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Abstract 
Sand is a crucial resource for society’s development. Among the most ex-
ploited sand quarries in the world are the lagoon and wetland sand. Although 
mechanical sand dredging is the most spread technique, manual and tradi-
tional techniques are still widely used in West Africa. The purpose of this pa-
per is twofold: to describe traditional sand dredging (TSD), highlighting the 
procedure used and the structural organization of this activity, and to evaluate 
the total economic value of TSD in order to help decision making about wet-
land management. Therefore, TSD occurring in the coastal lagoon complex of 
Grand Nokoué (CLCGN) in Benin was investigated. Field surveys indicate 
that TSD is mainly dominated by men, about 93% of the actors. It required 
intense physical efforts including diving to the bottom of the lake and remov-
ing manually the sand in backed toward the surface of the water. TSD actors 
are organized in local associations which deliver extraction license and discuss 
with both the others actors and the local government. The total economic 
value of the benefits of TSD to the population, estimated using direct market 
value and replacement cost, was estimated at 2.44 million USD per year for 
127,818 m3 of sand extracted. It is clear that introduction of mechanical sand 
dredging will increase the amount the sand removed and subsequently will 
increase some benefits such as reduction of flooding amplitude and mitigation 
of the filling of the lakes. However, mechanical sand removal will also consi-
derably reduce the profit the local population makes from sand commerciali-
zation which currently represents 80% the total economic value of TSD. 
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Economic Valuation, West Africa 

 

1. Introduction 

The global assessment of the benefits that ecosystems offer to society clearly in-
dicates the great dependence of human well-being on these benefits also known 
as ecosystem services (ESS) [1] [2] [3]. However, the growth in human popula-
tion and the growth in per-capita resource consumption have jeopardized the 
health of many ecosystems around the world [4] [5] [6] [7]. The ESS related to 
water (ESSw) are among the most threatened because they are found in all ESS 
categories described by the [1] and therefore are more exposed to anthropogenic 
interference. In many areas across the globe, human settlements have en-
croached aquatic and related terrestrial ecosystems including wetlands, marine 
coastlines, lakes, and mangrove forest, polluting and disturbing theses environ-
ments while increasing resource scarcity [4] [8] [9]. Establishing “boundaries” 
that must not be transgressed could help prevent human activities from causing 
damage to aquatic ecosystems, but this will also automatically affect societies 
economies [10]. It is clear today that natural water resource management, par-
ticularly ESSw management, involves facing with conflicts between environ-
mental protection and economic development. On approach proposed by re-
searchers to help policymakers across the globe deal with these increasingly 
complex decisions about natural resource management, it was to collect infor-
mation on ESS flows in order to estimate their economic values [11] [12]. 

Economic valuation of ESS has been largely debated in the literature [13] [14] 
[15], mainly because of the potential importance such values may have in in-
fluencing public opinion and policy decisions. In addition, environmental scien-
tists do not agree to the utility and reliability of economic methods for valuing 
ESS. In order to avoid possible biases (or at least minimise the errors) in the 
evaluation of ecosystem services, [13] proposed to evaluate them “… from many 
different conceptual and methodological perspectives at once” with a specified 
baseline (the nature of the ESS: provisioning, regulating or cultural) and speci-
fied measure of change in their ecological states (marginal or non-marginal var-
iation at any physical and temporal scale). Several concepts have been developed 
to quantify the value of ESS. Some are based on usefulness (instrumental value) 
through contributions of the ESS to human well-being (utilitarian values); others 
are based on inherent or intrinsic value and rights (existence value) [16]. Despite 
a large number of methods and approaches developed for the evaluation of ESS, 
decision-makers and politicians are still facing challenges in estimating ecosys-
tem values in commensurate terms with opportunity costs. Important elements 
like data collection, knowledge on the ESS functions or dynamics of ecosystems 
are usually insufficient for real and total valuation of ESS, especially in develop-
ing country where the concept of ESS was still new for decision makers [17] [18] 
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[19]. 
In Benin (West Africa), recognition of the role and importance of ESSw in the 

