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A.1 WATER RESOURCES 

A.1.1 AVAILABLE WATER RESOURCES 

Lebanese water resources consist of surface water directly discharged into rivers and groundwater from 

direct infiltration and snowmelt over karstic and highly permeable geological layers either stored in aquifers 

or emerging from mountainous and coastal springs. Several reports have described the historical and actual 

status of the Lebanese water resources, however only AQUASTAT Country Profile of Lebanon carried out by 

FAO1 in 2008 using long term precipitation data and the Assessment of Groundwater Resources of Lebanon 

report of 2014 carried out by the MEW and UNDP2 will be described and adopted. The hydrology study of 

2014 (UNDP, 2014) provided an evaluation of precipitation (rain and snow), evapotranspiration and runoff 

to estimate natural recharge rates for the country but only four hydrological cycles (2008 to 2012) were used. 

A.1.1.1 Groundwater resources 

The presence of karstic formation, fissures and fractures, depression and sinkholes encourage rainwater and 

snowmelt to percolate and infiltrate deep into the ground and feed the aquifers or emerge at lower 

elevations as springs that flow into rivers. In the assessment of groundwater resources (UNDP, 2014), the 

recharge to groundwater was subsequently calculated as the excess of precipitation over real 

evapotranspiration and surface runoff. The estimated volumes, which includes both deep percolation and 

retention in the vadose zone for the four hydrological cycles, vary from 4,116 Mm3 to 6,651 Mm3 with an 

average of about 55 % of the total precipitation. In this report and based on historical measurements mainly 

from LRA, BTD, UNDP 1970, UNDP 2014 and other reports, it was estimated that the 275 tapped springs were 

generating a total annual flow of 2,050 Mm3/year and that 700 Mm3 were feeding the dynamic reserves of 

the aquifers. The total groundwater outflow leaving Lebanon is estimated at about 1,020 Mm3/year of which 

740 Mm3 to the sea, 150 Mm3 to Hulah Lake and 130 Mm3 to Dan Springs in the Syrian Arab Republic. 

Major Springs 

Table A 1 shows the list of the major springs yielding an average of more than 100 l/s tapped for drinking 

water purposes by each WE, sorted by caza. The situation may be summarized as follows: 

 The total number of springs reaches 2000 with only 275 tapped one. However, small local springs are 

subject to a progressive drought due to increasing urbanisation and groundwater misuse. 

 The yearly average yield of all tapped springs exceeds 2,050 Mm3. However, the maximum available yield 

in dry months is approximately 200 Mm3. 

 The WEs are currently tapping almost 90% of the water resources available from springs. Therefore, little 

future optimisation is expected (less than 10 %)  

 It should be noted that over extraction from groundwater through unlicensed wells affects the flows 

available from springs. Public and licensed private wells are subject, prior to development, to a 

hydrogeological study that identifies their potential impact on springs flow. 

                                                           
1 FAO, (2008) 
2 UNDP, (2014) 
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A.1.1.2 Surface water resources 

In the Assessment of Groundwater Resources report (UNDP, 2014), the average annual precipitation 

including snow contribution was estimated at 946 mm ranging between 764 mm and 1164 mm, hence an 

equivalent amount of 9,702 Mm3 (7,830 Mm3 and 11,932 Mm3) between 2008 and 2012. The estimated 

yearly surface flow for the four hydrological cycles, which does not account for the portion that comes from 

the discharge of the various springs, varies between 2,151 Mm3 and 3,807 Mm3. The estimated yearly volume 

of real evapotranspiration was estimated using Turc (1961) method over 71 meteorological stations across 

Lebanon ranging between 1,563 Mm3 (26%) and 1,475 Mm3 (16%) of the total precipitation. In this report, 

the average annual precipitation will be adopted from FAO 2008 AQUASTAT Country Profile report estimated 

at 823 mm, with high variability across the country, hence a total amount of 8,559 Mm3. 

Lebanon comprises 17 perennial and 23 seasonal rivers or wadis with an average annual flow estimated at 

4,260 Mm3 including groundwater discharge from 2,000 springs. The total surface water outflow outside 

Lebanon was estimated at 735 Mm3/year, of which 160 Mm3 to the sea, an outflow to the Syrian Arab 

Republic estimated at 415 Mm3
 through the Asi-Orontes river and an outflow into the north of the occupied 

territories from the Hasbani/Wazani complex estimated at 160 Mm3/year (Plassard, 1971; FAO, 2008). 

Major Rivers 

Table A 2 shows the list of major rivers used for either irrigation or potable water. The yields and volumes 

shown are those measured at the reference gauging stations (where available) by the hydrological service at 

LRA. It has to be noted that when the gauging station is on the sea mouth, the volumes extracted upstream 

are not measured and it also includes the discharged volumes from springs. Thus, due to missing data and 

lack of measurements, it is almost impossible to assess the total yield that would be available from those 

rivers for various uses. The yield of main and secondary seasonal rivers, wadis and in-between streams are 

those measured by LRA in addition to estimated yields from adjacent rivers specific average flows. The total 

area of Lebanon was considered 10400 km2 same as of FAO 2008 report to ease calculation estimation. Based 

on available measurements, the estimated yield from rivers is 4,260 Mm3/year including 2,210 Mm3/year of 

surface water either remaining or leaving the country, and 2,050 Mm3/year the estimated springs flows 

discharged into rivers. 
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Table A 1 List of major springs in use for potable water 

Spring Name Average 
Flow 

 
(m3/d) 

Exploited Flow for 
Domestic Usage 

 
(m3/d) 

 Spring Name Average 
Flow 

 
(m3/d) 

Exploited Flow for 
Domestic Usage 

 
(m3/d) 

BMLWE 1,998,000 226,000  NLWE 724,000 151,000 

Baabda      Akkar   
Ain El Delbé 20,000 6,000  Ain Aamas 11,000  
Daychounieh 39,000 6,000  Bebnine Spring 13,000  

Chouf    Nabaa es Safa 75,000 11,000 
Ain Dara before safa 47,000   Batroun   
Barouk 83,000 9,000  Dalle and Ghouaouit 43,000 12,000 
Qah 20,000 9,000  Bcharre   
Raayan 120,000 17,000  Mar Challita 24,000 3,000 
Safa 83,000 6,000  Nabaa El Haddad 9,000 1,000 

Jbeil    Qadisha 89,000 3,000 
Afqa 300,000 3,000  Ras En Nabaa (Mashour) 10,000 1,000 
Rouaiss 265,000 1,000  Koura   

Kesserwan    Abou Halka 25,000 35,000 
Jeita 370,000 120,000  Nabaa el Haab 35,000 35,000 
Nabaa El Aassal 75,000 7,000  Miniyeh-Daniyeh   
Nabaa El Laban 89,000   Ain el Arbaain 35,000  
Nabaa El Madiq 86,000 10,000  Ain el Bire 22,000  

Metn    El Sekkar 62,000 5,000 
Fouar Antelias' 207,000 19,000  Nabaa El Breissa 27,000 1,000 
Kashkoush 176,000 13,000  Nabaa El Qseim 17,000 3,000 
Saltaneh 18,000   Nabaa Ez Zahlane 30,000 1,000 

BWE 1,507,000 337,000  Oyoun El Samak 11,000 10,000 

Baalbeck    Ras El Ain 18,000 1,000 
Laboue 77,000 1,000  Zgharta   
Nabaa Yahfoufa - Es Sike 69,000   El Kadi 25,000 2,000 
Nabaa Yahfoufa - Bustan El Mirr 47,000   Rachiine 143,000 27,000 

Ras el Ain (Baalbeck)  17,000   SLWE 1,042,000 100,000 

Yammouneh 97,000   Hasbaiya   
Yammouneh - El Arbaain 67,000   Hasbani 169,000 5,000 
Yammouneh - El Bawalih 28,000   Sreid - El Mairi Bridge 59,000  

Yammouneh - El Mahkan 10,000   Wazzeni 180,000 6,000 
Hermel    Jezzine   
Ain Ez Zarka 224,000 86,000  Aazibi Springs 27,000  

Ras El Mal 25,000 25,000  Ain al Kabire spring 12,000 7,000 
West Bekaa    Jarmak Spring 26,000  
Ain el Hajar 22,000 22,000  Jesr el Habayeb Spring 28,000  
Ain El Zarqa (West El beqaa) 228,000 1,000  Jezzine Spring 63,000 8,000 
Ana spring 32,000 32,000  Joun Spring 25,000  
Nabaa el Khraizat 19,000   Nabatieh   

Nabaa es Saalouk 20,000 20,000  Aalman Spring 22,000 10,000 
Zahle    Nabaa el Tasse Spring 31,000 30,000 
Ain el Baida Spring - Kfarzabad 17,000   Ghelle 230,000  
Ammiq Spring 26,000   Saida   
Anjar Spring 164,000 58,000  Qasmiye - Ain Abou Abdallah 86,000  
Berdaouni Spring  156,000 2,000  Sour   
Chamsine 18,000 18,000  Rachidiye springs 17,000 12,000 
Chtaura spring 37,000   Ras El Ain springs 67,000 22,000 
Qabb Elias - Ouadi El Delem  56,000 56,000     

Ras El Ain (Chtaura) 51,000 16,000  Total of 275 tapped springs 5,500,000 814,000 
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Table A 2 List of major Lebanese rivers and streams 

River 
Watershed 

Area 

Average  

Annual Volume 

(1990 – 2013) 

Specific 

Average 

Flow 

Reference  

Gauging Station 

  (km2) (Mm3) (l/s/km2)   

Abou Ali 481 218 14.4 Abou Samra 

Arka 121 49 12.7 Hakour 

Assi 1764 390 7.0 Sea Mouth 

Awali 302 433 45.5 Saida 

Bared 281 127 14.3 Sea Mouth 

Beirut 222 78 11.2 Daychounieh 

Damour 293 183 19.8 Sea Mouth 

El Ghadir 52 9 5.6 Sea Mouth 

El Jouz 180 57 10.0 Sea Mouth 

El Kabir 300 432 45.7 Sea Mouth 

El Kalb 258 190 23.4 Sea Mouth 

Hasbani 526 151 9.1 
DS Wazzani 

Spring 

Ibrahim 336 335 31.7 Sea Mouth 

Litani 1288 223 5.5 Joub Jannine 

Litani 2163 215 3.2 Sea Mouth 

Ostouane  161 71 14.0 Sea Mouth 

Sainiq 108 11 3.3 Sea Mouth 

Zahrani 109 18 5.1 Sea Mouth 

Perennial rivers 7,656 3,189 13.2   

Main wadis* 1,223 448 11.6   

In-between and secondary seasonal 

rivers 
1,522 623 13.0   

Grand Total 10,400 4,260     
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A.1.1.3 Snow cover 

Snow cover is the main source of groundwater recharge which is enhanced by fractures, sinkholes and 

depressions of a heavily dissected karstified limestone across Mount Lebanon and Anti Lebanon mountain 

chain. Mount Lebanon is yearly covered by snow during 3 months between 1,700 m and 3,000 m, with an 

average yearly precipitation of around 3,000 Mm3 in the form of snow, with the snowpack reaching its peak 

in March. Starting February, temperatures are sufficiently high to cause snowmelt at altitudes lower than 

2,000 m (Najem, 2007). 

Two snow observatories were established in Lebanon jointly with the French National Research Institute for 

Development (IRD). The first observatory between 2000 and 2003 with the Regional Center for Water and 

Environment of Saint Joseph University (CREEN-USJ) with one station installed at the mountain top of Mzar - 

Faraya and another in Oyoun el Simane. The project included snow sample collection and snow cover 

monitoring across Nahr el Kalb watershed over 2 years and resulted with an extensive finding on snowfall, 

snowcover and snowmelt characteristics in Lebanon and an estimation of the Snow Water Equivalent.  

The snow that covered Mount Lebanon during the 2000 - 2001 winter contributed an equivalent of 

1,250 Mm3 (± 10%), compared to a total rainfall volume of 1,875 Mm3 (CREEN, 2001). Using satellite imagery, 

the amount of water derived from snowmelt over Mount Lebanon for the years 2001–2002 was estimated 

to be around 1,100 Mm3, which suggests that about two thirds of the precipitation is derived from snowfall 

and not directly from rain, as snowmelt infiltrates the limestone and discharges at several karst springs 

(Aouad et al., 2005; Hreiche et al., 2006) 

The second observatory established under SudMed scientific and technical cooperation signed in 2010 in a 

joint project between Centre d’Etudes Spatiales de la Biosphère CESBIO-IRD, the Lebanese National Council 

for Scientific Research/Remote Sensing Center (CNRS-NRCS) and Remote sensing Lab at Saint Joseph 

University (USJ). Three Snow monitoring stations were installed in Faraya at 2300 m, Laqlouq at 1850m and 

Cedars at 2850 m. The mean snow density for the three stations over the two snow seasons (2014–2016) 

ranged between 440 kg/m3 and 489 kg/m3. These high seasonal density values are common in Mediterranean 

regions (Fayad et al., 2017). 

The Assessment of Groundwater Resources report evaluated the snow water equivalent using satellite 

imagery (MODIS). To consider the variations in snow coverage the satellite imagery was combined with land 

measurements to determine snow thickness and density over January, February and March for the 

hydrological cycles of 2008 to 2012. The yearly water equivalent volumes using this technique was estimated 

between 1,815 Mm3 and 2,567 Mm3 hence an average of 224 mm and 2295 Mm3 (UNDP, 2014), an average 

close to the estimated springs discharge estimated in the previous paragraph.  
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A.1.2 WATER BALANCE 

Several studies and projects have tried to develop an annual water balance of the Lebanese water resources 

but failed to deliver a long term estimation which considered all the components. In ex. UNDP 1970 study of 

Lebanese groundwater missed to include snow contribution as no monitoring stations were installed above 

2000 m altitude back in that time; FAO 2008 AQUASTAT country profile report didn’t calculate the 

evapotranspiration however, was adopted by the 2010 NWSS with an unjustified estimation of the 

evapotranspiration at 50% of the total precipitation; UNDP 2014 assessment of groundwater resources in 

Lebanon estimated the water balance components for only two hydrological cycles (2010-2011) and (2011-

2012) without estimating the surface and groundwater flows to adjacent countries and the flow of submarine 

sources. Nevertheless, UNDP (2014) advanced a serious calculation of the real evapotranspiration using Turc 

(1961) method over 71 meteorological stations across Lebanon with an estimation ranging between 16% and 

26% of the total precipitation. 

