
Estimation of real evapotranspiration and recharge on two karst pilot groundwater catchments 

(Lebanon) and identify factors affecting them using an integrated spatially distributed numerical model: 

Applications for water management purposes.    

II. Project summary 

2.a) Scientific merit 

A hydrograph (discharge versus time) observed at a spring is an attenuated signal of an input function 

(net precipitation). In order to assess/predict a spring response, it is important to understand the 

different processes of the hydrological cycle (mainly real evapotranspiration and recharge to 

groundwater) that affect this signal in each of the compartments (atmosphere, unsaturated zone, 

saturated zone) where groundwater flows. This is best done through a distributed groundwater flow 

simulation. It consists of the simplification of an aquifer system using a mathematical model where all 

the important flow processes are represented by governing physical equations.  This task becomes 

challenging when applied in karst systems because of the high heterogeneity of such aquifers in terms of 

infiltration and flow.   

The main objective of this project is to refine/estimate real evapotranspiration rates and distributed 

recharge at a catchment scale using an integrated a distributed numerical flow model. To achieve this 

goal, it is proposed to monitor two karst pilot areas in Lebanon over at least a period of three years, to 

record and estimate input and output physical data (reference evapotranspiration, soil moisture content 

and discharge rates) that play a role in groundwater flow. This requires setting up a monitoring network 

on the selected study areas to acquire a robust amount of high resolution data, performing field 

investigations for a proper characterization of the aquifer systems (identification of flow and transport 

dynamics). At a later stage, the collected data is integrated into a numerical model to produce a 

conceptual quantitative representation of an aquifer system.  

The significance of this work lies first in estimating distributed real evapotranspiration rates over a karst 

catchment, and thereby identifying quantitatively scale parameters affecting it (e.g., soil thickness, 

etc…). This approach allows also the understanding of the mechanisms of recharge and to quantify its 

spatial distribution over a karst heterogeneous catchment area, especially in Lebanon given the 

prevailing climatic conditions (semi-arid to temperate region).  

Additionally, the vulnerability of an aquifer (inherent sensitivity against contamination) is significantly 

related to areas of recharge and their contribution, therefore this project aims eventually at tailoring a 

conceptual quantitative vulnerability approach, allowing sensitive areas on a catchment to be classified 

based on their contribution to total spring discharge.  

Finally a numerical model, once calibrated, consists of an important tool to be used to predict the 

variation of karst spring responses given different future scenarios of climate change in semi -arid 

environments. 

2.b) Development impacts 



Groundwater resources in Lebanon are still poorly monitored in terms of quantity and quality. 

Precipitation rates in Lebanon range between 900 to 1500 mm per year (UNDP 1970, Beirut Airport; 

excluding snow) and are therefore considered significant. However the country is still facing high 

challenges during summer times because of considerable shortage in water quantities in springs and 

consequently water supply.  Additionally, Lebanon lacks guidelines for appropriate groundwater 

protection at the source (catchment area). In order to remedy to those major problems, it is important 

on the one hand to be able to assess the available quantities of water and quantify the amount of water 

available for recharge in catchment areas. On the other hand, it is primordial to establish guidelines for 

the protection of groundwater at the recharge area by assessing zones of high vulnerability and protect 

them against any potential source of pollution.  

Most of the water supplied in Lebanon originates from karst aquifers. In such aquifers, the calculation of 

recharge is problematic due to the high heterogeneity of the systems and of the duality of recharge and 

flow that characterizes them. The purpose of this project is to be able to estimate using physical data 

real evapotranspiration and recharge on karst aquifers as a ratio of total precipitation and validate it 

using numerical simulation. The project will help setting up experimental sites in Lebanon for water 

quantity and quality monitoring that can be used as pilot areas for further studies. The correct 

estimation of the water budget and its seasonal variation allows indirectly the understanding of the 

ground water aquifer systems in Lebanon. The results of the investigations, once validated could be at a 

later stage extrapolated (up scaled) on different catchment areas in the country.  

Furthermore, such a study set the grounds for delineating the areas of recharge and identifying zones of 

high vulnerability for contamination and consequently enables setting adequate measures for water 

protection and management. Finally, predictions concerning water availability for the future given 

climate change scenarios for the area (decrease of precipitation rates and changes in precipitation 

intensity) and increase consumption are better assessed through a well distributed numerical 

conceptual model.   

 