population well-being have been increasing, even though very few research stu-
dies have been done [20] [21]. In 2014, the government launched the “Plan Del-
ta”, a program whose main objective was to propose actions and measures for an 
Integrated Management of Ouémé Delta. Much information on the services of-
fered by this ecosystem was required to weigh human action on the Ouémé Del-
ta especially on the coastal lagoon complex of Grand Nokoué (CLCGN). The 
CLCGN (Ramsar site no 1018) consists of two interconnected shallow lakes: 
Lake Nokoué and Porto Novo Lagoon, three rivers: Ouémé River, So River and 
Djonou River, one outlet to the Atlantic Ocean: Cotonou Chanel and a deltaic 
zone know as Delta of Ouémé. It is within this context that the present research 
aimed to estimate the total economic value of traditional sand dredging (TSD) 
which is one of the major and oldest ESS benefiting populations after fishery and 
boat transportation. In this paper, we first analyze the interaction between ESS 
and the policy context of the CLCGN and show why it is important to economi-
cally evaluate TSD. Secondly, we characterize TSD and investigate the relation-
ship between the governance systems and the structuration of TSD users. Third-
ly, all the benefits for human well-being have been identified and methods to fi-
nancially estimate each benefit are developed. Finally, we analyze the intercon-
nectivity between TSD and the other ESS of the CLCGN in the spirit of improv-
ing ESS valuation for future project or policy analysis. The research provides the 
foundation for the inclusion of TSD values in the integrated report of “Plan Del-
ta” management plan. 

1.1. ESS and Policy Context of the CLCGN 

Based on information collected from literature, the ecosystem cascade diagram 
developed by [22] has been used to link ecological structures and processes of 
the CLCGN with the direct benefits that the population gets from this ecosystem. 
The cascade model (Figure 1) indicates that in addition to the conventional ESS 
directly related to the human well-being provided by coastal wetlands, such as 
fishery, water purification, transportation, tidal renewal of water quality [23], the  

 

 
Figure 1. Ecosystem Service Cascade proposed for the CLCGN adapted from [22]. Non-use and intrinsic moral, social, 
and cultural values are not included. 
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CLCGN offers some unusual services including Acadja fishery [24] [25], tourism 
activity link to the village on stilts [26], seasonal regulation of water hyacinth in-
festation due to salinity regime [27] and traditional sand dredging TSD. The 
physical setting of the system is the main characteristic which promotes the ob-
served ESS. For instance, the size of the tributary rivers ensure important sedi-
ments supply, the slope in the CLCGN promote sand deposition and the shallow 
depth of the lakes makes the manual extract of sand (or TSD) possible. The ex-
change value of the ESS is presented here in Figure 1 as economic value. Most of 
the goods that the population directly derives from the CLCGN are trade-in 
market for financial gain.  

ESS governance (as defined by [28]) for the CLCGN is regulated by the law on 
the protection of natural resources in the Republic of Benin, the Ramsar Con-
vention and the Convention on Biological Diversity. The main objectives set by 
decision makers and which can be also seen as drivers for change were the res-
toration of aquatic biodiversity and reduction of nutrient load from agriculture, 
with the main focus on fishery development. One of the restoration measures 
proposed and which is related to TSD was the increase in the volume of the lake, 
by sediment removal. The arrangement currently made by decision makers and 
politicians tend to promote mechanical and industrial dredging and do not in-
clude any participation of TSD despite the fact that this activity seems to be well 
structured with a visible societal importance. Mechanical sand removal, when 
compared to TSD, will have the advantage to be faster and homogeneous. How-
ever, from human benefits (both individual and societal) perspective of this ESS, 
many questions remain. What will be impacts to CLCGN ecosystem and to hu-
man well-being (local population)? How will the other ESS be affected? Relevant 
to who (stakeholders)? To what extent? All these questions justified the oppor-
tunity and need for economic valuation of TSD. The appropriate valuation tech-
nique to estimate TSD should add all its economic value, directly and indirectly, 
related to this ESS. 

1.2. Overview of the Possible Economic Value of TSD 

Based on [1], TSD is categorized as a provisioning service since the dredged 
sands provide raw materials which are directly traded on the market and used 
for building constructions. However, given the fact that removal of lagoon sedi-
ment helps to reduce sediment accumulation and increases the capacity of the 
water body to moderate flood events, TSD is also categorized in this research as 
a regulation service. 

