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1. VULNERABILITY AND ADAPTATION OF THE WATER SECTOR 

1.1. VULNERABILITY ASSESSMENT 

1.1.1. Background  

Lebanon  is in a relatively fortunate hydrologic position (MoE, 2001) ; it receives an average of 661  mm/ 

year as compared to 252  mm in Syria and 111  mm in Jordan (El Fadel, 2009).  However, Lebanon faces 

significant challenges in meeting the countryõs 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 (MED  EUWI, 2009).  

Precipitation:  

Lebanon is typically characterized by a Mediterranean climate. Precipitation mainly occurs between 

the months of October and March. Lebanon has four dry months ð June, July, August and September ð 

during which water availabili ty is limited due to the very low water storage capacity, the difficulty of 

capturing water close to the sea, and the shortcomings of the existing water delivery systems and 

networks.   

Coastal areas experience precipitation ranging from 600 to 1,100 mm ( Figure  1-1), reaching more than 

1,400 mm on the peaks of Faraya and Becharreh, whereas a modest 300 to 400 mm is recorded inland 

(Figure 1-3). Since Lebanon is at a higher elevation  than its neighbo rs, it has practically no incoming 

surface water flow ( FAO, 2008). 

Figures referenced by Ziad Hajjar (1997) and  recorded  at 105 stations  spread throughout  the different  

governorates registered average yearly precipitation ranging from 700 mm in the Beqaa to 1 ,210 mm 

over Mount Lebanon  (Table  1-1). Measurements were taken over several years ranging from 3 years in 

Terbol and Mayfouq stations to 51 years in the Tripoli station. The lowest level recorded for the country 

was 80 mm while the maximum observation reached 3,010 mm.  

 

 

Figure  1-1   Total yearly  precipitation levels observed at the American University of Beirut station 

between 1874 and 1975  

Source: AUB Meteorological Station  
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Table  1-1   Precipitation levels recorded by region  

 NUMBER OF 

STATIONS 

STATION ALTITUDE PRECIPITATION (MM/YEAR) 

LOW HIGH YEARLY AVERAGE  MIN MAX  

Beirut 4 15 34 891.75 393 1600 

North  25 2 1925 1055 425 1890 

Mount -Lebanon  36 45 1840 1210.16 421 3010 

South 26 5 1150 933.27 342 2139 

Beqaa  36 650 1510 705.42 80 2374 

Lebanon  105 5 1840 787 80 3010 

Source: Hajjar, 1997  
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Figure 1-2   Mean annual temperature over Lebanon  

 

Figure 1-3   Mean annual precipitation over Lebanon  

 



VULNERABILITY, ADAPTATION AND MITIGATION CHAPTERS OF LEBANONõS SECOND NATIONAL COMMUNICATION  MOE/UNDP 

CLIMATE RISKS, VULNERABILITY &  ADAPTATION ASSESSMENT  WATER 

 1-5 

Surface Water Resources:  

Lebanon comprises 17 perennial streams and about 23 seasonal ones  (Table  1-2), as well as more than 

2,000 springs with a flow of around 1,000 Mm 3. The combined length of rivers is approximately 730 km 

(MoE, 2001) .  

The total surface water outflow is estimated at 735 Mm 3/year, of which 160 Mm 3 discharge into the sea. 

Surface water outflow to the Syrian Arab Republic is estimated at around 425 Mm 3 through the Asi -

Orontes River and about 160 Mm 3 to the north of the occupied territories through  the  Hasbani/Wazani 

complex ( FAO, 2008). 

Table  1-2 shows flows in watercourses by Mohafaza during different periods of the year. River flow varies 

significantly between sources.  
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Table  1-2   Annual flow of the most important p erennial  rivers of Lebanon  

REGION RIVER LENGTH (KM) FLOW (MM3/YEAR) 

MOE, 2001 JABER, 1993 MOE, 2001 BAKALOWICZ, 2009 HAJJAR, 1997 JABER, 1993 

North  El Kabir 58 58 190 131 190 190 

Ostuene  44 N.A. 65 67 65 65.1 

Ara qa  27 N.A. 59 70 65 65 

El Bared 24 24 282 72 282 281.9 

Abou Ali  45 42 262 205 N.A. 262.4 

Kousba  N.A. N.A. N.A. N.A. 112 N.A. 