Despite all these estimations, a complete and inclusive long term annual average water balance is still missing 

for Lebanon and requires further knowledge and studies especially regarding real evapotranspiration 

estimation, groundwater resources leaving Lebanon either to adjacent countries or to the sea through 

submarine springs with estimations dating back to 1970’s. In addition, with the new information collected on 

snow cover contribution during last decade, it should be seriously integrated into the annual water balance. 

The 2020 NWSS annual water balance updated the 2010 NWSS based on the review of FAO 2008 components 

to include the total losses as deficit of runoff (evapotranspiration and other losses) estimated at a ratio of 

30% equivalent to 2,579 Mm3 closer to UNDP 2014 real evapotranspiration figures between 16% and 26% of 

the total precipitation. The same figures as of FAO 2008 were adopted for the water outflow leaving Lebanon, 

with the total surface water outflow estimated at 735 Mm3/year, of which 160 Mm3 to the sea and the total 

groundwater outflow leaving Lebanon estimated at about 1,020 Mm3/year of which 740 Mm3 to the sea. 

Hence, the water resources remaining in Lebanon are 4,225 Mm3/year of which 700 Mm3 as dynamic 

reserves, 2,050 Mm3 as springs discharge and 1,475 Mm3 as surface runoff, estimated from the average flows 

measured by LRA hydrometric service between 1990 and 2013 and other private hydrometric records.  

In summary, the real evapotranspiration is estimated at 30% of total precipitation, total surface runoff inside 

and outside Lebanon about 25% and groundwater infiltration about 45%. 

The difference of 115 Mm3 (equivalent to 3%) between the rivers measured flows of 4,260 Mm3 from Table 

A 2 and the theoretical rivers flow of 4,260 Mm3 (sum of springs discharge 2,050 Mm3, surface runoff 1,475 

Mm3 and the surface outflow 735 Mm3) is an acceptable error with all the measurements uncertainties. 

It should be noted that the annual water balance was included for information and should not be adopted 

for water management plans at national scale. Rather, water management plans should be based on water 

balance estimated at the watershed scale as part of the IWRM approach. The updated water balance is 

presented in Figure A 1 below and the components advanced by the collected studies are summarized in 

Table A 3 below. 
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Figure A 1 Simplified annual water balance diagram 

(Developed based on MEW 2010, FAO 2008 and UNDP 2014 reports) 

In fact, Figure A 1 is a simplified diagram. The annual water balance distribution should be detailed 

furthermore to show each component distribution especially groundwater resources and the resources 

leaving Lebanon to adjacent countries or to the sea. Exploited water resources by different water 

establishments and authorities could also be added to the diagram. A detailed diagram is suggested in Figure 

A 2 which shows empty cases that must be filled for an adequate water resources management, which 

requires: 

 Implementing adequate and comprehensive coverage of the Lebanese territory with meteorological and 

hydrometric networks, which would provide reliable data about surface water. Surface water 

management is addressed in detail in Annex II Section B. 

 Carrying out required comprehensive geological and hydrogeological studies all over the Lebanese 

territory, in order to properly assess the groundwater capacity (static reserves), and also to properly 

assess how the volumes lost by "groundwater seepage to the sea" are affected by the exploitation of the 

sea cost aquifers. Groundwater management is addressed in detail in Annex II Section C.  

 Conducting studies to set up Watershed management schemes.  
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Figure A 2 Suggested detailed annual water balance diagram 
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Table A 3 Summary table of water balance estimation 

Description  
UNDP  
(1970) 

Plassard  
(1971) 

Geadah  
(2002) 

World Bank  
(2003) 

MoEW  
(2004) 

FAO  
(2008) 

MED EUWI  
(2009) 

MoEW  
(2010) 

UNDP * 
(2014) 

MoEW  
(2020) 

           

Precipitation (mm) 940 - - 820 820 823 800 - 1000 823 764 - 1164 823 

Evapotranspiration (mm) - - - 380 430 - 500 - 600 433 206 - 197 248 

                      

Precipitation (Mm3) 9800 8600 8600 8600 8600 8559 8320 - 10400 8559 7830 - 11932 8559 

Snow (Mm3) - - - - - - - - 1815 - 2567 - 

Evapotranspiration (Mm3) - 4300 4300 4000 4500 - 4300 - 6240 4500 2110 - 2020 2579 

Total flow of the 40 major streams (Mm3) 4300 1800 1774 3800 3680 4100 3673 - 4800 2200 2151 - 3807 4260 

Flow to adjacent countries (Mm3)                     

Surface flow 680 
160 (Palestine) 

510 (Syria) 
670 700 

945 
575 300 - 670 700  -  575 

Groundwater flow   150 (Palestine) 300 200 280 310 300  -  280 

Flow of submarine sources (Mm3) 711 880 880 700 385 - 385 - 1000 -  -  - 

Total internal resources (Mm3)                     

Average year - - - - - 4800 2600 - 4800 4800 2140 - 4675 4225 

Dry year  - - - - - - 1400 - 2200 - 2140 - 

                      

Exploitable resources (Mm3)                     

Surface water - - - - - 1580 1500 -  -  1475 

Groundwater - 1800 - - - 500 700 - 1165 -  -  2750 

Total exploitable resources - - 2000 - - 2080 1400 - 2200  -   -  4225 

* The NWSS 2010 – 2020 water balance was based on MEW and FAO 2008 reports with an estimation of the real evapotranspiration at 50% of the total precipitation 

** UNDP 2014 annual water balance was assessed for only two hydrological cycles a dry cycle (2010-2011) and a wet cycle (2011-2012) 

*** The NWSS 2020 – 2035 adopted FAO (2008) report with an estimation of the runoff deficit at 30% including the real evapotranspiration from UNDP 2014 report 
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A.2 IMPACT OF CLIMATE CHANGE 

A.2.1 LEBANON CLIMATE 

Lebanon is characterized by a Mediterranean climate with precipitation mainly occurring between October 

and March while June, July and August are always dry hence affecting water availability due to low water 

storage capacity and the shortcomings of the existing water supply system. 

Mediterranean climate is a result of a complicated global cyclonic system swiping a large evaporative basin. 

The distribution of marine and continental air masses creates an alternation of low-pressure zones coming 

over from Iceland and the Persian Gulf or high-pressure zones from Siberia and Azores (Clerget, 1937). The 

seasonal shifts of these zones are magnified by the North Atlantic Oscillation (NAO) that plays an important 

role in shaping Mediterranean climate and influencing the evolution of farming and social activities on the 

long-term (Rodwell and Hoskins, 1996). During the positive phases of the NAO, oceanic disturbances bring 

the most humid to northern Europe and less humid to North Africa and the Middle East (Douguédroit & 

Lionello, 2015). This continuous alternation of high and low pressure, cold and humid winters followed by a 

hot and dry summers, marks the Mediterranean seasonality which makes the region attractive to social 

activities, thus its sensitivity to climate change and anthropogenic pressures (PlanBleu, 2012). 

The Lebanese Meteorological Service (LMS) has divided the Lebanese territory for climatic and orographic 

considerations into three zones (Coastal, Mountainous, Internal) and each zone to North, Central and South 

region giving in total 8 climatic regions sharing specific climatic and landform characteristics, each covered 

by a number of stations (see Annex II Section B.2.1). Historical records over 50 years have registered a yearly 

average of 600 mm to 1,100 mm in the coastal zone, 1,210 mm over Mount Lebanon and 700 mm in the 

Beqaa. Qaa and Hermel region can record as low as 80 mm/year while top mountains can record as high as 

3,010 mm/year, hence showing the high precipitation variability across the Lebanese territory. 

The average annual temperature of the coastal zone is above 20°C, ranging from 13 °C in winter to 27°C in 

summer, whereas in Bekaa valley it’s lower at 16 °C, ranging from 5°C in winter to 26°C in summer; 

nevertheless, at higher elevations located between 1,100 m and 1,200 m it’s 15°C and in the mountain 

located above 1,800 m altitude the average annual temperature is below 10°C, ranging from 0°C in winter 

(with daily averages reaching -10°C during specific storm events) to 18°C in summer. 

A.2.2 FUTURE CLIMATE CHANGE IN THE MEDITERRANEAN REGION 

The Mediterranean basin has been identified as one of the most vulnerable regions to climatic and 

anthropogenic changes. Currently, the southern and eastern rims are experiencing high to severe water 

stress. Climate change is expected to have severe consequences on Mediterranean river flows with a serious 

risk of freshwater availability decrease of 2% to 15% for 2°C of warming and significant increase of droughts 

period particularly in the South and East (Hreiche et al., 2007; Cudennec et al., 2007; Garcia-Ruiz et al., 2011; 

Verdier and Viollet, 2015; Allam et al., 2020). 
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A.2.2.1 Analytical assessment of available timeseries  

A climate change research program carried out at CREEN-USJ clearly demonstrated that precipitations over 

the Eastern Mediterranean Basin have not experienced any particular increasing or decreasing trends or a 

major shift in the rainy season over the past century (Najem et al., 2006; Zeinoun, 2004), however, long-term 

rainfall series do reveal wide multiannual variations, where lengthy humid periods follow lengthy dryer 

periods (Bakalowicz, 2009).  

A.2.2.2 PRECIS Simulations projections 

Climate change simulations were performed on the Eastern Mediterranean and Middle East driven by the 

IPCC Special Report on Emission Scenarios (SRES) A1B emissions scenario of the Third Assessment Report 

using PRECIS RCM (Providing Regional Climates for Impact Studies), based on the United Kingdom (UK) Met 

Office Hadley Centre HadRM3P model run over the period 1950–2099 at about 25 km resolution. PRECIS 

consists of the dynamic downscaling of the Atmosphere-Ocean General Circulation Models (AOGCM). SRES 

A1B emission scenario describes a future world of very rapid economic growth relying in a balanced manner 

on all energy sources (Zittis, 2013). 

Future climate projections from PRECIS model shows that mean summer maximum temperature warming 

ranges between 3.5°C and 7°C by the end of the century while mean winter minimum temperature warming 

is less with a maximum between 3°C to 4°C by the end of the century. This warming is more spatially uniform 

for winter, while for summer it is most pronounced at north (6°C to 7°C) and weaker in the south (3.5 °C). 

The simulated changes in precipitation exhibit a large variability in space with ‒25% to ‒35% decrease around 

the South eastern Mediterranean projected by the end of the century and without a change in the North 

eastern region. The annual number of dry days of less than 1 mm precipitation may increase (10-20 

days/year) in the East Mediterranean region while the number of days with heavy precipitation (>10 

mm/day) is expected to decrease in the high- elevation areas.  

A.2.2.3 MED-CORDEX RCM models  

More recently, the CMIP5 simulations expected a mean precipitation decrease of -4%/°C and temperature 

increase of 20% more than the global average with maximum precipitation reduction reaching -7%/°C in 

winter in the southern Mediterranean region and -9%/°C in the summer in the Northern region (Lionello & 

Scarascia, 2018). At 1.5 °C global warming, some Mediterranean areas are under aridification while moving 

to drier state due to the decrease in precipitation combined with evapotranspiration increase leading to an 

expansion of drylands, hence affecting more people (Koutroulis, 2019). 

The COordinated Regional Downscaling EXperiment specific for the Mediterranean Med-CORDEX aims at 

improving our understanding of climate change through high resolution Atmosphere Regional Climate 

Models (RCM). The primary application of RCM has been in the development of climate change scenarios of 

which ALADIN RCM (Aire Limitée Adaptation dynamique Développement InterNational) developed by Météo 

France and CCLM (Cosmo Climate Limited-area Model) developed by the German Weather Service (DWD) 

both applied for Med-CORDEX projects (Rockel et al., 2008; Tramblay et al., 2013). 

The MED-CORDEX RCM models historical and projected data simulated using ALADIN at 12-km resolution 

and CCLM at 50-km resolution under Radiative Concentration Pathway RCP 4.5 and 8.5 scenarios for the 

2070-2100 period served to assess the climate change impact on the Mediterranean region and have 

demonstrated an evolution towards arid climate. RCP is a greenhouse gas (GHG) concentration trajectory 
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adopted by the International Panel for Climate Change (IPCC) for its fifth Assessment Report (AR5) in 2014 

(Giorgi et al., 2009; IPCC, 2013; Ruti et al., 2016). 

A.2.2.4 ALADIN simulations projections  

Under RCP 4.5 scenario, temperature is increasing by 1.4 to 3.5°C (average 2.2°C), with the lowest rates 

during winter and the highest during summer. In the South, on average, precipitation is increasing by 25% 

during winter and 70% during summer and decreasing by 15% during spring and 5% during fall. In the North 

it is increasing by 10% during winter, spring and fall while staying stable along the year in the central region. 

Under RCP 8.5 scenario, the case is accentuated for temperature which is increasing evenly across the 

Mediterranean by 2.5 to 5.6°C (average 3.8°C) with the lowest rates during winter and the highest during 

summer. In the South, on average, precipitation is increasing by 60% during summer and decreasing by 10% 

during winter. In the North it is increasing by 5% during spring and summer while staying almost stable along 

the year in the central region. 

A.2.2.5 CCLM simulations projections 

Under RCP 4.5 scenario, temperature is increasing by 1.9°C to 3.5°C (average 2.9°C), with the lowest rates in 

the South during winter and the highest in the North during summer. In the South, on average, precipitation 

is increasing by 20% during winter and 10% during fall and decreasing by 10% during summer but stable 

during spring. In the North it is increasing up to 10% during fall and winter and decreasing down to 30% 

during spring and summer. 

Under RCP 8.5 scenario, temperature is increasing by 3.6°C to 6.4°C (average 5.1°C), with the lowest rates in 

the South during winter and the highest in the North during summer. In the South, on average, precipitation 

is increasing by 30% during winter and 10% during fall and decreasing down to 25% during summer but stable 

during spring. In the North it is increasing up to 10% during fall and winter and decreasing down to 60% 

during spring and summer. 

