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1. Introduction 
Ecosystem services are the benefits that people obtain from ecosystems (Grigg et al., 2009). 

Ecosystem functions are defined as interactions between ecosystem structures and processes. In fact, 

The Millennium Ecosystem Assessment (MEA, 2005) identified four types of ecosystem services : 

Provisioning, Regulating, Cultural and Supporting. The first type represents services from products 

obtained from ecosystems. These products include food, fuel, fibre, biochemicals, genetic resources, 

and fresh water. The second type is services received from the regulation of ecosystem processes. 

This category includes services that improve human well-being by regulating the environment in 

which people live. These services include flood protection, human disease regulation, water 

purification, air quality maintenance, pollination, pest control, and climate control. The third 

category determines services that contribute to the cultural, spiritual, and aesthetic dimensions of 

people’s well-being. They also contribute to establish a sense of place. The fourth type is services 

that maintain basic ecosystem processes and functions such as soil formation, primary productivity, 

biogeochemistry, and provisioning of habitat.  

Many people activities depend on natural resources that can conduct to degradation of the 

ecosystems due to improper use and management or overexploitation. For this reason, it is necessary 

to recognize natural environment not only as provider but also as victim of pollution and 

overconsumption for the assessment of the ecosystem services (Cook and Spray, 2012). 

In order to establish appropriate strategies to protect the environment and to maintain ecosystem 

supplies, the valuation of ecosystem services is essential. For this reason, some researchers 

concentrated their work on the assessment of economic valuation of goods and services provided by 

natural ecosystems using specific approaches. Due to its advantages, many researchers focused on 

the valuation of forest ecosystems (D’Amato et al., 2016). In fact, the main benefit of forest 

ecosystems are the protection of the environment (water, biodiversity, …) and soil preservation by 

reducing erosion impacts. Some researchers tried to estimate one regulating service provided by 

forest; the control of soil erosion and sedimentation (Yoo et al., 2014). Like forest, marine 

ecosystems supply goods and services, which provide direct and indirect contributions to human 

well-being (Schuhmann and Mahon, 2015). Moreover, innovative technologies are also applied to 

improve the accuracy of valuation. In fact, maps and specific models are employed for the 

assessment of ecosystem services (Leh et al., 2013). In this research, the authors used the Integrated 

Valuation of Ecosystem Services and Tradeoffs (InVEST) tool to map and quantify ecosystem 

services states for the study area.  

Due to irregular spatial and temporal distribution of rainfall, Tunisia is facing serious water 

problems in many regions and the potential resources per capita were estimated less than 400 m3 per 

person per year. For this reason, the government adopted several strategies for sustainable water 

management as the mobilization of water by dams. In fact, dams watershed provide several services 

useful for human life and business opportunities such as water used for irrigation or supply drinking 

water and flood protection,…However, this dam is threatened by soil erosion which can lead to 

sedimentation of the reservoir. Therefore, the main objective of this study is the assessment of the 



- 2 - 

 

ecosystem services in Lebna Watershed and the evaluation of the effect of risk affecting ecosystem 

services. The outcome of this study can be used as a baseline for suitable strategies of biodiversity 

protection on one hand and business opportunities on the other. 

 

2. Materials and Methods 
 

2.1 Study area 
This study was conducted in Lebna watershed in Nabeul prefecture. It located between 

10°45’-10°58’E latitude and 36°43’-36°53’N longitude (Figure 1). The area is about 210 km² which 

is mainly composed of various landscape, mountainous and gentle areas. The highest elevation is 

637 m above sea level in Jbel Abderrahman. The watershed is covered by forest, rangeland and 

cropland. The annual rainfall is estimated about 478 mm. The capacity of dam reservoir is about 30 

Million m3. The main objectives of Lebna dam are groundwater recharge, water supply for irrigation 

and drinking water purposes and protection of urban areas located downstream the dam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Lebna watershed location 

 

2.2 Approach used and data collection  

The methodology applied is based on a combination of biophysical and economic approaches in 

Lebna watershed in Tunisia as presented in figure 2.  

The biophysical model is obtained by the application of specific tool called InVest (Integrated 

Valuation of Ecosystem Services and Tradeoffs) model. In addition, the economic model is built 

using mathematical model. This model consists of the objective function and several constraints. 

Furthermore, the aim of this model is to reach the optimal solution (Hillier and Lieberman 2001).  

 

 Biophysical model: InVest Model is designed to inform decisions about natural resource 

management. This model is a tool for exploring how changes in ecosystems which can lead to 

affect benefits that flow to people. InVest model is composed of several modules but for this 

work, we applied as approach Sediment Delivery Ratio model. The objective of the InVEST 

sediment delivery model is to map overland sediment generation and delivery to the stream 

(Sharp et al., 2015). This model is based on the assessment of annual soil loss given by the 

Revised Universal Soil Loss Equation (RUSLE).  