Asamra  N.A. N.A. N.A. N.A. 475 N.A. 

El Jawz 38 25 76 40 76 75.7 

SUB-TOTAL*    934 585 1265 940.1 

Mount 

Lebanon  

Ibrahim  30 22 508 319 N.A. 507.9 

Janin  N.A. N.A. N.A. N.A. 338 N.A. 

Khadira  N.A. N.A. N.A. N.A. 508 N.A. 

El Kalb 38 28 254 117 254 252.6 

Beirut 42 20 101 65 101 101.4 

Damour  38 30 307 157 307 256.5 

SUB-TOTAL*    1,170 658 1508 1118.4 

South El Awali  48 50 299 371 299 284.4 

Joun  N.A. N.A. N.A. N.A. 545 N.A. 

Saitaniq  22 N.A. 14 111 N.A. N.A. 

El Zahrani 25 N.A. 38 13 38 38.6 

Abou Assouad  15 N.A. 11 3 N.A. N.A. 

SUB-TOTAL*    362 498 882 323 

Bekaa  Litani  170 N.A. 793 689 954 N.A. 

Upper Qaraon  N.A. N.A. N.A. N.A. 393 404 

Lower Qaraon  N.A. N.A. N.A. N.A. 161 N.A. 

Khardali - Sea N.A. 170 N.A. N.A. 130 129.9 

Yammouneh  N.A. N.A. N.A. N.A. 59 58.7 

El Assi (Orontes) 46 45 480 656 518 414.5 

Hasbani  21 N.A. 151 85 151 138.3 
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REGION RIVER LENGTH (KM) FLOW (MM3/YEAR) 

MOE, 2001 JABER, 1993 MOE, 2001 BAKALOWICZ, 2009 HAJJAR, 1997 JABER, 1993 

SUB-TOTAL*    1,424 1,430 2366 1145.4 

Total*    3,890 3,171 6,021 3,527 

*Sub-total and Total figures exclude certain river flows when relevant data is not available.  

Source: MoE, 2001; Bakalowicz, 2009 (MED EUWI); Hajjar, 1997; and Jaber, 1997.  
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Table  1-3   Flows in watercourses in Lebanese Mohafazat  

FLOWS IN WATER COURSES 

(AVERAGE VALUES) (IN MM 3) 

NORTH 

LEBANON 

MOUNT 

LEBANON 

NORTH 

BEKAA 

CENTRAL AND 

SOURHERN BEKAA 

SOUTH 

LEBANON 

TOTAL 

Entire Year  670 990 480 830 430 3400 

May to October (6months)  270 305 240 240 25 1080 

July to October (4months)  115 95 155 115 10 490 

September  22 18 38 27 2 107 

Source: Comair, 2006  

Although surface and groundwater are dealt with separately, it should be noted that almost all surface 

water resources in Lebanon are attributed to ground karstic aquifers (MED EUWI, 2009). 

Major surface storage structures such as reservoirs are not abundant in Lebanon. The only major 

reservoir on a river is the Qaraoun Lake which is formed by the rockfill dam on the Litani  river. The total 

reservoir capacity is 220 M m3. There are plans for other dams on the major  rivers as per the 

governmentõs 10-year plan for the water sector presented later in this section ; these are to be  executed  

by 2018 (MoE, 2005).  

In 2007, the  Shabrouh artificial reservoir and dam, was inaugurate d with a storage capacity of 8 Mm 3. It 

is located t he  town of Faraya and provides water for domestic and irrigation purposes in Mount 

Lebanon (the district of Kesrwan and parts of the Metn region) ( FAO, 2008). 

Groundwater:  

Groundwater recharge is estimated  around 3,200 Mm 3, of which 2,500 Mm 3 constitute the base flow of 

rivers (FAO, 2008). Snow cover is the main source of groundwater recharge, in addition to rainwater 

percolation which is enhanced by fractures and fissures of a heavily dissected Limestone k arstification 

along the coast of Lebanon (Saadeh, 2008a).  