A.2.3 FUTURE CLIMATE CHANGE IN LEBANON 

The Second and Third National Communication (SNC3 and TNC4) to the United Nations Framework 

Convention on Climate Change (UNFCCC) developed by the MoE in 2011 and 2016 presented the expected 

climate change effects in Lebanon obtained from university research programs and scenarios that have been 

developed for Lebanon through the application of the PRECIS RCM model (SNC) and MENA CORDEX RCM 

(TNC). 

A.2.3.1 Statistical analysis 

The analysis of precipitation timeseries have shown a stable trend without any clear variation in the past 

decades.Figure A 3 shows the precipitation in four Lebanese regions. 

                                                           
3 MoE/UNDP/GEF, (2011) 
4 MoE/UNDP/GEF, (2016) 
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Figure A 3 Rainfall trend5 

On the other hand, Figure A 4 clearly shows a confirmed increasing trend of minimum temperatures in Beirut 
with an estimated 3°C over the past 140 years 

 
Figure A 4 Temperatures trend6 

                                                           
5 Issam Fares Institute for Public Policy and International Affairs - AUB 
6 Issam Fares Institute for Public Policy and International Affairs - AUB 
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A.2.3.2 PRECIS Simulations projections 

The main results of key climate variables in Lebanon as simulated by PRECIS were presented as changes of 

the respective periods of the near and distant future compared to the “control” period the last 20-30 years 

or the “recent past/ present”. According to PRECIS model and in relation to the present climate, by 2040 

temperatures will increase from around 1°C on the coast to 2°C in the mainland, and by 2090 they will be 

3.5°C to 5°C higher. Comparison with Lebanese Meteorological System LMS historical temperature records 

from the early 20th century indicates that the expected warming has no precedent. Rainfall is also projected 

to decrease by 10% to 20% by 2040, and by 25% to 45% by the year 2090. This combination of significantly 

less wet and substantially warmer conditions will result in an extended hot and dry climate. Temperature 

and precipitation extremes will also intensify. In Beirut, hot summer days (Tmax > 35°C) and tropical nights 

(Tmin > 25°C) will last, respectively, 50 and 34 days more by the end of the century. The drought periods, over 

the whole country, will become 9 days longer by 2040 and 18 days longer by 2090.  

In terms of seasonal changes, temperatures will increase more in summer and precipitation will decrease 

more in winter, while positive changes are predicted for autumn.  

While the actual considered resolution is 25 km, the SNC authors pointed out the need for a finer modeling 

resolution to help decision makers defining Lebanon’s optimal commitments on mitigation and adaptation 

measures facing Climate Change. Hence the importance of the application of recent RCM models considering 

new CMIP5 scenarios similar to the ones applied in the Med-CORDEX project which do not rely on 

downscaling the GCM. 

The TNC included the analysis results of the projected climatic changes in Lebanon and their impacts on 

natural resources based on the generation of dynamically downscaled regional climate modelling projection 

covering the Arab/Middle East North Africa (MENA) domain in accordance with the CORDEX program under 

RCP4.5 and RCP8.5 scenarios. These projections were carried out through the Regional Initiative for the 

Assessment of the Impact of Climate Change on Water Resources in the Arab Region (RICCAR) led by the 

United Nations Economic and Social commission for Western Asia (ESCWA). The projections were then linked 

to two regional hydrological models to specifically analyze the impact of climate change on the region’s 

freshwater resources. 

In Lebanon, the projections by the end of the century compared to the baseline period of 1986-2005 results 

showed an increase in temperature by up to 3.2°C with an increasing warming trend reaching up to 43 

additional days with maximum daily temperature higher than 35°C. It also showed a decrease in precipitation 

by 4% under RCP 4.5 and 11% under RCP8.5 with trends towards drier conditions with an increase in number 

of consecutive dry days (when precipitation < 1.0 mm) which indicates the extension of dry summer season. 

This combination of significantly less wet and substantially warmer conditions will result in hotter and drier 

climate7. 

  

                                                           
7 ESCWA, (2015) 
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A.2.4 CLIMATE CHANGE IMPACT ON WATER RESOURCES 

In what follows, we discuss the impact of climate change on water resources and consequently on  

SDG 6, SDG 2, and SDG 15. 

A.2.4.1 Impact on SDG 6: Ensure availability and sustainable management of water and 

sanitation for all 

The SNC and TNC included a climate change impact assessment on Lebanese water resources taking into 

consideration the effect of precipitation and temperature variation on surface water and groundwater 

availability from direct runoff, infiltration, and snowmelt. The assessment covered the variation of 

precipitation during wet season including snow cover, and losses through ETP increased by temperature 

increases during dry season. This assessment faces multiple challenges mainly the limited recorded data and 

lack of meteorological and hydrometric stations. 

The expected increase in temperature as described in previous section has a considerable impact on the 

snow cover, main source of freshwater resources in Lebanon. It was estimated that a 2°C increase in 

temperature would cause a decrease of 50% in snow depth in addition to a significant reduction in the 

maximum volume of snowpack from 1,200 Mm3 to 700 Mm3; a 4°C warming would further reduce it to 

350 Mm3. The altitude of sustained snow cover would also shift upwards from 1,500 m to 1,700 m for a 2°C 

warming, and to 1,900 m for a 4°C warming (Najem, 2007). 

These findings were confirmed by the analysis of satellite images that have shown a noticeable spatial and 

temporal decrease between 1990's and 2000’s of the dense snow cover surface by 350 km2 and residence 

time by 20 days (Shaban, 2009). 

This has consequently major impact on the stream flow regimes of major rivers and springs. Drought periods 

would occur 2 to 3 weeks or even a month earlier for a 2°C and 4°C temperature increase, and peak flows 

would shift from the end of April to the end of March and river flows would increase during winter months 

while demand is low. Upon the recharge of most springs’ aquifers, early snowmelt will reduce the available 

water supply for irrigation during summer and increase floods by up to 30%. This will have adverse impacts 

on rivers and groundwater recharge and will affect water availability during summer season and drought 

periods. 

The main consequence would consist in a decrease in spring and stream discharges towards the end of the 

dry season. Aquifer recharge conditions, however, remain less predictable, as one cannot easily forecast 

whether early precipitations would efficiently recharge the aquifers or simply contribute to fast runoff. In the 

absence of proper water storage structures, a considerable proportion of this water would be lost. From April 

to June, while the demand for irrigation water for agriculture is higher, the reduction in snowpack will not 

allow to sustain river flows. 

These results highlight the increasingly difficult challenges that water sector is actually and will be facing in 

the future, particularly with respect to water supply, as a result of the expected increase in population and 

demand per capita, coupled with longer periods of water shortage. Drought’s impacts on groundwater usage 

for agriculture are considerable. It increases irrigation demand, which is met almost entirely by groundwater 

abstraction during dry seasons. Also, large agricultural areas depend on spring systems, while the discharge 

of these springs fluctuates in response to climate affecting changing snow cover and precipitation. While 

autonomous adaptation through changing of sowing dates is possible in the agriculture sector, the shortening 
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of the season when aquifers and springs recharge will necessitate the construction of surface and 

underground storage reservoirs that can store enough water for the longer dry season (Hreiche et al., 2007; 

Najem, 2007). 

A.2.4.2 Impact on SDG 2: End hunger, achieve food security and promote sustainable 

agriculture 

The impact of climate change not only affects the flow regime of water, but also menaces Lebanon’s food 

security if lower quantities of water are available for agriculture. Therefore, it is primordial that: i) the 

Government of Lebanon identifies the crops it considers important for the country’s food security, and ii) the 

Ministry of Agriculture identifies the lands dedicated for these crops, so that MoEW and the WE’s can 

properly plan their resource allocation and their infrastructure plans to cater for food security needs. 

A.2.4.3 Impact on SDG 15: Protect, restore and promote sustainable use of terrestrial 

ecosystems, sustainably manage forests, combat desertification, and halt and 

reverse land degradation and halt biodiversity loss. 

Changes in water availability directly and negatively impact biodiversity. Increase in temperatures and 

extreme hot weather events increase risks of forest fires, cause desertification and impact the water cycle in 

general, resulting in further changes to the climate. Forest fires also require water points be made available 

in proximity of forests, which requires planning and capital expenditures that should be decided on at a 

national level. 

A.2.5 CLIMATE CHANGE IMPACT ON LAND 

Soil erosion is a direct impact of extended drought seasons induced by climate change. Increased erosion 

might increase desertification, defined as “the degradation of land in arid, semi-arid, and other areas with a 

dry season caused primarily by over-exploitation and inappropriate [land] use interacting with climate 

variance” (FAO and NDMC 2008). Land degradation is defined as the “reduction or loss of the biological or 

economic productivity and complexity” (UNCCD, 1994). It is an underlying cause for reduction in ecosystem 

productivity and has ripple effect that can reduce the country’s abilities to meet its needs of clean and safe 

water, food and liveable and environments. Lebanon’s vulnerability to climate change is expected to hasten 

land degradation processes; therefore, the country has committed to the Land Degradation Neutrality (LDN) 

framework that is proving to be one of the most effective mechanisms of the United Nations Convention to 

Combat Desertification (UNCCD).8 

Conservation agriculture, which consists of no-tillage, permanent soil cover through crop residues or cover 

crops and crop rotation, has strong mitigation and adaptation synergies. Conservation tillage has been shown 

to enhance soil structure and thus water holding capacity, making agriculture more resilient to extreme 

weather events such as heavy rains and drought. In addition, the increase in soil water content in dry climates 

can limit soil erosion, decrease desertification, and make agricultural lands more resilient to climate change.9  

                                                           
8 MoA/UNCCD/LDN, (2018) 
9 MoE/UNDP/GEF, (2016) 



 UPDATED NATIONAL WATER SECTOR STRATEGY - 2020 

 ANNEX II Section A 
 WATER RESOURCES AND SLUDGE Available water resources 
 MANAGEMENT Impact of Climate Change 

A.2 Impact of climate change 

June 2022 - 24 -  

A.2.6 NWSS IMPACT ON CLIMATE CHANGE 

This chapter has discussed till now the impact of climate change on water resources and their availability. In 

this section it will discuss the probable impact of the strategy on local and global climate including the 

adopted objectives and proposed projects (dams, infrastructure, etc.) and actions.   

The strategy is developed in the context of the Sustainable Development Goal 6, in particular target 6.4 “By 

2030, substantially increase water-use efficiency across all sectors and ensure sustainable withdrawals and 

supply of freshwater to address water scarcity and substantially reduce the number of people suffering from 

water scarcity.” It also implicitly takes into consideration the SDG 13 “Take urgent action to combat climate 

change and its impacts” through the adoption of the IWRM as main background framework with all the 

proposed governance measures, sector reform and projects. 

The adoption of the IWRM at the river basin level as main approach with all its implementation principles in 

particular the principle of sustainable development will optimize the water resources distribution according 

to its availability now and in the future taking into consideration the climate change scenarios discussed 

previously (Principle of sustainable development : According to which water resources management must 

meet the environmental needs of the present without compromising the ability of future generations to meet 

their own needs). The potable water balance estimation at the distribution system level in each district has 

detected the deficit and surplus of available water resources and suggested corresponding development 

projects accordingly. This exercise could be considered as first step towards complete IWRM at the river basin 

level once necessary data will be collected and water balance models developed using appropriate software 

(WEAP software detailed in Annex II Section B). The optimized water balance shall ensure sustainable 

withdrawals and address water scarcity issues. 

The suggested projects are diverse and range between municipal, district and national level. Their impacts 

are also diverse some are local like wells and springs intake and can only affect the concerned aquifers and 

streams and other have larger impacts like dams that can affect the microclimate and the ecosystem. 

Dams and corresponding lakes can induce altered microclimate due to increased humidity and cooling in the 

area, they will also induce greenhouse gas emissions because of decomposing matter submerged by the 

flooding. To mitigate those effects, every removed tree, can be compensated by another and the ecosystem 

restored in an adjacent area of the dam. 

A.2.7 CLIMATE CHANGE ADAPTATION 

Lebanon faces significant challenges in meeting the country’s water demand in terms of quantity and quality. 

Unsustainable water management practices, environmental risks and water governance shortcomings are 

among the main obstacles facing the sector. Water demand has increased excessively the last decade which 

multiplied the challenges in ensuring the required quantity and quality. Water governance, unsustainable 

water management practices and environmental risks are among the main obstacles facing the sector. 

One of the limits to the climate change adaptation and mitigation is the absence of a wholistic climate 

monitoring mechanism. Monitoring systems act as information sources to trigger action. This dearth of 

climatological data and the non-centralized nature of water resource data management are major stumbling 

blocks hence the importance of implementing an Integrated Hydrological Information System (IHIS) within 

the Ministry of Energy and Water. 
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Acknowledging that climate change impacts (drought, floods, etc.) is a major challenge in Lebanon is the first 

step towards a long term risk management plan, hence awareness campaigns shall be carried out by different 

stakeholders to raise awareness level especially in the poorest communities that have limited resilience and 

adaptation capacity to manage climate change risks while being the most affected. 

In Lebanon, drought management is not centralized, but managed by individual institutions through their 

own frameworks. There is not a guiding national strategy for drought management and efforts are not 

coordinated and institutional roles in drought management are not clear and support is limited to only one 

institution, the Higher Relief Fund effort. 

Successful drought risk management requires both immediate emergency assistance and longer-term policy, 

structural, and institutional interventions, with a focus on water resource management, agricultural 

technology improvements, and water-related infrastructure developments. 

Lebanon’s adaptive capacity to the impact of climate change on water resources is low due to its limited 

capacity to store surface water and groundwater, to face seawater intrusion, to reduce the losses in the 

distribution network, to promote best irrigation methods and water conservation practices through the 

implementation of metering systems, tiered pricing, awareness efforts, etc.  

SNC and TNC promoted for a national adaptation framework for the water sector, needed to restructure 

water governance, implement measures for water resources and infrastructure, improve surface and 

groundwater quality, improve equitable access to sustainable water supply and enhance knowledge and 

capacity for climate change adaptation. 

