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Inland Basin  
Litani   
Area ~ 2180 km2 
Snow contribution: ~10-20% 
Average annual discharge, 
Upper Litani:  
235 mcm yr-1 (SD ± 70);  
Lower Litani:  
195 mcm yr-1 (SD ± 75) 

Coastal Basin 
El Kelb   
Area: ~ 440 km2 
Snow contribution: ~30- 50% 
Average annual discharge: 
205 mcm yr-1 (SD ± 50)  

Transboundary Basin 
Orontes 
Area ~ 1870 km2 
Snow contribution: ~35-60% 
Average annual discharge: 
325 mcm yr-1 (SD ± 125) 

CESBIO/CNRS (Fayad et al., 2017) 
MoEW/UNDP (2014) 
BGR (2012) 

ICT (2014) 
MOEW/UNDP (2014) 
MedEU-WI/MoEW (2012) 

MoEW/UNDP (2014) 
MedEU-WI/MoEW (2012) 
Multiple research institutes 
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Background Issues 

Water Dilemma: Water Quantity and Quality 

• Water scarcity is one of the main problems currently facing 
Lebanon: 
o Limited water sources; 
o Increased water demands by all sectors; 
o Inefficiencies in water supply systems and in water use. 

• Recurring drought events resulted in low river flows, shorter snow 
seasons, depleted groundwater storage, depleted reservoirs, and 
water shortages. 

• Increasing pollution of water resources (contributing to water 
scarcity): 
o Associated to human, agricultural, and industrial activities.  
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Water Data 

what water data are gathered at the national scale?  

• Meteorology 
• Precipitation, snowfall 
• Temperature 
• Humidity, wind speed, etc. 

• Hydrology 
o Stream flows 
o Snow Water Equivalent (SWE) 

• Hydrogeology 
o Water wells, water levels  
o Tracer tests, isotope analysis  
o Spring discharge 

• Drinking water and water use for agriculture 
o Water supply and water consumption by source and users 

• Environmental 
o Water samples from groundwater and surface-water bodies 

• Hydraulic 
o Structure, systems, pumps, etc. 
o Water reservoirs, dams  
o Water distribution networks, sewer networks  

• Continuous data  
• Intermittent data 
• Discontinuous data 
• Inventory data 
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Water Data 

source of water data? 

• Inventory 
• Observations  
• Remote sensing 
• Estimation  
• Modeling 
• Prediction  
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Data Representation 

National Water Data Inventory (NWDI) - MoEW 

• Spatial data derived from existing maps (e.g., soil, land cover, geology, 
and hydrogeology)  
oused to define the watershed physical and physiographic characteristics (e.g., 

land use/cover, soil groups, groundwater aquifers/aquitard, drainage networks, 
rivers and streams, etc); 

• Temporal data including hydrologic and climatologic observation from 
gauging and meteorological stations  
o time series data (e.g., river flow/discharge, temperature, precipitation, snowfall, 

humidity, evaporation, etc); 

• Spatio-temporal data (hydrologic, climatologic & other data) 
oe.g., precipitation, evapotranspiration, snow water equivalent, land use; 

• Water data (inc. agricultural, socio-economic data, and census); 

• Supplementary data (i.e., attribute data) 
• additional information on the spatial hydrologic data (e.g., hydrologic 

characteristics of soil units and hydrogeologic parameters of aquifers). 
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Data Representation 

Data Formats 

Data format/source Extension Data types Example Data 

Hard copy NA Inventory data 

- Reports 

- Observations 

- Companion map files 

- Maps 

Excel Spreadsheet/  

Access database 

.xls, .xlsx 

.mdb 

Continuous, Intermittent, 

Discontinuous 

- Time series meteorology and 

hydrology 

- Census data 

Shapefile/Coverage .shp/coverage Inventory data 

- Land use land cover 

- Geology 

- Hydrogeology 

- Soil 

- Contour  

Remote sensing .img, .tif, .nc Continuous, Discontinuous 

- Snow cover area 

- Evapotranspiration 

- Soil moister 

- Precipitation 

Raster .img, .tif, grid Inventory data - DEM 
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Data Representation 

National Hydrologic Geodatabase (NHG) - MoEW 

Fig. National Hydrologic Geodatabase (NHG) 
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Inventory data Temporal data Spatio-temporal data 
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Challenges of Real-Time Water Data Acquisition and Management 

Meteorology 

Spatial representativeness. 
Data cost. Intermittent & 
discontinues data. Lack of 
standardization. Not available 
in real time*. 

* Except for the 3 snow AWS Cedars AWS 2834 m (Courtesy of IRD) 
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Challenges of Real-Time Water Data Acquisition and Management 

Meteorology 

• Weather stations are operated by: 
o Lebanese National Meteorological Service (LNMS); 
o Lebanese Agricultural Research Institute (LARI). 
o Institut de recherche pour le développement (IRD), USJ & CNRS (LB) 

• Data most of the time not available in real time; 
• Data not freely available (for meteorological data from LNMS); 
• Major gap in the time series of meteorological data between 1975 and 1990; 
• A limited number of operational weather stations are located in the 

Mountain regions (elevation > 1000m); 
• Number of operational stations: 

• 37 stations operated by the LNMS* 
• 23 stations operated by the LARI* 
• 3 stations operated by IRD/USJ/CNRS 

• Total number of required new stations is 89 of which 20 are snow stations 
(UNDP, 2014). 

 * The number of stations with continuous records is less than the number reported here 
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Challenges of Real-Time Water Data Acquisition and Management 

Meteorology 

Fig. Precipitation map of Lebanon (circa 1970) Fig. Annual precipitation 2011-2012 (UNDP, 2014) 



Lebanese Water Information System Workshop, 13 February 2018 

SWE, snow depth, snow 
density? their spatio-temporal 
variability? Field work: cost, 
planning, and logistics.  