After having infiltrated deep into the ground and fed the aquifers, the water either 1) remains stored in 

aquicludes, some may be exploited through wells while others remain in deep layers untapped;  2) 

reappears as surface waters, at lower elevations, in the form of springs that feed into rivers; 3) forms 

submarine springs discharging near the coastline or the sea; or 4) is lost to deep layers and may 

reappear in the groundwater of neighboring countr ies (MoE, 2001). 

Groundwater characterization requires determination of extent, hydrologic associations, storage 

capacity, quality and retention time in each aquifer. The most comprehensive studies conducted to 

assess the above date back to the 1970s.  

Aqui fers in Lebanon are mainly made of limestone and discharge significant quantities of water. The 

karstic nature of these aquifers is believed to play a major role in their performance.  

The karstic aquifer sources are well known but for the time being none i s subject to detailed monitoring 

in order to determine its specific characteristics. The available well data are scarce and of poor quality, 

which makes it difficult to properly assess aquifers.  
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Figure  1-4   Schematic hydrogeological section showing aquifer formations separated by 

impermeable layers  

Source: UNDP, 1970 

The main aquifer formations ( Figure  1-4) are comp osed of the Jurassic limestones and dolomites (1,000 

m thick) and the Cretaceous (Cenomanian -Turonian) limestones (600 m thick). The Jurassic aquifer 

covers about two -third of the country, and the limestone aquifer of the Cenomanian -Turonian is 

considered as the major aquifer of Lebanon ( Bakalowicz , 2009). 

Other aquifer formations that are of limited extent and thickness do exist. These are the Upper Aptian 

limestones (50 to 100 m thick), the Albian limestones (5 m thick) and the Middle and Upper Eocene (50  

to 100 m thick) known only in the southern part of the country.  

Apart from the above -mentioned aquifers, there exist some alluvial aquifers in the Bekaa plain 

belonging to the Miocene and Quaternary ages, and others along the coastal plains belonging to P lio-

Quaternary ages. These can be locally connected to some karstic aquifers that are susceptible to feed 

them.  

Groundwater quality is already in an alarming situation, due to the infiltration of pollutants (wastewater, 

industrial wastes, solid waste  leachate , etc.) , seawater intrusion,  and the increase of uncontrolled 

drilling of wells (more than 45, 000 private wells (CAS, 1997 and CDR, 2005 ). This pollution has direct 

effects on public health and health -related expenditures.  The costs of the health impacts of water 

pollution are estimated at USD7.3 million per year and the costs of excess bottled water consumption at 

about USD7.5 million, noting that these are conservative estimates that do not account for all 

associated direct and indirect costs (Mo E, 2001).  

Additionally, t he inadequacy of public water supply to meet the countryõs growing water needs has 

led to a shift toward private solutions for water supply. In the absence of effective regulation and 
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enforcement, reliance on private provision of water supply has accelerated the depletion of water 

resources, and has led to over -abstraction of groundwater. It is estimated that about 70 percent of 

wells are illegal due the lack of enforcement of licensing requirements (World Bank 2003).  

Sea Water Int rusion 

Extensive aquifer over -abstraction and years of mismanagement have contributed to causing the 

hydraulic gradient to reverse, encouraging seawater encroachment in coastal areas in Lebanon. This 

has been further exacerbated by the continuous urban gro wth and repeated natural drought 

conditions.  

A study conducted in 1972 in  Beirut had indicated that chloride concentrations from 125 randomly 

sampled wells had  risen from 340 mg/L in 1970/1, to 1200 mg/L in 1979, to over 4200 mg/L in 1985 ( Khair, 

1992). Although  the presence of elevated concentrations of chloride is not by itself definitive proof of 

active seawater intrusion, it can be considered as such if repeatedly detected in an area where few  

other source s of saline contamination exist ( Saadeh, 2008b).  

Another study conducted between 1999 and 2002 on the region of Choueifat -Rmeyle (Bakalowicz, 

2009) confirmed that the regions of Choueifat, Jiye and Rmeyle were subject to seawater intrusion, 

aggravating already existing salinity problems. Observed salini ty rates oscillated between 0.7dS/m and 

5.5dS/m, rendering the water and soil inadequate for the cultivation of many crops. Indeed, according 

to the FAO òGuidelines for Interpretation of Water Quality for Irrigation ó (Ayers & Westcot, 1985), the 

degree of restriction on the use of water for irrigation should be òslight to moderateó for salinity rates 

between 0.7 and 3dS/m and òsevereó for salinity rates over 3dS/m.   