Potential adaptation measures include: 

- Reducing the likelihood that coastal freshwater aquifers will experience from saltwater intrusion as 

sea level rises; 

- Increasing the water-use efficiency of domestic, industrial, and agricultural sectors;  

- Developing watershed-managed plans appropriate for expected changes in climate;  

- Investigating the feasibility of alternative sources of water supply;  

- Improving the available information about Lebanon’s water resources and water systems.  

The Technology Needs Assessment (TNA)10 developed in 2012 identified potential adaptation technologies 

that would enhance adaptation to climate change for the several prioritized sectors including water and 

agriculture. These potential efforts generally aim to reduce the vulnerability of Lebanon’s capital resources 

to climate change and increase their resilience. 

According to an assessment on updating the national adaptation plan to climate change in the water sector 

conducted under CapWater project (funded by the World Bank and implemented by the CNRS in 2015), 

several obstacles have been identified that prevented the implementation of previous adaptation measures 

within the water sector and that will influence any current or future attempts to adapt to climate change 

effects within the water sector. 

                                                           
10 MoE/URC/GEF, (2012) 
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The assessment proposes an action plan for the period 2016-2021 to consolidate the national adaptation 

framework in the water sector. Main areas of work identified in the action plan are: 

- Restructure the water governance towards a climate responsive water sector 

- Implement climate change adaptation and vulnerability reduction measures for water resources and 

infrastructure 

- Improve surface and groundwater quality 

- Improve equitable access to sustainable water supply 

- Enhance knowledge and capacity for climate change adaptation in the water sector.  

During the 21st Conference of the Parties in Paris in December 2015, a strong broad coalition of 290 nations, 

river basin organisations (including cross-border), business and civil society and funding agencies announced 

the creation of the Paris Pact on Water and Climate Change Adaptation. The objective of the pact is to make 

water systems – the very foundation of sustainable human development - more resilient to climate impacts. 

Lebanon is one of the countries that joined the initiative, which is led by the International Network of Basins 

Organisations (INBO). 

The pact encompasses individual commitments to implement adaptation plans, strengthening water 

monitoring and measurement systems in river basins and promoting financial sustainability and new 

investment in water systems management. The project Lebanon is involved in under the Pact is the 

Mediterranean Water Knowledge Platform, a 7-year commitment to assess the state and trends of water 

resources. 

A.2.8 NATIONALLY DETERMINED CONTRIBUTION 

In December 1994, Lebanon ratified the UNFCCC and has since been involved in various activities aimed at 

spreading climate change awareness in the country, reducing national GHG emissions, developing measures 

to reduce adverse impacts on environmental, economic and social systems, building institutional capacity 

and mainstreaming climate change into the different policies. These activities were undertaken and 

monitored through a platform, the Climate Change Coordinating Committee (CCCC), led by the Ministry of 

Environment and in cooperation with its various focal points located at the line ministries, government 

agencies, private sector and academic institutions. 

In the context of UNFCCC - COP 21 in Paris in December 2015, Lebanon presented its Intended Nationally 

Determined Contribution (INDC) to the Paris Climate Agreement built on the development of low-carbon and 

adaptation strategies11. In 2016, an official NDC committee was established with the objective of following 

up the NDC implementation and reporting (Council of Ministers’ decision 185/2016, dated 7/10/2016) and 

in 2017, the Council of Minister's decision 33-2017 mandated the MoE to coordinate the NDC's 

implementation. In 2019, the government issued Law 115 for the ratification of the Paris Agreement. In 

accordance with article 4.9 of the Paris Agreement (and Law 115/2019) the republic of Lebanon submitted 

an update to its 2015 NDC. 

                                                           
11 MoE, CCCC, (2015) 
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Given the projected decrease in precipitation, there is an immediate need to increase water resources 

through the designing and commissioning of dams and hill lakes as well as artificially re-charging the 

groundwater. In addition, there is a need to optimize the use of current water resources through the 

rehabilitation of the existing network and the installation of water meters. Lebanon is already undertaking 

major initiatives to ensure the availability of affordable water for domestic, industrial and agricultural use, in 

line with the NWSS. However, more technical, financial and capacity building support and technology transfer 

is needed to optimize water storage, water use efficiency, improve irrigation systems and demonstrate reuse 

of wastewater. 

With this NDC, the Lebanese government strived to both build resilience and improve adaptation as it lowers 

emissions, and therefore take advantage of the synergies between adaptation and mitigation. Regarding 

mitigation, the NDC has two targets: the first representing the country’s own contribution “unconditional 

target”, the second offering a wider mitigation “conditional target” conditional on receiving international 

support. The water sector adaptation measures objective consists of increasing water availability and 

improving water usage to decrease the sector’s vulnerability to climate change impacts by:  

- Implement the Beirut Water Declaration12;  

- Enhance the efficient use of irrigation water and expand the supply of surface water sources for 

irrigation;  

- Encourage and support the use of renewable energy in agricultural irrigation and in drinking water 

supply;  

- Build an operational and sustainable legal and institutional framework to ensure a proper 

management of the water sector allowing the development of sustainable and efficient services;  

- Develop financing tools for the sector to set-up financial mechanisms allowing the sustainability and 

the financial balance of the services;  

- Involve all actors in the service chain and establish sustainable mechanisms for collaboration and 

coordination to improve the sector monitoring and transparency.  

 

 

  

 

                                                           
12 https://www.riob.org/en/file/280436/download?token=pIghIHCp   
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EXECUTIVE SUMMARY 

General 

Within the NWSS update for 2020-2035 an assessment of the Lebanese meteorological and 

hydrological information networks constituted a main component of the data collection and the basis 

of any National Surface Water Management. In this report, a survey and assessment of the existing 

meteorological and hydrological information systems were carried out in their actual status; it included 

a detailed list of all 137 meteorological stations and 138 hydrometric stations, regardless of their 

operational situation, located on all catchments, rivers, springs and channels across Lebanon showing 

their locations and eventually their specifications when available. The assessment also identified the 

actual gaps of the existing networks mainly the proper coverage of hydrogeological aquifers and 

mountainous areas; and suggested a methodology for the implementation of new stations based on 

WMO recommendations and Lebanese climatic and landform characteristics. 

The association and combination of the LMS's climatic zoning approach, LRA's catchment scale 

distribution approach and completed by LARI's agrometeorological network for agricultural areas 

ensures that catchment microclimates are well covered (coastal areas, plains, lowlands and 

mountains), rivers specific hydrological regimes are taken into consideration (snow influence, spring 

contribution, etc.) and landcover characteristics are covered by LARI's network for evapotranspiration 

estimation. This integrated network could be achieved without any institutional merge or tasks overlap 

but requires a very developed technical assistances focusing on staff training for performing and 

following up hydrologic measurements and an elaborate inter-institutional coordination within the 

Integrated Hydrological Information System (IHIS) centre.  

In fact, the primary function of a hydrological service is to provide essential information to decision 

makers on the status and trends of the water resources from systematic data collection, archiving and 

dissemination. A reliable hydrological monitoring system is the basis of any assessment, management 

and planning of a National Water Sector Strategy that aims to overcome the challenges related to 

Integrated Water Resources Management (IWRM) and achieve Sustainable Development Goals (SDG). 

Upgrade of meteorological and hydrometrics networks 

The implementation of complete meteorological and hydrometric networks, constituted by LMS, LRA, 

LARI's and MoE networks, requires reinforcing the networks with 113 additional meteorological 

stations and 135 additional hydrometric stations, in order to reach an average density of 

50 km²/station. The implementation plan shall take into consideration the available budget and could 

be divided into several phases either by gradually expanding the basic network to reach a complete 

network or by fully equipping one catchment at a time and then moving on to another catchment. 

Implementation of an Integrated Hydrological Information System 

On the other hand, Lebanon has not yet established an IHIS which shall provide public and private 

stakeholders an access to reliable information and management services to build this management 

approach. An IHIS will allow all information providers to manage, publish, share their data, products 

and services and will allow all users to develop value-added services and new products.  
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For these reasons, a strategy for the IHIS implementation is recommended with a focus on supporting 

Lebanese decision regarding the United Nations SDGs, the United Nations Framework Convention on 

Climate Change (UNFCCC), the Global Framework for Climate Services (GFCS), etc. An Implementation 

Coordination Team of the IHIS shall be formed to elaborate and maintain a strategic plan for 

developing the IHIS over the next period.  

The proposed studies for IHIS implementation are: 

 Assessment studies for the meteorological and hydrometric networks including an assessment of 

the Institutional framework and working teams (skills, knowledge, expertise, trainings, etc…), an 

assessment of the data management centre and quality of measurements, etc… 

 Update and analysis of the National Land Use Master Plan Geodatabase (NLUMP) in order to 

include the latest and most precise maps describing the Lebanese landscape, geology, 

hydrogeology, land use, morphology, water and land resources with the contribution of both public 

and private sectors especially academic and research institutions. 

 Lebanese Data Rescue Project to preserve all data at risk of being lost due to deterioration of the 

medium and digitizing current and past data into computer compatible form for easy access as 

most of climatic data are still on paper. 

 Design studies of the IHIS implementation upon the achievement of all assessment studies of 

existing meteorological and hydrological networks and based on the resulting comprehensive 

analysis report of the NLUMP. The proposed studies are: 

- Institutional and capacity building of all administrations involved in the IHIS. 

- Design of the LMS, LRA, LARI and MoEW meteorological and LRA hydrometric networks. 

- Design of data management centre including server specifications, data collection, 

dissemination and archiving protocol. 

- Benefit cost analysis of the implementation of the IHIS. 

- Preparations of the terms of reference for IHIS implementation  

- Integrated water resources management for major Lebanese rivers using WEAP software 

over a time period of 5 years. 

Cost estimates 

The estimated cost for the required works is as follows : 

 MH-A: Meteorologic and Hydrologic Networks upgrade and expansion: 6,066,000 USD 

 MH-B: Integrated Hydrological Information System   9,548,000 USD 

   15,614,000 USD 
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B.1 INTRODUCTION 

The water sector in Lebanon faces several challenges that stand between its current situation and the 

sustainable sector that the MoEW and all stakeholders tends towards it. Among these challenges are 

the limited capacities for an Integrated Water Resources Management (IWRM) and incomplete 

monitoring actions of the entire sector showing discrepancies in data. 

IWRM is the main background framework of the strategy. It has several implementation principles that 

are included as core principles of the Water Code (law 77/2018) and its anticipated revision. It is a 

process that promotes the coordinated development and management of water, in order to maximize 

economic and social welfare in an equitable manner without compromising the sustainability of vital 

ecosystems and the environment. This means that infrastructure must be re-positioned as part of a 

more comprehensive system and not as an objective in itself. 

A Bottom - Up IWRM approach could be the best fit for Lebanon starting at the distribution schemes 

level and up to river basin level then national level. This updated NWSS has tried in Annex III Section 

B.3 to cover the potable water balance deficit for each distribution scheme for the 2020-2035 horizon 

by proposing the construction or rehabilitation of local projects like wells, tapped springs, pumping 

stations, treatment plants, and regional projects like dams. The validation of the proposed 

development projects at the river basin and national levels was not carried out as it requires first, 

accurate monitoring data of available surface water and groundwater resources and infrastructure, 

unavailable at the present time, see Sub Section B.2.3, and second, an extensive work of water balance 

estimation with the support of WEAP software and the development of all suggested studies out of 

this NWSS scope, see Sub Sections B.2.4B.2.5, and B.4.2. However, the estimation of the water demand 

for each distribution scheme and irrigation plan along with the extensive data gathering and listing of 

all available resources and infrastructure, are considered as initial steps towards IWRM at the river 

basin level, see Annex III. 

The main objective of the National Policy Dialogue on IWRM planning in Lebanon was to assist the 

country in review the national 10-year strategy plan and to launch and advance the process of 

complementing the strategy with an IWRM plan. The review using the IWRM framework tackled issues 

of water balance, water management, supply and sanitation, irrigation and capacity building while 

achievements, gaps and deficiencies were identified. 

The Lebanese government endorsed legally this national strategy with the newly ratified Water Code 

aiming to regulate, develop, rationalize and exploit water resources, protect them from depletion and 

pollution and improve the efficiency of transport, distribution and maintenance systems for the 

operation of water installations in order to ensure the sustainable management of the natural water 

resources of the Lebanese State. On the International level, Lebanon has joined the Paris Pact on Water 

and adaptation to Climate Change in the basins of rivers, lakes and aquifers, led by the International 

Network of Basins Organisations (INBO) at the COP21 in Paris in 12th December 2015. Previously in 

1995 Lebanon has adopted Barcelona Convention the action plan for the protection of marine 

environment and the sustainable development of the coastal areas of the Mediterranean Sea which 

rivers consist the main component. These commitments are translated by strengthening the IWRM 

and improve governance at the river basin level. 
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IWRM is the hub of the 6 strategic components and their specific objectives and proposed actions. The 

upgrade of the hydrometeorological networks and the implementation of the IHIS with the 

recommended studies fall within the reporting and monitoring objective and specifically C.1 Enhance 

sector monitoring. A reliable hydrological monitoring system is the basis of any assessment, 

management and planification of a National Water Sector Strategy that aims to overcome the 

challenges related to IWRM and achieve Sustainable Development Goals (SDG). The primary function 

of a hydrometeorological service is to provide essential information to decision makers on the status 

and trends of the water resources from systematic data collection, archiving and dissemination.  

Several international conferences, the United Nations Water Conference (UNWC) of Mar Del Plata in 

1977 and subsequent related conference of 1991; the International Conference on Water and the 

Environment (ICWE) held in Dublin in 1992; highlighted that "all efforts should be undertaken at the 

national level to increase substantially financial resources for activities related to water-resources 

assessment and to strengthen related institutions and operational services as necessary and 

appropriate at the national and regional levels"1. 

The World Meteorological Organization (WMO) and United Nations Educational, Scientific and Cultural 

Organization (UNESCO) report on the Progress in the Implementation of the Mar del Plata Action Plan 

stressed on the need for an international, regional and national Water Resources Assessment for the 

following purposes.2 

 Assessing a country’s water resources (quantity, quality, distribution in time and space), the 

potential for water-related development and the ability of the supply to meet actual or foreseeable 

demand; 

 Planning, designing and operating water projects; 

 Assessing the environmental, economic and social impacts of existing and proposed water 

resources management practices and planning sound management strategies; 

 Providing security for people and property against water-related hazards, particularly floods and 

droughts; 

 Allocating water among competing uses, both within the country and cross-border; 

 Meeting regulatory requirements. 