Only the anthropogenic values of TSD are considered and the possible intrin-
sic values of TSD are out of the scope of this study. Thus, based on the literature 
and on a contextual analysis of the CLCGN, five level of benefit provided by 
TSD have been identified and presented in Table 1. Both direct and indirect use 
of TSD are considered including individual financial profits linked to sand ex-
traction and societal profit such as the improvement of fish habitat, the mitiga-
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tion of flood amplitude and the decreased pressure on terrestrial sand mining. 
For each type of benefit, an appropriate valuation technique has been identified 
based on [16] (Table 1). These valuation techniques and the associated data 
need are described in section 2.2 and in Table 2.  

Lagoon sand dredging also present negative environmental impacts. The most 
recurrent consequence is an increase of the water turbidity which caused the de-
crease of photosynthetic activity, disturbance of feeding activity of some fish 
species and the increase of infestation risk for aquatic animals. Another conse-
quence regarding the water quality is the change in the nutrient dynamics of the 
ecosystems through sediment resuspension. In addition, in many aquatic eco-
systems, degradation of aquatic biota and alteration in fish population has been  

 
Table 1. Streamlining Economic Valuation of TSD in the CLCGN. 

Benefits as good, service or 
function 

Value type Valuation technique Data needs 

1 
Profits through sand 
commercialization 

Direct use Market Price-Based Methods 
Structural organization of the actors 
Volume of sand extracted per year 
Market price of lagoon sand 

2 
Mitigate the filling of 

the lakes 
Indirect use Benefit transfer: function transfer 

Volume of sand extracted per season and per year. Total 
volume of the water body. Total area of the lakes 

3 
Deeping some area: 

improve pelagic habitat 
for fish reproduction 

Indirect use Benefit transfer: function transfer 
Volume of sand extracted 
Geographic location of extraction points. 
Average density of fish in the lakes. 

4 Moderate flood events Indirect use Benefit transfer: function transfer 
Volume of sand extracted 
Area impacted by flooding 

5 
Decrease pressure on 

terrestrial sand mining 
Indirect use 

Cost-based Methods: replacement 
cost 

Volume of sand extracted per year 
Market price of sand from other quarries 

 
Table 2. Data collected for the economic valuation of TSD. 

data     

Volume of the water body m3 Ouémé River: 9,200,000; L. Nokoué: 250,000,000 ; P. Novo Lagoon: 53,400,000 

Fish production estimated in 
tonnes (based model from [36]) 

Ouémé River: 192 tonnes; L. Nokoué: 12,920 tonnes; P. Novo Lagoon: 2380 tonnes 

Information on 2010 flood 
Has caused the rise of water between 25 and 60 cm. More than 210 km2 of flooded land. Impact 
estimated at 262 million USD. Flood damage valuation per m2 was estimated to 1.21 USD 

Volume of sand extracted in m3 
per year 

 2013 2015 2016 

Ouémé River 50,695 51,074 54,074 

P. Novo Lagoon 43,442 42,511 43,963 

L. Nokoué - 28,576 29,781 

Market price of lagoon sand in 
USD/m3 

 15.7 16.8 17.0 

Average price of fish in USD/kg  2.4 2.6 3.0 

Market price of land for terrestrial 
sand mining USD/m2 

 25 25 25 
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linked to sand dredging [29] [30]. However, it is important to note that all these 
consequences were related to mechanical and industrial sand dredging. Infor-
mation on possible negative impacts related to manual and traditional sand ex-
traction was not available (or rare) in the literature. Since TSD is very local and 
needs physical effort, it is supposed that its environmental impacts are minor 
when compared to mechanical sand dredging and that ecosystem might recover 
faster from disturbance. 