Further analysis revealed that the intrusion was directly and simultaneously linked to the w ater pumping 

period and intensity. The quantity of rainfall, on the other hand, appeared to have a less significant 

correlative influence on the results.  

The Greater Beirut  Areaõs subsurface water salinity levels were reported to be  over 5,000 mg/L in some 

of the surveyed public and private wells being utilized for various domestic, industrial and limited 

agricultural purposes  (Saadeh, 2008b) . Such high levels of salinity  theoretically indicate a mixing of no 

less than 10%, placing seawater intrusion  way p ast the 2% irreversible contamination limit (Barlow, 2003) 

which would render subsurface water unsuitable for public supply.  

Snow cover  

Even though the estimation of the contribution of snow to available water resources and the water 

balance is important, relevant studies are scarce. Lebanon, with about 60 ð65% of mountainous terrain, 

receives a considerable amount of snow that covers about 25% of its area that is above 1,200 m 

(Shaban et al., 2004), thus shaping the mountain chains of Lebanon (Shaban, 200 9). Average yearly 

precipitation is around 9 Mm 3, one third of which is in the form of snow, which covers the Mount 

Lebanon mountain range at altitudes between 1,700 m and 3,000 m for around 3 months every year. 

The snowpack is highest in March. In February and March, temperatures are sufficiently high to cause 

snowmelt at altitudes lower than 2,000 m. Snowmelt in springs feeds most rivers with some delay over 

rainfall, thereby sustaining their flow during spring and summer (Najem, 2007).  

The snow that covered Mount Lebanon during the 2000 -2001 winter c ontributed an equivalent of 1,250 

Mm3, with  a 10% margin of error , 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 ð

2002 was estimated t o be  around 1 ,100 Mm3, equivalent to a precipitation rate of about 425 mm in the 
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region, 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 karsts springs (Shaban 

et al., 2004; Hreiche et al., 2006; Shaban et al., 2009). W ater  from melting  snow may contribute  around 

40% to 50% of the discharge of coastal rivers  (Shaban et al., 2004 and Hreiche et al., 2006), indicating 

the essential ro le snow plays in replenishing the water resources in Lebanon.  

Water Balance  

Amid the absence of consistent information, it is generally accepted that approximately 50 % of the 

average yearly precipitation (8,600 Mm 3) is lost through evapotranspiration, whil e additional losses 

include surface water flows to neighboring countries (estimated by the Litani River Authority to 

represent almost eight percent) and groundwater seepage (12 percent). This leaves around 2,600 Mm 3 

of surface and groundwater that is poten tially available, of which around 2,000 Mm 3 is deemed 

exploitable  (MoE, 2001).Table  1-5, Table  1-6 and Table  1-7 show the annual water balance (total, 

surface water and groundwater) and water uses as reported in different sources.   
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Table  1-4   Summary of water balance   

DESCRIPTION MED EUWI, 2009 MOEW, 2004 WORLD BANK, 

2003 

UNDP, 1970 GEADAH, 2002 PLASSARD,1971 

Precipitation  (mm)  800 ð 1,000 820 820 940 - - 

Evapotranspiration (mm)  500 -600 430 380 - - - 

Precipitation (Mm 3) 8,320 ð 10,400 8,600 8,600 9,800 8,600 8,600 

Evapotranspiration (Mm 3) 4,300 ð 6,240 4500 4,000 - 4,300 4,300 

Total flow of the 40 major streams (Mm 3) 3,673 ð 4,800 3680 3,800 4,300 1,774 1,800 

Surface flow to neighboring countries (Mm 3) 
300 ð 670 

945 

700 ~ 680 670 
160 (Palestine)  

510 (Syria) 

Groundwater flow to neighboring countries 

(Mm 3) 
310 200 - 300 150 (Palestine)  

Flow of submarine  sources (Mm 3) 385 ð 1,000 385 700 711 880 880 

Total resources (Mm 3) Average year  2,600 ð 4,800 - - - -  

Dry year  1,400 ð 2,200 - - - -  

Exploitable resources (Mm 3) Surface water  1,500 - - - - 1,800 

Groundwater  700 -1,165 - - - - 800 

Total 1,400 ð 2,200 - - - 2,000 - 

Source : Bakalowicz / MED EUWI, 2009; MoEW, 2004; World Bank, 2003; UNDP, 1970  ; Geadah, 2002; and Plassard, 1971  



