pure nutrient concentration. 

The nutrient balance over the lagoon is defined as follows: 

Nutrient Input = Outflow +Sedimentation +Accumulation 

In formula this is: 

A symbolic representation of this is: 

Nutrient input; WA 

~----------------------1 

: Accumulation; : : t V•(dC/dt) t : 
Sedimentation; 

V•KA•CA 

Figure VI~5: schematic presentation of nutrient balance 

In which: 
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,--
1 

Total input of nutrient A [kg/year] 
Outflow [ m3 /year] 
Mean concentration of nutrient A [kg/m3

] 

Volume [m3
] 

The overall retention of nutrient A [ 1/yr] 

For the outflow, only the sea outflow has to be incorporated. No nutrients can leave 
the lagoon through evaporation. 

The nutrient retention differs for Nitrogen and Phosphorus. When sedimentation is the 
major retention mechanism, which is the case for Phosphorus, it can be defined as 
follows: 

In which: 
VA 

H 
net sedimentation velocity for nutrient A [m/yr] 
Average depth [ m] 

For Phosphorus an empirical relation has been constructed by Vollenweider [ 65], as 
follows: 

vp= q. v-r 

In which: 

retention time [yr] 

which is defined as: 
-r= VIQE 

q hydraulic loading [ m/yr] 

which is defined as: 

q =Hl-r 

For Nitrogen , an empirical relation for overall nutrient retention has been determined 
by Nixon et al.[66], based on data for estuaries of a large variety of size and 
characteristics on the Atlantic coast: 

'YoNretained= -36.2 log (q) + 103 

This equation calculates the fraction of Nitrogen that retains in the lagoon, and 
because it is relative, we have to rewrite the nutrient balance. 
The sedimentation term now becomes: 

WN • (-0.362 log (q) + 1.03) 

By replacing this in the balance, it looks as follows: 
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which can be rewritten into: 

CN•QE +V• (dCNldt) 
WN = ----------------------------------

] - (-0.362 log (q) + 1.03) 

If the lagoon can be considered in a steady state, the relation can be simplified. In a 
steady state the accumulation is zero: dC./dt = 0 
The (general) equation can now be reduced to: 

With the empirical relation for Nitrogen sedimentation this is: 

CN•QE 
W N = -----------------------------------

] - (-0.362 log (q) + 1.03) 

As we have seen when computing the hydrologic balance, in reality this is not the 
case. The lagoon varies greatly in size during the year and assuming steady state is 
thus not justified. However, if we construct a balance over a year, we can assume a 
steady state. 

Vll.2.2 Results 

Firstly we shall assess the annual mass balance. The simplified equation can be 
applied, and below the inputs and outputs are stated. The nutrient load to the lagoon 
through direct precipitation is not taken into account because it is negligible. 
The inputs are shown in the table below. 

Inputs 

Computed 
values 

Value 
0.26m Is 
=8.29* 1 cf m3 /yr 
1.625* 106 m3 

0.65m 
2.90 mg/l 
0.24 mg/l 

't 0.198 year 
q 3.28m/yr 
Vp 1.46m/yr 
Kr 2.264 1/yr 
%Nretained 84% 

Source 
Appendix VII.A 

Table VIl.2 
Table VIl.2 
Appendix VI.A 
Appendix VI.A 

Table VII-3: annual nutrient balance inputs 

Hydrologic Modelling 

Comment 

average over 2001 
average over 2001 

51 



With the simplified nutrient balance, the yearly load is as follows: 
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Nutrient 
Nitrogen 
Phosphorus 

Load 
WN = 150,256 kg/yr 
Wp = 2.872 kg/yr 

Table VII-4: total nutrient input based on annual balance 

The value for Nitrogen corresponds quite well to the calculated waste loads in the 
"Environmental Pressure" chapter, but the value for Phosphorus is lower than the 
lowest estimate. The balance is rough however, since the seasonal variation is 
averaged out. Steady state is assumed while this is not a realistic assumption, since 
there are major changes during the year. 

A more sophisticated mass balance would be obtained by distinguishing between wet 
and dry season. The most interesting is of course the rainy season, when the runoff 
causes the pollution load. By integrating over the two months (May and June) we can 
calculate how much nutrients come into the lagoon through the runoff. The volume is 
not constant, and we shall take the increase into account, but not for the sedimentation 
(for practical reasons). 
The equation is as follows: 

and with the empirical equation for Nitrogen sedimentation it is as follows: 

CN ( Qe + dV/dt) 
WN = ---------------------------------

} - (-0.362 log (q) + 1.03) 

The inputs are determined for the rainy season, and below they are shown: 
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Inputs 

v 
H 
dV/dt 

Computed 
values 
't 

q 
Vp 

Kp 
%Nretained 

Value 
l,80m-'/s = 
9.5*106 m3 /rainy 
season 

2.8*106 m3 

0.8m 
2.05*106 

m3 /rainy season 

3.19 mg/I 
0.35 mg/I 

0.049 year 
16.2 m/yr 
3.60m/yr 
4.5 I/yr 
59% 

Source 
Appendix VII.A 

Table VII.2 
Table VII.2 
Table VII.2 

Appendix VI.A 
Appendix VI.A 

Table VII-5: Wet season nutrient balance inputs 

Nutrient 
Nitrogen 
Phosphorus 

Load 
WN = 89,864 kg/yr 
w p = 8,453 kg/yr 

Table VII- 6: total nutrient input based on wet season balance 

Comment 
Runoff minus 
accumulation in the 
lagoon, evaporation 
outflow is 
negligible 

Difference in 
volume between 
dry and rainy 
season 
June 2001 
June 2001 

In the first part of this chapter we stated that there is no inflow in the dry season, 
except from the sea. This means that the nutrient load from runoff etcetera is also 
zero. However, it is possible that we underestimate in this way the load during the 
rainy season. If the load is higher than according to the calculated concentrations, this 
could be shown through the return into solution of the settled nutrients. This would 
mean that the settlement velocity would be negative. To check this we will use the 
nutrient balance, for a month in the dry season. In the balance that we showed in the 
theory we now have to add the influence of the tidal incursion, by adding an inflow 
from the sea. For one month the assumption of a constant volume is quite valid. 

WA+ C A,sea • Q;n, sea = CA• ( Qout, sea - Ace+ KA•V) 

Now if there is no nutrient input, WA= 0, and if the nutrients go back into solution, 
the sedimentation term (KA•V) has to be negative. 
The inputs are shown in the table below: 
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Inputs Value Source Comment 

Qin, sea O.l4m /s Appendix VII.B 
Oout,sea O.l6m3/s VII.1, seasonal 

hydrological 
balance 

v 750000 m3 Table VII.2 
H 0.5m Table VII.2 
Ace 0.078 m3/s Appendix VII.A 
CN,sea 0.283 mg/l Appendix VI.B April '99 
Cp, sea 0.098 mg/l Appendix VI.B April '98 
CN 0.89mg/l Appendix VI.A April '99 
Cp 0,20mg/l Appendix VI.A April '98 
Table VII- 7: Dry season nutrient balance inputs 

Data on '98 and '99 are used because they provide better information on the nutrient 
concentrations in the sea. From these calculations it shows that the term (KA•V) is 
indeed negative, namely -0.037 m3 /s for Nitrogen and -0.0134 m3 /s for Phosphorus. 
This means that nutrients are returning from the sediment into the solution. The 
balance can thus be used to calculate the nutrient load from the sediment by relating it 
to the difference between the nutrient level in the lagoon and the sea. This difference 
is the driving force for the nutrient to come back in to solution. If we multiply the 
sedimentation term (KA•V) with the nutrient concentration in the lagoon, we obtain 
the nutrient amount returning to solution. If we calculate the amount for one month 
(i.e. April), we get the following results: 

Nutrient 
Nitrogen 

Phosphorus 

Load 
CNeKN•V = 85.3 
kg/month 
Cp•Kp•V = 6.79 
kg/month 

Table VII-8: nutrient input from sediment in the dry season 

It shows that there is some load to the lagoon from the sediment, but this is small 
compared to the load during the rainy season. The loads from the sediment might 
differ slightly per month, but for the whole dry season (ten months) the nutrient load 
from the sediment will not be more than around 1,000 kg for Nitrogen and 100 kg for 
Phosphorus. This is a rough estimate, and we will not use it for the total nutrient load, 
because it is very small and not without discussion. The low amount of nutrients that 
go back into solution also mean that the driving force to go back into solution is not 
very big. This means that the tidal incursion does not have a very large cleansing 
effect on the lagoon. 

Therefore, we believe that the total nutrient input into the lagoon is best approximated 
by the load in the rainy season. 

Total N load 90 tonnes/year 
Total P load 8.5 tonnes/year 
Table VII- 9: Nutrient input 
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Vll.2.3 Conclusions 

The annual nutrient balance gives quite a good view on the waste loads, but the 
seasonal balances are more detailed. The balance over the rainy season is more 
interesting than the one for the dry season. They are very different, and have to be 
assessed differently. The usefulness of separate balances is proven by the fact that it 
yields higher waste loads for the rainy season, that otherwise would have been 
underestimated because annual averages would have been taken. 

The waste loads that we have calculated, are very close to the estimates from the 
Rapid Assessment. The lowest estimates, in case of absence of toilet facilities in 
Ashiaman, yielded values of 82 tonnes/year for nitrogen and 10 tonnes/year for 
phosphorus. They correspond the most to the values computed here, and therefore it 
seems that this situation is the most likely. Comparing the result from the balances 
with the Rapid Assessment, also suggests that the domestic waste load is not by far 
the most important source, but that also agriculture is an important source of nutrients. 

Vll.3 BODs balance 

Vll.3.1 Methodology and operationalisation 

In the study of organic load treatment, a distinction has to be made between an 
anaerobic situation (absence of oxygen) and an aerobic situation (sufficient oxygen 
present). We are only dealing with the aerobic situation. The general mass balance can 
also be applied here, but now we have no sedimentation but conversion. Conversion is 
assumed to be a first order reaction, according to the following formula: 

It is assumed that the BODs level is the same throughout the lagoon (complete 
mixture), and the mass balance is: 

WBoD = CBOD, uit (QE + dV/dt + k •11 

and it can be simplified to the following equation, if we assume accumulation to be 
zero and the lagoon to act as a CSTR: 

in which: 

WA 
CBoD,uit= 

CBoD,in= 

k 
'r 

CBoD,in 

C BOD,uit = -----------
(1 +k~) 

total input of BODs 
mean concentration BODs [kg/day] 
concentration BODs that enters the lagoon [kg/day] 
purification coefficient [ 1 I days] 
retention time in the lagoon [days] 
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The purification coefficient depends on the tempenture, and is given by the following 
formula (again CSTR behaviour is assumed) 11

: 

k = 0,6 X (l,035)T~O 

in which: 

T temperature [°C] 

Vll.3.2 Results 

We start by computing the annual balance, using the simplified equation with the 
following inputs and output: 

Inputs Value Source Comment 

QE 0.26m5/s = Appendix VII.A 
22,464 m

3
/dal 

v 1.625*106 m Table VII.2 
T 31.3°C Appendix VI.A 
CBon= 17.82 mg/l Appendix VI.A average over 2001 
Computed 
values 
t 72.3 days 
Cooo 400 kg/dav 
Table VII- JO: annual BOD balance inputs 

This yields: CBoD,in = 25,9 tonnes/day, which equals a BOD load of 9,450 tonnes/year. 

If we make the same balance over only the rainy season, the following results: 

Inputs Value Source Comment 
QE 9.5* 106 m3 /rainy Appendix VII.A 

season 
v 2.8*106 m3 Table VII.2 
T 28°C Appendix VI.A 
CBon= 8.8 mg/l Appendix VI.A June 2001 
Computed 
values 
t 108 days 

Coon 83600 kg/rainy 
season 

Table V//-11: BOD balance for the rainy season, accumulation = 0 

This yields a BOD load of 1,272 tonnes/rainy season. 

Both balances overestimate the processing capacity of the lagoon, and the calculated 
waste loads are much higher than whatwas estimated in chapter V. For the annual 
balance the most important cause of this is the overestimation of the retention time 
because a yearly average is taken, and for the rainy season it is because the 
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accumulation of inflow in the lagoon is not taken into account. If we do take this into 
account, we have to use the first balance, and we have the following inputs and 
output: 

Inputs Value Source Comment 
QE 9. 5*10° m" /rainy Appendix VII.A 

season 
v 2.8*106 m3 Table VII.2 
dV/dt 2.055*106 

3; . m ramy season 
T 28°C Appendix VI.A 
Csoo= 8.8 mg/l Appendix VI.A June 2001 
Computed 
values 
t 108 days 
Cooo 83600 kg/rainy 

season 
Table VII-12: BOD balance for the rainy season, accumulation ~ 0 

Now we get a BOD load of 121 tonnes/rainy season. This value resembles much more 
to the computed values in the "Environmental Pressure" chapter. We shall not 
calculate the BOD balance for the dry season, since there is (almost) no input. 

Vll.3.3 Conclusions 

For the calculation of BOD5 loads through hydrologic modelling it is also shown that 
it is more useful to construct different balances for the different seasons. In the annual 
balance no accumulation occurs, which causes a huge error. The values from the rainy 
balance with accumulation show the most likely results, since they correspond quite 
well with the values from the "Environmental Pressure" chapter. Contrary to the 
results from the nutrient balances, the result is not under the lowest estimates. It is 
between the lowest and the (what was assumed to be) the most likely value. 
Again this is very hard to explain, but if we stick to our conclusion that most of 
Ashiaman has no toilet facilities, then the higher BOD-load can be caused by the 
refuse that is not collected and ends up in the lagoon. For the case ofBOD5, domestic 
waste load is still the most important source, since the industry only has a minor share 
in the total BOD-load, even for the lowest estimates. 

Vll.4 Siltation and suspended solids balance 

Vll.4.1 Methodology and Operationalisation 

The changing shape of waterways is a natural process, in which sedimentation of 
solids takes place at one place, and suspension of solids at another place. When there 
is net inflow of solids, there is more sedimentation than suspension, and siltation takes 
place. This can happen because of erosion or solid waste disposal. This causes the 
water to be turbid, which is bad for the ecosystem, and also the lagoon to decrease in 
size. The level of siltation can be determined through various parameters, like the 
level of suspended solids, and the turbidity. A very important effect of siltation on the 
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environmental quality of the lagoon, which is not studied under "water quality", is the 
decrease in size. This can be measured directly, but again, it requires a lot of time and 
money, and data on the decrease in size of the lagoon are not available in case of the 
Sakumo lagoon. In the stakeholder survey it was stated frequently by various sources, 
that the siltation is one of the major causes of environmental degradation of the 
Sakumo lagoon.[67] Therefore we cannot leave it at this, and we will try to make a 
quantitative assessment of the siltation of the lagoon, by relating it to the 
environmental pressure in the form of pollution and erosion. Basis for this assessment 
will be the hydrologic balance and the level of suspended solids in the lagoon. 

The basis for the suspended solids balance is the same as for the other balances. Little 
is known however about the behaviour of suspended solids in the lagoon, and the 
balance will be very rough. The suspended solids that flow into the lagoon either 
settle, remain suspended, or flow towards the sea. There is also an exchange between 
suspended and dissolved solids, but it will be neglected here, since no information is 
available on this equilibrium. The simplest balance, that assumes no sedimentation or 
accumulation, is as follows: 

Wss= QE •Css 

In which: 
Wss Total input of suspended solids (g/s) 
QE Outflow (m3 /s) 
Css Concentration of suspended solids (g/m3

) 

Since the outfall to the sea is quite small, it is believed that a lot of the suspended 
solids settle in the lagoon. If we assume that 90% of the inflow remains in the lagoon 
through sedimentation [68], the balance becomes: 

Wss = QE•Css + 0.9• Wss 

These balances are very rough, but since more information is lacking on the behaviour 
of suspended solids in the lagoon, we shall use them and see what is the best 
approximation to the situation in the Sakumo lagoon. 

When we have calculated the total input of suspended solids we can compare it to the 
input calculated in the "Environmental Pressure" chapter. Taking in mind the results 
on the other mass balances, it is likely that the load of suspended solids is close to the 
lowest value calculated in that chapter. There is however a disturbing factor, which is 
the sediment yield from erosion. This also has an impact on the suspended solid level 
in the lagoon. We shall assume that sediment yield through erosion ends up in the 
lagoon as suspended solids. We will compare the results from the various chapters, 
and try to make a quantitative analysis of it. Together with the data from the 
hydrological balance we shall assess the siltation of the lagoon. 

Vll.4.2 Results 

First we shall calculate a yearly balance, with the following inputs; 
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Inputs Value 
0.26 m /s 
314.9 mg/l 

Table VII-13: annual suspended solids balance 

Source Comment 
Appendix VII.A 
Appendix VI.A 2001 average 

From this result the following suspended solid inputs into the lagoon, for different 
situations. 

Situation Suspended solids input 
No sedimentation or accumulation TSS load= 2,581 tonnes/year 
90% of input remains in the lagoon TSS load= 25,819 tonnes/year 
Table VII-14: suspended solids input for different situations 

If we calculate a balance solely over the rainy season, we have the following inputs: 

Inputs 

Css 

Value 
9.6*10 
m3/rainy 
season 
424.67 mg/l 

Source Comment 
Appendix VII.A 

Appendix VI.A June 2001 
Table VII-15: suspended solids balance for the rainy season 

For the rainy season the calculated suspended solid inputs into the lagoon from the 
balance are: 

Situation Suspended solids input 
No sedimentation or accumulation 
90% of in ut remains in the la oon 

TSS load = 4,034 tonnes/rainy season 
TSS load = 40 344 tonnes/rain season 

Table VII-16: suspended solid input in the rainy season for different situations 

The differences between the two balances are negligible, due to the fact that 
accumulation is not taken into account. 

The results from the "Environmental Pressure" chapter were as follows: 

Domestic TSS load 
Most likely value for domestic 
TSS load 
Industrial TSS load 
Sediment yield through erosion 
(Tumbulto's estimate) 
Sediment yield through erosion 
(authors estimate) 

130- 3,352 tonnes per year 
1,924 tonnes per year 

18,1 tonnes per year 
6,000 tonnes per year 

5,000- 5,500 tonnes per year 

Table VII-17: suspended solid loads from chapter V 

The total load varies greatly, but based on our most likely values it should be 
somewhere around 7 ,500 tonnes/year. It seems that the results correspond better when 
it is assumed that there is no sedimentation or accumulation. This is not very likely to 
be the real situation, since there would be no siltation of no suspended solids settled in 
the lagoon. It is shown from the calculations in chapter VI that the share of input that 
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remains in the lagoon is closer to 50% than to 90%, which would mean an annual load 
of 8,000 tonnes. We must say that the calculations are very rough, but since results are 
in the same order of magnitude, we shall use these results to assess the siltation. 

The decrease in size of the lagoon can be computed with the following equation: 

Decrease in surface area= (Sedimentation)l(density-c!,epth) 

Or in symbols: 

In which: 
p 

dA/dt = (dWssldt)l(p•H} 

density of the sediment (kg/m3) 

If we assume that 50% to 90% of the suspended solids remain in the lagoon, we have 
the following inputs and outputs: 

Inputs 
p = 1308 kg/m [ 69] 

H=0.65 m 

sedimentation fraction 
Wssfdt = 4,000 tonnes/year 
(50%) 

Wssfdt = 36,000 
tonnes/year (90%) 

Table VII-18: decrease in suiface area of the Sakuma lagoon. 

Surface area decrease 
dA/dt = 4705 m /year= 
0.47 ha/year= 4.7*10-3 

km2/year 
dA/dt = 42343 m2/year = 
4.2 ha/year= 4.2*10-2 

km2
/ ear 

We have assumed that the average surface area of the lagoon is 2.5 km 2, and this 
would mean that the lagoon has a annual decreasing size of between 0.16% and 1.7%. 
If we assume that the population pressure and intense development of the area has 
hap~ned in the last ten years, the decrease in size in these years has been between 
1.5% and 16%. The latter seems rather spectacular and therefore unlikely, as was the 
load we computed when 90% of the inflow settles in the lagoon. It must be noted that 
these calculations are very rough estimates only to obtain an idea on the magnitude of 
siltation. 

Vll.4.3 Conclusion & discussion 

Although the balances constructed and the calculations done in this chapter are very 
rough, there are some important conclusions that can be drawn from it. The most 
likely estimates from the chapter on environmental pressure, both from the rapid 
assessment and the sediment yield assessment, correspond quite well to the suspended 
solid loads computed from the hydrological balance. The order of magnitude is the 
same, and the only problem is the percentage of inflow that remains in the lagoon. 
Not much is known about this, and although the small culverts suspect a high 
sedimentation level, the resulting effect on the size of the lagoon is very unlikely. 
The estimates from the "Environmental Pressure" chapter make a suspended solids 
load of 40,000 tonnes not very likely, but calculations there were also very limited. 
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Nothing is known on the decreasing size of the lagoon, and therefore we cannot 
strongly reject this figure. Our goal was to obtain an idea of the order of magnitude of 
siltation, and our guess is that it is closer to 0.16% than to 1. 7%. This can only be 
proven by direct measurements on the size of the lagoon. 
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I VIII Total Economic Value I 
In this chapter we will assess the economic value of the lagoon. It was defined in 
chapter II, and we will start here by explaining more about it. The various valuation 
techniques are not explained here but they are discussed extensively in Appendix 
VIII.A. Other aspects of the valuation are explained, after which the values of the 
various goods & services are determined. The chapter ends with conclusions based on 
these valuations. 