2. Materials and Methods 
2.1. Study Site 

The CLCGN is located in the South-eastern of Benin in West Africa (Figure 2). 
Lake Nokoué (190 km2), the largest water body of the CLCGN is characterized 
by three major hydrologic periods. A high water period is from September to 
November, due to important freshwater inputs from the Ouémé River and Sô 
River as a consequence of heavy rains in North of Benin. This contrasts with a 
low water period from December to April in which tidal inputs dominate with 
high salinity concentration in the Lake as long as Cotonou Channel is open to 
the Atlantic Ocean. Finally, there is slight water from May to August caused by 
the local heavy rains in southern Benin which supply the Sô and Djonou rivers 
[31] [32]. Through the channel of Totchè (Figure 2), Lake Nokoué also ex-
changes freshwater with the Porto Novo lagoon (35 km2) which has only one 
tributary (Ouémé River) and subsequently two hydrological periods with high 
water period from September to November. The CLCGN has a mean annual 
temperature of 30.6˚C (ranges from 22.4˚C in August and 33.9˚C in March) 
while the mean annual precipitation ranges from 960 mm to 1340 mm. 

Geologically the study area is in the middle of three structures including the  
 

 
Figure 2. The coastal lagoon complex of Grand Nokoué (CLCGN) including the different sand market, the 
zone impacted by 2010’s flooding event of CLCGN. 
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sand barrier in the South, the lower basins of Ouémé and Sô River in the North, 
and the sub-horizontal plateaux of the Continental Terminal in the East [33]. 
Topographically the area consists of plain lands with red and yellow sandy soil. 
Sediments supplies in both Porto Novo Lagoon and Lake Nokoué are mainly 
controlled by Ouémé River which drains a catchment of approximately 49,300 
km2, and the bottom of these water bodies is sandy, sandy-muddy and muddy 
depending on the location. Ecologically, about 80 fish species have been record-
ed in CLCGN with a large variety of bird species [34] [35]. The environment of 
CLCGN is mostly urbanized, embedded in the middle of 9 municipalities and 
count about 3 millions of peoples. The cities of Cotonou and Abomey-Calavi 
stand respectively on the south and west shoreline of the Lake and host together 
more than 2 million habitants. Several fishermen villages have been built on 
stilts on the Nokoué surface comprising more than 2500 houses. The most im-
portant human activities related to the CLCGN are fisheries, boat transportation, 
ecotourism and traditional sand dredging. 

2.2. Valuation of Traditional Sand Dredging 

The total economic valuation of TSD was made by adding all the benefits pro-
vided by this ESS. Table 1 presents each of the identified contribution of TSD to 
human welfare in CLCGN. In the following, these contributions have been la-
beled from Benefits 1 to Benefits 5. 

Sand commercialization (Benefit 1): was estimated by Market Price-Based 
Method. The sand extracted from the lakes were sold and contributed to profits 
through sand commercialization. The economic value of Benefit 1 was calculated 
by using the following formula: 

Benefit 1 Volume extracted Market price= ∗  

Mitigate the filling of the lakes (Benefit 2): was estimated by function transfer 
which is a Benefit Transfer Method. The function which was transferred here is 
the use of water as habitat for fish. The idea here was to estimate how much cost 
a decrease of about one unit length (here cm) the water depth in terms of fish 
population? The approach used considered that the filling of the lakes reduce the 
available volume of water for fish, and then the fish population. It was assumed 
the density of the fish population in a lake always adjust to a mean value which is 
the maximum density for the dominants species. [36] estimated the mean fish 
density in Lake Nokoué at 0.05 kg/m3. The economic value of Benefit 2 was cal-
culated by using the following formula: 

Benefit 2 Volume extracted *fish density*price of a unit weight of fish=  

Deeping some specific area (fish nursery) improve fish reproduction (Benefit 
3). The transfer function used for Benefit 2 already considered fish habitat. 
Therefore a valuation of Benefit 3 was considered as part of Benefit 2. It is im-
portant to note that for Benefit 3, the location where sand removal occurs is very 
important compared to Benefit 2 which considered a homogenous removal 
across the lake. However, it was challenging to measure how this difference in 
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function affects the financial estimation of Benefit 3 when compared to Benefit 2.  
Moderate flood events (Benefit 4): was estimated by function transfer. The 

flood events of 2010 in Benin resulted in an overflow of 1000 m of the water 
bodies in CLCGN. The material damage and the production losses recorded 
were estimated at 262 million USD. On the basis of these values, the average cost 
of one square meter of overflow ( DPrice ) for each lake has been determined. 
Using QGIS (area and volume calculation plugin), the area which would has 
been flooded ( overflowArea ) if there was not TSD was estimated (Figure 2). Flood 
mitigation benefits provided by TSD in the CLCGN were calculated using the 
following formula:  