VULNERABILITY, ADAPTATION AND MITIGATION CHAPTERS OF LEBANONõS SECOND NATIONAL COMMUNICATION  MOE/UNDP 

CLIMATE RISKS, VULNERABILITY &  ADAPTATION ASSESSMENT WATER 

 1-13 

Table  1-5   Surface water balance  

SURFACE WATER BALANCE (UNIT: 1,000 M3) 

 

AREA IN OUT 

BALANCE 

(KM2) 

TOTAL 

PRECIPITATION 

FROM 

OTHER 

BASIN SPRING 

RECHARGE BY 

INFILTRATION EVAPOTRANSPIRATION RUNOFF EXTRACTION 

Kebir 333.5 251,520 0 38 118,751 90,350 43,786 492 -1,821 

Ostuene  169.6 127,962 0 10,331 45,749 45,718 45,830 1,836 -840 

Akkar  133.1 100,429 0 8,728 44,278 32,487 33,322 289 -1,220 

Bared  266.3 200,761 0 111,835 112,912 59,262 136,054 5,739 -1,371 

Abou Ali  484.9 365,627 0 159,877 187,479 109,030 228,617 3,630 -3,252 

Jouz 186.3 137,862 0 9,983 69,852 45,618 33,265 429 -1,319 

Ibrahim  346.7 259,532 0 282,647 149,276 86,954 306,988 1,951 -2,988 

Kelb  254.9 192,166 0 106,203 69,512 62,696 165,591 1,975 -1,405 

Beirut 309.9 228,052 0 28,427 118,119 77,932 60,809 2,355 -2,738 

Damour  186.2 139,555 0 84,472 66,285 44,690 108,875 5,730 -1,554 

Awali  334.5 248,681 54,508 100,908 96,448 96,432 213,739 2,676 -5,197 

Saintaniq  161.9 116,582 0 1,844 68,948 40,512 9,903 307 -1,244 

Zahrani  104.1 75,831 0 7,346 48,119 26,032 9,539 403 -916 

A Assouad  160.1 112,279 0 1,107 63,388 47,416 3,369 875 -1,662 

Litani  2,231.30 1,661,272 0 85,809 931,747 641,286 107,612 76,995 -10,557 

Assi 1,848.80 1,393,617 6,683 73,595 683,504 465,464 306,781 15,808 2,343 

Hasbani  587.4 442,789 0 5,857 204,071 159,775 85,768 943 -1,910 

SUB-TOTAL 8,099.50 6,054,517 61,191 1,079,007 3,078,436 2,131,656 1,899,848 122,433 -37,652 

Percentage  80.40% 1.0 0.0 17.80% 50.80% 35.20% 31.40% 0.0 - 

Coastal Basin  1,690.70 1,213,947 0 58,007 605,034 469,688 195,581 14,562 -12,911 

Individuals  286.0 215,575 0 85,020 137,750 66,946 97,639 271 -2,011 

SUB-.TOTAL 1,976.70 1,429,522 0 143,027 742,784 536,633 293,220 14,834 -14,922 

Percentage  2.80% 1.0 0.0 0.1 0.5 37.50% 20.50% 0.0 0.0 
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SURFACE WATER BALANCE (UNIT: 1,000 M3) 

GRAND-TOTAL 10,076 7,484,039 61,191 1,222,033 3,821,220 2,668,289 2,193,068 137,267 -52,574 

Percentage  1.0 1.0 0.80% 16.30% 51.10% 35.70% 29.30% 1.80% -0.70% 

     

34.70% 

    Source: JICA, 2003  
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Table  1-6   Groundwater balance  

GROUNDWATER BALANCE (UNIT: 1,000 M3) 

 