Vlll.1 Methodology and operationalisation 

Vlll.1.1 Selecting the right method 
First we have to know how the environmental goods and services are used. A 
distinction is made between direct use, indirect use and non-use values, as was shown 
in Figure II-1. When it is known how a good or service is used, we can choose a 
method to valuate the good or service. The different ways of use are discussed in the 
following paragraphs. The texts are based on publications by R.K. Turner et al.[13] 
and the World Bank[ 4]. 

Direct use value 
Direct use value derives from goods that can be extracted, consumed, or directly 
enjoyed. For a lagoon this could be, for example, fishing, or the harvesting of papyrus 
or mangrove. All these yield directly consumed goods, but direct use values can also 
be non-consumptive, for example recreational activities that take place at the wetland 
site, like bird-watching. Consumptive use is generally the easiest to value, since it 
usually involves observable quantities of products whose prices can also be observed. 
Therefore direct market valuation is possible. Non-consumptive use, when the good is 
used as a public good, is often more difficult to value since both quantities and prices 
may not be observed. 

Indirect use value 
Indirect use value derives from the services the environment provides: it is also 
known as nm-extractive use value or functional value. A wetland that filters water, 
and through that improving water quality for downstream users, has an indirect use 
value. Services like these have value but do not require any good to be harvested, 
although they may require someone's physical presence. Measuring indirect use value 
is often considerably more difficult than measuring direct use value. The "quantities" 
of the service being provided are often hard to measure. Moreover, many of these 
services often do mt enter markets at all, so that their "price" is also extremely 
difficult to establish. 

Non-use value 
Non-use value is associated with benefits derived simply from the knowledge that a 
resource, such as an individual species or an entire wetland, is maintained. Non-use 
value is thus independent of use, although it is dependent upon the essential structure 
of the ecosystem and functions it performs, such as maintenance of biodiversity. In 
many cases, the most important such benefit is existence value: the value that people 
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derive from the knowledge that something exists, even if they never plan to use it. 
This is the case with endangered species, like the panda or the blue whale. Another 
value is the bequest value: the value derived from the desire to pass on values to 
future generations. Non-use value is the most difficult type of value to estimate, since 
in lost cases it is not, by definition, reflected in people's behaviour and is thus wholly 
unobservable. 

Also mentioned in literature are option and quasi-option value, which are values based 
on the idea that environmental goods & services may have a value that we do not 
know yet, or that we want to use or save for future generations. P They are however 
respectively ambiguous (see Freeman [70] and Johansson [71 ]), or easily subject to 
double counting[13], and therefore not discussed here. 

In table VIII. I an overview is given of different techniques of economic valuation for 
different uses. 

Direct use value 
Market Analysis 
Production function 
Travel cost 
Bedonie pricing 
Relocation, replacement & 
restoration costs 
Substitute costs & damage 
cost avoided 
Contingent valuation 

Indirect use value 
Production function 
Bedonie pricing 
Contingent valuation 
Defensive expenditures 
Relocation, replacement & 
restoration costs 
Substitute costs & damage 
costs avoided 

Table VIII-I: Some valuation methods by way of use 
Source: adapted from R.K. Turner et al. [13} & The World Baik [ 4} 

Non-use value 
Contingent valuation 

Market analysis and the production function approach are both making use of the 
marketable value of an environmental good or service. The production function 
approach values the support that an environmental good or service gives to the 
production of a (marketable) good. The travel cost method, contingent valuation and 
hedonic pricing are ways to estimate directly the willingness to pay. In the travel cost 
method it is assumed that the willingness to pay is reflected in the distances people are 
willing to travel to enjoy for example a nature reserve, and in the hedonic pricing it is 
assumed that the willingness to pay for a certain view or environment of a house is 
reflected in the price of the house. Contingent valuation is the direct measurement by 
interviewing a statistically large enough amount of people about their willingness to 
pay for a certain environmental good or service. Those methods may not always be 
applicable, especially in developing countries, since they demand high quality data. 
In those cases other techniques that can be used, that do not uniquely relate to 
willingness to pay, but that are cost-based approaches. These are indirect valuations 
like substitute costs, relocation costs and replacement costs methods. Those valuations 
all assume that when an environmental good or service is not there, expenses have to 
be made to replace for those goods and services. For an extensive discussion of the 
valuation methods see Appendix VIII.A. The discussion of the methods is based on 
the publications by Ecosystem Valuation.[72] We will not discuss them in more detail 
here, but in the assessment of the different goods and services we will state which 

P An example of this is the use of plants for future medicines 
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method is used. The point is now to determine the right valuation technique for each 
type of good or service. For this a scheme can be helpful, and it is shown in figure 
VIII.I. 
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Environmental good or service 

Measurable 

Non-distorted 
market prices 

available 

Market 
analysis or 
Production 

function 

Use surrogate market 
approaches, apply 
shadow prices to 

change in production 

Environmental 

quality 

Opportunity
cost annroach 

Replacement

cost approach 

Hedonic 
pricing 

Contingent 
valuation 

Figure VIII -1: Choiche of valuation technique 
Source: Dixon and Baja in Dixon et al. [73] 

Vlll.1.2 Reference 

Air and 
water 

quality 

Sickness 

earning:s 

Recreation 

CEA of 
prevention 

Human 
capital 

Medical costs 

Cost
effectiveness 
of prevention 

Preventive 
exnenditures 

Replacement/ 
relocation 

cost 

cost 

Aesthetics 
Bio

diversity, 
Cultural, 
Historical 

Assets 

Contingent 
valuation 

It is important to state explicitly the point of reference that is taken in the economic 
valuation of the lagoon. This is the absence of the lagoon. This means that we 
compare the goods & services of the lagoon to the (virtual) situation that the lagoon is 
not there. The benefits that exist because of the presence of the lagoon are based on 
this reference. 

Vlll.1.3 Data acquisition 
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The data that are needed to determine the economic value depend on the method that 
is used, as well as on the specific function that is evaluated. Details on the information 
needed is therefore discussed together with the method in the Appendix. 

Vlll.1.4 Net Present Value and discount rate 

Just as in normal economic assessment, we should make use of the Net Present Value 
to account for future values. Evaluating environmental goods and services can ask for 
a longer time span than simple cost-benefit analysis of projects, in theory into eternity, 
but in practice to 50 or 100 years is used. If environmental degradation is the case, 
this can influence the goods & services that are provided in the future by the lagoon, 
and this has to be accounted for in the Net Present Value. So besides the discount rate 
that is used in any financial analysis, also the decreasing value due to environmental 
degradation has to be taken into account. Therefore the threats can be used, and we 
have to make estimations about their influence on the functioning of the ecosystem, 
i.e. on their effect on future provision of goods and services. Analysing the effects of 
the threats has to be done separately for every good or service. Taking the threats into 
account in a quantitative manner is quite risky however, because it demands 
predictions that are hard to make. Therefore we have chosen to calculate the yearly 
total economic value based on the current situation, instead of the Net Present Value 
of all the years. The problem of diminishing goods & services is eliminated in this 
way, although this doesn't mean that we don't consider it important. The influence of 
damaging activities on the economic value of the lagoon is one of the main aspects of 
this research, but we have limited ourselves to developments in the past and 
identifying threats and values at stake, we will not enter the unknown territory of 
future values. 

In the study we shall encounter some lump sum values, that, for the sake of 
comparison, have to be converted to annual values. To do this, the financial methods 
are used that are normally applied to investments, but can also be used for benefits. If 
the lump sum benefit is seen as an investment, it can be converted to an annual value 
by determining the depreciation costs, and determining the annual payment that would 
have been paid when the lump sum was rented. The most elegant way to determine 
the last one is by using annuity factors, which are the inverse of discount factors.[74] 
Basis for both is the discount rate, which should not be different than the one that 
would be used for the cost-benefit analysis of any project in Ghana. There are 
discussions whether environmental-economical analyses need different discount rates, 
but there is an emerging consensus that no adjustment be made to the standard 
economy-wide discount rate.[75] Because Ghana is a net importer of capital, the 
discount rate should be at least equal to the real interest rate on a marginal loan from 
abroad, i.e. the most expensive loan the country is willing to accept from for example 
the IMF. The discount rate we shall use is the nominal interest rate, at which the 
monetary authorities lend to (or discount eligible paper from) deposit money banks. 
This discount rate is corrected for by the annual inflation, as reflected by the 
consumer price index (CPI). For Ghana this real discount rate is 14.8% (1998).[76] 
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Vlll.2 Results 

Vlll.2.1 Goods & services 

As was said in chapter IV, not all the goods and services are worthwhile evaluating. 
The following goods and services to be evaluated were identified: 
1. Fish 
2. Nursery ground 
3. Water for agriculture 
4. Flood protection 
5. Lagoon view 
6. Self Cleaning Capacity 
7. Recreation 
8. Health(= lagoon bacteria) 
9. Non-use value 

Of those, the following are direct used goods or services; fish, water for agriculture 
and recreation. Nursery ground, flood protection, lagoon view and cleaning capacity, 
lagoon bacteria are indirect used services. The non-use value of a lagoon has not yet 
been discussed, since it is not related to activities. Since this value is neither reflected 
in behaviour nor economic transactions, we were not planning to take it into account, 
since we are interested in the value of the lagoon to Ghana. The non-use value is a 
value that should be calculated on a world-wide or at least nation-wide scale. This is 
difficult and out of the scope of this report. However, because the lagoon is a Ramsar 
site, means that it has an important international non-use value, which also gives the 
lagoon more value to Ghana. Therefore we will pay attention to this value, and find 
out whether we can find other ways of estimating the non-use value of the Sakumo 
lagoon. During the study of the goods and services, it was concluded that some of the 
values stated above were zero or negligible. This was the case for the flood protection 
and the health value. Since quite some research was spent on these subjects, it is 
explained in Appendix VIII.B why they did not contribute to the value of the lagoon. 

Vlll.2.2 Fish 

Fish is split up because of the different stakeholders; not only the fishermen earn their 
income on fish, but also the fish mongers that buy the fish from the fishermen, process 
it and then sell it. We will assess the value per stakeholder and then add it up. 

Fisheries 

The Sakumo lagoon is an important source of fish for the local communities. 
Fishermen come from Accra, Teshie, Nungua, (Accra suburbs), Sakumono (Terna 
suburb) and Terna. In total 80 to 100 fishermen come per day. The different fishing 
methods are castnet fishing, which happens individually, and dragnet fishing, that 
happens in teams of b 10 men depending on the size of the net, and hand-picking, 
which happens at a low level. As was stated in chap:er III, mesh size is minimally 2.5 
cm, and fishing is forbidden between a certain period from November to March (not 
coincidentally the dry season), and on Fridays before noon. 
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There are a number of studies performed on the fish yield of the Sakumo lagoon, but 
there are no yearly reports on fish yields. 

The most extensive study has been done by Dr. K.A. Korangteng, of the department 
of fisheries of the ministry of food and agriculture, between March and June 1994. He 
reports that "an annual yield from tre lagoon could be about 114,3 tonnes, or 327 
kg/ha (assuming an area of 3,5 km2

). The average daily catch was estimated to be 
about 445 kg with dragnet accounting for about 209 kg (or 47%). The 50,8 tonnes of 
fish caught by the fishers during the four months of the study could have yielded 
between 15,2 and 20,3 million cedis. This means that fishing in the lagoon could yield 
about 40 million cedis annually, which equals US$ 40,000""[55]. 

The most recent study on fish yields was by Mrs. Entsua-Mensah et al. [63], between 
June and December 1998. They stated a total catch per month of 3,637 kg, for cast 
nets only. Assuming that cast net catch accounts for 50% of the total catch, and nine 
months of fishing per year, this would mean an annual yield of 65 tonnes/annum. 

In 1976, Pauly [54] was the first to study the fish in the Sakumo lagoon, and he 
measured an average yield of 50/kg/day, and 50 kg/ha for four months (assuming 100 
days in total and a lagoon surface of 1 km2

). His measurements were done between 
August and December in 1971. 

He states the following: "It is possible that the fishery can compensate for its closure 
during 4 months with doubled catches during the rainy period (April-May to August). 
If so, the T. Melanotheron fishery in the Sakumo lagoon would produce a maximum 
of 150 kg/ha/year (fish other than T. Melanotheron are not considered separately, 
since they contributed to less than 7% of the total catch). This means, that with an 
average lagoon size of 1 km2 this would mean that annually the fish yield could be 15 
tonnes per year, and with an average surface area of 3,5 km2 this would mean 47,5 
tonnes/year."[55, p44] 

There are considerable differences in the fishing yields from the Sakumo lagoon. 
Korangteng's estimate is the highest, the measurement in 1998 is considerably lower, 
and Pauly gives the lowest yield. The difference between Korangteng and Pauly can 
be explained from increase in fishing intensity, but this does not count for the study 
from 1998. Korangteng himself says the following about this: "Pauly's (1976) 
estimate, for example was obtained between end of August and beginning of 
December. This period immediately preceded the period of ban on fishing in the 
lagoon and catch rates were likely to be lowest during that time. Area is a critical 
factor in the calculation of yield. Since the area of the lagoon is highly variable, this 
can greatly affect the estimation of yield." 

It seems that Pauly's estimate is quite low, but on the other hand the estimate of 
Korangteng seems quite high Especially because it is assumed that his yields in the 
rainy months can be extrapolated to the rest of the season without correction 
(downwards). 

q In 1994, 1 US$ was ¢1000 
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Therefore, we have tried to make a new calculation of the yield, taking into account 
the most recent studies, since they both measure a different time of the year: 
For Sakumo, a catch of 3637 kg per month for cast nets only means 7274 kg in total 
(assuming that cast nets account for 50%). If we assume that this is the yield in the 
second half of the fishing season, and Korangteng' s estimate accounts for the first half 
of the season, this means: 
Korangteng: March - June: 50,75 tonnes 
Entsua-Mensah: July- November: 29 tonnes 
This would mean that an annual yield 80 tonnes. 

Personal observations (various site visits between August and October 2001) have 
indicated that the fish price varies between ¢5,000 and ¢15,000 per bucket (which 
equals 3.5kg), depending on the time of the year (the later in the season the higher the 
price). lfwe average this over the two periods, we can assume that in the first part of 
the season an average price is ¢7,350 per bucket, which equals 0,3 US$/kg. Between 
July and November a reasonable estimate for the price seems ¢ 13,000 per bucket. 
This equals 3,750 ¢/kg, or 0,5 US$/kg. 
Inccme would then be: 
50750*0,3= 15225 
29000*0,5= 14500 

--------+ 
29725 US$ or ¢208,000,000 

Fish Mongers 

There are reportedly 10 to 20 fish mongers present near the lagoon, that buy the fish 
from the fishermen, smoke it and sell it together with kenkey. s They are the only 
buyers and processors for the fish of the Sakumo lagoon. 

The fish is sold together with kenkey, for 500 or 1000 cedis, for a small or a big 
portion respectively. The fish mongers buy the fish directly from the fishermen at the 
lagoon side. There are 3 or 4 spots were the fish is bought. The other inputs the fish 
mongers use are com and fire wood. 

Interviews revealed that the fish mongers earn between 50,000 and 100,000 per day. t 
On the average this means an income of ¢75,000 per day, which equals more or less 
$10. This is more than what the lagoon fishermen earn. 
We will assume the following: 
• half of the income is due to the processing of fish, while the other half is due to 

the kenkey-making 
• on average 15 fish mongers are present at the Sakumo lagoon 
• fishing season lasts for 8 months, counting 28 days per month 

This means that the fish mongers generate an annual value due to the fish of between 
¢84,000,000 and ¢168,000,000 per year (for a daily income of ¢50,000 and ¢100,000 

rat the time of study (2001) 1 US$= ¢7,000 
s kenkey is a Ghanaian dish, traditional of the coastal region, that is based on fermented com. It is 
wrapped in com leaves and sold at every street comer. 
1 Three fish mongers were interviewed by the author between October 9th and October 21' of 200 I 
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respectively), which gives an average estimate of ¢126,000,000. In dollars this is a 
range of $12,000 to $24,000, and an average of $18,000. 

Conclusion 

There are different studies with different results on the fish yields of the Sakumo 
lagoon. Korangteng's study is the most extensive study, and he estimates the annual 
value of fisheries at US$ 40,000. Other studies indicate lower yields, and by taking 
these into account we calculate a possible value of US$ 30,000. To this we have to 
add the value that is generated ~ the fish mongers. As said above this value is 
between $12,000 and $24,000 annually. This means that the total value of the fish 
from the Sakumo lagoon is between $42,000 and $64,000 annually. 

On the basis of the available data there is no indication in decrease of fish yields. On 
the contrary, when comparing Pauly and Korangteng it seems that the fish yields have 
increased enormously. This is most likely due to increased fishing hours, as expressed 
in man-hours/day, which Pauly observed to be 70, and Korangteng to be 420. This is a 
significant increase, and besides this, the mesh size of the drag nets has decreased, 
causing more fish to be catched. 

The general idea of the different stakeholders is however that there has been a decline 
in fisheries over the recent years (Ayepong observes that fish catch has declined, most 
probably due to over-fishing[l 7]). As reasons for this are mentioned forms of 
environmental pressure we have studied, namely the overexploitation of the fish, the 
decreased size of the la goon because of siltation, and the pollution of the lagoon. 

Stakeholders 

The Sakumo fisher's daily earning is more than the government minimum wage. This 
was for example 800 cedis in 1994. Ntiamoa-Baidu (1991)[19] quoted the daily 
earning of a lagoon fisher 3-4 times higher than the minimum government wage. 
Pauly also reported of higher income for the lagoon than a minimum wage earner. 
The production from the Sakumo lagoon sustains thus many fishermen and fish 
mongers (which will be evaluated in the next paragraph). On the average, a lagoon 
fisher earned between ¢2,500 and ¢5,000 per day. By comparison, a marine fisher 
operating from Sakumono, the village near the lagoon, or from Teshie a few miles 
westward, earned between 1.200 and 3.000 cedis per day in 1993 (Fisheries 
Department data). The average earning of an artisanal marine fisher in the Greater 
Accra Region was about 4.500 cedis per day.[55] 

Personal interviews revealed that most of the fishermen fish solely in the lagoon, 
except for the closed season, when they move to the sea. Some fishermen also have 
small farms where they cultivate crops for the market. 

The fish mongers add a substantial value to the fish from the lagoon. They make a 
higher earning than the fishermen themselves. 

It is obvious that the revenues of the fish mongers are directly dependent on the fish 
yields of the lagoon, so it is dependent on the same influences. As we do not know 
whether there is a decrease in fish yields, it is very difficult to predict a change in 
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value for both the fishermen and the fish mongers. Less fish could increase the fish 
price, which makes it uncertain that revenues would diminish. This is dependent on 
the price elasticity of demand, and it is complicated matter. This proves the argument 
to calculate the revenues on a yearly basis. 

Vlll.2.3 Nursery ground 

Lagoons are important for coastal fisheries [77, 78], who use it as a site for breeding or 
maturation. The high productivity of these ecosystems cause high availability of food, 
and mangroves provide safe places for juvenile fish to mature. Therefore the breeding 
and nursery service of the Sakumo lagoon is expected to be important, and we will try 
to make an economic estimate of this importance. 