overflowBenefit 4 Area *DPrice=  

Decrease pressure on terrestrial sand mining (Benefit 5): was estimated by re-
placement cost. It was assumed that the volume of sand extracted each year from 
CLCGN could be replaced by terrestrial sand quarries. Terrestrial sand quarries 
would have requested land cost and road accessibility cost. The cost of sand 
quarries and road cost associated have been used as the replacement cost of TSD. 
Based on the volume of lagoon sand extracted, the area of land needed 
( neededArea ) for terrestrial sand extraction was calculated. The additional trans-
portation cost related to terrestrial sand quarry was calculated based on the dis-
tance from the quarries to CLCGN.  

2
neededBenefit 5 Area *price of 1 m of land Transportation= +  

The data needed for the valuation of each benefit was listed in Table 1. These 
data were collected based on two approaches. First, field surveys were conducted 
to collect primary data. Second, for all the benefits, when supplementary data 
(which couldn’t be provided by the survey) were needed necessary, secondary 
data were collected. 

2.3. Survey Design and Data Collection 

A Socio-Economic Survey was conducted from November 2016 to April 2017, in 
order to collect the data to understand TSD and its economic importance in 
CLCGN. The data collected from this field survey concerned: the ecosystem ser-
vices description (organization of ecosystem service implementation and actors 
involved), the identification of actor’s characteristics (sex, age, main activity, 
secondary activities, role in TSD), and the financial revenue from the activity 
(possible variation in market price, volume extracted, additional cost). An ex-
ploratory survey was first organized since almost no literature exists on TSD in 
CLCGN. It allowed designing survey questionnaire and indicated that 80% of 
the activity occurs around Porto Novo Lagoon and Ouémé River against 20% 
around Lake Nokoué. After this exploratory survey, snowball sampling method 
was used to identify the actors to be questioned [37]. It allows building a net-
work of people connected by TSD. In total 135 people were interviewed with 
30% from Lake Nokoué and 70% from Porto Novo Lagoon. To test the validity 
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of the information collected, restitution meetings were organized with three fo-
cus groups. Each focus group included a representative of each actor group. A 
presentation of our understanding of TSD was given to each group. The indi-
viduals in the focus groups were asked to point out any elements that were not 
clear or missing in the presentation. After each focus group, the presentation 
was improved according to the remarks. 

Since all the required information for financial evaluation of TSD could not be 
collected from field survey, the additional information was collected from pub-
lished research papers, administrative documents provided by decision makers 
and municipalities’ libraries, and the National Institute for Statistic (secondary 
data collection). These documents included municipal action plans, study re-
ports financed by the municipalities, the monitoring reports of the TSD activity 
and soil and occupation maps of the study area. 

3. Results 
3.1. Characterisation of TSD in the CLCGN 
3.1.1. Historical Development of TSD 
TSD in the CLCGN covers the entire Porto Novo Lagoon (PNL), the northern 
part of Lake Nokoué (LN) near the entrance of its tributaries and the long the 
Ouémé River in the deltaic zone (Figure 2). There is not TSD on Djonou River 
and the Sô River. 

In the early 1960s, the increased need of the population of Porto Novo to 
build their house in concrete has led to the search for nearby building material. 
Thus, local communities living nearby PNL (at Djassin Daho; Figure 2), identi-
fied a business opportunity and specialized themselves in the extraction and 
commercialization of lagoon sand. The sand extracted when compared to ma-
rine sand (extracted on the coastline of Atlantic Ocean) has the advantage of low 
salinity and its granulometry allowed it to substitute the gravel in the fabrication 
of concrete. Therefore, the lagoon’s sand started to be exported outside of Porto 
Novo. From 1980 TSD was spread along the river Ouémé in the lower valley of 
the Delta but never had the same importance as in Djassin Daho. The activity 
appeared around 1990 in Lake Nokoué. In contrast to PNL, the reasons for TDS 
occurrence on Lake Nokoué were not commercial. It was introduced to respond 
to the need of the populations of Ganvié (villages on stilts) to have portions of 
land under their houses for breeding. Thus, different textures of sand (from 
clayey to sandy) were extracted from the nearby flood zones and transported to 
Ganvié. The populations grouped together in small groups and helped each 
other in the realization of their breeding grounds. 