AREA IN OUT 

BALANCE VOLUME (KM2) RECHARGE 

GROUNDWATER 

INFLOW ARTIFICIAL PUMPING SPRINGS 

GROUNDWATER 

OUTFLOW 

Kebir 333.5 118,751 0 30,147 38 114,687 -16,906 10,909,330 

Ostuene  169.6 45,749 65,792 15,225 10,331 90,917 -20,216 3,942,469 

Akkar  133.1 44,278 16,145 7,289 8,728 49,559 -16,167 2,971,683 

Bared  266.3 112,912 45,218 27,867 111,835 30,183 -11,755 7,860,158 

Abou Ali  484.9 187,479 98,569 18,413 159,877 123,450 -17,790 14,920,980 

Jouz 186.3 69,852 6,708 4,825 9,983 74,616 -24,311 5,413,656 

Ibrahim  346.7 149,276 197,813 9,660 282,647 63,088 -15,192 6,297,798 

Kelb  254.9 69,512 119,864 10,544 106,203 87,096 -7,315 5,728,840 

Beirut 309.9 118,119 18,409 9,025 28,427 119,991 -15,854 8,122,575 

Damour  186.2 66,285 115,207 13,886 84,472 85,350 8,089 6,344,904 

Awali  334.5 96,448 105,784 9,487 100,908 97,590 -5,752 6,211,775 

Saintaniq  161.9 68,948 1,882 13,620 1,844 67,360 -11,995 4,650,250 

Zahrani  104.1 48,119 11,019 3,680 7,346 54,588 -10,653 3,030,097 

A Assouad  160.1 63,388 876 15,030 1,107 51,229 6,459 7,382,489 

Litani  2,231.30 931,747 858 197,244 85,811 870,582 -221,032 78,590,310 

Assi 1,848.80 683,504 58,698 119,292 73,595 715,287 -57,736 70,195,820 

Hasbani  587.4 204,071 34,156 6,584 5,857 287,808 -62,022 23,107,250 

SUB-TOTAL 8,099.50 3,078,436 896,998 511,818 1,079,009 2,983,379 500,148 265,680,384 

Percentage  80.40% 1.0 29.10% 16.60% 35.10% 96.90% -16.20%   

Coastal Basin  1,690.70 605,034 168,117 92,756 58,007 675,378 -59,176 41,326,900 

Individuals  286.0 137,750 106,971 6,511 85,020 180,815 -27,625 12,442,920 

SUB-TOTAL 1,976.70 742,784 275,088 99,266 143,027 856,193 -86,802 53,769,820 

Percentage  2.80% 1.0 0.4 13.40% 19.30% 115.30% -11.70%   

GRAND-TOTAL 10,076 3,821,220 1,172,086 611,084 1,222,035 3,839,572 -586,950 319,450,204 
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GROUNDWATER BALANCE (UNIT: 1,000 M3) 

Percentage  1.0 1.0 30.70% 0.2 0.3 100.50% -15.40%   

Source: JICA, 2003  
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The net potential surface and groundwater available includes water resources for which the cost of 

diversion/abstraction is prohibitive. The net exploitable surface and groundwater  represent the total 

quantity of water that Lebanon can realistically recove r during average rainfall years. It includes water 

that may be too polluted to use for domestic consumption (high treatment costs) (MoE, 2001) . 

The annual net exploitable surface water and groundwater resources, water that Lebanon can 

technically and econo mically recover during average rainfall years, are estimated at 2 ,000 Mm3, 

consisting of 1, 500 Mm3 of surface water and 700 ð 1,165 Mm3 of groundwater ( MED EUWI, 2009). 

Water Consumption by Sector  

The water sector is the hardest sector to assess due to the  lack of data (ex: non -consistent 

measurement of river flows, lack of metering systems to measure withdrawals from each sectoré) and 

the huge amount of losses as a result of leakages and widespread unlicensed wells where pumping is 

far from being monitored . This deficiency in data availability hinders possible predictions of water 

distribution among the three sectors: agricultural sector, domestic sector, industrial sector.  

However, general estimates exist internationally and locally for water demand and wa ter consumption 

by sector. Table  1-7 illustrates water consumption by sector in France, the United States of America 

(USA), and Lebanon. The share of domestic water c onsumption seems to be slightly lower in Lebanon 

than elsewhere. Losses, on the contrary, hold a larger share than that observed for the USA.  