In the table below the fish that are present in the Sakumo lagoon as well as in the sea 
are listed [55], and their features as well as economic importance is stated: 

Fin Fish 
Family Species characteristics [ 79] Economic 

importance 80 
Mugilidae Liza Falcipinnis Coastal waters and Artisanal 

lagoons 
Mugilidae Mugil sp (curema) Coastal waters and Artisanal 

lagoons 
Gobidae Gobius sp Littoral No economic 

importance 
Periophtalmidae Periophtalmus sp Marine and No economic 

brackish waters importance 
Lethrinidae Lethrinus atlanticus Marine fish using Industrial (?) 
Gerreidae Gerres lagoon for breeding Artisanal 

melanopterus or as nursery 
Lutjanidae Lutjanus fulgens grounds Artisanal 
Albulidae Albula vulpes (Korangteng, 1995) Minor economic 

importance 
Table VIIl-2: Fin fish that are found in the sea as well as the lagoon 

None of these fish is dependent on the lagoon for breeding. They can make use of it 
for nursery ground, but they can also survive without the lagoon. 
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Shell Fish 
Family Species Characteristics [79] Economic 

importance [80] 
Penaeidae Penaeus duorarum Coastal marine Industrial 

(notialis) waters, estuaries 
and lagoons 

Paralepididae Parapenaeopsis Estuaries, lagoons Industrial 
atlantica and coastal marine 

waters between 10 
and 40 meter depth 

Venevidae Tivela tripla Offshore waters, in 
sandy bottoms 

Table VIII-3: Shell fish that are found in the sea as well as the lagoon 

Only the Penaeus Notialis is dependent on lagoons for breeding. Therefore we assume 
that the Sakumo lagoon only has a value as a nursery ground for this fish. 
Its industrial annual catches in Ghana are: 

Catch (kg) Price Value ( cedis) exchange Value($) 
{cedislkg2 rate 

1996 266800 15000 4.002.000.000,00 2500 1.600.800,00 
1997 155600 28800 4.481.280.000,00 3200 1.400.400,00 
1998 121820 37728 4.596.024.960,00 4000 1.149.006,24 
1999 149300 50178,24 7.491.611.232,00 5000 1.498.322,25 
2000 172230 72500 12.486.675.000,00 5320 2.347.119,36 
Table Vll/4: Annual catch and value of shrimps (P. Notialis) by industrial shrimpers in Ghana 
Source: Fisheries Department, Ministry of Food & Agriculture 

For determining the economic value of the nursery service, we can use the production 
function approach. If we assume that the surface area of the lagoon is related to the 
importance as a nursery ground, we can use the total shrimp catch to determine the 
value of the Sakumo lagoon for this shrimp catch. The estimated total surface area of 
lagoons in ghana is 40.000 ha[2], that are stretched along Ghana's coastline of 550 
km. The Sakumo lagoon has a surface area between 100 and 350 ha (see chapter III). 
We assume that the importance of the Sakumo lagoon as a site for shrimps is related 
to its size, compared to other lagoons present in Ghana. We will assume a size of 100 
ha, because this is the most likely value for the greatest part of the year. So the 
formula for calculating the value of the lagoon as a nursery ground is: 
Value of total catch * 100 ha I 40000 ha 

Year Total Value($) Value attributable to 
Sakumo lagoon ($) 

1996 1.600.800,00 4002,00 
1997 1.400.400,00 3501,00 
1998 1.149.006,24 2872,52 
1999 1.498.322,25 3745,81 
2000 2.347.119,36 5867,80 
Table VIII-5: value of Sakuma lagoon as a nursery ground 

Discussion 
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There is a difference in opinion on what fish are dependent on the lagoon for their 
growth, and also which fish are commercially important. This is already expressed in 
the report of Koranteng, but also during the seminar [ 81] where the preliminary 
results of this study were presented, it was said that, in spite of other information, the 
lagoon is also important for the different fin fish that are lagoon visitors from the sea. 
But even if they are of economic importance, there were no data on these fish and 
therefore they could not be taken into account. There are also no data on artisan fish 
yields, and therefore those could not be taken into account, although according to the 
F AO [79], artisan fisheries account for 50% of the total value in Ghana. It is not 
known how this is for the different fish, while shrimp fishing by the industrial fleet is 
very important. Therefore we do not take this estimate into account. The stakeholder 
in the value that we have calculated here is therefore the industrial fishing fleet of 
Ghana. 
The above would mean that the value of the lagoon as a nursery ground would be 
higher. On the other hand, looking at the fish catches in the Sakumo lagoon, of which 
more than 95% consists of S. Melanotheron, and a very small portion is other fish, it 
would be unlikely that the lagoon has a high value as a nursery ground, because if a 
lot of marine fish as well as shrimps made use of the lagoon, it should be reflected in 
the lagoon catc hes. This is not the case. Another counter argument is that the most 
intensive shrimp-fishing is going on the western coast of Ghana, near Takoradi. In the 
Accra region shrimp is a less important fish. However, the fact that there are no 
predators present in the Sakumo lagoon that hunt shrimps, and the fact that despite the 
mangroves there are a lot of nutrients present in the lagoon (because of pollution, see 
chapter VI), suggests that is has an important nursery function. 

These arguments give better insight into the limitations of the calculation, but the 
estimate above is the best possible, therefore we will use this one in further 
discussion. 

Vlll.2.4 Water for Agriculture 

Agriculture is one of the main land uses in the Sakumo catchment area. Also in the 
Ramsar site there is agriculture going on, and it is benefiting of the proximity of the 
lagoon because of the availability of water. The salinity in the upper parts of the 
lagoon is not high, which makes it possible for the water to be used for agriculture. 
This value is expressed in the production function, because water is an input in the 
production of agricultural goods, and therefore the value of this input is reflected in 
the value of the agricultural goods. The animal husbandry also profits from the 
lagoon, because it provides water for the animals. It is known that there are herds of 
cattle that graze near the lagoon, but it not much is known about this, and it is also 
hard to quantify the benefit from the lagoon. Therefore we shall assume that this value 
is negligible. 

Most of the farmers in the catchment area practice rain-fed agriculture; they depend 
on the rain for their cultivation of crops. The farmers near the streams and dams can 
practice farming all year round because water is available to them all year round. This 
is also the case for the farmers at the Ramsar site, specifically near Lashibi at the 
north of the lagoon. 
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There are quite some farmers active in the Ramsar site. Not all of them are full-time 
farmers, some of them also fish in the streams for additional income. There are about 
85 farmers active in the Sakumo Ramsar site, both seasonal and all year round 
farmers, and the farm size varies between 0.75 and 10 acres.[82] We observed a 
cultivated area per farmer varies between 2 and 7 acres, but it was noted from 
interviews that full-time farmers have larger areas than part-time farmers. It is not 
sure that the full-time farmers cultivate the whole area all year round, because some 
parts can be fallow during different seasons. The main crops cultivated are onion, okra 
(which is called okro in Ghana) and com. One year cultivation could consist of 
successive harvesting of com, okro and onion. 

The profit for the different crops as stated by the farmers in interviews is: 
Onion ¢5,000,000/acre 
Okra ¢2,000,000/acre 
Com ¢ 1,500,000/acre 

In other interviews it was also revealed that the profit per year for all year round 
farmers varied between ¢8,600,000 and ¢ 10, 700,000 per acre. 

The extra value of the lagoon can be based on the fact that farmers in the Ramsar site 
make use of the lagoon for their farming activities. The extra value of the lagoon can 
thus be based on the higher yields those farmers get from their farms compared to the 
rain-fed farmers, on an annual l:Rsis. This can be done in the following ways: 
1. Comparing the yields of rain- fed farmers to the yields of all year round farmers 
2. Using the annual yield of all year round farmers and the number of harvests per 

year to calculate the yield per year of rain -fed farmers. The assumption is that 
rain- fed farmers get the same yields per harvest. This is doubtful for the following 
reasons; 

• Rain-fed farmers have less capital and therefore use less fertilisers, 
herbicides and pesticides, giving lower yields 

• Rain -fed farmers are very dependent on the rainfall, therefore their harvest 
is much more vulnerable, i.e. lower on average 

• Rain -fed farmers only use their lands once per year for harvesting, while 
all year round farmers use their lands throughout the year, letting small 
parts be fallow, and thus their lands are more likely to suffer from 
overexploitation. 

However, because of lack of data, we shall use the last assumption. 

We shall assume that the rain- fed farmer is able to get half the profit compared to a 
full-time farmer, because of less harvests. This could be a low estimate, since the all 
year round farmers can do even up to three harvests a year, allthough it must be said 
that they don't use all of the land for all of the harvests. So half the profit/hectare 
seems a reasonable estimate. 

The farmers make an annual profit between 8.5 million cedis/acre and 10.7 million 
cedis/acre ("" 3,400 $/ha). If we assume that a rainfed farmer is able to get half the 
profit per acre because of less harvests, than the extra income due to the presence of 
the lagoon is between 4.25 million cedis/acre and 5.35 million cedis/acre ("" 1,700 
$/ha). 
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If we assume that of the 85 farmers present, half is farming all-year round, with an 
average farm size of 4 acres, the total all-year cultivated area in the Ramsar site is 170 
acres. 

This amounts to an extra agricultural revenue between 723 million cedis (::::::: $ 
103,000) and 910 million cedis (::::::: $ 130,000) because of the availability of water all 
year round. 

Vlll.2.5 Lagoon view 

There are a lot of comm unities bordering the lagoon. Of these there seems only one to 
add value to their houses because of the proximity of the lagoon. Community 3 
consists of SSNIT flats, build for the lower incomes, so they are unlikely to pay more 
because of their location. A construction company that is constructing high-income 
houses, called Emefs Construction Ltd., markets their houses as "lagoon view estates" 
but doesn't charge a higher price for their houses than for other developments, neither 
are there significant differences in the demand for those houses. 

The only construction company that adds a value to their houses when they have 
lagoon view, is Buena Vista Homes Ltd. They are now constructing a community near 
the Celebrity Golf Club. The first project consists of two phases, in which a total of 43 
houses will be constructed. The houses that have lagoon view (15), are the last ones to 
be built, and they will cost around $ 10,000 dollars more than the houses in the first 
phase of the project (in the same price divisim). All houses are exactly the same with 
respect to infrastructure and facilities, because of the entirely new community. The 
higher value of the houses is not only because of the lagoon, but also because of the 
marketing strategy, in which early buyers ~ta relative advantage over the ones that 
come in late. There are some buyers visiting the site that insist on having a house with 
a lagoon view. The second project, which is not yet confirmed, consists of the 
construction of another 140 houses, all with lagoon view. This project has not been 
approved yet by the different stakeholders. 

For this valuation we make use of the hedonic pricing method. This method suggests 
that a regression analysis is made in which differences between houses are averaged 
out so that the extra value of a house that is solely attributable to the presence of the 
lagoon is filtered out. In this case, there is no need to construct a regression line, 
because all the houses are part of the exact same new community, and they have 
exactly the same infrastructure and facilities. 

It seems a good assumption that half of the extra value that people are paying for the 
new houses, is because of the lagoon view. This means that $5,000 dollar is paid extra 
for the presence of the lagoon. In total this amounts to $75,000 for 15 houses, and in 
case of the confirmation of project two, another $700,000 dollar will be added, 
resulting in a total of$ 775,000. 

For the moment, because of the uncertainty of the second project, we shall stick to the 
value for the first 15 houses; $ 75,000. It must be noted, that this value is a once-paid 
value, and not an annual sum, like most of the other values of the lagoon. 
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To convert the lump sum to an annual value, we use depreciation costs and annuity 
factors, and based on a scope of 50 years and a discount rate of 14.8%. This is much 
lower than what the cost of capital is in Ghana, but because the buyers of the houses 
are mostly Ghanaians that live in the USA, we take the interest rate of the 
international capital market.[83] The depreciation cost is $1,500 annually, and the 
loan repayment is $11,111 annually. The total annual value is thus $12,611. If we take 
into account all the houses that are planned, the annual value amounts up to $15,500 + 
$114,816 = $ 130,316. 

As said, the people who buy these houses are mostly Ghanaians that live abroad 
(mainly USA) and expatriates. Those are the stakeholders, together with the people 
who sell it to them, the real estate agent called Buena Vista Homes Ltd., since they 
cannot sell the houses for these prices if the lagoon would not be there. 

Vlll.2.6 Self Cleaning Capacity 

In the previous chapters it was shown that the lagoon receives a lot of waste that is 
produced in the catchment area. In the lagoon some of the waste is neutralized, before 
it goes into the sea. The cleaning capacity of the lagoon has an economic value, 
although the water flows into the sea and is not directly used. This is expressed in the 
fact that Terna has constructed a wastewater treatment plant for the waste of 
Community 1 - 12, and this treated water drains directly into the sea. This means that 
a value is attached to draining clean( er) water into the sea. The capacity of the 
WWTP, the effluent quality of its water and the costs of construction, operation and 
management can be used to quantify the value of the lagoon as a wastewater treatment 
plant, according to the "substitution costs" of the lagoon. 

The characteristics of the wastewater treatment plant are as follows: 

Capacity 
Influent 
Effluent 
Load 

36000 m /day 

Construction 527,000 $/year 
costs 
Operational 22,000 $/year 
costs 
Table VIII-6: WWTP characteristics 
Source: Appendix VI/LC 

BOD 

250 mg/I 
20 mg/I 
3,285 tonnes/year 

SS 

300 mg/I 
25 mg/I 
3,942 tonnes/year 

The levels of Nitrogen and Phosphorus are insignificant. We have assumed a project 
scope of 50 years and a discount rate of 14.8% for converting the lump sum of 
construction costs to an annual payment based on annuity factors and depreciation 
costs. 

For comparison with the lagoon we shall use the outcomes of the hydrological 
balance, since they have modelled the self cleaning capacity of the lagoon. 
The data on suspended solids are rather rough and unreliable, therefore we will base 
our calculations on the BOD. 
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The following was measured and computed concerning BOD: 

Cooo 17.8 mg/l 
BOD load 121 tonnes/year 
Table VIII-7: BOD lagoon characteristics 
Source: Chapter VI 

For the level of BOD we have taken the yearly average, and we have assumed that the 
effluent concentration is equal to the concentration in the lagoon. 

The effluent quality is more or less the same, and therefore we assume that the load 
can be used to determine the relative cleaning capacity of the lagoon. u We will assume 
that the costs of the treatment plant is linearly related to its capacity. This assumption 
contains an error, since economies of scale are at work, and a smaller treatment plant 
will cost relatively more money. It is however the best assumption to make. 
Constructing a treatment plant with the same capacity as the lagoon, therefore would 
mean the following costs: 

121/3285 = 0.037 
0.037 * (527,000 + 22,000) = $ 20,313 annually 

The annual value of the self cleaning capacity of the lagoon is$ 20,313 annually, 
which equals 142 million cedis. The stakeholders for this value are not the polluters, 
as was said in chapter IV, but it is the Terna Municipal Authority, or the Ghanaian 
government, since they are investing in cleaning wastewater, and it is their costs that 
are saved because of the presence of the lagoon. 

Discussion 

During the seminar it was stated that the self cleaning capacity of the lagoon also has 
a negative impact on the lagoon, because of the suspended solids that flow into the 
lagoon and precipitate there, causing siltation, and this has not been taken into account 
in the calculations.[81] In general the pollution load can be harmful to the lagoon, but 
as long as the lagoon is able to process the waste, in economic terms there is no 
pollution. It is only when the self cleaning capacity is exceeded that this is the case. It 
seems likely however, that compared to the treatment capacity for BOD and other 
pollutants, the suspended solids-treatment capacity is likely to be smaller, because of 
the sedimentation of the suspended solids in the lagoon, that causes siltation. This has 
a negative impact on the lagoon and its value. This is generally the case when the 
pollution load to the lagoon is higher thanits cleaning capacity, but in this situation it 
is even more complicated because for one pollutant (BOD) the cleaning capacity is 
sufficient, while it is not for another pollutant (SS). One could say, that concerning the 
suspended solids the lagoon is overexploited in its function of wastewater treatment 
plant. An analysis of the damage done by siltation to the total value of the lagoon, and 
the share of the pollution in this siltation, could yield the negative value. In our study 
we have assessed the relative share of pollution in the siltation problem, but the 

u The current load to the lagoon is probably not the maximum waste load the lagoon can handle 
without decreases in dissolved oxygen, but we are not determining the maximum self cleaning capacity 
but the current cleaning capacity. 
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negative impact on the total economic value is not possible with the available data, as 
was foreseen in section II.4. 

Vlll.2.7 Recreation 

It is recognised in many reports that the Sakumo lagoon has a recreational value and 
its tourism potential has often been mentioned. In a study on development options for 
coastal wetlands the following is stated: 
"Opportunities exist for low impact ecotourism to be developed based on the diversity 
of the bird population and the seasonal pattern of movement. Bird sitting is a potential 
source of recreational tourism while research and teaching constitutes the basis for 
educational tourism. Facilities such as sighting platforms exist for these activities. 
Careful planning will need to be undertaken for the location of additional facilities in 
order to avoid any negative impacts."[84, p150] 

The Celebrity Golf Resort is until present the only establishment exploiting the 
recreational potential. It consists of a golf course, a hotel, conference rooms, 
bungalows, a swimming pool and a restaurant. Especially the pool and the restaurant 
are located with a view on the lagoon, exploiting the scenery. 

The bird watching tower is very close to the pool and the restaurant, and the visitors 
occasionally make use of this opportunity to go and view the birds. The bird-watching 
tower is not commercially exploited, nor does the Celebrity Golf Club advertise with 
it. Interviews showed that there are no visitors coming especially to view the birds. v 

The Celebrity Golf Club has not changed its prices fundamentally since the 
construction of the post, nor does the proximity of the lagoon and the scenery cause it 
to charge more than other comparable golf clubs. 

These facts make it hard to say anything about the added value of the lagoon to the 
tourism potential of the site. When asked, however, guests and members of the 
Celebrity Golf Club indicated that the quietness and scenery of the place where major 
reasons for them to be there. 

This proves that the lagoon has a certain value for the visitors of the Celebrity Golf 
Club. 

An approximation to this value could be made by the Travel Cost approach. This 
approach is usually made for the valuation of Game Reserves or Nature parks, stating 
that the cost of travel that the visitor is willing to pay, is an indication of the value of 
the park or reserve. In this case, the method is valid because of the possibilities of the 
golfer, swimmer, or diner. There are more swimming pools, restaurants and golf clubs 
in the Accra Terna metropolitan area, so the visitor is not obliged to go to the 
Celebrity Golf Club. In addition, the Celebrity Golf Club is quite remotely located; 
there is only one gravel road leading to it, and it is quite distant from Accra, where 
many of the visitors come from. 

v Interviews were held with the manager and four regular visitors, in November 2001 
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There is only one other golf course in Accra (the Achimota Golf Course) w, so we can 
apply the Travel Cost approach by assuming that golfers going to the Celebrity Golf 
Club are willing to pay the extra expenses it takes to go there, compared to going to 
the Achimota Golf Course. 

Assuming the Tetteh Quarsie Circle x, which is the major access roundabout on the 
east side of Accra as a central point from which one can go to the Celebrity Golf 
Resort or the Achimota Golf Course, we measure the difference in distance going to 
either of the two, and from this difference we calculate the extra expenses that visitors 
to the Celebrity Golf Course are willing to pay. 

The distances are: 
Tetteh Quarsie Circle - Achimota Golf Course: 
Tetteh Quarsie Circle - Celebrity Golf Club: 

6,5 km 
15 km 

We assume that an average car uses 1 gallon per 30 km, which equals 6.7 km/I. 
The price for petrol at the end of 2001 is ¢1995/liter. 

The Celebrity Golf Club receives 15 - 20 guests/weekend (780 to 1040per year) that 
come to play golf, and besides this there are 2500 general visitors per year.[85] 
This means 3280 to 3540 visitors in total, and assuming that they come with three in a 
car, that is between 1093 and 1180 cars that cross this distance per year. 

The total expense to go to the Celebrity Golf Club instead of the Achimota Golf 
Course is then: 
(15- 6,5)*6,7*1995*1093=¢124,181,468.30 
(15- 6,5)*6,7*1995*1180=¢134,065,995.00 

With an exchange rate of ¢7000 per dollar, this equals between $17,740 and $19,152. 

Vlll.2.8 Existence value 

As was stated at the beginning of this chapter, nature also can have a value simply 
because of its existence. This is the value that people derive from the knowledge that 
something exists, even if they never plan to use it. A good example of this are 
endangered species that live in the wild. A lot of people do not expect ever to enjoy 
them, but still consider it important that those species remain, and therefore they are 
willing to give money to organisations that want to protect those endangered species, 
like the WWF. Also stated at the beginning of this chapter is that for evaluating non
use value a contingent valuation must be used. This is however out of the scope of this 
research. 

As was stated in chapter III, the Sakumo lagoon is a Ramsar site, because it hosts 
important migratory birds. The Coastal Wetlands Management Project was set up to 
protect the coastline, with the focus on the five Ramsar sites. For the implementation 
of this project the Ghanaian government received a grant of US$7.2 million from the 

w There is also a golf course in Terna, but for practical reasons, and also because most of the visitors 
are from Accra, we take the Achimota Golf Course as a reference. 
x This circle is named after Tetteh Quarsie, the man who brought the cacao plant to Ghana and started 
the first cacao farm. Ghana is now one of the major cacao producers in the world. 
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Global Environmental Facility, because of "the global importance of the coastal zone 
as a habitat for migratory bird species."[ 86] This grant was disbursed between 1993 
and 1999. It is useful to say however that the grant was spent on research on the 
Ramsar sites (Environmental Baseline Studies), staff recruitment and setting up of 
management committees, poverty alleviation and sanitation improvement of the 
neighbouring communities, and construction of visitor centres. There is no detailed 
record of how much is spent per Ramsar site, but it was stated that this was more or 
less the same.[87] The GEF funding can be seen as a representation of the willingness 
to pay of the world to Ghana for the existence value of the birds.Y The GEF grant was 
a single gift, and it is not enough for conserving the wetlands. At this moment, the 
Wildlife Department is looking for funds to expand the conservation and management 
of the Ramsar Sites. New international funds for the Ramsar sites therefore also will 
represent the willingness to pay. This makes it hard to determine the time scope of the 
fund. If we assume that the grant of the GEF was meant for 7 years, and was spread 
equally over this period over the five Ramsar sites, this would mean an annual value 
for the Sakumo Ramsar site of around $206,000. 