Following the ban of marine sand extraction on March 4, 2009, by the gov-
ernment of Benin, TSD for the commercial purpose have been amplified. Several 
markets developed rapidly around the CLCGN. A total of 13 (formal) sand 
markets were identified by this study in 2017, including 6 markets around the 
PNL, 3 around Lake Nokoué and 4 along the Ouémé River. Also, two mechani-
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cal sand dredging companies were created around Porto Novo Lagoon, but the 
functioning and economic valuation of two mechanical sand dredging are out of 
the scope of this research. 

3.1.2. Description of TSD Procedures  
TSD involves a succession of step with most of the tasks requiring some physical 
energy. The first step is the preparation of dredging equipment consisting 
mainly of aluminum buckets, wooden ladders, shovels and motorized boats. 
Then, the extractor’s team explore the lake to identify an extraction site which is 
the second step. The identification of the site is done intuitively and requires ex-
perience from the extractors. An operator embedded a wooden post in the bot-
tom sediment, to identify first the nature of the sediment (since they are looking 
for sandy sediment), and second whether the depth at the point is safe. Some-
times water hyacinth cover the surface of the water at the identified sites, and it 
is necessary to clear them to facilitate the inking of the boats. The third step con-
sists of the implementation of the preliminary tasks before the actual sand ex-
traction. This consist of inking the boat by fixing it to 2 to 4 stilts, then the lad-
der is set up for the descent of the divers to the bottom and their climb to the 
boat. If necessary, the divers proceed to the removal of the layer of mud and de-
tritus (generally consisting of dead hyacinths) covering the layer of sand to be 
extracted. The fourth step is the actual sand extraction. The divers pick up the 
bottom sand using aluminum buckets and climb up to the surface using the 
wooden ladder. When the boat is considered full, the extraction team proceeds 
to the regrouping point on the shore (the market). There, women unload the 
sand from the boat and form the piles on the sand storage platforms. Finally, the 
sand is loaded into trucks and delivered to customers. 

The procedure described above is the same whether the dredging is done in 
PNL, in LN or in Ouémé River. The procedure has not changed since the estab-
lishment of TSD in early 1960. However, some improvements have been done 
regarding the material used especially the boat which is wider to limit the risks 
of capsizing once on the water. 

3.1.3. Structural Organization of the ES 
About 1206 persons are the number of people directly involved in TSD. The low 
representation of women, only 7%, could be explained by the nature of the tasks 
since the perception of the local society some tasks are exclusively for men 
(Table 3). However, 89% of people surveyed, including women, are satisfied 
with the role women play in the activity. The median age of the actors was 35 
years (age ranged from 17 to 70 years) with 75% under 40 years and 4% about 60 
years. The experience of the actors varies between 1 and 50 years with 5% of 
having less than 3 years of experience and 55% having more than 8 years of ex-
perience, meaning 55% were in the activity before the 2009 government reform. 
These figures indicate a certain stability in TSD, suggesting an activity already 
saturated or very difficult to integrate. A spatial analysis of the ethnic origin and  
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Table 3. Proportion of each of the groups in the involved in TSD including the percep-
tion of the society for each task. 

Direct actors Society perception Number (%) 

Sand extractors, Only men 26.7 

Boat unloader Only women 06.7 

Truck loader Only men 26.7 

Truck owner Only men 15.5 

Promotor (owner of sand storage platform) Both sex 24.4 

 

 
Figure 3. Linkages between the actors involved in TSD. The arrows indicate the direction 
of employment. 

 
residence places of the actors indicates that 73% are the indigenous living in the 
local community and whose families are the predecessors of TSD. They are pre-
sent in all the groups of actors and have the monopoly of the activity.  