Table  1-7   Comparison of water c onsumption  by sector in France, the USA, and Lebanon  

SECTOR/ACTIVITY FRANCE  

% OF DAILY 

NEEDS 

USA 

% OF DAILY 

NEEDS 

LEBANON  

DAILY NEEDS AND % OF DAILY NEEDS 

Hajjar, 1997  Hajjar, 1997  Jaber, 1997 World Bank, 

unpublished  

L/day  % % 

Domestic  Cooking  12% 

55% 51% 

15 L 

90 L 45% 26% 

Washing  - 10 L 

Shower  20% 40 L 

Backyard  

Irrigation  
23% 25 L 

Services  Hotels, 

restaurants & 

pools 

- 

45% 

 

- 

(commercial) 

18% 

3 L 

17 L 8.5% - 
Hospitals & 

health 

institutions  

7% 7 L 

Schools - 7 L 

Commercial  24% - 

Public  Public 

Institutions  
5% 

13% 

17 L 

24 L 12% - 
Military 

(Casern s) 
- 7 L 

Parks and 

Municipal  
9% - 

Agriculture  Cattle  
- - 

2 L 
8 L 4% 65% 

Horses 6 L 

Industrial  Light 

Indust ries 
- - 15 L 15 L 7.5% 9% 

Losses - 18% 46 L 46 L 23% - 



VULNERABILITY, ADAPTATION AND MITIGATION CHAPTERS OF LEBANONõS SECOND NATIONAL COMMUNICATION  MOE/UNDP 

CLIMATE RISKS, VULNERABILITY &  ADAPTATION ASSESSMENT  WATER 

 1-18 

Source: Hajjar, 1997; Jaber, 1997; and World Bank, unpublished  

Table  1-8 summarizes Lebanonõs water demand by sector for the year 2002. Greater Beirut has the 

highest water demand and loss rate, followed by Mount Lebanon . Most of the demand is for domestic 

use. Public supply provides for most but not all of water supply, necessitating an additional private 

supply in all regions.  

Table  1-8   Summary of domestic and industrial water use in 2002  

REGION 

WATER USE BY SECTOR (M3/DAY)  WATER SOURCE DOMESTIC 

USE 

INCLUDIN

G LOSSES 

(M 3/DAY)  

INDUSTRIAL 

USE 

INCLUDIN

G LOSSES 

(M 3/DAY)  

DOMESTIC INDUSTRIAL LOSSES TOTAL 
PUBLIC* 

SUPPLY 

PRIVATE 

SUPPLY 

Mount 

Lebanon  
122,692 26,334 81,824 230,850 181,832 49,018 195,829 35,021 

Greater  

Beirut 
241,203 49,450 178,883 469,536 397,518 72,018 401,271 68,265 

North  93,088 22,854 74,250 190,192 164,998 25,194 159,010 31,182 

South 72,134 9,736 38,046 119,916 99,222 20,694 108,326 11,590 

Nabatiye h 39,922 3,034 28,551 71,507 63,446 8,061 67,345 4,162 

Bekaa 81,416 9,240 48,426 139,082 107,613 31,469 127,007 12,075 

Total 650,455 120,648 449,980 1,221,083 1,014,629 206,454 1,058,788 162,295 

* Public indicates Water Establishment . 

Source: JICA, 2003  

Table  1-9 shows water demand figures by sector and geographical area, and Table  1-10 presents 

estimates of tot al water consumption quoted by different sources.  Water consumption data, with the 

possible exception of the 1966 data, are estimates. Thus, data vary considerably depending on the 

initial assumptions used (Amery, 2000).  

Table  1-9   Water demand by sector and geographical area  

 DOMESTIC USE 

(MM 3) 

INDUSTRIAL USE 

(MM 3) 

IRRIGATION 

(MM 3) 

TOTAL (MM 3) 

North Lebanon  53 13 150 216 

Beirut & Mount Lebanon  127 30 78 235 

North Bekaa  15 4 135 154 

Central and South Bekaa  17 4 153 174 

South Lebanon  38 9 159 206 

Total 250 60 675 985 

Source: Comair, 2006 

Table  1-10   Estimated water consumption (Mm 3/year) in Lebanon  as referenced in different 

sources   

 DOMESTIC USE 

(MM 3) 

INDUSTRIAL USE 

(MM 3) 

IRRIGATION 

(MM 3) 