The Dublin statement on water and sustainable development within the ICWE also highlighted very 

effectively the achieving goals related to sustainable development; (United Nations, 1992) 

 The ICWE addressed the following issues: 

 Integrated water resources development and management; 

 Water resources assessment and impacts of climate change; 

 Protection of water resources, water quality and aquatic ecosystems; 

 Water and sustainable urban development and drinking water supply and sanitation in the urban 

context; 

                                                           
1 Mar Del Plata Action Plan. (UNWC, 1977); Resolution № 1 
2 UNESCO, 1991 
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 Water for sustainable food production and rural development, and drinking water supply and 

sanitation in the rural context; 

 Mechanisms for implementation and coordination at the global, national, regional and local levels. 

In 2012, the EMWIS technical unit (Euro-Mediterranean Information System on Know-How in the 

Water Sector) within the Ministry of Energy and Water started working on a pilot project for a National 

Water Information System (NWIS), which guarantees data sharing among national key-institutions 

working in the water sector to ensure Integrated Water Resources Planning and Water Regulation. The 

status report presented the actual status of water data management and proposed a pilot 

development of a NWIS to be shared among the main stakeholders in the country and, in harmony 

with other Mediterranean countries systems. The focus of the foreseen NWIS is to provide reliable 

data for water resources planning as well as to enforce the water legislation.  

The EMWIS 2012 report “Pilot development in Lebanon; status report and proposed action plan” has 

listed the public institutions involved in water related data monitoring with a brief description of 

existing datasets, monitoring networks and information systems. It has also addressed the inter- 

institutional cooperation and tackled on the challenges that each institution is actually facing in matter 

of data collection, network monitoring and information management. The EMWIS technical unit has 

proposed its vision for the implementation of a NWIS within the MOEW and suggested a 3 phases 

action plan over 30 months with a provisional implementation budget. However, the NWIS has not 

been established yet, however it shall be organized within a formal framework to involve all public and 

private stakeholders working in the water sector and clarify the roles and responsibilities of each 

stakeholder. The NWIS provisional budget was estimated at 3,128,600 Euros equivalent to 4,000,000 

USD and the "Strengthening monitoring networks" item at 865,000 USD. 

The Ministry of Energy and Water (MOEW) prepared in 2010 a National Water Sector Strategy (NWSS) 

which was approved by the Council of Ministers in 2012. This strategy presented a detailed road map 

for improving water conditions and service delivery in the country and included 7 objectives consisting 

on improving the management, the potential and quality of surface and groundwater water resources 

while fulfilling deficits. In 2018, the Lebanese government endorsed legally this national strategy with 

the newly ratified Water Code aiming to regulate, develop, rationalize and exploit water resources, 

protect them from depletion and pollution and improve the efficiency of transport, distribution and 

maintenance systems for the operation of water installations in order to ensure the sustainable 

management of the natural water resources of the Lebanese State. These commitments are translated 

by strengthening the IWRM and improve governance.  

The updated NWSS for 2020-2035 includes completed projects and revise the planned projects to be 

in line with the Capital Investment Plan prepared by the Government of Lebanon for the CEDRE 

conference (April 2018) and which this section constitute a main component in the data collection. 
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B.2 SURFACE WATER RESOURCES MANAGEMENT 

B.2.1 STUDY AREA 

Lebanon is located in the temperate zone, at the limit of the arid zone. It has a typical Mediterranean 

climate characterized by a short, cold and wet winter season resulting in annual rainfall ranging 

between 600 mm and 2000 mm/year and by a practically total drought during summer months.  

The Lebanese landscape is characterized by two long mountain chains dividing the country from North 

to South. The high mountains act as a barrier to the prevailing southwest winds carrying humid air 

masses across the Mediterranean. Due to its mountainous morphology, much of this precipitation falls 

in form of snow that accumulates throughout the winter over the mountains top. 

The Lebanese littoral is rich in coastal rivers with the major rivers starting from North are, Nahr Al Kabir 

Al Janoubi, Ostouene, Arka, Al Bared, Abou Ali, Al Jaouz, Ibrahim, Al Kalb, Beirut, Al Damour, Al Awali, 

Sainiq, Al Zahrani, and Hasbani, Litani, Al Assi in the internal region. During winter these rivers are 

mainly fed by the rain falling over their watersheds. During spring they drain the melted snow 

accumulated at high altitude and discharged by the springs. This annual cycle is keeping on sustained 

flows in rivers by extending the low flow season and allowing the regulation of river regime. This 

phenomenon is mainly due to high contribution of the snow cover when melt, feeding up to 50% of 

the Lebanese coastal rivers’ flows.  

B.2.2 APPROACH AND METHODOLOGY 

Management of surface water resources comprehends the management of rivers, springs, storage 

infrastructure like dams, hill lakes, reservoirs, and infrastructures like water and wastewater treatment 

plants, pumping stations, supply networks, stormwater etc. It also includes the risk management of 

disasters related to the water sector, such as floods, droughts, forest fires, contamination along with 

nonconventional resources like aquifer recharge, wastewater reuse and rainwater harvesting. 

Groundwater management, elaborated in Annex III Section C, is directly linked to surface water 

management as tapped springs and wells are the main supply of potable water and irrigation and shall 

be monitored in an integrated way along with surface water management. 

It is imperative for an optimized management, that every component is well monitored, and resources 

are well assessed, hence the need for a complete monitoring service allowing the follow up of 

resources’ availability and sustainable usage. Several hydrometeorological services are operational in 

Lebanon but with different status. This section will tackle the surface water resources management, 

presents an overview of the hydrometeorological services in Lebanon and propose the implementation 

of an Integrated Hydrological Information System (IHIS) within the MoEW for better management.  

In brief, Annex II Section B will develop the surface water management with the following steps: 

- Status of the hydrometeorological services in Lebanon with the review of the previous and actual 

monitoring services, description of the data management methodology and recommendation for 

their upgrade with design studies. 
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- The Integrated Hydrological Information System implementation methodology, design, and 

complementary studies. 

- Disaster risk management. 

- Nonconventional water resources. 

- Cost Estimates and time schedule of IHIS implementation with all related studies. 

B.2.3 DATA AVAILABILITY AND QUALITY 

Effective management is based on sound decision-making based on accurate information. Data 

collection, verification and dissemination are therefore essential steps for the production of such 

information. 

Ideally, for a water balance equation, all input and output parameters are directly measurable. In 

reality number of these components have to be estimated, because of: 

- Difficulty of measurement: for example, groundwater inflows and outflows are often difficult 

to measure; as well as irrigation volumes used by agriculture. These can be estimated based 

on standard evapotranspiration values and estimates regarding cropped areas and cropping 

patterns; 

- Insufficient or unreliable data: measurements exist only for the periods when a monitoring 

device was in place thus reducing the completeness of the dataset, and the accuracy of the 

resulting data. Although Lebanon used to have a reasonable network of gauging stations 

recording river flows, the civil war between 1975 and early 90s severely affected this 

monitoring process. Efforts have resumed since, but the lack of equipment and staff has not 

ensured routine collection of accurate data as it used to be. Focused efforts to improve both 

collection and quality control of hydrologic data are sorely needed. 

- Access to existing data: data collected by various stakeholders is commonly considered with 

secrecy. Sharing of public data is limited within or among administrations and rarely if ever 

made accessible to the public at large.  

In spite the limitations, experience has shown that water accounting, even based on estimates, can be 

quite useful to managers, farmers, and most importantly decision makers. 
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Figure B 1 Lebanese Rivers. 



 UPDATED NATIONAL WATER SECTOR STRATEGY - 2020 

 ANNEX II 
 WATER RESOURCES AND SLUDGE Section B 
 MANAGEMENT Surface water resources management  

B.2 Surface Water Resources Management 

June 2022 - 44 -  

B.2.4 WATER BALANCE COMPONENTS 

Building water balances helps to combine and structure the key components of the natural 

hydrological cycle and the relevant inputs and outputs due to human interventions (e.g. abstractions, 

returns, etc.) into a coherent framework. The following section explains these different components, 

identifying the type of information that is required for describing each component and developing 

water balances. 

The first step in developing water balances requires the assessment of the freshwater resources, 

accomplished through the quantification of the components of the hydrological cycle. The hydrological 

balance equation is based on the principles of conservation of mass in a closed system: any change in 

the water content of a given watershed during a specified period must equal the difference between 

the amount of water added to the watershed and the amount of water withdrawn from it.  

In a system with no external inflows from adjacent catchments and territories, the water is entering 

the system via precipitation (P), converted into evaporation (E) and/or runoff (R) (surface, subsurface 

or groundwater) and associated storage (S) or change in storage ΔS during the time period 

investigated, as expressed in the following general equation: 

P = R + E ± ΔS [Eq. 1] 

In detail, looking at the functioning of the hydrological cycle and the dynamics of its different 

components during a given time period, (P) reaches the soil surface and the vegetation where water 

can be intercepted and evaporate directly (Ei) or stored for domestic, industrial or agricultural uses 

(ΔS). Water can also infiltrate the soil or directly runoff (Rs) if the amount of rainfall exceeds the 

infiltration rate capacity (rainfall excess). The water infiltrating the soil goes to the unsaturated zone 

and recharges the ground water. Groundwater (Rgw) and unsaturated zone water (Rsub) can also 

contribute to river flows as subsurface runoff. Roots from vegetation cover absorb water that is 

transported to the stomata of the leaves, where it goes back to the atmosphere as transpiration (Et). 

Water can also evaporate directly from the soil or from the river (Es). Capillary rise brings water to the 

soil surface and then water evaporates. 

Estimating the different storage capacities of a water system or catchment is key to understanding and 

analyzing the overall hydrological process. Water storage can occur in soil, groundwater, lakes, rivers, 

snow and glaciers or vegetation. 

In some cases, there might be some amount of water that is lost or gained due to naturally occurring 

groundwater outflow or inflow (ExInOut) and from neighboring watersheds. This is common in karstic 

systems or coastal areas both widespread across Lebanon. This amount should be then incorporated 

in the water balance equation. 

Thus, in a natural hydrological system with external outflows and inflows the water balance can be 

further formulated as follows: 

P + ExInOut= Rs + Rsub +Rgw + Es + Ei + Et ± ΔS  [Eq. 2] 
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With P: Precipitation measured by weather stations 

R: Runoff measured by available hydrometric gauging stations or estimated 

based on surface flow data, and hydrogeological assessments (s: surface, 

sub: subsurface, gw: groundwater) 

E: Evaporation measured or estimated as a percentage of precipitation 

according to land cover types (s: surface, i: interception, t: transpiration)  

ΔS: Change in storage over time due to domestic, industrial or agricultural 

practices. 

ExInOut: External Inflow or Outflow is the total volume of actual flow of rivers and 

groundwater entering or exiting the watershed from or to adjacent 

watershed or systems. 

The quantification of the components of Eq. 2 at a given watershed in a given time period requires 

information from monitoring stations. Hydrometeorological networks provide information on water 

flows into, and losses from, rivers, soils, lakes and aquifers, as well as on precipitation and evaporation, 

in selected sites, depending on the design and density of the network. However, estimations are always 

needed since it is impossible to monitor every component at every place. Irrigation, domestic and 

industrial flows are usually estimated from both surface and groundwater withdrawals or using 

collected information from different water establishments3. 

Until now, the existing meteorological and hydrological information networks do not allow the 

estimation of the water balance at high resolution. However, it is possible to estimate the water 

balance at the catchment and sub-catchment scale based on the existing stations. The accuracy of the 

water balance estimation shall improve with the networks upgrade until a high resolution precipitation 

grid of 1km x 1km could be established for Lebanon. 

  
Figure B 2 Sketch showing different components of the hydrological cycle. 

                                                           
3 Source: WMO Guide for hydrological practices Vol. I 

(Runoff) 

(Storage) 
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B.2.5 WEAP MODEL AND SOFTWARE 

WEAP (Water Evaluation And Planning) is an integrated water resources management system 

developed by the non-profit research and policy institute Stockholm Environment Institute (SEI). It has 

a GIS-based graphical user interface that permits a physical simulation of water demands, supplies and 

scenario management. it helps with high level planning and strategic analysis at local and regional 

scales. WEAP is acknowledged as a Decision Support System (DSS) tool for water management in 

Lebanon and other MENA countries. 

WEAP model will help in assessing the actual status of water resources and simulate several future 

technical, institutional, socioeconomic and climatic scenarios with the purpose of improving the 

conservation and management of the river basin and optimize the economic, environmental and 

social benefits of the river.  This model is addressed to different stakeholders and water management 

experts, Ministry of Energy and Water (MoEW), Ministry of Environment (MoE), Water 

Establishments, local municipalities and communities. This model shall serve as a decision support 

system (DSS). 

The model shall include river runoff data, all major spring discharges, dams and reservoirs, major 

groundwater outflows and/or inflows, demand sites corresponding to irrigation projects, wastewater 

treatment plants, quality monitoring sites, etc… The model shall also include climate data consisting of 

precipitation (P), reference evapotranspiration (ET0), relative humidity and temperature (T).   

The general approach of developing a WEAP model includes several steps, rivers, boundaries of study 

area and the sectorial scale of the system’s modeling process have to be defined. Boundaries are 

represented by river catchments. Based on this definition, demand and supply elements of the system 

are identified, integrated into the model and connected to each other via natural or manmade 

conduits. This built up structure is called schematic. 

Data is attributed to the elements of the system. After data input, assessment of quantification of flows 

and calibration of the model can be conducted. In this stadium, the model represents a conceptual 

representation of the real hydrological system that is called Current Accounts. It is the best available 

estimate of the current system in the present. Based on the Current Accounts, a reference or business-

as-usual scenario is established. The reference scenario may include a variety of additional economic, 

demographic, hydrological and technological trends. After definition of this, simulations of the model 

lead to the assessment and interpretations concerning water distribution, supported by visualized 

output, through diagrams, maps or through data tables. 