Figure 3 presents the connexion between the actors, directly and indirectly, 
involved in TSD. The overall coordination of the activity is ensured by the own-
ers of the sand storage platforms. They are the ones with the extraction license, 
issued by the association of extractors or local association. They are also the 
owner of the boat, ensure the provision of all required equipment to the sand 
extraction and sell the sand to the truck’s owners. They are considered as the 
promotors of TSD and represents 24.4% of the direct actors. Another group of 
actors is the extractors (26.7%) made up of divers and boatmen. These are the 
architects of the sand extraction. They choose extraction sites on the lake, de-
termine the periods for diving, the limitations for loading and are responsible in 
case of the capsizing of the boat. Divers and boatmen have a contract with the 
promoters and are paid according to the volume of sand extracted. The unload-
ing of sand from boats is ensured by the women. They group the sand in piles 
according to the color and the size of sand grains. Women are paid by the pro-
moter, which refers to the volume of sand unloaded. The last two groups of ac-
tors are the young men who load the sand in the trucks (26.7%) and the truck’s 
owners (15.5%). Sand loading (into the trucks) costs and transportation fee to 
the final destination are directly paid by the clients. The activity is legally regu-
lated by the different municipalities which intervene in the management of con-
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flicts between TSD and the other users of CLCGN (riparian populations, fisher-
men, boatmen, etc.). They also levy taxes on the activity, in particular on each 
truck and at from the local associations (Figure 3). 

Surveys revealed that 62% of the extraction sites identified in the CLCGN are 
privately owned. In other words, the families which are in the activity since its 
creation, have divided the surface of the water bodies on the basis of seniority 
and heritage, bringing a concept of private ownership on a public resource. This 
ownership concept about TSD is very similar to the one observed in Lake 
Nokoué about acadja fisheries [25]. The phenomenon covers nearly 78% of the 
surface area of the PNL, 90% of the extraction sites in Ouémé River and 12% of 
the extraction sites in LN. There may also be sales or sessions of extraction sites 
to new “owners”. The extraction of sand on a “private site” requires an authori-
zation of the “owner” which may be subject to the payment of a right of extrac-
tion fixed by the “owner”. The appreciation of this mode of functioning varies 
according to the groups of actors. The promoters who are in fact “owners” be-
lieve that this ensures the sustainability of the resource (which might be overex-
ploited) and the security of the activity. The younger, generally the divers and 
boatmen consider this mode as an abuse of right that should be regulated by the 
municipal authorities.  

3.2. Economic Value of the ES 

The volume of sand extracted was the major information needed in the eco-
nomic valuation of TSD. It was calculated from the number of trucks delivered 
to customers and the volume of the different type of trucks used. It was found 
that 127,818 m3 of sand are extracted per year with 42% from Ouémé River, 35% 
from Porto Novo Lagoon and 23% from Lake Nokoué (Table 3). The volume of 
sand extracted represented to 0.04% of the total volume of water in CLCGN. 
When compared to the average filling rate of in CLCGN which was 2.3 cm/year, 
the volume of sand extracted contributed to a reduction of 4.4% of sediment 
deposition. It was also found based on the volume of sand extracted that about 
0.22 km2 of land are saved from flood each year and about 0.013 km2 of land 
would have been requested to replace TSD by terrestrial sand mining. The other 
information used in the economic valuation of TSD is presented in Table 4.  

The total value of TSD generated by CLCGN is estimated at per year or 2.44 
million USD per year (Table 4). Profits through sand commercialization are the  

 
Table 4. Value of benefices of TSD. 

Benefit Value 

Benefit 1 Profits through sand commercialization 1,950,505 USD 

Benefit 2 Mitigate the filling of the lakes 17,659 USD 

Benefit 3 Deeping some area: improve pelagic habitat for fish reproduction ------- 

Benefit 4 Moderate flood events 230,903 USD 

Benefit 5 Decrease pressure on terrestrial sand mining 229,084 USD 
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largest contribution (80%) of TSD followed by flood moderation (10%), a de-
crease of the pressure on terrestrial sand mining (9%), and mitigation of the fill-
ing of the lakes (1%). About 9% of the profits from sand commercialization go to 
the municipalities as the tax on TSD. An analysis of the activity from 2013 to 
2016 indicated an average yearly increase of 2.9% on the profits made from sand 
commercialization. The actors reported that sand extraction is a function of the 
sand demand on the market. They estimate that they can dredge up to 1.5 times 
the current demand which will result in an increase of the economic value of 
TSD. 