This is very much, and this number distorts the overall view on the value of the 
Sakumo lagoon. Also the doubtful assumptions make the statement about the 
existence value not free of discussion. Another important note is that the recipient of 
this money is the Ghanaian government. It is used for the benefit of the Ghanaian 
people, most directly noted from the allocation of part of the grant for poverty 
alleviation and improvement in sanitation of the neighbouring communities, but it is a 
different kind of value than for example the value of the fish that constitutes the major 
source of income for many families. 

Vlll.3 Conclusions 

Vlll.3.1 Total Economic Value of the Sakumo Ramsar Site 

First we will give an overview of the different values calculated in the previous 
paragraphs: 

Good/Service Value (cedis) Value (dollars) Stakeholders 
Fish ¢208m - ¢280m $30,000 - $40,000 Fishermen 
Fish ¢84m - ¢168m $12,000 - $24,000 Fish mongers 
Nursery ground ¢2lm -¢42m $3,000 - $6,000 Industrial fleet 
Water for ¢723m - ¢910m $103,000 - Farmers 
Agriculture $130,000 

Lagoon view ¢88m $12,600 Ghanaians 
abroad/Buena 
Vista Homes Ltd. 

Self Cleaning ¢142m $ 20,300 Terna Municipal 
Capacity Authority 
Recreation ¢124m - ¢134m $17,700 - $19,200 Celebrity Golf 

Y The value that is represented here is the value that the lagoon has to the donor, and thereby a value is 
created for the receiver, i.e. Ghana 
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Club 
Existence value ¢ 1,442m $206,000 Ghana 
Table VIII-8 : Overview of values of the Sakuma lagoon 

The total economic value that the Sakumo Ramsar site generates is between $405,000 
and $458,000 annually. This is however strongly influenced by the existence value. 
If we do not take this into account, the annual value would be between $199 ,000 and 
$252,000, with an average of $225,000 (= ¢1575m). This gives a better representation 
of the annual value, because the existence value is of another order than the other 
values. The value can become even higher if we take the houses into account that are 
planned to be built near the lagoon in the future, but that haven' t obtained ape rmit 
yet. If that would be included the value would be as much as $563,000 maximally. 

In the following figure an overview of the average values is given: 

Total Economic Value 
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Figure VIII -2: average annual values per good or service 

The numbers presented here are not without discussion, but they give an idea of the 
value that is at stake, and also the relative importance of different values. These 
figures show that the lagoon generates quite some money. However, wetlands in 
general are expected to be economically very important (see 1.3), but this one is not. 
When we calculate the value of the Ramsar site per hectare, it is around 315 $/ha 
when the existence value is included. If we compare this to the profit per hectare of 
the agriculture in the Ramsar site (see VIll.2 .4), it is much lower. The agriculture 
yields 1,693 $/ha for rain -fed agriculture, and even 3 ,3 87 $/ha for all year round 
farming. The difference can be partly explained by the fact that we have calculated the 
value of the total Ramsar site, which includes a lot of unused land. If we correct for 
this, by choosing the area of the lagoon and its floodplain (3.5 km ~' we obtain a 
higher value. We have to leave out agriculture as a benefit because the area where it is 
practised is now left out. The value is now 894 $/ha, which is still much lower than 
the benefit from agriculture. This means that the lagoon is not as valuable as would be 
expected. There are some arguments to oppose this, which are the same as in the 
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discussion about the economic value of the lagoon itself. The most important 
arguments in our belief are the difficulty of determining the non-use value, and the 
fact that some values are not exploited optimally. 

Apart from the existence value, it is shown that the value of the water for agriculture 
and the value of the fish (for both fishermen and fish mongers) are very important 
values. This importance is even higher if one recognises that the stakeholders of those 
values are the poorest of all the stakeholders involved, their livelihood depends on the 
lagoon, and they are the most vulnerable. There are 80 to 100 fishermen, 10 to 20 fish 
mongers, and around 40 (all-year round) farmers active, which makes it a total of at 
least 130 families that are depending on the lagoon (assuming that they all come from 
different families). 

Good management and wise use of the lagoon is very important to conserve the value 
that the lagoon generates, and it is clear that investment in protecting the lagoon from 
the environmental pressure pays back. 

Vlll.3.2 Change of the economic value 

In this chapter only the positive effects of the use of goods and services are 
mentioned, but it should be kept in mind that a lot of the uses also cause negative 
effects, through for instance pollution and overexploitation. z Because there are no 
historical data on the different values, we cannot calculate the negative effects of the 
uses. We will assess the negative effects qualitatively in the final conclusions with the 
information gained from previous chapters. We have chosen to calculate yearly values 
in order not to enter the tricky area of making predictions on the value of the lagoon in 
the future. With the information from the next chapters we can also make statements 
about the values that are threatened in the future. 

What we can say here, however, is that the value also has the opportunity to increase. 
As was stated in the paragraph on recreation, the tourist potential of the lagoon is net 
fully developed yet. The accessibility from Accra makes it a good starting spot for 
bird watchers, and the general recreational possibilities of the site make exploitation 
worthwhile. aa Another opportunity for increasing the value of the lagoon is through 
aquaculture, which has been stated as an importance possibility for development in 
Ghana. The aquaculture potential for the Sakumo lagoon has been stated in various 
reports. In the Management Plan for the Sakumo Ramsar site it is stated that "small
scale aquaculture may be developed in the freshwater marshes particularly where the 
streams enter the lagoon. The methods will be simple, basically involving the 
temporary ponding of the stream waters to allow the fish, mainly Tilapia, to mature 
before capture. No new species will be introduced and no feeding is envisaged."[17] 

Vlll.3.3 Total Economic Value Theory 

'See figure II.4 for the position of the goods and services and their economic value in the total 
framework of this study. 
aa This can for example be proven by the fact that the UK's Royal Society for the Protection of Birds 
organised a trip to Ghana for bird-watching, and the Sakumo lagoon would be a perfect starting point 
for those kind of trips. 
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Concerning the theory of total economic value, it can be concluded that methods are 
very well applicable in a data- scarce environment like Ghana. A lot of the values are 
liable to discussion and calculation is not straightforward, but includes a lot of 
assumptions (like the nursery ground value and the recreational value). We have tried 
to keep the calculations as practical as possible, with an empirical application of the 
methods. The assumptions that are needed cause the figures not to be exact, but 
approximations of the real value. It is the authors belief however, that the lack of data, 
and the need for assumptions that this causes, is less important, and thus not a limiting 
factor, compared to the need for assumptions that are intrinsic to the methods applied. 
With this the assumptions are meant about willingness to pay, like the assumption that 
preference for a location is expressed in the distance people are willing to travel or the 
extra money people pay for a house with a certain view. 

This is not valid for the values of fish, nursery ground and agriculture, where more 
information could contribute to better estimates of these values. In the total economic 
value of the lagoon this may not be of high importance, because of the need for 
assumptions when other values are calculated, but to gain insight into the changing 
value of the lagoon to the vulnerable stakeholders, or changing value because of 
changing circumstances (like the increasing population pressure), this would be very 
valuable. Because those data are lacking we are not able to make very strong 
conclusions about this in our study. 

A lot of articles and books about the total economic value state that it should be 
calculated making use of the Net Present Value and the discount rate [4,9], but in our 
view that adds unnecessary uncertainty to the value, obliging the researcher to make 
vague and weak assumptions about the changing value in the future, due to changes in 
the environment. This is proven by the fact that during the valuation of the different 
goods and services we have sometimes discussed the decreasing value, but have not 
been able to make a quantitative analysis of it. We believe that the total economic 
value is less blurry and more meaningful if it is based on annual figures. 
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11x Synthesis of findings I 
IX.1 Overview of results from previous chapters 

See Table IX. I for an overview of the most important results. 
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Stakeholder Activity Good or service Value Form of Magnitude of Environmental 
Environmental Environmental Quality 
Pressure Pressure 

(Local) artisan Lagoon fishing Fish $30,000 - $40,000 Overexploitation E=0.60 Fish is over-
fishermen offish exploited; 

decrease in size 
Fish Mongers Secundary Fish $12,000 - $24,000 

activities 
Artisan fishermen Sea fishing Breeding and $3,000 - $6,000 
and industrial fleet nursery ground 
Citizens Housing in lagoon Lagoon view $12,600 Encroachment not quantified 
Real Estate vicinity Waste disposal Total waste loads BOD level is not 
Agents (for (main source of (tonnes/year):tb damaging, DO is 
lagoon view & pollutants) BOD= 121 never critical. 
encroachment) TN=90 Nutrient levels are 
Citizens Housing in the TP = 8.5 high in June, but 

catchment area TSS=2,000 very low in April 
Farmers Agriculture in Water $103,000 - Waste disposal see above 

lagoon vicinity $130,000 (mainly nutrients) 
Farmers Agriculture in the Erosion Total sediment Siltation of the 

catchment area yield ~ 8,000 lagoon around 
tonnes/year 0.16% of surface 

area per year 
Recreants, tourists Recreation/Touris Recreation $17,700 - $19,200 Disturbance not quantified 

m 
Industrial Industrial activity Waste disposal Waste load by 
companies industry is 

bb Results from hydrological modelling are used here, except for SS; that value comes from the Rapid Assessment 
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relatively 
unimportant 

Terna Municipal Wastewater Self cleaning $ 20,000 Over-exploitation SS load is higher 
Authority treatment capacity (SCC) than capacity 
Ghana Existence value $206,000 
government, the 
international 
community 
Local people Sand winning in Erosion Sediment yields 

the lagoon vicinity cannot be 
constructors Construction Erosion specified per 

activities activity: see 
Agriculture for 
total yields 

Table IX-1: Overview of results 
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IX.2 Conclusions on the various issues 

IX.2.1 Stakeholders 

There is a wide variety of stakeholders involved with the lagoon. The government is 
one of the stakeholders, among with wealthy citizens, the international community 
and the local people which livelihood depends on the la goon. This means that they are 
the most vulnerable, because the threats to the lagoon also threaten their existence. At 
least 130 families, which are fishermen, fish mongers and farmers, depend on the 
resources provided by the lagoon. 

IX.2.2 Environmental Press• 

Most of the waste loads we have calculated with the Rapid Assessment concerning 
nutrients were very high compared to the outcomes from the nutrient balance. The 
nutrient balance values were very close to the lowest estimate in the Rapid 
Assessment. Therefore it is likely that most of Ashiaman does not have sanitation 
facilities. BOD load from both calculations was between the lowest and (what was 
assumed to be) the most likely estimate. This could be explained through the solid 
waste that ends up in the lagoon and causes BOD load. The sediment yield of the 
lagoon was estimated very high, between 5,000 and 6,000 tonnes. The hydrologic 
modelling proved however that this was quite accurate, since the suspended solids 
balance showed that the load was in the same order of magnitude. This also justifies 
the summation of suspended solids load and total sediment yield. 

IX.2.3 Environmental quality 

The water quality of the lagoon was quite good. The BOD levels were not very high, 
and the oxygen levels in the water were always around the healthy level of 8 mg/l. 
The nutrient levels were quite high in June, because this was the rainy season with the 
runoff coming into the lagoon. By the time of April, however, the nutrient levels had 
diminished and almost disappeared. The suspended solids level in the lagoon was 
quite high, especially during the last measurements in 2001. The coliform counts 
decreased over the years and were below the WHO standards for secondary contact in 
2001. The fish in the lagoon is over-exploited, which caused a decrease in fish size. 
The fishing intensity in the last 20 to 30 years has more than doubled, maybe even 
increased tenfold. The siltation of the lagoon is a serious problem. It causes a decrease 
in size, but nothing is known on how big this decrease is. By assessing the siltation 
through hydrologic modelling we have come up with a rough estimate of a decrease in 
surface area of 0.16% per year. 

IX.2.4 Hydrologic Modelling 

The construction of hydrological and mass balances is quite complicated because of 
the changing situation during the seasons. There is only runoff during May and June, 
and constructing annual mass balances yield doubtful results for the waste loads. 
During the rest of the year there is only water exchange with the sea, through outflow 
of accumulated water, and through tidal incursion. We have estimated an in- and 
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outflow per tide of 0.14 m 3/s. The tidal incursion has a diluting effect on the lagoon, 
but this diluting effect is not very high. The mass balances provide valuable 
information on the waste loads. By combining it with the information from the Rapid 
Assessment and the Erosion assessment, they provide valuable information on the 
pollution load to the lagoon, and also are valuable inputs for a rough assessment of the 
siltation. 

IX.2.5 Goods & services and total economic value 

The lagoon provides a lot of goods and services to the surrounding population. Water 
for agriculture has the highest value, and fish comes second. These values are 
provided to the poorest and thus most vulnerable of all the stakeholders, which makes 
them even more important. Because of the importance for migratory birds the lagoon 
also has a very high existence value; the importance yields funds for the Ghanaian 
government to conserve the lagoon. However, this value is rather ambiguous since it 
is not a continuous source of revenues. The total economic value that the Sakumo 
Ramsar site generates is between $405,000 and $458,000 annually. This is however 
strongly influenced by the existence value. If we do not take this into account, the 
annual value would be between $199,000 and $252,000, with an average of $225,000 
(= ¢1,575m). This seems quite high, but when the value per surface area unit is 
calculated, it shows that the value of the lagoon is actually lower than that of for 
example an agricultural area. This is in contradiction with the general expectation that 
wetland are very productive and valuable ecosystems. 

Some of the values needed rough estimates due to lack of data, and this causes the 
calculations not to be exact. In our belief this is not a big problem, since the method 
for determining the total economic value can never yield an exact value, because 
some of the methods have rough estimates (or assumptions) incorporated in them, that 
make an exact value impossible. 

There are no data available on changes in the goods or services over the years, and 
therefore we are not able to quantify a change in value. This is a pity because we 
cannot study the impact of the changing activities and population in a quantitative 
way. It can however be said that some values can increase in the future, like the 
recreational value, because it has more exploitation potential than is currently utilised. 

Although in many publications it is recommended to calculate the total economic 
value of an ecosystem at a certain moment, using NPV, we prefer annual values, 
because they avoid the obligation to make risky and impossible predictions about 
changing economic values in the future due to changing circumstances. 

Synthesis of findings 89 



I X Conclusions & Recommendations I 
X.1.1 Fill-in of the framework 

We will start by repeating the goal of the research and the research question on which 
this report is based. 

The goal of the research was as follows: 

Determine the economic value and investigate how it is related to human activities, 
environmental pressure and environmental quality, for a lagoon in the Accra-Terna 
Metropolitan Area. 

The research question was: 

What is the economic value of a lagoon in the Accra-Terna Metropolitan Area and 
how is this economic value rehted to the human activities in and around this lagoon, 
the environmental pressure on this lagoon, and the environmental quality of this 
lagoon? 

We will also bring back to memory the theoretical framework we have constructed: 

Needs of 
stake
holders 

-----------------------------------, 

General 
Activities 

- ------------ -~ 

Lagoon -
using 

activities 

Lagoon 

Environ
mental 

pressure 

Environ
mental 
Quality 

Environmental 
Goods & 
services 

Total 
Economic 

Value 

L---------------------------------------------------
Catchment Area 

I 

Figure X-1: Theoretical framework 

With the gathered information we can now fill in the theoretical framework. For 
practical reasons we shall use the three forms of environmental quality (namely water 
quality, status of fish, and siltation) as the basis, and not the economic values of the 
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various goods and services. The focus in the analysis however remains on the impact 
of the framework on the economic values. It will be done in a qualitative way, since 
the data do not allow a quantitative assessment of the values at stake. The diagrams 
are for the current situation. 

Water Quality 

farmers and 
citizens 

Figure X-2: Water quality 

1-----------------------------------, 

Housing and 
agriculture 

Lagoon 

mainly 
domestic 

waste 
disposal 

(agriculture is 
important 
source of 
nutrients) 

no impact on 
lagoon using 

activities 

Water quality 
is okay 

No impact on 

goods & services 

No change in 
total 

economic 
value 

·----------------------------------------------------~ 

Catchment Area 

At the moment the water quality in the lagoon is quite good, and therefore it does not 
have much impact on the economic value of the lagoon. Households are the main 
source of pollution, but at the moment it is no threat to the economic value. 
However, since the population is increasing at a high rate in the catchment area, this 
might change in the future. Although it does not seem that the lagoon is close to its 
maximum capacity, increasing waste loads will at a certain moment have negative 
effects on the goods and services. The first to be affected will be the self cleaning 
capacity, the water for agriculture, the fish, and the nursery ground. This will mean a 
decrease in the value of the lagoon. Large losses will be made when farmers cannot 
use the lagoon water anymore for their crop cultivation, and costs have to be made to 
replace or restore the cleaning capacity of the lagoon. For fish it is harder to predict 
the impact on the value, because less fish might also lead to higher prices for the fish, 
causing no net effect. The same may count for the nursery ground value, but it is 
much smaller and therefore less relevant. 
The lagoon view and recreational values of the lagoon will only be affected when 
water quality is very bad. When the lagoon starts smelling, for example, these values 
will decline, but this is not likely to happen because of the protected status of the 
lagoon. 
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Figure X-3: Status of fish 

The difficulty of predicting changes in the value of fish also counts here. It is likely 
however that decrease in fish catch and changing fishing activity will cause income or 
job loss for some of the fishermen and fish mongers, since fishing and fish processing 
will be done by less people. 
It is not straightforward that decreased fish catch will also lead to less fishing activity. 
Decreased fish catch can also cause fishermen to increase fishing intensity to reach 
the same catch. With less fish in the lagoon this means that the fish will be over
exploited at a higher and higher rate, with the eventual consequence of an empty 
lagoon. In the long run decreased fish catch will thus lead to less fishing activity. 
It seems therefore that fishermen are threatening their own income by not operating 
wisely. 
Other economic values are not affected by the over-exploitation of fish, except for the 
existence value. If less fish is present in the lagoon, it will attract less migratory birds, 
and therefore it will become less important for conservation of the rare birds. The 
existence value of the lagoon is threatened when the migratory birds that use the 
lagoon are threatened. They can be seen as a part of the ecosystem, so any threat to 
the ecosystem is a threat to them. The relation between the importance for migratory 
birds and the value is however impossible to assess. 
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In this figure when fish is discussed, also fish mongers and the nursery ground value 
should be taken into account, but because of lack of space we have left them out. 
A change of fish value or fishing activity is for the same reasons as before hard to 
predict. Siltation is a serious problem to the lagoon, and it seems that it threatens the 
most values at this moment. In extreme forms, it will influence all the values, but as 
was said before, values like the lagoon view and recreation are not easily affected. 
The causes of siltation are construction activities, sand winning, agriculture, and 
household pollution It could not be determined what was the most important source, 
but the last one is probably the least important. In case of siltation, agriculture at the 
Ramsar site threatens itself since erosion from the land causes siltation and thus less 
water to be available for irrigation. 

X.1.2 Threats to the economic value 

It seems from the analysis above, that of all the goods and services, water for 
agriculture, nursery ground, the self cleaning capacity and the fish are the most 
vulnerable. Together they constitute 86% of the total value (if existence value is 
excluded). This does not directly mean that their values are also most vulnerable, 
since it might be compensated for by the market. This is especially the case for the 
value of fish, for the other values it seems more likely that a diminution of the good or 
service also means a diminution of the value. 

The most threatening activities to the economic value are currently fishing, farming 
(in- and outside the Ramsar site), the construction activities and the illegal sand 
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winning. Of those, fishing and farming are threatening the goods on which they 
depend. The vulnerable groups thus threaten their own livelihood. The pollution by 
households, although the major source of pollution for the lagoon, does not cause any 
problems at the moment, since the water quality of the lagoon is okay. Pollution loads 
are likely to increase in the future however, since population is increasing in the 
catchment area. Therefore it might cause problems in the future if nothing is done to 
stop the free draining of runoff into the lagoon. 

The value of the lagoon view and the recreation are the least vulnerable. Only when 
the lagoon is dead (an-aerobic) or almost silted up these values are gone. This will 
probably not happen because of the protection of the site. 