For the working process, WEAP contains five different views: 

I. Schematic View. This graphical window represents the physical structure of the supply- and 

demand system that can be easily modified through drag and drop. 

II. Data View. This shows a hierarchical tree in which relationships between the system’s 

elements are represented. Hierarchy can be modified, and element’s data can be accessed. 

III. Results View. It displays charts and tables referring to supply and demand sites. 

IV. Overview View. This can show a group of charts simultaneously. 

V. Notes View. This is a simple word processing tool for documentation and references for each 

branch of the hierarchical tree (Data View).  
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WEAP includes some additional features, such as the water year method, a tool that takes into 

consideration the temporal variability of input of the hydrological system. This is done through 

scenario analysis. Seasonal variation of streamflow, precipitation or groundwater recharge can be 

established and defined as different climate regimes (dry-wet, hot-cold), relative to the Current 

Accounts. Another important tool is the Rainfall Runoff Method (simplified coefficient) that is based 

on the methodology of FAO, taking into account the variability of rainfall. The Rainfall Runoff Method 

(soil moisture) integrates a one dimensional, two-layer soil model for advanced surface 

water/groundwater modeling. By using this method, the user can specify soil properties and advanced 

climate data (temperature, humidity, wind speed, etc.). Based on these data, WEAP calculates 

interflow, deep water percolation and ET0. In turn, the disadvantage is the need for relatively complex 

data, especially to specify soil properties.  

In addition to the water balance monitoring at the catchment scale using WEAP software, natural 

disaster risks shall be monitored using real-time climatological and hydrological models and software 

at high resolution. These models shall be developed progressively with the IHIS implementation and 

the meteorological and hydrometric networks upgrade.
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B.3 STATUS OF THE LEBANESE HYDROMETEOROLOGICAL 
INFORMATION NETWORKS 

B.3.1 LEBANESE METEOROLOGICAL SERVICE 

B.3.1.1 Networks before 1975 

Several academic, private and public services have been monitoring meteorological variables in 

Lebanon since 1875, when the first weather station was installed by the meteorological service of the 

American University of Beirut. The number of weather stations started to increase when the 

Observatory of Ksara was founded as part of Saint Joseph University on the 4th of November of 1906, 

which started publishing monthly weather data summaries named "Bulletin". The meteorological 

network reached 56 stations in 1940's covering Lebanon and Syria, (Figure 1-1) all monitored by the 

"Central Meteorological Service of Levantine states under the French mandate", established on the 

4th of July in 1921. The Central Meteorological Service with the help of the Observatory of Ksara also 

published the "Bulletin Climatologique". 

 
Figure B 3 Map of the meteorological network in Syria and Lebanon in 19254 

Upon its independence, the Lebanese state created the Lebanese Meteorological Service (LMS) as part 

of the Directorate General of Civil Aviation (DGCA) within the Ministry of Public Works. The number of 

stations peaked in the 1970's at 139 stations within Lebanon at the same time; In total 187 different 

stations were installed and monitored by the service from 1875 to 1975 between Lebanon and Syria. 

The network included 6 Synoptic Meteorological Stations, 1 radiosonde station, and wind radar, all 

                                                           
4 Source ; Notice historique sur l’Observatoire de Ksara 
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located inside Lebanon. The LMS, always with the help of the Observatory of Ksara continued to 

publish the "Bulletin Climatologique" until the start of the conflict in 1975 which ceased all monitoring 

operations and data collection except for the three main synoptic stations of Tripoli, Zahle and Beirut 

International Airport, used to assist air navigation monitoring. Two editions of the "Atlas Climatique 

du Liban" were published in 1967 and 1977, and included an extensive statistical summaries and maps 

of all recorded parameters (precipitation, temperature, wind, pressure, nebulosity, humidity, etc.) 

The Meteorological service has divided the Lebanese territory for climatic and orographic 

considerations into three zones (Coastal, Mountainous, Interior) and each zone to North, Central and 

South region giving in total 8 climatic regions sharing the same climatic and landform characteristics, 

each covered by a number of stations, detailed here below (see Figure B 5 below). 

 Coastal Zone: from the shore to the 800 meters altitude contour line; 

 Coast North (15 stations) 

 Coast Centre (31 stations) 

 Coast South (12 stations) 

 Mountainous Zone: from the 800 meters altitude contour line to the top of Mount Lebanon 

 Mountain North (8 stations) 

 Mountain Centre (34 stations) 

 Interior Zone: from the top of Mount Lebanon to the Syrian border 

 Interior Orontes (10 stations) 

 Interior Litani (22 stations) 

 Interior Hasbani (7 stations) 

 

Figure B 4 shows two hydrographs used to measure humidity. On the left, an old French made Jules 

Richard hydrograph installed in Qartaba station till 1975; On the right the SIAP Bologna, Italian made 

hydrograph installed till the 1990’s 

 
Figure B 4 Two hydrographs used to measure humidity 
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Figure B 5 Map of the meteorological network in Lebanon in 19705 

                                                           
5Source : Atlas Climatique du Liban, Tome 1, 1977 
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B.3.1.2 Networks after 1990 

Lebanese Meteorological Service - LMS network 

At the end of the conflict in 1990, the meteorological service has lost all its stations and data collection 

was ceased except for three synoptic stations needed for air traffic monitoring, Beirut airport, Tripoli 

and Zahle. The meteorological service progressively restored his previous tasks, as for the observatory 

of Ksara it closed its doors in 1977 after the publishing the second edition of the "Atlas Climatique du 

Liban". 

With the help of WMO and METEO France, the LMS started the network restauration in August 1994 

with two new Automated Weather Observation Stations (AWOS) Milos 500 - Vaisala station, installed 

at Beirut International Airport and Tripoli. The network modernization was completed after the 

signature of the Lebanese - French financial protocol agreement in 1997. The new meteorological 

network includes a total of 37 stations divided between 7 synoptic stations, 3 agro-meteorological 

stations, 9 climatological stations remotely connected to the data centre and 18 other stations relying 

on memory card for data collection, in addition to 3 buoys, 1 radiosonde and 1 weather radar installed 

at the Golf club course. The stations' locations are listed in appendix 2 and the map in appendix 4 

shows the geographical distribution of all meteorological stations of LMS, LARI, LRA and NAQMS.  

Two types of stations were installed; the AUREA 6 which measure the 6 usual parameters 

(Temperature, Relative Humidity, Evaporation, Precipitations, Wind, Solar Radiation) and AUREA 12 to 

measure, in addition to the usual climatic parameters, the Air Quality and Environmental parameters 

(CO, CO3, CH4, NOX, O3), Aerosols, and Sea Swell. Since then, no new weather station was installed, 

however, a new radar was recently purchased in 2019 and a team from the meteorological department 

is getting trained to the newest technology. 

 
Figure B 6 Typical weather station with wind tower 



 UPDATED NATIONAL WATER SECTOR STRATEGY - 2020 

 ANNEX II 
 WATER RESOURCES AND SLUDGE Section B 
 MANAGEMENT Surface water resources management 

B.3  Status of the Lebanese Hydrometeorological information networks 

June 2022 - 52 -  

National Air Quality Management System 

In 2005, the Ministry of Environment (MoE) prepared the Draft Law on the Protection of Air Quality, 

which was approved by the Council of Ministers (Decree 8075 of 05/05/2012). In result a National 

Strategy for Air Quality Management for 2030 was adopted, (NAQMS/MoE, 2017). 

Accordingly, MoE has initiated the development of the National Strategy for Air Quality Management 

in Lebanon in 2015 with the support of the European Union (EU) funded programme Support to 

Reforms on Environmental Governance (StREG), in collaboration with the United Nations Development 

Programme (UNDP) project of the Environmental Resources Monitoring in Lebanon (ERML). 

An existing Air Quality Monitoring Network (AQMN) has been installed and activated by MoE over two 

phases. In 2013, MoE launched Phase 1 of the national AQMN with real time air quality monitoring 

through 5 stations in Lebanon, with the support of the United Nations Environment Programme (UNEP) 

and UNDP. These stations used online analyzers connected to a supervisory control and Data 

Acquisition System (DAS) located at MoE. Phase 2 of the AQMN was launched in 2017 with the support 

of the EU and covered the installation of 10 additional stations to monitor criteria pollutants, in 

addition to 8 weather stations, 3 particulate matter analysers and 1 calibration station. Those are also 

directly connected to the DAS at MoE. The AQMN stations monitor the following parameters: PM2.5 - 

PM10 - CO - SO2 - NOx - O3 in addition to weather data. The measurement through these stations is 

continuous. 

In addition to these stations, several other institutions have acquired air quality monitoring facilities: 

The Urban Community of Al-Fayhaa (UCF) that installed in 2017 three air quality monitoring stations 

in Tripoli (including a meteorological station), Mina, and Beddawi under the European Union's 

Gouv'AIRnance project. UCF's stations were connected to a DAS within its premises. Data generated 

from the UCF's stations will be communicated to the MoE's DAS to centralize all air quality parameters. 

Some universities, local authorities, and companies have few instruments for the measurements of 

the airborne pollutants, these include Saint Joseph University (USJ), American University of Beirut 

(AUB), University of Balamand (UoB), etc. 

LARI agro-meteorological Network 

The Lebanese Agricultural Research Institute (LARI) previously known as the Department of 

Agricultural Scientific Research is an autonomous public institution established in 1964 and working 

under the supervision of the Minister of Agriculture. LARI headquarter is located at Tel Amara Station 

in the Bekaa Valley in addition to other stations across Lebanon (Tourbol, Abde, Fanar, Kfarchakhna) 

each for different agricultural practice. 

For 10 years, LARI has established an agro-meteorological network of over 60 stations from which only 

30 are highly reliable (DAVIS® and PESSL® Instruments) distributed across Lebanon for weather 

forecasting and agricultural research. The institution has also developed a mobile application called 

LARI-LEB which gives daily weather forecasts to assist landowners and farmers in irrigation monitoring 

and other practices. The location of the stations is listed in the appendix 2. 
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LRA meteorological network 

Upon the end of the Jeita Spring Protection Project - JSPP, 6 THIES® weather stations installed in 2013, 

were transferred to Litani River Authority - LRA. These stations are all located within Nahr el Kalb 

watershed and mainly used for its water balance estimation. One snow monitoring station was also 

installed in 2017 on top of Faraya Mzar, however it has never operated yet. 

Military meteorological networks 

 United Nations Interim Force in Lebanon - UNIFIL 

The UNIFIL have installed 6 VAISALA® AWOS for their military aviation monitoring within their 

operation zone in the South of Lebanon. 

Academic and research institutions meteorological networks 

Several universities and research institutions preferred to install their private meteorological stations 

for scientific research purposes. Several reasons fall behind these private networks' development 

mainly:  

 Lack of data reliability and poor data quality of public institutions stations. 

 Lack of data publication in addition to expensive fees requested by LMS for data acquisition.  

 Difference/divergence between research projects objectives (hydrology, hydrogeology, 

agriculture, environment, risk and emergency assessment, etc.) and the installed stations 

objectives (weather forecast, agricultural monitoring, air traffic assisting, etc.)  

 Poor spatial and temporal coverage of the existing networks 

a. National Council for Scientific Research NCSR 

The National Council for Scientific Research (NCSR) has installed one station on the roof of it 

headquarter in Jnah (DAVIS® instrument). 

Recently a snow observatory was established under SudMed scientific and technical cooperation 

signed in 21/01/2010 in a joint project between CESBIO-IRD, NRCS and USJ Remote Sensing 

departments. Three Snow monitoring stations were installed in Faraya in 2012 (2300 m), Laqlouq 

(1850m) in 2014 and Cedars in 2014 (2850 m) 

b. Saint Joseph University - USJ 

The Regional Centre of Water and Environment (Centre Regional de l'Eau et l'Environnemnt - 

CREEN) at the faculty of engineering of the Saint Joseph University- USJ, was established in 1996 in 

the aim of training experts in the field of water and environment research as it welcome Masters 

and PhD students. Since then, CREEN has implemented his own meteorological network with 5 

Campbell stations. CREEN has developed and was part of several national and regional research 

projects from which the first snow observatory in Lebanon established in 2000 jointly with the 

French Research Institute for Development (IRD). The project aimed to improve the knowledge on 

the snow contribution into Lebanese water resources as no info was previously acquired on the 

snow in Lebanon. One station was installed at the mountain top of Mzar - Faraya and another in 
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Oyoun el Simane. The project included snow sample collection and snow cover monitoring across 

Nahr el Kalb watershed over 2 years and resulted with an extensive finding on the snowfall, 

snowcover and snowmelt characteristics in Lebanon and an estimation of the Snow Water 

Equivalent. 

c. American University of Beirut - AUB 

Although AUB's meteorological service was shut down in 1975, AUB Farm in heart of the Beqaa 

valley, within Advancing Research Enabling Communities Centre (AREC) kept monitoring its station 

but with some interruption. AREC was established in 1953 as an extension of the AUB campus, it 

serves the faculty of Agriculture and Food Sciences (FAFS) faculty members, students, and other 

AUB faculties interested in agriculture, health, environment and sustainable rural livelihoods.  

Several other research labs have installed their private stations for research purposes mainly the 

department of geology for hydrogeology projects and recently 2 stations were installed in Nahr el 

Kalb watershed. 

d. University of Balamand - UoB 

The University of Balamand has installed 2 weather stations, the first within its campus and the 

second in Kaftoun within Farid and Daad Karam Reserve (FDKR). 

The first weather station comprises the following sensors; Wind Speed, Wind Direction, 

Temperature, Relative Humidity, Rainfall Precipitation, Radiation, and Pressure. The ELO105 Data 

Logger, is connected to the central unit/Server via RS 232 advanced cables to ensure data is being 

transferred without interference. As for the software, the installed unit is equipped with a double 

software system; the first is programmed to retrieve data from the logger and to give online 

reading; the second is high-end e-SAM software with unlimited data storage capabilities, enabling 

the continuous storage of data in two formats, Excel and PDF with user-defined intervals. 

e. Holy Spirit University of Kaslik - USEK 

Private meteorological networks 

With the development of new technologies, several weather stations manufacturers have developed 

new compact stations with supporting software and mobile applications with easier data management 

systems and which could be directly connected to internet permitting free access for any user. These 

personal weather stations have become widespread across the globe. At least 9 brands of private 

weather stations could be found in Lebanon, some are high end professional stations used for 

agriculture, weather forecast or private research with their own web platform or private servers, 

others are of lower quality installed by users as a hobby. It is worth mentioning that for the last few 

years, amateur meteorologist, has relied on these stations and other forecast software and web 

applications to give the weather forecasting bulletin on tv channel and social media platforms like 

(Lebanese Weather Forecast, or Weather of Lebanon). 

