
vulnerable. The high domestic and 
agricultural water demand increa-
ses the pressure on groundwater 
resources, while predicted climate 
change reduces groundwater re-
charge due to decreasing precipita-
tion and increasing evapotranspira-
tion. This study quantifies ecosystem 
services in the WMA. With changing 
input values, we can use our mode-
ling approach to estimate the effects 
of changing climatic (precipitation 
and temperature) and management 
factors (changes in land use and ir-
rigation water consumption) in sce-
nario analyses. 

Methodology
Prediction of future changes in eco-
system services requires model ana-
lyses of the current system. In this 
study, the Soil & Water Assessment 
Tool (SWAT) was used to quantify 
ecosystem services for the WMA. 
The SWAT model (Arnold et al., 
1998) was developed for an area 
of 9,000 square kilometers. Basic 
data sets were used for the cons-
truction of the model and includes 
topographic data, land cover data, 
soil characteristics, and agricultu-
ral data as well as meteorological 
time series (Table 1). In the WMA, 
precipitation varies from 150  mm 
in the southern to 500 mm in the 
norther part. The model was ca-
librated with stream discharge  
data. Due to karstic and non-kars-
tic zones and multiple rivers in 

in the watershed, calibration was 
performed at multiple sites in the 
model area. The output of the ca-
librated model was then used to 
quantify ecosystem services accor-
ding to the ‘Index’ approach (Logs-
don & Chaubey, 2013).  The model’s 
monthly output of river discharge, 
yearly sediment yield, and yearly 
biomass and crop yield were used 
to derive three ecosystem services 
indices: water flow index (WFI), 
erosion regulation index (ERI), and 
food provisioning index (FPI). All in-
dices have unitless values between 
0 and 1, where ecosystem services  
are lowest at 0 and highest at 1. 
 

   Key findings

• We quantify three ecosystem 
services in the watershed of 
the Western Mountain Aquifer: 
water flow, food provisioning, 
and erosion regulation.

•  The average index value of 
the water flow provisioning 
services is 0.11, indicating 
low streamflow in both the 
karst and non-karst zones.

• Food provisioning services in 
the watershed have an index 
value of 0.31, considering pri-
mary field crops and orchards.

• Erosion regulation services in 
the watershed are high with 
an average index value of 0.78.
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Motivation
Karst aquifers provide various eco-
system services, such as supplying 
freshwater to populations and for 
agricultural irrigation (which con-
tributes to drinking water and food 
security). Their management is a 
challenge, especially in the Mediter-
ranean climate, where groundwater 
recharge and flow dynamics are in-
credibly variable throughout the year. 
In view of rapid climate change and 
high population growth, the Western 
Mountain Aquifer (WMA) in Israel  
and the West Bank is particularly

Index calculation
In this study, ecosystem services 
are quantified using the ‘Index’ 
approach (Logsdon & Chaubey, 
2013). The WFI is calculated by 
considering monthly average flow 
(m3/s), the long-term environ-
mental flow (5% of the average 
flow), and the number of times 
the flow is less than the environ-
mental flow. The ERI is calculated 
by the yearly total erosion rate 
(ton/ha) of each sub-basin com-
pared to the allowable erosion 
rate (mean of the erosion rates 
for the watershed). The FPI is cal-
culated by summing the food pro-
visioning quantity provided by all 
crops divided by all crops‘ total 
biomass.
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Results
Figure 1 shows average index values 
for water flow (WFI), food provi-
sioning (FPI), and erosion regulation 
(ERI) for the WMA. Figure 2 shows 
the spatial distribution of the indi-
ces for individual sub-basins. Due to 
high evapotranspiration and natural 
infiltration to the deep aquifer, river 
discharge is low, explaining the rela-
tively low water flow index of 0.11. 
Of the entire watershed area, 19% 
is barren land, mostly in the sout-
hern part; 17% are urban areas. 35% 
of the watershed area is used for 
food production, mostly field crops 
(winter wheat, herbs, potatoes, 

considering land use and slope clas-
ses.  

Application
Our results can assist policyma-
kers with a better understanding  
and management of regional water 
and food resources. However, the 
model results presented here are 
not yet entirely reliable because of 
low model performance with flow 
calibration. Flow calibration in the 
karstic zone is not satisfactory yet 
because of frequently occurring low 
river flows, leading to rivers drying 
out. Additionally, we have noticed a 
discrepancy between the precipita-
tion and flow data. Therefore, we 
are going to perform a multi-variab-
le calibration with evapotranspira-
tion data from MODIS and annual 
recharge. The parameterized model 
will be used to investigate the im-
pacts of climate (RCP4.5), land use, 
and water management changes on 
ecosystem services until 2050.
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Figure 2: Distribution of a) food provisioning 
(FPI), b) erosion regulation, and c) water flow 
(WFI) index values on the sub-basin level

Figure 1: Water flow (WFI), erosion regulation 
(ERI), and food provisioning (FPI) indices for 
the Western Mountain Aquifer

Table 1: SWAT input data sets for model development

cucumbers, watermelons etc.) and 
orchards (olives, apples, citrus, etc.). 
Field crops and orchards  in the 
watershed  provide a yearly ave-
rage index value of 0.31 for food 
provisioning services during the si-
mulation period. This means 31% of 
the biomass of all harvested crops 
is used as food. The calculated ero-
sion regulation index is 0.78 in the 
watershed during the  simulation   
period, which means that soil ero-
sion is below the maximum erosion 
rate for 78% of the time. The ERI 
varies throughout the watershed, 
which needs further investigation 