X.2 Theoretical conclusions 

In this research we have tried to make an integrated assessment of the economic value 
of an ecosystem. It is our belief that optimal use and management of an ecosystem 
requires information on every aspect that influences the ecosystem. The methodology 
of total economic valuation is a good tool to determine the true value of an ecosystem, 
instead of the value that is only expressed in markets, which leads to underestimation. 
Good use and management however, require also information on the factors that 
determine the economic value. This information can be obtained by studying the 
environmental effect chain for the ecosystem. Combining the total economic value 
and the environmental effect chain has given us a framework to study all the factors 
that influence the economic value of an ecosystem. We have identified the threats to 
the economic value in a quantitative way, so that we could determine which activities 
are the most threatening to the economic value, and which values are the most 
vulnerable. This makes it possible to determine where investments are the most 
effective to protect the economic value, or obtain a higher economic value. This is 
very important for a country where funds are scarce. It is possible because our study 
shows which activity threatens which part of the total economic value, and to which 
degree. To our regret no historical data were available, otherwise these could have 
been used to study the framework over time, and see how changing activities 
influence the total economic value. This would have given more information on the 
value that could be gained by certain investments. 

X.3 Recommendations 

X.3.1 Policy recommendations 

It is clear from our study that the lagoon is worthwhile to be protected. Vulnerable 
groups are dependent on the lagoon for their livelihood. The most prominent 
problems are the over-exploitation of the fish resources of the lagoon, and the siltation 
of the lagoon. The Wildlife Department is aware of the fact that measures have to be 
taken against over-exploitation, and is currently designing policies with that goal. 
Rules on fishing intensity and access to the lagoon are the most logical, but 
enforcement of these rules is very important. Measures against siltation are maybe 
even more important, since siltation threatens the high value generated by agriculture, 
as well as the value of fisheries. Erosion, which is the main source of the siltation, is 
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however difficult to mitigate. It has to be prevented that large soil fractions are 
drained to the lagoon. This can be done by creating strips with vegetation that catch 
the erosion. Agricultural erosion can be halted when land is not left bare but covered 
with vegetation even when it is not cultivated. Erosion from construction activities 
can be prevented by capturing sediments on the site through installing sediment traps, 
preferably before the grading begins, and keeping the natural vegetation as much in 
place as possible, or restoring it as soon as possible. Since the most vulnerable groups 
also cause the biggest threats, policies and measures that reduce the environmental 
pressure caused by these groups (i.e. fishermen and farmers) should give high socio
economic returns. They also should be expected to be successful, since it is in the own 
interest of the target group. To prevent future problems with pollution of the lagoon, 
the sanitation facilities in the catchment area should be improved. It is very important 
that when sanitation facilities are provided, also treatment of the wastewater is 
guaranteed, otherwise the pollution load will only increase. These policy 
recommendations are no doubt costly, but we have shown in this study what the 
annual benefits of the lagoon are, and we hope this gives policy makers an argument 
to obtain funds for execution of policies. 

X.3.2 Recommendations for further research 

In further research the relationship between environmental quality and the goods and 
services should be addressed, to obtain a complete model of the framework. This 
relationship can be determined by ecological modelling, but this might be very 
complicated, especially when predictions have to be made about the changing value 
of the goods and services under changing circumstances. An analysis of the 
relationship based on historical data seems easier, and also seems to provide more 
valuable information on the changing economic value over the years. One is more 
likely to find an ecosystem where these historical data are available in a rich country, 
where more monitoring data are available. When all these things are available an 
overall model can be constructed in which the negative effects of environmental 
pressure can be compared to the benefits of improving the environmental quality. In 
this way an optimal management of ecosystems can be de termined. 
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I Appendix Ill.A: Data sources I 

Chapter Ill & IV 

As experts on lagoons and waterbodies in Ghana the following institutes were 
consulted: 
• Water Research Institute 
• Wildlife Department of the Ministry of Lands and Fores try 
• Water Resources Commission 
• University of Ghana, Department of Ecology 
• University of Ghana, Department of Oceanography and Fisheries 
• Ministry of Environment, Science and Technology (which is now called Ministry 

of Environment) 
• EPA 
• Also previorn research in the GOGLME project was consulted 

The data on the lagoon were obtained in the following ways: 
• Literature survey (for example case studies on economic evaluation of 

environmental impacts) 
• Stakeholder survey 
• Consultation of the relevant Ghanaian institutes, see top of the paragraph 
• On site observation of the economic activities that take place 

Chapter V 

Concerning the rapid assessment method, the following sources were consulted: 
• The graduation thesis of Jeannette Klein, who performed a rapid assessment of the 

pollution of lagoons in the Accra-Terna Metropolitan Area, with the focus on 
industrial sources. 

• Knowledge available at the Water Research Institute 
• Knowledge available at the Terna Municipal Assembly office of the Ministry of 

Food and Agri:ulture 
• Interviews with farmers on use of manure 
• Literature studycc 

Concerning erosion, the following data sources were used: 
• Water Research Institute (climatic data) 
• Reports on Sakumo Ramsar site and catchment area 
• Report of J.K. Amatekpor on soils, landuse and land degradation in the Sakumo 

area. 

cc standard data are available for example on the "annual waste per person" and the "yearly runoff' (see 
WHO\ Literature data can also be used iflocal data are not available. 
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Chapter VI 

All of the information on the water quality was obtained at the Water Research 
Institute 

Chapter VII 

• Information from the Water Research Institute 
• Information gained in chapter V and VI 
• Literature on sedimentation and sedimentation velocity 
• On site measurements, concerning the tidal incursion into the lagoon 

Chapter V 

• Reports on the Ramsar sites, especially Sakumo, elaborated for the Wildlife 
Department 

• Water Research Institute 
• Environmental Protection Agency 
• University of Ghana, department of Ecology 
• Hydrological Services Department, Ministry of Works and Housing 
• Department of fisheries, Ministry of Food & Agriculture 
• Terna district office, Ministry of Food & Agriculture 
• Ministry of Health 
• Terna Municipal Authority 
• FAO 
• On site observations and measurements 
• Housing companies 
• Previous research done in the GOGLME project 
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I Appendix 111.B: Maps I 

Figure III.B.l : Map of the Ramsar sites at the Ghanaian coast 
Source: www.Ramsar.org 
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Figure III.B.5: land use in the Sakumo catchment area 
Source: Amatekpor, J.K. (1994) Ghana Coastal Wetlands Management Project, Environmental 
Baseline Studies - Soil, Land-use and Land degradation, Government of Ghana 
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Figure III.B.6: Soil types in the Sakumo lagoon catchment area 
Source: Amatekpor, J.K. (1994) Ghana Coastal Wetlands Management Project, Environmental 
Baseline Studies - Soil, Land-use and Land degradation, Government of Ghana 
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I Appendix V.A: Domestic Waste Loads I 

Sanitation Volume BOD5 N p TSS 
(m3/pers/ (kg/pers/y (kg/pers/y (kg/pers/y (kg/pers/y 
year) ear ear) ear) ear) 

WHO sewered 73 19,7 3,3 0,4 20 
1982 

unsewered 7,3 6,9 3,3 0,4 16 
(septic 
tanks) 

Hobbelen not 0,68 0,36 0,009 
2001 connected 

to sewer 
or septic 
tank 

WHO sewered 55 18,1 3,3 0,93 39,2 
1993 
(Economo 
poulos) 

unsewered 7,3 6,9 3,3 0,93 16 
Calamari pit latrine 6,9 (range) 
1994 

8 (range) 

Different calculations consist of the following figures and assumptions: 
A) WHO, 1993 and Hobbelen, 2001 
B) WHO, 1982 and Hobbelen, 2001 
C) WHO, 1993, Calamari, 1994 and Hobbelen, 2001 
D) WHO, 1993, no facilities is the same as unsewered 
E) WHO, 1993 and Hobbelen 2001, Ashiaman has no toilet facilities 
F) WHO, 1993; 70% of the population of the catchment area (including Terna) is 
unsewered and uses pit latrines 

Hobbelen proposed his values for people not connected to a sewer, before the value 
for "unsewered" was used in assessment of these loads. Hobbelen's values are much 
lower, therefore we will calculate both and compare the results. 
According to the septage facility study by Colan Consult, 70% uses latrines. 
Haskoning & M Consult stated that 30% of the BOD produced by people with pit 
latrines ends up in the surface water and that the complete BOD load for people 
without facilities ends up in the surface water. 
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Total Population Projected population Refuse latrine drainage 
disposal 

Settlement 197( 1984 Growth Rate(%) 199• 2000 -
Adjirigano 37:< 532 Adjirigano - - -
Aman fro 26~ 307 Aman fro - PIT OG 
Amrahia 361 368 Amrahia CD( a) PIT -
Ashale-Botwe 491 516 Asharley CD(b) KVIP OG 

Botwe 
Ashiaman 96491 113320 Ashiaman CD KVIP,WC* -
Fafraha 23t 303 Frafraha - PIT -
Gbatsuma 79 0 
Gbetsile 82 1195 Gbetseli - PIT -
Kakasunanka 201C 0 Kakasunanka - PIT -
Katamansu 345 351 Katamanso - - -
Kobekro l 13 179 Kobekro PIT -
Kobekro 2 l 9t 253 
Lashibi 92~ 1222 
Lashibi (Klagon) 61. 678 Lashibi CD( a) - -

Klagon) 
Nungua Farm 7~ 37 
(MOFA) 
Ogbodzo 213 250 Ogbodzo - -
Sakumono 229 2893 Sakumono CD( a) PIT -
Santeo 12• 128 Santeo - - -
Sub total 2595(' 56438 5,8 106031 122532 
Terna 147692 175158 Tema(Comm MD WC* -

3) 
Grand Total 85723 156490 4,4 25372~ 297690 
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BOD production BOD load (kg/year) 
/kg/txrs/year) 
A) B) C) D) E) A) B) C) D) E) 

BOD degradation factor 
0,68 0,68 0,68 6,9 0,68 1 361,76 361,76 361,7E 3670,8 361,76 
18,1 19,7 18,1 18,1 18,1 0,3 1667,01 1814,37 1667,01 1667,01 1667,01 
6,9 6.9 6.9 69 0,3 761,7E 761,76 883,2 761,76 761,7~ 

18,1 19,7 18,1 18,1 18,1 0,3 2801,88 3049,56 2801,88 2801,88 2801,88 
6,9 6,9 6,9 0,68 0,3 234572,A 234572,4 271968 234572,4 23117,28 
6,9 6,9 8 6,9 6,9 0,3 627,21 627,21 727,2 627,21 627,21 

0,68 0,68 0,6 6,9 0,68 1 0 0 c 0 0 
6,9 6,9 6,9 6,9 0,3 2473,65 2473,65 2868 2473,65 2473,65 
6,9 6,9 8 6,9 6,9 0,3 c 0 0 0 0 

0,68 0,68 0,6 6,9 0,68 1 238,68 238,68 238,68 2421,9 238,68 
6,9 6,9 8 6,9 6,9 0,3 370,53 370,53 429,E 370,53 370,53 

0,68 0,68 0,68 6,9 0,68 1 172,04 172,04 172,04 1745,7 172,04 
0,68 0,68 0,68 6,9 0,68 1 830,96 830,96 830,9E 8431,8 830,96 
0,68 0,68 0,68 6,9 0,68 1 461,04 461,04 461,04 4678,2 461,04 

0,68 0,68 0,6 6,9 0,68 1 25,16 25,16 25,lE 255,3 25,16 
0,68 0,68 0,68 6,9 0,68 1 170 170 17C 1725 170 

6,9 6,9 6,9 6,9 0,3 5988,51 5988,51 6943,2 5988,51 5988,51 
0,68 0,68 0,68 6,9 0,68 1 87,04 87,04 87,04 883,2 87,04 

0 0 0 0 0 0 0 0 0 
total BOD load (k!!/vear) 251609.63 252004.67 290634.77 273074.85 40154.51 
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N production N load (kg/year) P production (kg/pers/year) P load (kg/year) 
;kg/pers/ year) 
A) D) E) A) D) E) A) B) D) E) A) B) D) 

0,3 3,3 0,36 191,52 1755,6 191,52 o,oos 0,009 0,93 0,009 4,788 4,788 494,76 
3,: 3,3 3,3 1013,1 1013,1 1013,1 0,9: 0,4 0,93 0,93 285,51 122,8 285,51 
3,: 3,3 3,3 1214,4 1214,4 1214,4 0 9: 0,4 0,93 0,93 342,24 147,2 342.24 
3,: 3,3 3,3 1702,8 1702,8 1702,8 0,93 0,4 0,93 0,93 479,88 206,4 479,88 
3,: 3,3 0,36 373956 373956 40795,2 0,93 0,4 0,93 0,009 105387,( 45328 105387,6 
3,: 3,3 3,3 999,9 999,9 999,9 0,93 0,4 0,93 0,93 281,7S 121,2 281,79 

0,3( 3,3 0,36 0 0 0 0,009 0,009 0,93 0,009 c 0 0 
3,: 3,3 3,3 3943,5 3943,5 3943,5 0,93 0,4 0,93 0,93 1111,3: 478 1111,35 
3,: 3,3 3,3 0 0 0 0,93 0,4 0,93 0,93 c 0 0 

0,3( 3,3 0,36 126,36 1158,3 126,36 0,009 0,009 0,93 0,009 3,15S 3,159 326,43 
3,: 3,3 3,3 590,7 590,7 590,7 0,93 0,4 0,93 0,93 166,4i 71,6 166,47 

0,3 3,3 0,36 91,08 834,9 91,08 0,009 0,009 0,93 0,009 2,27i 2,277 235,29 
0,3 3,3 0,36 439,92 4032,6 439,92 0,009 0,009 0,93 0,009 10,998 10,998 1136,46 
0,3 3,3 0,36 244,08 2237,4 244,08 0,009 0,009 0,93 0,009 6,10~ 6,102 630,54 
0,3( 3,3 0,36 13,32 122,1 13,32 0,009 0,009 0,93 0,009 0,33: 0,333 34,41 

0,3 3,3 0,36 90 825 90 0,009 0,009 0,93 0,009 2,2: 2,25 232,5 
3, 3,3 3,3 9546,9 9546,9 9546,9 0,93 0,4 0,93 0,93 2690,4S 1157,2 2690,49 

0,3 3,3 0,36 46,08 422,4 46,08 0,009 0,009 0,93 0,009 1,15~ 1,152 119,04 

0 c 0 
Total N load (kg/year) 394209,7 404355,6 61048,86 total P load 110776,4 47663,46 113954,8 

(kWyear) 
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TSS production (kg/year) TSS load (kg/year) 
E) A) B) D) E) A) B) D) E) 

4,78~ 16 0 0 8512 0 
285,51 39,2 20 39,2 39,2 12034,4 6140 12034,4 12034,4 
342,2'1 16 16 16 16 588~ 5888 5888 5888 
479,8 39,2 20 39,2 39,2 20227,~ 10320 20227,2 20227,2 
1019,8~ 16 16 16 0 1813120 1813120 1813120 0 
281,7 16 16 16 16 4848 4848 4848 4848 

16 ( 0 0 0 
1111,3~ 16 16 16 16 1912( 19120 19120 19120 

16 16 16 16 0 0 0 0 
3,15 16 0 0 5616 0 

166,41 16 16 16 16 2864 2864 2864 2864 
2,271 16 ( 0 4048 0 

10,99 16 ( 0 19552 0 
6,10 16 0 0 10848 0 
0,33: 16 0 0 592 0 
2,2~ 16 c 0 4000 0 

2690,45 16 16 16 16 4628~ 46288 46288 46288 
1,15~ 16 c 0 2048 0 

6408.669 Total TSS load (kl!/year) 1924390 1908588 1979606 111269.6 
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Overview of above calculated A B c 
results 
total BOD load (kg/year) 251.609,63 252.004,67 290.634, 77 
Total N load (kg/year) 394.209,66 
total P load (kg/year) 110.776,39 47.663,46 
Total TSS load (kg/year) 1.924.389,60 1.908.588,00 

CD (a)= Communal Dump (mantained) 
CD (b) =Communal dump (not maintained) 
DO = Dug out/Dam 
MD = Municipal Dump 

PIT = Pit latrine 
WC* = WC in some homes 
KVIP = Kumasi Ventilated Improved Pit latrine 
KVIP* = KVIP available in some houses 
OG = Opened Gutters 

D E F 

273.074,85 40.154,51 431.352,81 
404.355,60 61.048,86 687.663,90 
113.954,76 6.408,67 193.796,19 

1.979.605,60 111.269,60 3.334.128,00 

Source: Dadson, J.A. (1995) Ghana Coastal Wetlands Management Project, Baseline Socio-economic studies (Sakumo site), Prepared for the 
Department of Game and Wildlife, Government of Ghana 
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Appendix V.B: Agricultural Waste Loads 

reduced catchment area 12700 ha Nload Pload 
(kg/year) (kg/year) 

fertilised land 258 ha 
agriculture 49% 6223 ha 3377,25 337,725 

15% cultivated 933,45 ha 863,6 161,925 
cultivated without 675,45 ha 5657,85 1676,4 
fertiliser 

85% uncultivated 10795 ha 
natural savanna/savanna 33% forest and 4191 ha total N load 9898,7 total P 2176,05 
regrowth pasture load 
built up areas 14.6% 1854,2 ha 

RAM pollution factors 
source Lindenschmidt et Thoman et al. 

al. (P. Vlieghe) 
type of land cultivated arable uncultivated forest and cultivated forest and 

land arable land pasture arable land pasture 
mean range mean range 

TN runoff (kg/ha/year) 5 0,08 1,35 5 0,5- 50 3 1,3 - 10,2 
TP runoff (kg/ha/year) 0,5 0,015 0,4 0,5 0,1- 5 0,4 0,01 - 0,9 
Source: Amatekpor, J.K. (1994) Ghana Coastal Wetlands Management Project, Environmental Baseline Studies - Soil, Land-use and Land 
degradation, Government of Ghana 
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Appendix V .C: Fertiliser Waste loads 

Fertilisers 
weight percentage total fertiliser and manure waste loads (for details see 

next page) 
Element NPK 1 NPK 2 N (kg/year) P (kg/year) 
N 15% 200/o Lashibi 90( 39( 
p 15% 200/o 283,S 
K 15% 100/o Ashiaman 1863 807,3 
NPKl is mostly applied. 
Sulfid of ammonn contains 20,6 weight% of 
nitrogen. 

Michel Camp 
2558,52 

27( 111 

370,~ 

Chicken manure contains 8,40% of 
nitrogen 

Total 6245,82 1314,3 

30% of the total amount of N in the fertiliser used is lost to watercourses 
13% of the total amount of P in the fertiliser used is lost to watercourses 

About the pesticides and herbicides no data are available, because they can vary widely in kind and 
composition. 
Different crops need different fertilisers, but farmers may not distinguish between these when using the herbicides and 
pesticides. 
Analysis of herbicides and pesticides in water is expensive, and it isn't done for the Sakumo lagoon. 
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Lashibi 100 acres 3 harvests per year; okro, onion and com 
Okro Onion Corn 

Fertilizers 2 bags 100 2 bags 100 
(NPK) 
Poultry manure 200 bags 75 100 bags 3 7 ,5 kilo/acre/season 

Ashiaman Irrigation 138 acres 2 harvests a year, except for cucumber, maize and cabbage (3) 
Project 
The vegetable farmers use the following amount of fertilizers: 
NPK: 150 kilo/acre/season ¢315.000 (total) 
Sulfid of ammonia: 150 kilo/acre/season ¢240.000 (total) 

The rice farmers use the following amounts of 
fertilizers: 
NPK: 150 kilo/acre/season 
Sulfid of ammonia: 100 kilo/acre/season 

Michel Camp 20 acres 

¢315.000 (total) 
¢160.000 (total) 

fertiliser use is unknown, we assume the same pattern as for Ashiaman 

total area that uses fertilisers 258 acres 

Source: Julius Amatefe, Municipal Director, Department of Food & Agriculture, Terna Municipal Assembly (2001), fersonal communication 
Interviews with farmers at Lashibi and the Ashiaman Irrigation Project, elaborated on 25th of September 2001 and 17 October 2001 
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I Appendix V.D: Waste Load from TCCBCGL I 

waste water 
generation 
mg/I Apr-99 Apr-01 Jun-01 Sep-01 Average 
BOD 56,4 100 144 
SS 144 148 258,3 
N03- 0,63 <0,01 0,16 
NH3 2,17 5,6 
total N 0,63 2,17 5,76 
P04- 0,19 0,24 0,26 

Source A Y &A, WRI Sakumo Monitoring 
EIA 

12,7 53,275 
16 104,575 

0,16 0,2375 
5,6 2,8 

5,76 3,0375 
0,26 0,1775 

230000 

4.472 
8.779 

255 
15 

April is less reliable because the effluent-measurements were not taken directly from the 
effluent 

Appendices 

increased production capacity 
370000 40000C l/day 

7.195 7.778 kg/jaar 
14.123 15.268 kg/jaar 

410 443 kg/jaar 
24 26 kg/jaar 
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Appendix V.E: Assessment of potential 
erodibility and sediment yield by J.K. Amatekpor 

The potential erosion rates in Amatekpor' s baseline study were determined by using 
information on potential erodibility of the soils, and combining this with information 
on soil losses done in other environments. 