Some of these stations were duplicates between platforms, others were not continuously connected 

and couldn't be detected, thus the difficulty of counting all these stations. Despite that, 125 stations 

could be counted, however, the real number exceeds that by far. These stations are privately owned 
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therefore they were not listed in this report. In summary the existing stations are divided into the 

following networks: 

 Weatherlink developed by DAVIS® Instruments https://www.weatherlink.com/map 

 Fieldclimate for PESSL® Instruments mostly used for agricultural monitoring and research 

https://ng.fieldclimate.com/ 

 MyAcuRite for ACURITE® stations https://www.myacurite.com 

 CAMPBELL® stations are usually connected to private server mostly used for research 

 Weather Underground, an integrated platform that connects several types and brands of stations 

(DAVIS®, AMBIENT WEATHER®, ACURITE®, LACROSSE®, NETATMO®, WEATHERFLOW® AND 

RAINWISE®) https://www.wunderground.com/ 

 

 
Figure B 7 Weatherlink web interface for Davis instruments 

 

B.3.2 LEBANESE HYDROLOGICAL SERVICE 

B.3.2.1 Hydrometric network before 1975 

The first surface water gauging station dates back to 1931 when Ibrahim Abd el Aal, previous chief 

hydrologist and General Director of the Ministry of Public Works from 1949 to 1959, installed the first 

stations on Litani river at Mansoura, Qelia and Qaraoun villages, thus launching the planning for Litani 

project. Another station was also installed on Assi river at Hermel the same year. The hydraulic 

department of the Ministry of Public back then, was responsible of monitoring the installed 

hydrometric stations and carrying out hydrological studies when needed such as the hydrological 

studies of Litani and Nahr Ibrahim achieved by Ibrahim Abd el Aal. 
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Several projects have contributed to the extension of the Lebanese hydrometric network. Mainly the 

United States Bureau of Reclamation (USBR) "Point 4 program" of 1954 and the UNDP Groundwater 

assessment study of 1970. 

The USBR "Point 4 program" has studied the water resources development opportunities on 10 main 

rivers (Nahr Ostouane, Nahr Arka, Nahr el Bared, Nahr Abou Ali, Nahr Ibrahim, Nahr el Kaleb, Nahr 

Beirut, Nahr el Damour, Nahr el Assi and Nahr el Litani) and produced in 1958 a detailed report for 

each river which included Hydrometric study, water budget estimation, development plans and 

economical assessment of the potential projects. This project included hydrometric stations 

installation and gauging monitoring on these rivers, some were for the project period and other were 

permanent and kept after the project. 

The Government of Lebanon, with the assistance of the United Nations and UNDP, carried out from 

October 1962 to July 1969 an extensive study of Lebanese groundwater. The final report on this 

project, published the results of this collective work in 1970. The operations consisted mainly of 

inventorying existing water points, carrying out drilling and geophysical work, establishing a water 

balance of the country and providing technical training to personnel. The investigations were carried 

out on a regional basis determined by hydrogeological criteria. Two hydrogeological regions were 

considered, one coastal and another interior, divided into 30 hydrogeological units of which the 

aquifers were identified, the hydrodynamic conditions defined, and the groundwater resources 

evaluated. 

The inventory included 1481 wells, 1031 boreholes and 1121 springs, and was completed by a hydro-

chemical study. Finally, it resulted in the establishment of a groundwater monitoring network covering 

327 wells or control boreholes in addition to hydrometric stations to monitor the main springs. 

The study recommended that a routine water monitoring and control tasks should be continued on 

the existing monitoring network and systematically extended to the aquifers that will be studied in 

detail in the future. The study stated that the water budget of certain basins was partly hypothetical 

for lack of flow measurements and that if one wishes to specify the water resources of Lebanon, it is 

essential to increase the density of gauging stations as well as the frequency of measurements on as 

many watercourses as possible, and the knowledge of snow contribution into total precipitation. 

Upon the completion of the USBR study which gave a particular attention to Litani, the Lebanese 

government established the Litani River Authority (LRA) under the Law of August 14, 1954 in order to 

implement the Litani project. In 1962, a Hydrometric service was established within the Water 

Resources Department at LRA whose task was to monitor the hydrometric stations within Litani basin 

only. However, the monitoring responsibilities of all hydrometric stations on all Lebanese rivers were 

transferred to this Hydrometric service in 1965. The network density increased to reach in 1975 a total 

of 150 hydrometric stations distributed between principal hydrometric stations (permanent stations), 

secondary hydrometric stations (installed for a certain period of a project) and point data gauging 

stations covering main Lebanese rivers and distributed on 84 streams, 35 springs and 33 irrigation 

channels; See Appendix B.4 for the distribution of previous and actual hydrometric stations. 
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B.3.2.2 Hydrometric network after 1990 

The Hydrometric service has lost most of the installed hydrometric stations between 1975 and 1990 

but kept collecting some interrupted data from few hydrometric stations mostly outside the conflict 

zones. The service started progressively restoring its tasks and network in 1990. The stations were 

distributed between point data gauging stations, principal and secondary hydrometric stations, 

however starting 2016, all 138 working hydrometric stations were rehabilitated and restarted 

recording continuous daily data. In addition to surface water monitoring, LRA monitors on a monthly 

basis 35 wells within Litani basin. It is worth noting that each of the four water establishments monitors 

the wells within its territory. The complete list of hydrometric stations and location maps are given in 

the Appendices. 

The Hydrological service in the water resources department at LRA has profited from the installation 

of 13 hydrometric stations under the Litani River Basin Management Support project (LRBMS), a 

USAID-funded program which consisted of a 4-year program to improve water management in the 

Litani River Basin in the Bekaa; (LRBMS/USAID, 2012). The program began in October 2009 and had 

four components: (1) Building institutional capacity; (2) Water monitoring, (3) Irrigation management; 

and (4) Risk management. 

The location of these stations was defined as to cover Litani River and its tributaries (for the surface 

stations), and the main aquifers (for the groundwater stations) distributed as follow 

 5 surface water stations (installed in September 2011)  

 8 groundwater stations. (installed in June 2012) 

Each monitoring station was equipped with a multi-parameters probe and a built-in data logger to 

continuously record the main water quality indicators parameters: Dissolved Oxygen, temperature, 

pH, and conductivity, in addition to the water level for river flow monitoring. Groundwater stations 

recorded groundwater level, conductivity and temperature. In addition to the installation, a technical 

assistance was provided to enhance the existing surface water monitoring system and initiate a 

groundwater monitoring system. 

The LRA have recently received  

 A modern " River Surveyor ", an ADCP profiler (Acoustic Doppler Current Profiler: a device from 

oceanography, based on the Doppler effect) which measures automatically the water depth and 

speed, hence reducing the on-site measurement time. 

 An ADCP machine which was installed at Laban spring. 

 9 Paratronic hydrometers as part of a telemetry pilot project in Nahr el Damour. 

 Equipment for 30 in situ stations from UNICEF 
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Figure B 8 Maps of the Lebanese hydrometric network before 1975 (left) and in 2016 (right), from 

Litani River Authority (LRA) 

 
Figure B 9 Hydrometric stations on Awali river located at Marj Bisri Bridge 

 

B.3.3 DATA MANAGEMENT 

B.3.3.1 Meteorological data management 

We will limit our description to the LMS data management system, being the oldest and most elaborate 

management system. Meteorological data management has gone through several phases starting with 

manual paperwork back in 1920's to semi or full automated digital data collection in present time. 
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Phase 1: Manual records and data collection  

In its early years, the meteorological service relied on citizens and village residents, wherever the 

station was installed, to manually register on paper daily observations (some were hourly) of 

precipitation amounts, snowfall, temperature, pressure, humidity and other parameters. The service, 

with the help of Ksara observatory, used to collect the records from across Lebanon, check the data in 

reports and the recording instruments when available, then prepare and publish monthly statistical 

bulletin, with comparison charts. The hard copies and files (on papers and by microfilm) are still in 

archive at the LMS and still rely till now on hard copies and paper forms to record some parameters. 

Phase 2: Digital Era 

In the 1960's a digitizing operation of meteorological data was performed on perforated cards but 

resulted with too much errors as digitizing operation was achieved without quality control and by 

employees who are not experimented in meteorology or times series data collection. The errors were 

detected by two PhD students while working on their thesis who were obliged to revisit the original 

drum recorders of the stations and helped the observatory of Ksara, under the direction of Jacques 

Plassard S.J. back then in the correction of the data series to produce the a correct second edition of 

the "Atlas Climatique du Liban".  

The LMS started a two phase digitizing operation within a data rescue project, the first consisted of 

digitizing the monthly averages temperature and rainfall amount for the period 1931- 2007, in order 

to develop long and homogenized time series and estimate long-term trends; the second consisted of 

digitizing the daily records of temperature, rainfall, sunshine duration, wind frequency and air 

pressure, in order to estimate long term normal and address the changes trends over the periods 1960 

- 1990 and 1970 - 2000. 

With the modernization of the meteorological network, data from remotely connected synoptic 

stations were automatically sent to the data center in the LMS. Daily and monthly statistics were 

generated from synoptic stations in 1994 with monthly backups. In 1995, data from all stations were 

saved to a special workstation and statistics and reports were generated using CLImate COMputing 

(CLICOM) system. 

CLICOM is a CDMS that was initiated in 1985 by the WMO, with the assistance of the National Oceanic 

and Atmospheric Administration (NOAA) to help small countries with climate data management. 

CLICOM was developed as a PC based database running under the Disk Operating System (DOS). The 

LMS began digital data management by means of CLICOM in 1996, provided by the World 

Meteorological Organization (WMO). Starting 2000, CLICOM began to lose reliability on newer 

Microsoft Windows operating systems with the last official upgrade being Version 3.1 released in 

January 2000; (Martin, Howard, Hutchinson, McGree, & Jones, 2015). By the end of February 2002, the 

LMS stopped using CLICOM as it faced many problems due to inhomogeneity between CLICOM and 

other software for its low capacity to generate reports with long climate timeseries in addition to 

problems with maintenance, backup, restore and merged data. 

Upon the renovation of the meteorological information system in 1997 based on SOFREAVIA study, a 

central server was installed at LMS headquarter at the airport (see Figure 1-9 and 1-10) with two 

secondary servers in Tripoli and Zahle, both monitored by resident teams connected by phone line to 
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the central information system located at the offices of the Meteorological service at the airport. The 

system consists of an Automatic Message Switching System (AMSS) which is a standard ICAO ground-

to-ground communication system for the exchange of air traffic control messages within the 

Aeronautical Fixed Telecommunication Network (AFTN) between airports. It receives the data from 

the synoptic stations and dispatch it to other airports. 

The LMS is currently relying on CATRA V3.2 and CAOBS software to monitor the stations connected by 

AMSS. CATRA software permits the visualization of hourly data received from the synoptic and other 

connected stations. CAOBS is another software specific to VAISALA weather station located in Tripoli. 

These software permits the management of: 

 Daily and monthly loading, and record treatment from SYNOP, agrometeorological and non-

connected meteorological stations.  

 Long terms statistics, means, normal, frequencies, quintiles, monthly records and wind roses. 

 Data quality control: Homogeneity testing of meteorological series; Verification for missing 

observations, missing values of a certain meteorological element or parameter, permissible values 

and intervals of variation, correspondence with the code tables, etc.; Expert control on the basis 

of annual reports and comparison with meteorological stations - analogs. 

The LMS also relies on SYNERGIE V3.7.i for weather forecast. SYNERGIE stands for " SYstème Numérisé 

d'Exploitation Rationnelle et de Gestion Interactive et Evolutive des informations météorologiques " is 

an integrated forecasting tool for decision support, capable of managing all types of data relevant for 

forecasting: surface observation (soil and oceans), satellites (images or point data), radar, lightning, 

atmospheric or wave model outputs, dispersion of pollutants, Alphanumeric messages, T4 documents, 

and maps or objects generated by other forecasters or forecasting centres. The main feature of 

SYNERGIE is the integration of all these types of data at the heart of a single system, allowing quick 

access, and especially a wealth of combinations by the forecaster throughout his work: monitoring, 

analysis, understanding, forecasting, model tracking, graphic design work, and final production. The 

user interface is based on a multi-window graphic, a dedicated interface for selecting and displaying 

each type of data and a multi-screen management. 

B.3.3.2 Hydrometric data management 

Hydrometric data are only monitored and managed by LRA, which centralizes the data management 

hence reducing diversity and management errors. Hydrometric data management has also gone 

through manual and digital phases. 

For the old hydrometric network installed before 1975, the principle stations were equipped by SIAP® 

floaters connected to drum recorders which record the water depth (stages) of the river. LRA teams 

used to visit these stations on weekly basis to change the drum papers, fill the ink, and measure the 

channel section and speed using propeller-type current meter instruments. The recovered drum 

papers will then be converted into flows using the correspondent taring curves and record the values 

on specific forms. 

With the new network installed after 1990, drum recording floaters were gradually converted into 

OTT® or SEBA® reel instruments, automatic floaters which digitally recorded the water depth and 



 UPDATED NATIONAL WATER SECTOR STRATEGY - 2020 

 ANNEX II 
 WATER RESOURCES AND SLUDGE Section B 
 MANAGEMENT Surface water resources management 

B.3  Status of the Lebanese Hydrometeorological information networks 

June 2022 - 61 -  

speed. These stations are still visited periodically to check on its status and recover the data. The teams 

still measure the river section periodically and measure the speed when and where needed to correct 

the taring curves or for point data gauging sites. The conversion of stages into flows have been digitized 

through HYDATA and HYDRAS software used for hydraulic analysis. After that, the measurements and 

analyzed results are archived, graphs are drawn, tables are prepared, and saved.  