This model required some pre-processing specific data which are implemented in Geographic 

Information Systems (GIS). The main input used to assess the Sediment Retention Services are 

Digital elevation model (DEM), Rainfall erosivity index (R), Soil erodibility (K), Land use/land 

cover (LULC) and information about each land use.  
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Figure 2: Flowchart of the methodology 

 
 

 Economic model: the main objective of this model is to obtain the optimal situation. The 

objective function, which is to maximize farmer’s income, is subject to several constraints 

mainly related to land use, resources available, crop characteristics and agronomics practices. In 

order to obtain the required data and information about the price, crops’ yield and input for 

production (fertilizer use, labour, water, land, services), a socio-economic survey was 

conducted in our study area. During the investigation, we made some interviews with farmers 

and with local experts using an appropriate questionnaire. All the analyses were performed 

using General Algebraic Modeling System (GAMS) which was used for the optimization of 

mathematic model (Rosenthal, 2010). In order to assess the impact of soil erosion and its effect 

on ecosystem services, a soil loss restriction was added in the simulations.  

 

3. Results and Discussion 

 

3.1 Assessment of sediment delivery  
The application of Invest Sediment Delivery Ratio module required the use of several GIS data to 

assess soil erosion which is based on RUSLE factors. For this reason, we tried to detect each factor 

of the model. Indeed, rainfall data from local weather station is used to estimate R factor. 

Geo-referenced ASTERDEM is assigned to measure LS factor. Moreover, we established manually 

land use map through the delineation of images of Google earth of the study area. Then, several 

ground-truth points (GTPs) are recorded using GPS (Global Positioning Systems) to identify 

locations of land use type. Figure 3 shows the land use map. 10 types are identified and the accuracy 

assessment of the map is about 68%. Moreover, K is the soil erodibility factor is obtained through 

soil data. This factor represents the susceptibility of soil to erosion and it is presented in figure 4.  
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Required data and maps are implemented in the Invest Sediment Delivery Ratio module which 

conducted to establish loss risk map (Figure 5) and sediment export map (Figure 6). The main 

findings of the model are Total amount of sediment exported to the stream per watershed (sediment 

export) and Total amount of potential soil loss in each watershed (USLE total).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The sediment export is evaluated about 27432 (t/watershed). In order to forecast the economic 

valuation of the effect of soil erosion risk on the ecosystem services, this sediment export is added in 

the economic model. 

 

3.2 Assessment of ecosystem services 
Ecosystems have an important impact on providing freshwater for drinking or other human uses and 

by securing storage and controlled release of water flows (Gomez-Baggethun and Barton, 2013). As 

all watersheds, Lebna watershed provides several ecosystem services but in this study, we 

emphasized only on the services related to water use. For this reason, we estimated the incomes of 

both sold water and agricultural activities.  

 

 

 

Figure 3: Land use/Land cover map Figure 4: K factor map 

Figure 5: Erosion risk map Figure 6: Sediment export 
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 Activity 1: Sold water  
In Tunisia, the water user association (GDA) has the responsibility to distribute water to farmers 

with appropriate payment. In our study area, 3 irrigated perimeters and national drinking water 

company (SONEDE) are using the water. Regarding to data obtained from water users association 

(GDA) and local department (CRDA), we evaluated an average of water consumed for irrigation 

during the period 2010 – 2014. Table 1 and 2 show water use (irrigation and drinking). The total 

income of water used for irrigation is about 138 161,942 TND and for drinking is estimated           

37 123,350 TND. 

 

Table 1: Sold water for irrigation during the 2010 - 2014  

 Water used 

(m3) 

Total (TND)           

CRDA – 

GDA 

Total (TND)         

GDA - 

farmers 

Income from 

Irrigation 

(TND) 

Perimeter GDA Lebna dam 2 163 841,4 86 553,656 147 141,215 60 587,559 

Perimeter GDA Ettadhamen 1 907 799,4 76 311,976 129 730,359 53 418,383 

Perimeter GDA Village 732 000,000 60 024,000 84 180,000 24 156,000 

Total study area 4 803 640,800 222 889,632 361 051,574 138 161,942 

 

The analysis of the drinking water distribution from 2012 – 2014 is presented in table 2. 