It was based on information from the following documents: 
1. Bonsu, M. (1979) Soil erosion studies under different cultrual practices within the 

various ecological zones of Ghana. Lecture Notes. FAO training course in soil 
conservation and management. S.R.I., Kumasi 

2. Bonsu, M. (1981) Assessment of erosion under different cultural practices on a 
savannah soil in the Northern Region of Ghana. In: Morgan, R.P.C. (ed.) Soil 
Conservation: Problems and Prospects, Wiley, 247-53 

3. Quansah, C. and Baffoe-Bonnie, E. (1981) The effect of soil management systems 
on soil loss, runoff and fertility erosion in Ghana. In: Tingsanchali, T. and Egger, 
H. (eds.) South East Asian Regional Symposium on Problems of Soil erosion and 
sedimel1ation. Asian Institute of Technology, pp. 207-217 

4. Rockwood, W.G. and Lal, R. (1974) A technique for soil and water conservation 
in the tropics. Span 17: 77-79 

According to Amatekpor "A careful study of the soil profile characteristics in relation 
to the physical environment were used in assessing the potential erodibility of the 
various soils. Some of the important soil properties used are texture, organic matter 
content, size and stability of structural aggregates in the exposed layer, permeability, 
depth to slowly permeable layer and soil slope; these were assessed in relation to the 
type of vegetation cover or current landuse. ( ... ) Each of the soil properties and 
factors has been scored on a scale of 10-0 corresponding to the maximum contribution 
of the property or the factor to the potential erodibility of the particular soil series 
with regards to potential sediment yield into the wetland. Distance of potential 
erodible soils from streams that flow into the wetland was also taken into 
consideration. The average score of all the properties and factors for each soil series 
places the soil in its potential erosion class within the catchment area." 

By combining this ranking with information on soil loss from other studies in other 
environments, estimates of the potential soil loss for the different soil types in the 
Sakumo catchment could be made. 
"Bonsu (1979) found that Toje series (non-concretionary Nyigbenya series) in the 
coastal savannah ecological zone, on a 2.5% slope with a runoff of 17.9% lost 0.56 
tonnes/ha/year. Rockwood and Lal (1974) found that a similar soil on 1 % and 5% 
slopes, with 18% runoff, lost 0.2 tonnes/ha/year and 3.6 tonnes/ha/year respectively. It 
is estimated therefore, that the Simpa, Agawtaw, Nyigbenya and Hacho soils, ifleft 
bare, could yield between 0.56 tonnes/ha/year to 3.6 tonnes/ha/year of sediment into 
the Sakumo wetland" 

This leads to the following table: 
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Name of Soil 
Series 
Simpa 

Agawtaw 
Nyigbenya 
Hacho 
Akuse 
Ashiaman 
Oyarifa 
Mamfe 
Oyibi 
Muni 
0 
1-3 
3-5 
5-8 
>8 

Sub-series 

Santeo 
Agbozume 

nil to aggradational 
slightly erodible 
moderately erodible 
highly erodible 
very highly erodible 

Rank Sediment yield 
(tonnes/ha/year) 

7 3.6 
8 3.6 
8 3.6 
7 3.6 
4 2.0 
5 2.0 
3 1.0 
3 1.0 
2 0.56 
2 0.56 
0 0.0 

0 0.0 

Table V.E.l: Relative potential Erodibility and sediment yield of important soils in the Sakuma 
catchment area 
Source: Amatekpor, 1994 

The surface areas per soil are as follows. 
Soil type 
Oyarifa - Mamfe complex 
Nyigbyena- hacho complex 
Nyigbenya Consociation 
Simpa - Agawtaw complex 
Akuse - Ashiaman complex 
Oyibi - Muni Association 
Keta Consociation 
Table V.E.2: surface area per soil type 
Source: Amatekpor, 1994 

Area (ha) 
603 
6,047 
3,403 
16,788 
1,334 
1,459 
< 0.5% of catchment area 

If we multiply the sediment yields with the surface areas, the total sediment yield is 
81,000 tonnes/year. 
There is an error in this number, because we have used the whole catchment area for 
our calculation instead of the reduced catchment area. 
Ifwe correct for that error, by adjusting the number to the smaller area, assuming that 
the relative surface areas remain the same, we get 34,717 tonnes/year. 
It is not known exactly what the surface area of the soils is in the reduced catchment 
area, but if we make an intelligent guess using the soil map that is shown in Appendix 
IIl.B, we can determine the following surface areas: 
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Soil type Area (ha) 
Oyarifa - Mamfe complex 0 
Nyigbyena- hacho complex 0 
Nyigbenya Consociation 3,403 
Simpa - Agawtaw complex 8,394 
Akuse - Ashiaman complex 1,334 
Oyibi - Muni Association 1,459 
Keta Consociation 0 
Table V.E.3: surface area per soil type in the reduced catchment area 

If we use these figures, the sediment yield is 38,358 tonnes/year. Of course this figure 
is not exact, but it is the most detailed estimate possible with these data. 
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Appendix V. F: J. T umbulto 's assessment of 
sediment yields 
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Name of Reliability of 
catchment the 

information 

Densu *** 
(Sakumo I) 
Korle -Ch emu *** 

Kpeshie *** 

Son go- ** 
Mokwe 
Sakumo II ** 
Chemu II *** 

Laloi ** 
** 
*** 

= 75-80% reliable 
= over 80% reliable 

Catchment %of 
Size (km2

) catchment 
urbanised 

2500 -

250 60 

110 25 

50 25 

350 20 
98 30 

660 2 

* = Only 9300 tonnes/annum reach the lagoon 

Annual Major Annual Sediment Sediment 
rainfall mean sediment runoff *106 yield damage 
(mm) producing cm (tonnes/annu potential 

factors m) 
800 Farming 451 40240 Critical 

735 Farming & 54 3800 Critical 
construction 

735 Farming & 22 1880 Moderate 
construction 

735 Farming 10 856 Low 

770 Farming 70 6000 Critical 
770 Farming & 19 1700 Moderate 

construction 
770 farming 131 12,545 Critical 

Two main assumptions were made in respect of the computations. Firstly, runoff as a percentage of rainfall is assumed constant over all 7 coastal 
basins. Secondly, it is assumed that rainfall is uniform over the entire study area. The results of these computations are summarized in table 1 for 
each catchment and discussed below. 

Rainfall at the coast is low, therefore it doen't cause very high sediment yields. 

This paper already states that sediment accumulation is extremely high. 
Tumbulto, J., Specialist Paper No.6 Hydrology and hydraulics. In: Coastal management plan for Accra, Volume five Specialist papers, 1991, 
Environmental Management Associates and Manidis Roberts Cons ultants. 

Appendices A-25 



Appendix VI.A: Average water quality of the Sakuma lagoon per measuring period 

SS (mg/1) P04-P N03-N N02-N NH3-N Total N DO BOD COD 
Apr-94 80,67 0,76 0,34 n.a. 0,26 0,6( 13,80 22,13 1120,0 
Jul-94 78,50 0,42 O,lS n.a. 1,12 1,31 7,25 11,3C 350,0C 
Jul-9i 100,00 1,11 OJ2 0,15 13,07 13,27 7,52 11,68 370 4( 

Nov-9i 33,25 0,65 o,os 0,37 0,36 0,8L 6,80 14,7C 177,50 
Apr-98 22,25 0,20 0,3~ 0,34 0,30 1,0( 6,01 23,9C 195,35 
Jul-98 39,50 1,08 0,53 0,78 1,34 2,64 5,30 14,35 226,25 

Nov-98 27,25 0,04 0,61 1,18 1,06 2,84 6,00 14,48 261,2: 
Apr-99 27,75 1,57 0,04 0,24 0,61 0,8S 4,53 18,55 242,7: 
Apr-01 318,00 0,23 <0.001 n.a. <0.001 <0.001 9,10 36,0C 378,33 
Jun-01 424,67 0,35 0,03 n.a. 3,17 3,lS 7,77 8,8( 27,07 
Sep-01 202,00 0,13 1,74 n.a. 0,87 2,61 28,97 8,67 8,67 

2001 314,89 0,24 2,9( 15,28 17,82 
average 
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Apr-94 
Jul-94 

Jul-91 
Nov-91 
Apr-98 
Jul-98 

Nov-9~ 

Apr-9S 
Apr-01 
Jun-01 
Sep-01 

2001 
average 

Total 
Coliform 

805,83 
2400930,00 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

1360,00 
0,00 

200,00 
2006,67 

1000 

10000 
n.a. = not available 

Appendices 

Faecal Temp (degrees Celcius) 
Coliform 

427,50 29,5 
20000445,0 29 

0 
n.a. 28,~ 

n.a. 32.L 
n.a. 36,: 
n.a. 26,: 27,93333 
n.a. 31,' 

407,50 32,1 
0,00 n.a. 

63,33 n.a. 
1763,33 n.a. 

200 WHO Limit primary contact 

5000 WHO limit secondary contact 
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Appendix Vl.B Detailed data on water quality of the Sakumo lagoon 

Apr-94 SS (mg/l) P04-P N03-N NH3-N Total N DO BOD COD TC FC 
Low tide 
north west 265 2,2 0,69 0,4: 1,12 19,2 13,5 1100 15 10 
south west 53 1.02 018 <0,01 0,18 11,2 34,2 1230 500 470 
south east 29 0,91 0,37 O,li 0,54 2C 55,3 930 4000 2000 

High tide 
north west 84 0,18 0,52 0,18 0,7 7,8 6,3 1130 20 0 
south west 43 0,11 0,15 <0,01 0,15 16,8 11,1 1180 70 50 
south east lC 0,12 0,12 <0,01 0,12 7,8 12,4 1150 230 35 
Mean 80,6666i 0,756667 0,338333 0,2 0,598333 13,8 22,13333 1120 805,8333 427,5 

Jul-94 SS (mg/1) P04-P N03-N NH3-N DO BOD COD TC FC 
South West 7E 0,3 0,23 0,87 1,1 8,3 19,2 200 4800000 4000000 

0 
South East 81 0,53 0,15 1,37 1,52 6,2 3,4 500 1860 890 
Mean 78,5 0,415 0,19 1,12 1,31 7,25 11,3 350 2400930 2000044 

5 
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Jul-97 SS P04-P N03-N N02-N NH3-N DO BOD COD 
Estuary (culvert) 8 0,178 0,181 0,214 0,578 0,973 8,8 8,4 220 
celebrity 269 0,334 f163 0,038 3,5t 166,598 10 472 
Lashibi 34 0,04t S46 0,273 O,lOt 546,379 10,4 6 352 
Motorway 113 2,708 0,12 0,029 36,47 36,619 0 20 404 
Behind GNPC 76 2,277 0,136 0,034 24,63 24,8 10,4 14 404 
flat 
Mean lOC 1,108t 141,8874 0,1176 13,0688 155,0738 7,5 11,68 370,4 

Nov-97 SS P04-P N03-N N02-N NH3-N DO BOD COD 
Estuary (culvert) 6 0,234 0,217 0,027 0,335 0,583 10,4 9,6 312 
celebrity 30 0,16t 0,195 0,146 0,422 0,763 8 22,4 126 
Lashibi 32 0,063 0,873 0,015 0,21t 1,104 6,4 6 116 
Motorway 65 2,155 0,196 0,156 0,472 0,824 2,4 20,8 156 
Mean 33,25 0,6545 0,37025 0,086 0,36225 0,8185 6, 14,7 177,5 

Apr-98 SS P04-P N03-N N02-N NH3-N DO BOD COD TC FC 
Estuary (culvert) 10 0,121 0,198 0,072 0,05t 0,326 22 110,6 lC 2 
celebrity 18 0,115 0,362 0,35 0,295 1,011 6,4 34 160 6C 10 
Lashibi 25 0,2lt 0,412 0,62 0,42t 1,458 10,4 9,6 220,8 2 0 
Motorway 36 0,342 0,395 0,4 0,425 1,224 0,2 30 290 15 10 
Mean 22,25 0,1985 0,34175 0,3605 0,3025 1,00475 6,012 23,9 195,35 
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Jul-98 SS P04-P N03-N N02-N NH3-N DO BOD COD 
Estuary (culvert) H 0,053 0,204 0,011 0,15E 0,371 7,6 3,4 100 
celebrity 28 0,63 0,3 0,201 0,407 0,908 6,6 10,6 180 
Lashibi 6E 1,473 0,206 0,039 1,203 1,448 6,8 12,8 240 
Motorway 4~ 2,H 2,401 1,85 3,601 7,852 0,2 30,6 385 
Mean 39,: 1,084 0,77775 0,52525 1,34175 2,64475 5,3 14,35 226,25 

Nov-98 SS P04-P N03-N N02-N NH3-N DO BOD COD 
Estuary (culvert) 15 0,025 0,316 0,3 0,263 0,879 8,2 2,9 193,5 
celebrity 1~ 0,031 0,928 0,49 0,34 1,758 7,9 9,8 235 
Lashibi 3E 0,042 1,035 0,635 1,02: 2,695 7,1 16,6 286 
Motorway 40 0,03 2,43 1,005 2,592 6,027 0,8 28,6 330,5 
Mean 27,25 0,03575 1,17725 0,6075 1,055 2,83975 6 14,475 261,25 

Apr-99 SS P04-P N03-N N02-N NH3-N DO BOD COD TC FC 
Estuary (culvert) 15' A7:,7 0,215 0,026 0,07E 0,317 6,2 4,2 170 114C 380 
celebrity 20 0,201 0,189 0,022 0,089 0,3 8,7 15,4 210 1600 970 
Lashibi 35 0,43 0,313 0,045 0,14 0,498 3,2 20,4 248 130C 210 
Motorway 41 4,061 0,235 0,049 2,148 2,432 0 34,2 343 1400 70 
Mean 27,75 13,1012: 0,238 0,0355 0,61325 0,88675 4,525 18,55 242,75 1360 407,5 
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Apr-01 SS P042-P N03-N NH3-N DO BOD COD TC FC 
South 342 0,22 <0.01 < 0.01 0 9,4 32 358 0 0 
Centre 402 0,11 <0.01 < 0.01 0 9,5 54 265 0 0 
North 210 0,36 <0.01 <0.01 0 8,4 22 512 0 0 
Mean 318,0 0,2 <0.001 <0.001 <0.001 9,1 36,0 378,3 0,0 0,0 
St. Dev. 98,2 0,1 <0.001 <0.001 0 0,6 16,4 124,7 0 0 

Jun-01 SS( mg/I) PO/- N03(mg/I NH3(mg/ DO( mg/I) BOD( mg COD( mg TC FC 
(mg/I) ) ) /I) /I) 

1 418 0,482 0,026 2,638 2,664 7,8 8 27,2 10( <10 
2 412 0,261 0,024 4,658 4,682 7,9 12,2 26,8 40( 70 
3 444 0,32 0,027 2,204 2,231 7,6 6,2 27,2 10( 120 
Mean 424,67 0,35 0,03 3,17 3,192333 7,77 8,80 27,07 200,00 63,33 
St. Dev. 13,89 0,09 0,00 1,07 1,07056 0,12 2,51 0,19 141,42 49,22 

Sep-01 SS( mg/I) Po/· N03(mg/I NH3(mg/l DO( mg/I) BOD( mg COD( mg TC FC 
(mg/I) ) ) /I) /I) 

1 11 0,131 1,86 1,238 3,098 3~ 8,9 10,3 180C 1370 
2 221 0,112 1,7 0,632 2,332 29,3 8,6 8,4 390C 3750 
3 27~ 0,161 1,67 0,743 2,413 21,~ 8,5 7,3 32( 170 
Mean 202,C 0,1 1,7 0,9 2,614333 29,C 8,7 8,7 2006,i 1763,3 
St. Dev. 81,2 0,0 0,1 0,3 0,424784 7,2 0,2 1,5 1798,S 1822,1 
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The values in yellow are exceptionally high or low compared to generally observed numbers and therefore not taken into account, neither here or 
in Appendix VI.A 

For the calculation of the spatial differences goes the following: 

Station!, Estuary (culvert)= South 
Station2, Celebrity = Centre 
Station 3, Lashibi and Motorway= North 

Sources: 
1994: Biney, Charles A.(1994) Ghana Coastal Wetlands Management Project Environmental Baseline Studies- Limnology Sakumo 
Lagoon, August 1995, Prepared for the Department of game and wildlife, Government of Ghana 
1997-1999: Biney, Asante and Asmah, monitoring data from the Sakumo lagoon, unpublished 
2001: Sakumo Monitoring by Water Research Institute 
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Appendix VII .A: Hydrological Balance inputs 

Limited water balance computation for the Sakumo catchment 
Month Rainfall Evapo- Runoff Runoff 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Annual 
annual 
volume 

8,9 
23,4 
50,1 
89,8 

118,2 
180,3 
52,3 
15,4 
46,1 
60,2 
22,1 
17,9 

684,7 
1711750 

annual flow 0,054279 

transpiration (mm) (m3/s) 
108,2 
109,6 
106,6 

112 
99,3 

107,2 
96,6 
98,6 

102,5 
121 
113 

93,3 
1267,9 

3169750 

0,100512113 

0 
0 
0 
0 

18,9 0,89616 
73,1 3,46613 

0 
0 
0 
0 
0 
0 

92 0,36352549 

outflow through the sea (Qe) 0,2630134 m3/s 
8294389,8 m3/yr 

surface 
(m2) 

2100000 
1900000 
1700000 
1500000 
2500000 
3500000 
3300000 
3100000 
2900000 
2700000 
2500000 
2300000 

net evaporation 
rate (mm) 

-99,3 
-86,2 
-56,5 
-22,2 
18,9 
73,1 

-44,3 
-83,2 
-56,4 
-60,8 
-90,9 
-75,4 

net evapo flow 
(m3/s) 

-0,0804S 
-0,06315 
-0,0370E 
-0,0128S 
0,018225 
0,098708 

-0,0564 
-0,09951 

-0,0631 
-0,06333 
-0,0876i 
-0,06691 
-0,04279 

Source: Agyepong, G.T. (1999) Coastal Wetlands Management Project, Management Plan for Sakumo Ramsar Site, Prepared for the Ghana 
Wildlife Department, Government of Ghana 
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hydrological balance per month 
outflow through the sea (QE) 

Month eva oflow coca cola runoff accumulation 
January -208530 9125 
February -163780 9125 
March -96050 9125 
April -33300 9125 
May 47250 9125 2400300 
June 255850 9125 9283700 -9634000 -2050000 
July -146190 9125 
August -257920 9125 
September -163560 9125 
October -164160 9125 
November -227250 9125 
December -173420 9125 
Annual -1331060 109500 11684000 -9634000 -2050000 

minimum volume of water in lagoon= 1,5 million cubic metres (peak of dry season) 
maximum volume of water in lagoon = 4,5 million cubic metres (peak of rainy season) 
Volume (m3) 
750000 dry season (depth is 0.5 m) 

2.800.000 rainy season (depth is 0.8m) 
Accumulation in rainy season 2050000 m3 
average decrease in volume over ten months (negative accumulation): -0,077793 m3/s 
The mean monthly rainfall data for the catchment was taken as that available at Terna. The actual evapotranspiration from the catchment was 
estimated from the pan evaporarion data for Accra which was modified by a factor of 0.7 to take account of the fact that pan evaporation is 
normally higher than evapotranspiration. 
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Appendix Vll.B: Tidal incursion measurements 

Flow measurements 25-1 0-01 I 
radius of culverts= 0,9 

time water level pulses seconds pulse/sec speed of flow direction R-h theta (radians) x (m) Area flow (m3/s) 
l(m) mis) 

6:12 0,26 113 50 2,26 0,610742 1 0,64 1,559438 89,3492~ 0,632772 4,647605 0,226599 0,1383932 

6:25 0,28 87 50 1,74 0,472058 1 0,62 1,621682 92,9155t 0,65238 0,252306 0,1191029 
6:40 0,31 50 50 1 0,2747 1 0,59 1,711756 98,0764~ 0,679632 0,292278 0,0802889 
6:55 0,3 64 50 1,28 0,34937(' 1 0,6 1,682137 96,3793i 0,67082 0,278773 0,0973967 
7:10 0,3 65 50 1,3 0,35471 1 0,6 1,682137 96,3793/ 0,67082 0,278773 0,0988837 
7:25 0,3 67 50 1,34 0,36537~ 1 0,6 1,682137 96,3793i 0,67082 0,278773 0,1018577 
7:40 0,31 61 50 1,22 0,333374 1 0,59 1,711756 98,0764.< 0,679632 0,292278 0,097438 
7:55 0,32 50 50 1 0,2747 1 0,58 1,741 99,7519: 0,688186 0,305957 0,0840464 

8:10 0,36 47 50 0,94 0,258698 1 0,54 1,85459 106,260~ 0,72 0,362309 0,0937286 
8:25 0,33 -65 50 1,3 0,35471 -1 0,57 1,769887 101,407 0,696491 0,319804 -0,1134377 