B.3.1 ASSESSMENT OF THE EXISTING NETWORKS 

A detailed assessment of the existing Hydrometric networks and supporting institutions is necessary 

and required before any future design study of networks expansion or renovation. Such assessment 

shall tackle the institutional framework of all stakeholders working in the water sector and conduct a 

full analysis of the existing networks. The figure 4-1 below, from WMO Guide for Hydrological practices 

Vol. I, (WMO, 2008) lays out the steps that should be taken in conducting a review and redesign of an 

existing Hydrometric network. Such reviews should be conducted periodically to take advantage of the 

reduction in Hydrometric uncertainty brought about by the added data since the last network analysis 

and to tune the network to any natural or human induced changes in the environment that may have 

transpired. In this chapter, the assessment is limited to the main problems encountered in the 

institutional framework, network design and data management, without covering every network. 

 
Figure B 10 A framework for network analysis and redesign6 

B.3.1.1 Institutional Framework 

Based on the belief that information, if well collected, managed and distributed, is the best mean for 

decision makers to plan water strategies and projects for sustainable development, a NWIS as planned 

by the MoEW require a collaboration between all public and private institutions and universities that 

are directly or indirectly involved in the water sector. An inter-institutional coordination, on technical 

and operational level, improves the quality of the outcome and optimize the decisions. For the time 

                                                           
6 Source : WMO Guide for Hydrological Practices Vol. I 
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being there are no clear framework that rules the relation between all these institutions. The main 

challenge lies in the institutional diversity and could be summarized as follow:  

1. Technical diversity: there is a wide range of equipment and data management systems and 

software within the same institution and from institution to another even for the measurement 

of the same parameter; this variety increases data errors and uncertainties. Ex: LMS stations are 

mainly AUREA® and VAISALA® while LARI agro-meteorological stations are PESSL® and DAVIS® 

instruments. 

2. Operational diversity: each institution operates according to its own methodology and 

corresponding to its needs knowing that the collected data from one institution fulfils the needs 

of other institutions. Another challenge between institutions is that they rely on different teams 

for data collection, maintenance and management while each team was trained differently 

according to the needs and without any communication between the teams of different 

institutions.  

B.3.1.2 Meteorological and Hydrometric networks 

Climatic and geographical coverage 

There are around 150 meteorological stations installed by 11 different public and academic institutions 

from which only 85 stations are working properly, in addition to the privately-owned stations (at least 

125 counted stations); and 138 operating hydrometric stations monitored by LRA installed on different 

rivers, springs and channels. 

Such number of stations might suggest that the Lebanese territory is well covered and answers the 

needs for an accurate estimation of the Lebanese water resources and water balance at the catchment 

scale, however several technical and operational challenges inhibits it: 

 Despite that the LMS has always adopted a correct climatic zoning with an identification of coastal, 

mountainous and interior zones, with each including northern, central and southern region, these 

zones are only covered by 3 stations each, except for the central coastal and central mountainous 

by 18 stations both. Knowing that the Lebanese landform is highly accented, there are only 3 

stations located between 1500 and 2000 m altitude and none above 2000 m where snow lasts for 

at least 3 months per year, reaching easily 7 months. (Only a joint IRD - USJ - CNRS research project 

has installed 3 snow monitoring stations above 2000 m). 

 The new LMS meteorological network includes a total of 37 stations divided to 16 stations in the 

coastal regions (210 km2/station), 12 in the mountainous region (350 km2/station) and 9 in the 

internal plains (320 km2/station). The network density respects the recommended minimum 

densities of stations by WMO except for mountainous area, as high mountains and eastern 

mountain chain are not covered. However, only half of the stations are functioning properly, 

therefore, the existing network is not sufficient for accurate precipitation estimate nor for the 

estimation of the water balance at the catchment scale. 

 LARI's network is very discipline-oriented covering only the agricultural areas without any 

consideration of a geographical or climatic distribution. 
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 The AQMS-MOE network is also discipline oriented, mostly covering the coastal urbanized area 

and major cities, with very few stations located in natural reserves and only 2 stations in the 

interior located in Zahle and Baalbeck. 

 LRA, being a hydrology-oriented institution, has adopted a catchment scale instrumentalization, 

with 6 meteorological stations in Nahr el Kalb and 4 stations in Nahr el Damour with a good 

coverage of climatic zones, however, these stations were recently installed and cover 2 catchments 

only. 

 Academic and research institutions have always installed their stations according to the research 

project they have been working on. 

Teams, equipment and data quality 

The assessment of Lebanese water resources and water balance on which the NWSS have been 

developed upon, was left until now, for consultants and engineering companies to estimate, leaving 

for each consultant the task of data collection and methodology of work as he sees it appropriate. 

These consultants usually collect data from different stations and networks to estimate the monthly 

average precipitation and evapotranspiration, but this approach is way far from being perfect for the 

following reasons:  

 Wide range of types and brands of stations within the institution or inter-institution. 

 Frequent station crashes and malfunctioning requiring expensive maintenance usually neglected. 

 Discontinuity of data time series as few stations have records that exceed 10 continuous years, 

while concomitant years between all stations are very limited. 

 Data management and quality check differ between institutions leaving each consultant with its 

judgement of the data quality usually of poor quality and not well organized and archived. 

 Institutions are understaffed as recruitment is limited, with lack of continuous capacity building 

and trainings leading to tasks neglect. 

 Small budgets are usually left for network expansion, upgrade, operation and maintenance, relying 

usually on international funds to purchase new equipment. 

Recently, a GIS database has been set up within the MOEW as part of the MED EUWI WEAP Project, 

including hydrologic data (flow, discharge…), water resources demand, climate data (precipitation, 

temperature, humidity) over the entire Lebanese territories with an average time series ranging over 

a period of 10-30 years. This database also includes the assimilated land use/cover, hydrogeology, 

geology, and soil available as spatial GIS layers. 

B.3.1.3 Assessment of river gauging stations and measurement locations in 

Lebanon 

To assist LRA in its water management, a contract funded by LWP/USAID was signed on May 18, 2016 

between DAI and ELARD to assess the status of LRA's existing Gauging Stations (GSs) and Measurement 
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Locations (MLs) and provide recommendations for improvement. A summary of the report is provided 

in ANNEX III B. 

The overall objective was to obtain a clear baseline about the quality of the flow measurements and 

to estimate the funding required to improve the quality of the data collected. The assessment tasks 

were the following: 

 Assessed the status of installed surface GSs and predefined MLs. 

 Evaluated GSs equipment and conditions of operation. 

 Assessed the quality of the measurement data. 

 Proposed new locations for additional GSs at predefined MLs or at new sites along Lebanese rivers 

and their main tributaries. 

 Estimated the costs of interventions that are needed and that should be done within 3 months and 

recommended improvements to be implemented within 3 months to 3 years. 

The work methodology to conduct the assessment for LRA included the following activities: 

 Desk review of all relevant data for GSs and MLs provided by LRA. 

 Field survey of the 71 GS and 90 MLs. 

 Creation of GIS geodatabase and watershed delineation. 

 Analysis to verify the accuracy of LRA data based on comparing. 

The assessment findings were divided into administrative and technical. Administratively, it was found 

that LRA's water resources department is under-staffed and that incentives and capacity building 

opportunities should be provided to motivate the existing team and improve their data management 

skills especially that new data management and analysis software are needed. Technically, the number 

of gauging stations should be increased to cover catchments interactions, measure all river flows at 

sea mouth, cover all major springs and public wells, however the recommendations didn't cover 

groundwater considerations.  The assessment mentioned a list of equipment and accessories that shall 

be procured to improve the existing network and provided a detailed cost estimate of interventions 

per district consisting of US$ 426,400 which only cover the rehabilitation of existing permanent 

gauging stations. 

In result, LRA started immediately the implementation of the assessment recommendations which 

improved the data acquisition to reach a total of 128 principal stations for the 2016-2017 hydrological 

year after it was 87 in 2015-2016. It was assumed that LRA already had some of the needed equipment 

and no specific fund was provided to improve its network. 
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B.3.2 RECOMMENDATIONS FOR THE UPGRADE OF EXISTING NETWORKS 

B.3.2.1 General recommendations 

WMO has always promoted the application of best practices in hydrology, adapted to the different 

needs. The efforts towards this aim has led to the first edition of "the Guide to Hydrological Practices" 

in 1965. The Guide is a major output of the activities of the WMO Commission for Hydrology (CHy) 

published as a comprehensive guide, providing practicing hydrologists with handy access to state of 

the art and reliable information on Hydrometric practices, from simple discharge measurement to 

modelling complex Hydrometric systems. The most recent 6th edition was published in 2008, which 

was made to ensure that the various needs, emerging from different hydrologic regimes as well as 

environmental and socio-economic conditions in which hydrologists are working, could be addressed 

by the practices depicted in the Guide.  

We are not in the process of drafting a new methodology for the design of a Lebanese hydrological 

network in this report, for WMO Guide include extensive description of the methodology and the 

design requires a specific and elaborate separate study. However, the main specificities that should be 

taken into consideration for the re-design and or upgrade of Lebanese hydrological networks are cited.  

The best design of an integrated network in Lebanon resides in the combination between LMS's 

climatic zoning, LRA's distribution on catchment scale and completed by LARI's agrometeorological 

network for agricultural areas. This way ensures that each catchment microclimates are well covered 

(coastal areas, plains, lowlands and mountains), rivers specific hydrological regimes are taken into 

consideration (snow influence, spring contribution, etc.) and landcover characteristics are covered by 

LARI's network for evapotranspiration estimation. This integrated network could be achieved without 

any institutional merge or tasks overlap but requires an elaborate inter-institutional coordination 

within a central IHIS unit located in the MEW. 

Nevertheless, some gaps are still to be covered in this integrated network by the proper institution 

and according to a detailed design; the main gaps in the existing networks are briefed here below. 

 Hydrogeological aquifers are main contributors to river flow regimes and especially karstic 

formation (cave and submarine springs); they should be well monitored by expanding both 

meteorological and hydrometric networks to detect each aquifer contribution from and into 

surface flows. 

 Expansion of hydrometric network to cover more streams connections and sub-catchments; 

 Snow cover makes up to 25% of Lebanese water resources. Autonomous snow monitoring stations 

should be installed to cover the mountainous regions above 1500 m and estimate correctly the 

snow contribution into river flows. 

 All the natural reserves and forests should be covered by expanding MoE network and include it in 

the integrated network; 

 Expansion of all networks for a better flood risk prediction and early warning systems; 
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In addition to infrastructure upgrade and networks expansion, data management and valorization also 

needs improvements, in particular: 

 Setting up of the IHIS data centre to record, check, analyse and archive all the collected 

measurements; which improve the quality and reduce the time for water balance estimation, 

water allocation simulations, prediction and planning; 

 Activation of the Geographical Information System (GIS) platform for an interactive and dynamic 

assessment and follow-up of all existing networks; 

 Improve the knowledge of global change impact on Lebanese water resources for better 

adaptation strategies; 

 Setting up a data management protocol which unify the data sharing methodology and reliability. 

 Establishing a unit for the monitoring, prediction and management of natural disasters, in 

particular floods and droughts; 

 

B.3.3 OVERVIEW OF PREVIOUS STUDIES ON HYDROLOGICAL 

NETWORKS 

B.3.3.1 Context 

Historically, the Lebanese hydrological networks were developed since before its independence. The 

meteorological network was first launched by universities' observatories of AUB in 1875 and USJ in 

1906 and then supported by the "Central Meteorological Service of Levantine states under the French 

mandate" in 1921 before the National Meteorological Service was established in 1940's. 

The hydrometric network was first established in 1931 by Ibrahim Abd El Aal. previous chief hydrologist 

and General Director of the Ministry of Public Works (MoPW) from 1949 to 1959, who installed the 

first stations on Litani river. The hydraulic department of the MoPW was responsible of monitoring the 

installed hydrometric stations back then and carrying out hydrological studies when needed. After the 

establishment of the Litani River Authority (LRA) under the Law of 14 August 1954, in order to 

implement the Litani project, the monitoring responsibilities of all hydrometric stations on all Lebanese 

rivers were transferred from the MoPW to LRA hydrological service in 1965. 

This section will describe the few studies that was undertaken for the development of current 

hydrological networks. 

B.3.3.2 Meteorological Networks Design Studies 

The meteorological network that existed till 1975, consisted of 14 stations in 1921 and reached 56 

stations in 1940's covering Lebanon and Syria. It was established by Ksara Observatory starting 1906 

based on personal expertise of the Jesuit priests who headed the observatory; Berloty S.J. till 1934 and 

Jean Rey S.J. till 1975 who published several studies on Lebanese climatology and mainly the first 

pluviometric map of Lebanon in 1951 (Udías, 2014). 
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Upon its independence, the Lebanese state created the Lebanese Meteorological Service (LMS) as part 

of the Directorate General of Civil Aviation (DGCA) within the MoPW. The number of stations peaked 

in the 1970's at 139 stations in the same time. The LMS, always with the help of the Observatory of 

Ksara continued to publish the "Bulletin Climatologique" until the start of the conflict in 1975 which 

ceased almost all monitoring operations and data collection except for air traffic control. Two editions 

of the "Atlas Climatique du Liban" were published in 1967 and 1977, and included an extensive 

statistical summaries and maps of all recorded parameters (precipitation, temperature, wind, 

pressure, nebulosity, humidity, etc.) 

The Meteorological service has divided the Lebanese territory for climatic and orographic 

considerations into three zones (Coastal, Mountainous, Interior) and each zone to North, Central and 

South region giving in total 8 climatic regions sharing the same climatic and landform characteristics, 

each covered by a number of stations(See Figure B 11 below). 

 Coastal Zone: from the shore to the 800 meters altitude contour line; 

 Coast North 

 Coast Centre 

 Coast South 

 Mountainous Zone: from the 800 meters altitude contour line to the top of Mount Lebanon 

 Mountain North 

 Mountain Centre 

 Interior Zone: from the top of Mount Lebanon to the Syrian border 

Interior Orontes 

 Interior Litani 

 Interior Hasbani 
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Figure B 11 Pluviometric map of Lebanon, Published by the LMS with the help of Ksara Observatory 

in 1971 showing different climatic regions and main weather stations 

 