 

Table 2: Sold water for drinking  

 Water used 

(m3) 

Total (TND)           

CRDA – SONEDE 

Total (TND)         

SONEDE - 

Consumer 

Income from 

Drinking 

water  

(TND) 

Drinking water 530 333 34 471,645 71 595,000 37 123,350 

 

 Activity 2: Income from agricultural activity   

Lebna dam is supplying water for three irrigated perimeters. But, in this study, we concentrated the 

analysis on only Lebna Dam perimeter. Because of the difficulty to focus on all farmers of the study 

area, a typology of farmers was built to improve the accuracy of the results. In fact, modelling at 

regional scale requires an aggregation at plot scale (Poussin et al., 2008). The typology was 

implemented based on Principal Component Analysis (PCA) to identify the main farmers types. The 

principal variables used are farm size, crops systems and water consumption. Following the 

evaluation, 4 types was detected. Table 3 presented the findings of the typology.  

 

Table 3: Typology of the study area  

Classes Specification Farmers Averages 

areas (ha) 

%vegetables %Cereals %fruit trees 

 

1 

Large farm. Crop 

system is based on 

vegetables and fruit 

trees. 

 

1 
168,3 42,7 38,6 18,7 

 

2 

Medium Size farms 

(5 - 10 ha) with 

mixed crop system 

 

10 8,09 47 38 15 

 

3 

Small farms (Less 

than 5 ha) with 

mixed crop system 

 

56 1,29 54 42 4 

 

4 

Small farms (Less 

than 5 ha) without 

fruit trees 

 

31 1,16 60 40 - 
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In order to estimate the valuation of agricultural activity, we focused on the analysis by type. The 

result is showed in Table 4. Class 1 corresponds to a company and its main objective is to maximize 

its profit. However, the other classes are medium and small size and they are doing subsistence 

farming. Indeed, the crop system of class 1 is mainly composed of strawberry, which is high 

profitable crop. In addition, class 1 is not suffering from the problem of access water because it can 

manage water bought from GDA using its own water storage basins.    

 

Table 4: Economic value of the perimeter  

N° Type Total Income 

(TND)/type 

Total Income (TND) 

1   Class 1 (1) 1315 900,000 1 315 900,000 

2    Class 2 (10) 66 592,000 665 920,000 

3    Class 3 (56) 11 202,300 627 328,800 

4       Class 4 (31) 10 842,700 336 123,700 

Total perimeter 2 945 272,500 

 

The total ecosystem value is taking into account the incomes obtained from agricultural 

production and water selling activities. The assessment of the value ecosystem of Lebna dam is 

about 3120 557,800 TND. Lebna dam has a great contribution to improve life condition of inhabitant 

of this area. Indeed, water reservoir has local and regional impact. Moreover, agriculture products 

are distributed in all Tunisia. The activities in this watershed in very appropriate to reduce poverty 

by the increasing the financial resources of local people. It may also reduce migration and increasing 

the employment opportunities. Class 1 provides several job opportunities for local people. However, 

the impact of the damage to the dam caused by siltation may contribute to the degradation of living 

conditions. For this reason, in next step, we tried to analyze the risk of impact of dam damage due to 

sedimentation.  

 

3.3 Risk affecting ecosystem services 

In this study, the risk of soil erosion on water reservoir was evaluated. Indeed, the sedimentation in 

the reservoir is caused by transport and deposition of eroded soil particles from the whole watershed 

(Kefi et al., 2011). This problem will reduce water available in the reservoir in particular. Therefore, 

in this work, the evaluation of the risk is based on the assessment of the economic value due to the 

loss in irrigation income through the reduction of water storage. In order to predict the loss in 

income, some simulations based on several scenarios were realized. In fact, the simulations are 

established by the incorporation of erosion effect as a constraint on the economic model. The erosion 

value is obtained from biophysical model. This constraint conducted to reduce water available for 

irrigation and consequently to decrease the income.  

Figure 7 shows the results of the simulations. The scenario shows that in 2030, the total income 

obtained from irrigation will decrease due to the reduction of water availability. It means that the 

productivity of the crop system will drop and the system will be mainly based on rainfed crop. In 

addition, the estimation of loss in income is about 2 563 549,000 TND. 

In fact, the assessment of economic value of soil erosion and its negative impact on the 

ecosystem will be essential to increase farmers’ and decision makers’ awareness of the risk of this 

problem. It will induce to implement appropriate erosion control in the watershed 

(Martinez-Casasnovas and Ramos, 2006; Kefi and Yoshino, 2011). 
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Figure 7: Simulation of valuation of loss in income 
 

4. Conclusion 
The assessment of natural ecosystem services is useful for the decision makers to establish suitable 

strategies related to business opportunities. However, several environmental and anthropogenic 

problems can conduct to affect natural capital and to biodiversity loss. In addition, the risk of 

ecosystem degradation is important and its effect on human being is significant on one hand and on 

national economy on the other. For this reason, the identification and the valuation of risk and 

business opportunities of Biodiversity and Ecosystem Services are useful to increase stakeholders’ 

awareness of the threat of environmental problems. It will lead also to encourage them to implement 

appropriate strategies to preserve their natural ecosystems. 
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