Cedars 2800 m, 12 Jan 2016 (Photo: A. Fayad) 

Challenges of Real-Time Water Data Acquisition and Management 

Snow 

HS 
1.85  

m 

Snow density 
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Challenges of Real-Time Water Data Acquisition and Management 

Snow 

Fig. Location of the AWSs in Mount Lebanon. Points indicates the 
location of the 30 snow courses (HS, SWE, and snow density) for the 
elevation range between 1350 and 2900 m (2014–2016) 

Snow Observatory: 
• Collaboration between CESBIO & 

IRD (FR), USJ (LB), & CNRS (LB); 
• 3 AWS (1850, 2300, 2850 m); 
• Fully operational since 2013; 
• Data freely available at Fayad et 

al. 2017 (ESSD-2017-3)  
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Challenges of Real-Time Water Data Acquisition and Management 

Hydrology 

Intermittent/discontinues data. 
Lack of standardization. Not 
available in real time. 

Water monitoring stations (limnigraphs), courtesy of LRA 
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Snow fed, karstic system, 
lack of monitoring network. 

Balaa 1500 m, 20 Feb 2016 (Photo: A. Fayad) 

Challenges of Real-Time Water Data Acquisition and Management 

Hydrogeology 
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Challenges of Real-Time Water Data Acquisition and Management 

Hydrology and Hydrogeology 

• Surface and groundwater resources are monitored by the Litani River Authority 
(LRA); 

• LRA is measuring surface water in all Lebanese rivers and springs: 
o Data is reported on daily basis; 
o A number of gauge measurements are provided on monthly basis; 
o Few gauges are located in the snow dominated regions of Lebanon, 

above 1200m. 
• Measuring the level of groundwater via water wells: 

o Limited to the Bekaa and the South of Lebanon; 
• The karst regions, namely the Mount Lebanon and Anti Lebanon, are not 

monitored: 
o Measurements in the karst are available, for specific regions and over a 

limited time period, from projects – e.g., BGR (2013) and UNDP (2014).  
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Challenges of Real-Time Water Data Acquisition and Management 

Hydrology and Hydrogeology 

Fig. Standardizing of time series data using the hydro 
data model for describing time series data. 

Fig. Example of raw daily flow data (courtesy of LRA). 
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Challenges of Real-Time Water Data Acquisition and Management 

Water Quality 

Limited water quality 
monitoring. 

Anan reservoir, late Sep 2017 

Sentinel-2 color IR, algae (magenta) 
26-05-2016 to 18-09-2017   
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Challenges of Real-Time Water Data Acquisition and Management 

Water Use and Water Management 

Limited information on 
water distribution 
networks; limited data on 
the operations of the utility 
networks. No water 
metering in Lebanon. 
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Challenges of Real-Time Water Data Acquisition and Management 

Agricultural Water Use 

Limited information on irrigated 
areas. Limited information on 
water withdrawal for agriculture 
from all sources (wells, dams, 
lakes, reservoirs, and facilities). 

Source: 
http://www.fao.org/nr/water/aquastat/countries_regions/LBN/ 

http://www.fao.org/nr/water/aquastat/countries_regions/LBN/
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Conclusion 

Water Challenges and Opportunities 
• Lack of a comprehensive hydrologic and water data management system at the national 

scale: 
o Inaccessibility to meteorological, hydrological, and water data in real time; 
o Incompatible data formats; 
o Absence of integrated open source water platform; 
o Fragmented and outdated information regarding water budget and water use. 

• Lack of a standardized for storing water data: 
o Creating computerized water databases; 
o Mapping the locations of water reservoirs, distribution and sewer networks, etc; 
o Gathering records on the operations of the utility networks (water supply, waste 

water treatment plant, water treatment plant, etc.). 
• Available meteorological/water data are difficult to sort, fragmented, disjointed, and 

incomplete, and not fully documented: 
o Increase the collection and sharing of data/information; 

• Meteorological, hydrological, environmental, and water data  
o Need for the quantification of surface and ground water resources 
o Need for the quantification of snowpack contribution in mountains (particularly 

in karst) 
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Conclusion 

Institutional & Management Challenges and Opportunities  

• Water resources exploitation and management is derived using coarse water 
demand/supply estimations: 
o Need for compiling data from many sources about how much water is 

used for different purposes (especially for agriculture); 
o Use a water resource model that integrates the hydrologic system and 

accounts for water supply, water distribution networks, water supply 
efficiency, system losses, and water planning and management practices.  

• Disorganized water governance: 
o Limited governance, legislative, and institutional capacities; 
o Need to increase the collaboration between different governmental 

organizations. 
• Inadequacy in the development of management and planning practices: 

o Derive scenarios using hydrologic and water resources models;  
o Evaluation of water resources management and water availability under 

different scenarios including population growth, agriculture expansion, 
increased water development,  change in management practices, and 
projected climate changes. 
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Conclusion 

Advancing the Understanding of Water Resources 

• Build a data inventory that reviews the existing national data and 
records; 

• Facilitate access to meteorological, hydrological, and water 
information for the water community;  

• Support the development, implementation, and maintenance of a 
hydrologic/water databases that improve data and information 
management by adopting a national cataloging standard;  

• Advance the understanding of hydrologic and water processes 
and the related water environment and provide knowledge of the 
various components of the hydrologic and water resources 
systems; 

• Promote and facilitate the dissemination and use of information 
technology in the fields of hydrology and water resources. 
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