0,33 73 50 1,46 0,397382 1 0,57 1,769887 101,407 0,696491 0,319804 0,1270844 
8:45 0,36 47 50 0,94 0,258698 1 0,54 1,85459 106,260~ 0,72 0,362309 0,0937286 
9:00 0,42 61 50 1,22 0,33337'1 1 0,48 2,01652 115,5381 0,761315 0,45126 0, 1504382 

0,42 -64 50 1,28 0,34937(' -1 0,48 2,01652 115,5381 0,761315 0,45126 -0,1576593 
9:15 0,44 68 50 1,36 0,370712 1 0,46 2,068639 118,524: 0,773563 0,48196 0,1786682 
9:45 0,41 -27 10 2,7 0,72809 -1 0,49 1,990139 114,026t 0,754917 0,436097 -0,3175179 

0,41 17 10 1,7 0,46139 1 0,49 1,990139 114,026t 0,754917 0,436097 0,2012108 
0,41 -31 10 3,1 0,83477 -1 0,49 1,990139 114,026t 0,754917 0,436097 -0,3640407 
0,41 16 10 1,6 0,43472 1 0,49 1,990139 114,026t 0,754917 0,436097 0,1895801 

9:55 0,42 -27 10 2,7 0,72809 -1 0,48 2,01652 115,5381 0,761315 0,45126 -0,3285576 
0,42 21 10 2,1 0,56807 1 0,48 2,01652 115,5381 0,761315 0,45126 0,2563471 

10:05 0,4 -17 10 1,7 0,46139 -1 0,5 1,963531 112,502 0,748331 0,421064 -0,1942748 
0,4 9 10 0,9 0,24803 1 0,5 1,963531 112,502 0,748331 0,421064 0,1044366 
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0,4 -31 50 0,62 0,173354 -1 0,5 1,963531 112,502 0,748331 0,421064 -0,0729932 
10:25 0,43 -67 50 1,34 0,36537 -1 0,47 2,042683 117,0371 0,767529 0,466548 -0,1704665 
10:35 0,43 -57 50 1,14 0,31203~ -1 0,47 2,042683 117,0371 0,767529 0,466548 -0,1455808 
10:47 0,44 -71 50 1,42 0,38671 -1 0,46 2,068639 118,5243 0,773563 0,48196 -0,1863805 

0,44 -42 50 0,84 0,232028 -1 0,46 2,068639 118,524 0,773563 0,48196 -0,1118281 
11:00 0,45 59 50 1,18 0,32270t l 0,45 2,094395 12( 0,779423 0,49749 0,1605429 
11 :20 0,42 -19 10 1,9 0,51473 -1 0,48 2,01652 115,5381 0,761315 0,45126 -0,2322769 

0,42 10 10 l 0,274" l 0,48 2,01652 115,5381 0,761315 0,45126 0,123961 
11 :5C 0,42 -27 10 2,7 0,72809 -1 0,48 2,01652 115,5381 0,761315 0,45126 -0,3285576 

0,42 11 10 1, l 0,30137 l 0,48 2,01652 115,5381 0,761315 0,45126 0,1359961 
12:00 0,44 -33 10 3,3 0,88811 -1 0,46 2,068639 118,524 0,773563 0,48196 -0,4280331 

0,44 21 10 2,1 0,56807 1 0,46 2,068639 118,524_ 0,773563 0,48196 0,2737868 
12:15 0,38 -17 10 1,7 0,46139 -1 0,52 1,909586 109,411. 0,734575 0,391403 -0,1805896 

0,38 19 10 1,9 0,51473 1 0,52 1,909586 109,4112 0,734575 0,391403 0,2014671 
12:3C 0,4 -14 10 1,4 0,38138 -1 0,5 1,963531 112,502 0,748331 0,421064 -0,1605855 

0,4 14 10 1,4 0,38138 1 0,5 1,963531 112,502 0,748331 0,421064 0,1605855 
12:45 0,35 -16 10 1,6 0,43472 -1 0,55 1,826666 104,660i 0,71239 0,347985 -0,151276 

0,35 13 10 1,3 0,35471 1 0,55 1,826666 104,660i 0,71239 0,347985 0,1234337 
13:0C 0,35 -29 10 2,9 0,78143 -1 0,55 1,826666 104,660 0,71239 0,347985 -0,2719258 

0,35 17 10 1,7 0,46139 l 0,55 1,826666 104,660::; 0,71239 0,347985 0, 1605567 
13:15 0,35 -14 10 1,4 0,38138 -1 0,55 1,826666 104,660::; 0,71239 0,347985 -0,1327145 

0,35 14 10 1,4 0,38138 l 0,55 1,826666 104,660. 0,71239 0,347985 0,1327145 
13:30 0,34 -20 10 2 0,541 '1 -1 0,56 1,798436 103,042E 0,704557 0,333815 -0,1807274 

0,34 18 10 1,8 0,48806 l 0,56 1,798436 103,042~ 0,704557 0,333815 0,1629218 
13:45 0,3 -19 10 1,9 0,51473 -1 0,6 1,682137 96,3793i 0,67082 0,278773 -0,143493 

0,3 16 10 1,6 0,43472 1 0,6 1,682137 96,3793i 0,67082 0,278773 0,1211884 
14:00 0,29 -12 10 1,2 0,32804 -1 0,61 1,652121 94,6595: 0,66174 0,265447 -0,0870773 

0,29 11 10 1, 1 0,30137 1 0,61 1,652121 94,65953 0,66174 0,265447 0,0799979 
14:15 0,25 -15 10 1,5 0,40805 -1 0,65 1,527573 87,52345 0,622495 0,214045 -0,0873412 

0,25 12 10 1,2 0,3280'1 l 0,65 1,527573 87,5234C 0,622495 0,214045 0,0702154 
14:30 0,23 -18 10 1,8 0,48806 -1 0,67 1,462188 83,77715 0,600916 0,189572 -0,0925227 

0,23 13 10 1,3 0,35471 1 0,67 1,462188 83,77715 0,600916 0,189572 0,0672432 
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14:45 0,19 -12 10 1,2 0,32804 -1 0,71 1,323595 75,83641 0,553082 0,143368 -0,0470303 
0,19 15 10 1,5 0,40805 1 0,71 1,323595 75,83641 0,553082 0,143368 0,0585011 

15:00 0,19 19 10 1,9 0,51473 1 0,71 1,323595 75,83641 0,553082 0,143368 0,0737956 

0,19 -17 10 1,7 0,46139 -1 0,71 1,323595 75,83641 0,553082 0,143368 -0,0661484 
15:20 0,14 -9 10 0,9 0,24803 -1 0,76 1,130538 64,775m 0,482079 0,091488 -0,0226918 

0,14 18 10 1,8 0,48806 1 0,76 1,130538 64,775m 0,482079 0,091488 0,0446517 

15:30 0,15 -27 10 2,7 0,72809 -1 0,75 1,171371 67, 1146'.< 0,497494 0,101285 -0,0737446 
0,15 77 50 1,54 0,4187H 1 0,75 1,171371 67,1146 .. 0,497494 0,101285 0,0424099 

15:45 0,18 83 50 1,66 0,450722 1 0,72 1,287002 73,7398 0,54 0,132436 0,0596918 

16:00 0,16 83 50 1,66 0,450722 1 0,74 1,210984 69,3842( 0,51225 0,111383 0,050203 
16:15 0,16 73 50 1,46 0,397382 1 0,74 1,210984 69,3842( 0,51225 0,111383 0,0442618 
16:30 0,16 85 50 1,7 0,46139 1 0,74 1,210984 69,3842( 0,51225 0,111383 0,0513912 

16:45 0,14 (f) 50 1,38 0,37604E 1 0,76 1,130538 64,77508 0,482079 0,091488 0,0344037 

17:00 0,15 96 50 1,92 0,52006.:l 1 0,75 1,171371 67,11462 0,497494 0,101285 0,0526747 

17:15 0,16 95 50 1,9 0,51473 1 0,74 1,210984 69,38426 0,51225 0,111383 0,0573324 

0,16 -15 10 1,5 0,40805 -1 0,74 1,210984 69,38426 0,51225 0,111383 -0,04545 

17:30 0,18 77 50 1,54 0,41871~ 1 0,72 1,287002 73,7398 0,54 0,132436 0,0554533 

17:45 0,18 85 50 1,7 0,46139 1 0,72 1,287002 73,7398 0,54 0,132436 0,0611046 

18:00 0,19 87 50 1,74 0,47205~ 1 0,71 1,323595 75,83641 0,553082 0,143368 0,0676778 

18:15 0,18 93 50 1,86 0,504062 1 0,72 1,287002 73,7398 0,54 0,132436 0,0667559 

18:30 0,19 84 50 1,68 0,45605E 1 0,71 1,323595 75,83641 0,553082 0,143368 0,0653836 

average speed of flow = 0,43549202E 
0,7 0,43549202~ -1 0,2 2,693406 154,3208 0,877496 0,91533 1,62936 --0,7095732 

2,54469 

-70957 high tide maximum (1,95m at sea level) 
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Overview of tidal incursion 

Time sea level water flows at maximum and minimum water level 

high tide maximum 
low tide minimum 
high tide maximum 
low tide minimum 
high tide maximum 

06:12 
10:50 
16:45 

1,3 
0,92 
1,19 
0,71 
1,95 

level 
0,51 
0,26 0,138393 
0,45 -0,17047 
0,14 0,034404 

-0,70957 

2989,29 
-3682,08 

743,12 
-15326,78 

average flow for a 
day 

maximum water level (sea) varies between 1,11 - 1,95 m 
minimum water level (sea) varies between 0,15 - 0,93 m 

0, 785398163 sqr-circle fraction 

total flow per tide, m3/s 
2347,79 

-2891,90 
583,65 

-12037,63 
-0,14 m3/s 

We have calculated the tidal incursion by taking the peak flow at a specific tide. Then we assumed that this peak flow is the amplitude of the 
sinus graph. Then we have approximated the sinus wave by calculating the fraction of a circle that lies within the rectangle with the short side 
that is the same as the amplitude of the graph. 
The maximum and minimum sea levels come from the tide tables of the Ghana Ports and Harbours Authority. 
The method with which we have calculated the tidal incursion is quite rough, but our tools for measurement did not allow a precise calculation. 
The goal was also to get an idea of the magnitude of exchange of water with the sea, not to calculate it exactly. 
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Appendix VIII.A: Methods for Economic 
Evaluation 

Market price method 

The market price method is a way to measure directly the economic value of a certain 
ecosystem. It estimates the economic value of goods or services of the ecosystem that 
are brought and sold in markets. The market price method can be used to value 
changes in the productivity of the ecosystem, which is the quantity as well as the 
quality of a good or service provided by the ecosystem. The techniques used to 
quantify this are standard, and they measure the economic benefits from marketed 
goods, based on the quantity people purchase at different prices, and the quantity 
supplied at different prices. 
When the prices are no reflection of the real value of the goods or services, i.e. the 
markets are distorted, than shadow prices have to be applied. 

The market price method uses prevailing prices for goods and services traded in 
markets, such as fish that is sold commercially. Market price represents the value of 
an additional unit of that good or service, assuming the good is sold through a 
perfectly competitive market (full information, identical products and absence of taxes 
or subsidies). 

Limtations 
According to Ecosystem Valuation, this approach has the following limitations: 
• Market data may only be available for a limited number of goods and services 

provided by an ecological resource and may not reflect the value of all productive 
uses of a resource. 

• The true economic value of goods or services may not be fully reflected in market 
transactions, due to market imperfections and/or policy failures. Than shadow 
prices have to determined and this is less accurate 

• Seasonal variations and other effects on price must be considered. 
• The method cannot be easily used to measure the value of larger scale changes 

that are likely to affect the supply of or demand for a good or service. 
• Usually, the market price method does not deduct the market value of other 

resources used to bring ecosystem products to market, and thus may overstate 
benefits. 

Data input 
The data that are needed for this technique are: 
• Quantities demanded of the different goods or services 
• Prices at which these are demanded 
• Shadow prices in case of distorted markets 
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Production function 

The production function approach is used to estimate the economic value of 
ecosystem products or services that contribute to economic production. It is applied in 
cases where the products or services of an ecosystem are used, along with other 
inputs, to produce a marketed good. 
If a natural resource is a factor of production, then changes in the quantity or quality 
of the resource will result in changes in production costs, and/or productivity of other 
inputs. This in turn may affect the price and/or quantity supplied of the final good. It 
may also affect the economic returns to other inputs. 

Limitations 
• The method is limited to valuing those resources that can be used as inputs in 

production of marketed goods. 
• Information is needed on the relationship between the environmental input and the 

output, with respect to quality and quantity of both. Those relationships can be 
complex and unknown. 

• If the changes in the natural resource affect the market pree of the final good, or 
the prices of any other production inputs, the method becomes much more 
complicated and difficult to apply. 

Data Input 
To apply the productivity method, data must be collected regarding how changes in 
the quantity or quality of 1he natural resource affect: 

• costs of production for the final good 
• supply and demand for the final good 
• supply and demand for other factors of production 

This information is used to link the effects of changes in the quantity or quality of the 
resource to changes in consumer surplus and/or producer surplus, and thus to estimate 
the economic benefits. 

Hedonic pricing 

The hedonic pricing method is used to estimate economic values for ecosystem or 
environmental services that directly affect market prices. 
The method is based on the assumption that people value the characteristics of a good, 
or the services it provides, rather than the good itself Thus, prices will reflect the 
value of a set of characteristics, including environmental characteristics, that people 
consider important when purchasing the good. 
In this way the value of environmental goods or services that are not directly 
marketed can be reflected in prices for other goods, most notably houses. This can for 
example be the case when people value clean air or a nice view. But it can also be 
applied when hotels charge more for rooms with a special view. 
To determine the value of the environment the other characteristics that determine the 
value have to be held constant. This can happen through application of regression 
analysis. 
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Hedonic pricing requires observations of the prices of goods and of the attributes of 
these goods. To enable the effect of the many different factors to be distinguished, 
large data sets are usually needed. This makes application in developing countries 
difficult. 

Limitations 
• The method will only capture people's willingness to pay for perceived 

differences in environmental attributes, and their direct consequences. Thus, if 
people aren't aware of the linkages between the environmental attribute and 
benefits to them or their property, the value will not be reflected in home prices. 

• The method assumes that people have the opportunity to select the combination of 
features they prefer, given their income. However, the housing market may be 
affected by outside influences, like taxes, interest rates, or other factors. 

Data Input 
To apply the hedonic pricing method, the following information must be collected: 
• A measure or index of the environmental amenity of interest. 
• Cross-section and/or time-series data on property values and property and 

household characteristics for a well-defined market area that includes homes with 
different levels of environmental quality, or different distances to an 
environmental amenity, such as open space or the coastline. 

Travel cost method 

The travel cost method is used to estimate economic use values associated with 
ecosystems or sites that are used for recreation. 
The basic assumption is that people reflect their willingness to pay for a cemin site 
through the time and travel cost expenses. 
The technique assumes that changes in total travel costs are equivalent to changes in 
admission fees. From this demand curve, the total benefit visitors obtain can be 
calculated. 
It is referred to as a "revealed preference" method, because it uses actual behavior and 
choices to infer values. Thus, peoples' preferences are revealed by their choices. 
The travel cost method is relatively uncontroversial, because it is modeled on standard 
economic techniques for measuring value, and it uses information on actual behavior 
rather than verbal responses to hypothetical scenarios. 
Different levels of sophistication can be reached in this method. The value can be 
determined through a demand curve that relates the travel cost (distance to the site) to 
the number of visitors, but more factors can be taken into account, for example the 
income level of visitors or the number of alternative sites. 

Limitations 
• The travel cost method assumes that people perceive and respond to changes in 

travel costs the same way that they would respond to changes in admission price. 
• The most simple models assume that individuals take a trip for a single purpose -

to visit a specific recreational site. Thus, if a trip has more than one purpose, the 
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value of the site may be overestimated. It can be difficult to apportion the travel 
costs among the various purposes. 

• Defining and measuring the opportunity cost of time, or the value of time spent 
traveling, can be problematic. Because the time spent traveling could have been 
used in other ways, it has an "opportunity cost." This should be added to the travel 
cost, or the value of the site will be underestimated. However, there is no strong 
consensus on the appropriate measure-the person's wage rate, or some fraction 
of the wage rate-and the value chosen can have a large effect on benefit 
estimates. In addition, if people enjoy the travel itself, then travel time becomes a 
benefit, not a cost, and the value of the site will be overestimated. 

• The availability of substitute sites will affect values. For example, if two people 
travel the same distance, they are assumed to have the same value. However, if 
one person has several substitutes available but travels to this site because it is 
preferred, this person's value is actually higher. Some of the more complicated 
models account for the availability of substitutes. 

• In order to estimate the demand function, there needs to be enough difference 
between distances traveled to affect travel costs and for differences in travel costs 
to affect the number of trips made. Thus, it is not well suited for sites near major 
population centers where many visitations may be from "origin zones" that are 
quite close to one another. 

Data input 
To apply the travel cost method, information must be collected about: 
• number of visits from varying distances (through zonation) 
• demographic information about people from different zones 
• round-trip kilometers from each zone 
• travel costs per kilometer 
• the value of time spent traveling, or the opportunity cost of travel time 
More complicated, and thorough, applications may also collect information about: 
• exact distance that each individual traveled to the site 
• exact travel expenses 

• the length of the trip 
• the amount of time spent at the site 
• other locations visited during the same trip, and amount of time spent at each 
• substitute sites that the person might visit instead of this site, and the travel 

distance to each 
• other reasons for the trip (is the trip only to visit tre site, or for several purposes) 
• quality of the recreational experience at the site, and at other similar sites (e.g., 

fishing success) 
• perceptions of environmental quality at the site 
• characteristics of the site and other, substitute, sites 

Cost-based methods 

These methods are based on the same principle. They are an indirect measurement of 
the value of an ecosystem, by determining what the costs would be: 
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• if a good or service provided by the ecosystem would have to be replaced by 
another provider (replacement cost); 

• if economic activities would have to be relocated because the good or service 
wouldn't be provided anymore by the ecosystem (relocation cost); 

• if lost ecosystem services would have to be replaced to avoid damages (damage 
cost avoided); 

• if substitute services would have to be provided because of lost ecosystem 
services (substitute cost). 

These methods do not provide strict measures of economic values, which are based on 
peoples' willingness to pay for a product or service. Instead, they assume that the 
costs of avoiding damages or replacing ecosystems or their services provide useful 
estimates of the value of these ecosystems or services. This is based on the 
assumption that, if people incur costs to avoid damages caused by lost ecosystem 
services, or to replace the services of ecosystems, then those services must be worth at 
least what people paid to replace them. Thus, the methods are most appropriately 
applied in cases where damage avoidance or replacement expenditures have actually 
been, or will actually be, made. 
It requires that the nature and extent of physical damage expected is predictable, and 
that the costs to replace or restore assets can be estimated with a reasonable degree of 
accuracy. 

The relocation cost approach uses the cost of a forced relocation of a natural or 
physical asset due to environmental damage. This can be for example the construction 
of brackish water ponds in a coastal area of Thailand resulted in the discharge of salt 
water into nearby freshwater streams traditionally used for irrigation and domestic 
water supply. Part of the environmental costs associated with this discharge is the 
need to relocate the intakes for both irrigation facilities and domestic water supply. 3 

The damage cost avoided approach uses either the value of property protected, or the 
cost of actions taken to avoid damages, as a measure of the benefits provided by an 
ecosystem. For example, if a wetland protects adjacent property from flooding, the 
flood protection benefits may be estimated by the damages avoided if the flooding 
does not occur or by the expenditures property owners make to protect their property 
from flooding. 
The replacement cost approach uses the cost of replacing an ecosystem or its services 
as an estimate of the value of the ecosystem or its services. Similarly, the substitute 
cost approach uses the cost of providing substitutes for an ecosystem or its services as 
an estimate of the value of the ecosystem or its services. For example, the flood 
protection services of a wetland might be replaced by a retaining wall or levee. 

Limitations 
These approaches have the following limitations: 
• These approaches assume that expenditures to repair damages or to replace 

ecosystem services are valid measures of the benefits provided. However, costs 
are usually not an accurate measure of benefits. 

• These methods do not consider social preferences for ecosystem services, or 
individuals' behavior in the absence of those services. Thus, they should be used 
as a last resort to value ecosystem services. 

• The methods may be inconsistent because few environmental actions and 
regulations are based solely on benefit-cost comparisons, particularly at the 

Appendices A43 



national level. Therefore, the cost of a protective action may actually exceed the 
benefits to society. It is also likely that the cost of actions already taken to protect 
an ecological resource will underestimate the benefits of a new action to improve 
or protect the resource. 