Introduction of mechanical sand dredging in CLCGN is suspected to consid-
erably increased benefit 2 to 5 since more volume of sand will be extracted. The 
objectives defined by decision maker for mechanical sand removal suggest an 
increase of more than 100 times of the benefit 2 to 5. However, mechanical sand 
removal is expected to negatively impact the direct profits that population make 
from TSD. The proposed mitigation plans currently suggest the conversion of 
TSD actors into mechanical dredging. However, it is recalled that most TSD ac-
tors may have difficulties in the operation of machines. In addition, 78% of the 
people interviewed rejected the idea of working for a dredging company. They 
defined TSD as a business inherited from their families and want to legate it to 
their child in turn. An option that could be developed by decision maker is to 
reserve some area for traditional dredging. This will require many meeting with 
TSD actors with currently are not associated with the discussion and the intro-
duction of mechanical sand dredging. It is also important to note that mechani-
cal dredging will have a higher environmental impact on both water quality and 
biodiversity of CLCGN. More research should be done on the environmental 
impact of TSD, even though from the perspective all the user of CLCGN includ-
ing fishermen, TSD has a minor effect on the lakes water quality. 

3.3. Linkage between ESS in CLCGN 

TSD is susceptible to influence positively and/or negatively others ESS. Based on 
the focus groups and on observations from the field the linkage between TSD 
and the others activities occurring around CLCGN were established (Figure 4).  

From the fishermen perspective, sand extraction creates deepwater areas 
which promote fish reproduction. In Porto Novo Lagoon it clearly appeared that 
there is a continuous communication between fishermen and sand extractors 
about where to extract and where to do not extract. More research needs to be 
done in order to quantify the impact of such arrangement on the real reproduc-
tion of fish. Despite this non-institutionalise communication between fishermen 
and sand extractor, several cases of conflict have been recorded including the 
destruction of acadja by extractors and installation of new acadja on the space 
reserved for sand extraction. The concept of ownership on the lake developed by 
the families of the first users is increasingly being questioned by the new actors, 
both at the level of the “TSD” and at the level of the acadja fishery. About 75% of  
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Figure 4. Linkage between anthropogenic activities occurring around CLCGN. The connexion between two 
indicate that there is a relationship which could be mutual benefit and/or conflicts. 

 
the conflicts recorded were between old (more than 10 years in TSD or Fishery) 
and new (less than 2 years) users. Conflicts management is ensured by munici-
palities and local associations.  

Boat transportation is very dense in CLCGN. The fact that the water complex 
is in the middle of the most important cities of the countries contribute to the 
high use of boats for the transportation of people and good. However, trans-
porters and extractors are regularly in conflicts. The field survey revealed that on 
average one case of extractor’s boat capsizing is recorded per day because of the 
waves generated by transport boats moving very fast. Decision makers tried to 
impose a speed regulation of some part of the boat traffic but this measure didn’t 
work. Boat transporters accused extractors to overload their boats and then to be 
more vulnerable to water waves. Usually, financial compensation is required in 
case of boat capsizing but TSD actors reported this compensation does not cover 
their losses. There is no apparent relationship between TSD, tourism, vegetal 
production and breeding activities. 

4. Conclusions 

The economic value of TSD in CLCGN is about 2.44 million USD per year. Even 
though this activity is traditional, many advantages are derived from it including 
substantial incomes for the population, mitigation to a certain extent of lake’s 
filling by sediment and slight reduction of flood event amplitude. In addition, 
field investigation indicated a possible benefit of TSD for the fishery as most of 
the fishermen believe that sand removal to very particular locations in CLCGN 
enhances fish reproduction. Further studies should investigate the environmen-
tal impacts of TSD which could help decision makers to manage the balance 
between mechanical and traditional sand dredging. In addition to the value TSD 
determined in this research, a complete economic valuation of all the ESS in 
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CLCGN should include the interaction between TSD, fishery, and transporta-
tion. An interesting concept of ownership on lake’s services has occurred in 
CLCGN and needs to be investigated for a suitable management of the re-
sources. 
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