• The replacement cost method requires information on the degree of substtution 
between the market good and the natural resource. Few environmental resources 
have such direct or indirect substitutes. Substitute goods are unlikely to provide 
the same types of benefits as the natural resource, e.g., stocked salmon may not be 
valued as highly by anglers as wild salmon. 

• The goods or services being replaced probably represent only a portion of the full 
range of services provided by the natural resource. Thus, the benefits of an action 
to protect or restore the ecological resource would be understated. 

• These approaches should be used only after a project has been implemented or if 
society has demonstrated their willingness-to-pay for the project in some other 
way (e.g., approved spending for the project). Otherwise there is no indication that 
the value of the good or service provided by the ecological resource to the affected 
community greater than the estimated cost of the project. 

• Just because an ecosystem service is eliminated is no guarantee that the public 
would be willing to pay for the identified least cost alternative merely because it 
would supply the same benefit level as that service. Without evidence that the 
public would demand the alternative, this methodology is not an economically 
appropriate estimator of ecosystem service value. 

Data input 
With all these approaches, data is needed on the way in which the relevant services 
are provided, to whom they are provided and the levels provided. For example, in the 
case of flood protection, this would involve predictions of flooding occurrences and 
their levels, as well as the potential impacts on property. 
The second step for the damage cost avoided method is to estimate the potential 
physical damage to property, either annually or over some discrete time period. The 
final step for the damage cost avoided method is to calculate either the value of 
potential property damage, or the amount that people spend to avoid such damage. 
The second step for the replacement, relocation or substitute cost method is to identify 
the least ca;tly alternative means of providing the services. The third step is to 
calculate the cost of the substitute, relocation or replacement services. Finally, public 
demand for this alternative must be established. This requires gathering evidence that 
the public would be willing to accept the substitute or replacement services in place of 
the ecosystem services. 

Health value 

Economic evaluation of health is not without controversy. Aside of the principal 
issues, for example whether mortality can be expressed in economic terms, it is good 
to notice that economic consequences are attached to health issues. 
The environment has an impact on the health of human beings, and thereby can be 
valued. To value positively the influence of the environment on health is difficult, and 
gives a high risk of double counting. However, the costs that lower environmental 
quality causes are easier to determine. 
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The evaluation of health is based on the same principles as the other cost -based 
methods, but there are some peculiarities to it. 
The estimates that are obtained by calculating the costs of illness are lower-bound 
estimates of the presumed costs or benefits of actions which result in changes in 
the level of morbidity, since the calculation disregards the affected individuals' 
preference for health versus illness, for which they may be willing to pay. Also, the 
method assumes individuals treat health as exogenous and does not recognize that 
individuals may undertake defensive actions (such as using special air or water 
filtration systems to reduce exposure to pollution) and incur costs to reduce 
health risks. In addition, the method excludes non-market losses associated with 
sickness, such as the pain and suffering to the individual and to others concerned, and 
restrictions on non-work activities. 
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Appendix Vlll.B: Details on economic evaluation 

Flood protection 

During the major wet season there is a lot of water inflow into the lagoon, and this has 
caused some serious floods in the recent history, that caused a lot of material damage 
and even human lives. 
Some of those floods were in the upper parts of the catchment area, where bad 
drainage systems or obstruction of channels caused floodings, but also the floodings 
occurred because the lagoon received so much water that it went outside of its 
floodplains and cause damage to neighbouring communities. 
The last serious flooding was in 1995, when a lot of damage was done to communities 
close to the lagoon. It was then decided to construct extra culverts to increase the 
flood protecting capacity. Four culverts were constructed above the normal water 
level of the lagoon, and they would only exchange water if the water level in the 
lagoon became very high. They are designed at 100-year flooding levefd, which 
means that the chance of flooding is now close to zero. 
Before, the connection to the sea was made by two culverts at a level that made 
continuous exchange of water between the sea and the lagoon possible. Those two 
culverts were constructed when the beach road between Accra and Terna was made, 
in the 50's. The Sakumo lagoon was a closed lagoon (see chapter III) before the beach 
road was made, and there was no real problem with flood protection capacity because 
in the wet season the water would break through the sand bar, but also recause the 
area was less populated and buildings were not as close to the lagoon as they are now. 

To determine the value of the flood protection we have to find out what the level of 
flood protection is, and how it can be approximated in monetary terms. 

It can be stated that the flood protection function of the lagoon was withheld because 
of the small outlet. In order to restore the flood-protection function, the extra culverts 
were constructed. 
With the construction of the improved outlet the lagoon is be able to fulfill its function 
again. So the cost of construction is a direct indication of the willingness to pay to 
give the lagoon back the function of flood protection. 

It is however quite strange to consider the value of the flood protection positive, 
because in reality, money has been spent for flood relieve, although it can also be 
stated that this was an investment to prevent more flooding and thus costs. 

It is also strange because those costs are a correction for other human interference, 
which caused the flooding (the construction of the beach road and the insufficient 
capacity of the culverts). 

dd This means that the culverts prevent flooding of the area in case of a rainfall of such intensity that it 
statistically happens only once in hundred years. 
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In a strict sense, the lagoon is the cause of flooding instead of a protection against 
flooding. If the lagoon was totally absent, there would be no repression in the 
landscape and water would not go towards the lagoon but be spread out more equally 
in the area, and therefore not cause flooding. 88 
This would give the lagoon a negative value for the function of flood protection, being 
the cause of flooding instead of protecting against it. 

It seems that the value of the lagoon for flood protection is not without discussion. 
Much depends on the point of reference that is taken, which can be: 
1. The absence of the lagoon 
2. The situation before the construction of the beach road 
3. The situation before the construction of the extra culverts 
4. The current situation 

Because our goal is to determine the economic value of the lagoon, and our reference 
is the absence of the lagoon, we will also use it here. Because a calcdation of the 
negative value of the lagoon for causing floods is a very abstract and hypothetical 
value, we state that the lagoon has no flood protection value. re 

Health 

The lagoon can have an impact on the health of people that are in (the vicinity of) tre 
lagoon. If that is the case we have to evaluate it, either by evaluating the negative 
effects on the people's health, or by evaluating the people's defensive expenditures. 

The only activity that takes place in the Sakumo lagoon is fishing. There is no u;e of 
lagoon water for drinking water , washing, swimming or what so ever, so there is no 
primary contact with the lagoon water, only secondary (contact by the fishermen). 

Waterborne diseases are: 
• Diarrhoea 
• Dysentery 
• Cholera 
• Typhoid 
• Malaria 

All of these diseases except malaria and diarrhoea are solely transmitted through 
primary contact. 
Because of the high salinity a lot of the bacteria are not able to survive, neither are 
worms. Only cholera is able to survive in the high salinity of the lagoon during the dry 
season. 

There are no detailed data on the health status of the fishermen. There was however a 
free health care project organised in Sakumono village by a church at the end of 2001, 

ee Maybe it is useful to state that the cost of the culvert construction is not a good approximation for the 
negative value. This is because the reference to this cost is the situation before the construction of the 
beach road, and not the absence of the lagoon. 
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lead by Dr. Isabella Sagoe-Moses. She did not notice a significant higher level of 
malaria in the village.89 

The fishermen when asked indicated that they suffer from diarrhoea on average three 
or four times a year. Only a few fishermen were asked, so this figure is not 
statistically valid, but it does not indicate an alarmingly higher number of diarrhoea 
cases than other communities. 

The diarrhoea can also be caused by the quality of the drinking water in the 
communities were the fishermen live. 
Another important factor in the causes of diarrhoea is the nutrition status of the 
fishermen, which is on average quite bad. Teshie and Nungua, both fishing 
communities that are also represented in the Sakumo lagoon, are among the ones with 
the worst nutrition status in Accra. Malnutrition can cause diarrhoea, and therefore no 
strong conclusion can be drawn about the relation between the lagoon and prevalence 
of diarrhoea in the fishing communities. 

From this information, it cannot be concluded that there is a higher prevalence of 
waterborne diseases among the fishermen of the Sakumo lagoon. 

It seems unlikely that the Sakumo lagoon is a major source of waterborne diseases for 
the fishermen, on the one hand because there are no data that indicate this, on the 
other hand because there are a lot of other important factors that influe nee the health 
status of the fishermen. 

Fisheries 

Korangteng (1995) 

Method/gear Catch per Daily effort Estimated Total Catch in 
man-hour (man-hours) Catch/day Study period 
(g) (Kg) (tonnes) 

Castnet 879,2 235,5 211,29 24,13 
Dragnet 1330 156,9 208,7 23,7 
Hand picking 900 27,3 24,57 2,92 
Total 419,7 50,75 

Table VIII.~ 1: Summary of estimated Fish Catches by the various Main Fishing Methods used in the 
Sakuma lagoon. (Observations made between March and June 1994) 

Source: Korangteng, 1995 

Using 9 month; of fishing, an annual yield from the lagoon could be about 114,3 
tonnes or 327 kg/ha (assuming an area of 3,5 km 2). 

The average daily catch was estimated to be about 445 kg with dragnet accounting for 
about 209 kg (or 47%). 
The 50,8 tonnes of fish caught by the fishers during the four months of the study 
could have yielded between 15,2 and 20,3 million cedis. Fishing in the lagoon could 
yield about 40 million cedis annually(=$ 40.000). 
On the average, a lagoon fisher earned between 2.500 and 5.000 cedis per day. 
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In 1994, 1 US$ was ¢ 1000 

Mrs Entsua-Mensah et al. (1998) 

lagoon CPUE Effort Catch per No. of Estimated 
(g/man-hr) (man- day (kg) fishing days total catch 

hr/day) per month 
(kg) 

Densu Delta 978,8 208 1 203,6 301 61140 
Keta 321.5 - - - -
Muni- 106,0 105,3 1 11,2 251 280 
Pomadze 
Sakumo 551,6 235,51I 129,9 28' 3637 
Songhor 65,3 - - - -

Table VIll.B-2. Catch per unit effort (CPUE), estimated total catch by cast nets and average daily 
catch of S. Melanotheron in five Ghanaian lagoons from June to December 1998 

Source: Mrs. Entsua-Mensah et al., 1998 

Pauly (1976) 

Catch per unit effort for castnet: 
Catch per unit effort for Gillnet: 

1 kg/man-hour 
0,9 kg/man-hour in September 
0,6 kg/man-hour in November 

Fishing intensity: 70 man-hour/day 
Each fisherman fished for about 3-4 hours. 
On the average this amounts to a yield of 50 kg/day, and to 50 kg/ha for four months 
(assuming 100 days in total and a lagoon surface of 1 km2

). 

Mrs. Ntiamoa-Baidu (1988) 

Unfortunately the time of the year is not specified, and neither is the number of 
fishermen or the fishing effort (man-hours/day) 

Fishery Method No. of Mean time 
groups/fis hr. (range) 
hermen 

Tilapia Cast net 7 3,5 (3-4) 
Draw net 5 3,2 (1-5) 

Crab Traps 3 2,3 (0,5-3) 
Table VIII.B-3: Fishing activity in the Sakuma lagoon 
Source: Mrs. Ntiamoa-Baidu, 1991 

At the time of the study, 350 cedi = US$1 

ff Indicates data from baseline studies (Korangteng 1995) 

Appendices 

Catch Value Daily 
(kg/man/hr.) (cedi/kg) earning/per 

son (cedis) 
2,90 165,00 1675 
2,24 165,00 1183 
0 51 421,00 494 
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Personal observations (2001) 

Persona 1 interviews and observations say that the average earnings per fisherman are: 
5000 cedis/3,5 kg; 6 buckets (June) 
12.000 cedis/3,5 kg 2 buckets 
15.000 cedis/3,5 kg 0,5-1 bucket 
Others stated that prices vary between 8.000.10.000 and 15.000 cedis. 

June: 
October: 
November: 

4,2 US$ 
3-3,7 US$ 
2US$ 

The CPUE in october is: 
2,3 kg/man-hr for dragnets 
1,8 kg/man-hr for castnets 
With a reported 80 fishermen for three hours per day (personal interview dragnet 
fisherman), this amounts to to 560 kg/day. This is more than Korangteng's estimate, 
in a month of the drier period of the fishing period. 

Comparison of different studies: 

The comparable units over all the measurements are only the CPUE and the daily 
income of fishermen: 

Pauly Ntiamoa- Korangteng Entsua- Author 
Baidu Mensah 

Daily earnings 1 US$ 3,4 US$ 2,5-5 US$ 2-4,2 US$ 
dragnet (June-

November) 

4,5 US$ 3-3,7 US$ 
castnet (October) 

CPUE 0,9 2,24 1,33 2,3 
(kg/man-hr) (september) 
dragnet 0,6 

(november) 
CPUE 1 2,9 0,9 0,55 1,8 
(kg/man-hr) 
castnet 
Table VIII.4: Comparison of different researches 

There is no quantitative nor qualitative conclusion possible about the decline in fish 
yields in the Sakumo II lagoon. 
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I Appendix XI.A: List of M.Sc. Theses I 
M.Sc. Theses in Technology and Development Studies: 1998 

98.01 Arwin Hoekstra: ADOBE W ASI: Difusi6n y Transferencia de la Tecnologia 
Constructiva Mejorada. Un Estudio de los Problemas y Opertunidades en los 
Asentamientos Urbano Marginales de la Ciudad del Cusco, Peru. 

98.02 Suzanne Jacobs: Changing Commuter Traffic of Car Owners from San Ramon. 

98.03 Marcel Radstake: The Search for an Adequate Strategy for the Development of 
Telecommunication in North Kivu (Zaire). Based on Experiences of the East 
Asian Newly Industrialised Countries (NICs). 

98.04 Pascal Schreur: Analysis of the construction process of low-income housing in 
Costa Rica. A search for opportunities to improve the performance of the 
construction process and the applicability of technology-based research 
methodology. 

98.05 Jeroen van den Brink: Scrap and Scrap Recycling in the Tanzanian Industry. 

98.06 Mohini Keunen: Present and future electricity generation: possibilities and 
restraints of large and small scale hydro power plants, case of the State of 
Kerala, India. 

98.07 Elma Kloosterman: The commuter traffic of Grecia, Costa Rica: Towards a 
more sustainable commuter traffic system programma de investigac6n en 
Dessarollo Urbano Sostenible. 

98.08 Mischa Kok: The development of an instrument to evaluate the sustainability of 
urban revelopment projects. 

98.09 Bert van der Plas: Energy efficiency improvement in the brown sugar industry 
of Costa Rica. A case study of energy conservation opportunities in small brown 
sugar mills in Bajo la Paz. 

98.10 Jan Cloin: PV on Thatch. A search for opportunities of sustainable 
implementation of PV in Manicaland, Zimbabwe. 

98.11 Frans Hermans: Waste load assessment of wastewater sources in and around 
Bais City, the Philipines. 

98.12 Sander Knirim: Pre-feasibility study on bamboo matboard production m 
Tanzania. 

98.13 Come Spreij: Prerequisites for automation processes in developing countries. 
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98.14 Esther de Vreede: Transfer of Manual Pit Emptying Technology (MAPET) in 
Southern Africa to unplanned urban areas. 

98.15 Michel Krott: Computerized automation of the metal industry of Costa Rica and 
its effects on employment and eduction. 

M.Sc. Theses in Technology and Development Studies: 1999 

99.01 Daan Kers: Industrialisation and electrcity supply: Mbagala, Tanzania as a case. 

99.02 Barbara Simaeys: Electrificacnn de baja escala en el bosque nublado del 
Ecuador: La elaboraci6n de dos casos en la provincia del Carchi. 

99.03 Ame Kraus: Housing finance in Tanzania, a survey on the demand of the low -
income households for a more applicable housing finance system and how it can 
facilitate the introduction of new bamboo construction technologies. 

99.04 Renilde Becque: The sustainability of ferrocement stairs (production) in a social 
housing project in Nova Friburgo, Brazil, aimed at lower-income groups. 

99.05 Bas Lebbing: Energy use in small-scale brick making industries in Northeast 
Thailand. 

99.06 Maike van Rooy: Optimisation of purchasing process for state oil company 
Suriname in Saramacca. 

99.07 Dennis van Hunen: Technologies for municipal solid waste management in 
Masaya Nicaragua. A study on compost systems. 

99.08 Ronald Warmerdam:Opportunities for improving solid waste management in 
Kanpur, India. The increase of private sector involvement. 

99.09 Arjan van Bergeijk: An appropriate school for Tanzania. Evaluation of the 
involvement of PLAN International Tanzania in school constructions in Dar es 
Salaam, Coastal region, Morogor region and Mwanza municipality. 

99.10 Joris van Iersel: Assessment of an appropriate drying technology for the drying 
of coffee by small rural producers in the south of Lempira, Honduras. 

99.11 Felix Tillie: Terms of Reference for a Training Programme for Roof Tilers in 
Urban Tanzania. 

99.12 Nathalie van Hoeven: Assessment of opportunities to improve the capacity of 
the Kejetia Public Transport Terminal in Kumasi, Ghana. 

M.Sc. Theses in Technology and Development Studies: 2000 

00.01 Eric Lakerveld: Information and Performance. The role of Quality Information 
Systems in a multinational electronics company. 
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00.02 Martijn Vis: Assessment of the Possibilities to Utilize Large Solar Water 
Heaters for Industrial 
and Commercial Sectors in Thailand. 

00.03 Amber Beemink: Vehicle/Pedestrian Traffic Conflicts. Appropriate 
Construction Technology for a Pedestrian Crossing at Kejetia, Kumasi, Ghana. 

00.04 Pascal Vlieghe: Lake Pollution and Vulnerability of Fishing Communities. 
Mwanza Gulf of Lake Victoria, Tanzania. 

00.05 Bart Frederiks: Assessment of Sustainable Means of Private Electricity 
Production. A case study at Katani Ltd., Tanzania. 

00.06 Rolf Verlaan: Identification of the Opportunities for Sustainable Production of 
Energy from Biomass Residues in Swaziland. 

00.07 Anne van Hoof: Maintenance and Utilisation of physical capacity at Ghana 
Textile Printing Co. Ltd. 

00.08 Rob van der Werff: The Value of Technical Education. A Cost/Benefit Analysis 
of Technical education and other Subjects of Education in Tanzania. 

00.09 John Brenters: Design and financial assessment of small scale sisal decortication 
technology in Tanzania. 

M.Sc. Theses in Technology and Development Studies: 2001 

01.01 Piet Hein Breeuwsma: The Demand-led Approach to Vocational Skill Training: 
The Cosdec Programme Namibia. 

01.02 Eduard J. Boonstra: Establishment of a Calcium-silicate unit Industry m 
Indonesia. 

01.03 Arjan van Dal: Assessment of a more Sustainable Sanitation Technology Sys tern 
for a Harijan Community in India. 

01.04 Benoit Chamuleau: Energy Efficient Low Cost Housing in South Africa. 

01.05 Amoud van Bemmelen: Energy Conservation Opportunities in Hotels m 
Costa Rica. 

01.06 Herwich Hobbelen: Assessment of Domestic Liquid Waste Runoff, Dar es 
Salaam, Tanzania. 

01.07 Sander Gelsing: Solar Home Systems in the Caprivi. Evaluation of the 
Technology Choice and the Implementation of Small-scale Electricity 
Technologies in rural Namibia. 
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01.08 Ilse Oosterlaken: Industry Study: Thai Building Material Industry(1960 - 2000) 
- "Opportunities for SMEs Producing Building Materials: Case of Northeast 
Thailand. 

01.09 Joost Ossevoort: Systematic Assessment of Water Pollution in Ebrie Lagoon, 
Ivory Coast. Modelling eutrophication, followed by an inquiry into the causes 
and impacts of this phenomenon. 

01.10 Jeroen Steman: Pre-feasibility Study on Centrifugal Pump Manufacturing in 
Zambia. An identification of feasible production technologies. 

01.11 Krista Jansen: Future Supply and Demand for Petroleum Products in Indonesia; 
Challenges and Options for the Refining Sector. 

01.12 Marieke de Ruijter de Wildt: The Searching Enterprise. Information Usage of 
Small Enterprises and Business Development Services.El Salvador. 

M.Sc. Theses in Technology and Development Studies: 2002 

02.01 Jeannette Klein: Water Pollution in the Accra-Terna Metropolitan Area. Sources 
and Impacts. 
Ghana. 

02.02 Shila de Vries: Bamboo Construction Technology for Housing in Bangladesh. 
Opportunities and constraints of applying Latin American bamboo construction 
technologies for housing in selected rural villages of the Chittagong Hill Tracts, 
Bangladesh. 

02.03 An Nguyen: The Introduction of Digital Terrestrial Television in Vietnam. 
An opportunity study. 

If you would like to receive a copy of one of the above indicated M.Sc. theses, please 
contact: 

Department of Technology and Development Studies 
Eindhoven University of Technology 
M.Sc. research co-ordinator 
Mrs Dr.Ir. E.L.C. Van Egmond 
DG 1.02 
PO Box513 
5600 MB Eindhoven 
The Netherlands 
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