TOTAL (MM 3) 

1966 94  400 494 

1990 (An Nahar , 25 Feb 1996)  310 130 740 1180 

1996 185-368 35-70 669-900 889-1338 

2000 (Nasir Nasrallah, as quoted 

in An Nahar , 25 May 1996)  

280 400 1600 2280 

Source: Amery, 2000 

Further studies have assessed agricultural water withdrawal assessment based on 11,200 m 3/ha per year 

from surface water and 8,575 m 3/ha per year from groundwater (FAO, 2008). The World Bank 
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(unpublished) estimates that the agricultural sector is by f ar the largest water consuming sector of all, 

with around 65% of water available, followed by domestic (26%) and industrial (9%) uses, as shown in 

Figure 1-5.  The use of groundwater for irrigation has increased during recent years, because of the 

delay in the execution of dams and hill lakes as per  the 10 year strategic plan. This situation has 

encouraged individual farmers to cope with water shortages by increasing ly relying on  private wells  

(Hreiche, 2009) . 

 

Figure 1-5   Annual water demand by water use category (Mm 3), 2003 

Source: World Bank, unpublished.  

Summary of stresses on the water sector  

The water sector current ly undergoes several environmental stresses resulting from different socio -

economic activities and practices. These are summarized and described in Table  1-11 below.  

Table  1-11   Environmental Stresses on Water Resources  

ECONOMIC ACTIVITY SOURCE OF IMPACT EVIDENCE OF STRESS 

Agriculture  Excessive use of surface and groundwater 

for irrigation  

Seasonal water shortages  

Excessive application of agrochemicals  Possible contamination of groundwater from 

pesticides and nitrates  

Industry  Discharge of liquid waste  Contamination of rivers and coastal waters  

Uncontrolled disposal of solid waste  Possible contamination of rivers  and 

groundwater from leachate seepage  

Transport Disposal of waste oils  Waste oil dispersal in rivers, wells and coastal 

waters  mainly through the sewage system  

Energy  Hydropower  Intermittent drying of river beds during 

summer  

Human settlements  Uncontrolled sewage disposal and no 

monitoring of septic tanks  

Bacterial contamination of ground and 

surface water  

Excessive use of ground water resources for 

domestic supply  

Seawater intrusion in coastal areas  (as 

described above).  

Source: MoE, 2001  

1.1.2. Methodology  

1.1.2.1. Scope of Assessment  

Unit of Study  

The water cycle, and thus the water balance and water resources in Lebanon are determined by two 

important factors: snow cover and evapotranspiration (Bakalowicz, 2009). This assessment looks at the 
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combined ef fect of precipitation and temperature variation on evapotranspiration, and consequently 

on the reduction of water availability throughout the country. To that is added the effect of population 

and economic growth. Potential impacts of temperature increases  on snow cover are also addressed 

based on existing studies as a result of limited relevant data and measurements in Lebanon.  

Spatial Frame  

Study area The study area upon which the analysis was initially conducted extends from Hadath in the 

South-West to t he Cedars in the North East, spreading over an area of 50 km x 50 km (2,500 km 2), as 

shown in Figure 1-6. This area comprises coastal zone, mountains of more than 2,000 m of altitude, and a 

part of the Beqaa Valley, covering both a part of the western slope of Mount -Lebanon and a part of 

the interior zones.  

It contains the totality of the Jurassic aquifers of Kesrwan, the totality of the Kneisseh and Ha dath 

cennomanian aquifers, the majority of Chekka springs recharge area, the majority of Berdawni spring 

recharge area, as well as four major catchment areas (Beirut river, Dog river, Ibrahim river and Jawz 

river) and several major springs. It also contain s the largest snow coverage zone of the Mount -Lebanon, 

and is an important area from a socio -economic point of view, with a wide range of activities. The study 

area  comprises 4 main rivers (out of a total of 17 rivers): Nahr al Jawz, Nahr Ibrahim, Nahr el K alb and 

Nahr Beirut ( Figure 1-7). Their length and flow are shown in Table  1-12.  

The results obtained for this study area were then extrapolated to the entire Lebanese territory, as 

described below.  

 

 

 
 

Figure 1-6   Study area  for the Water Sector  

Source: UNDP, 1967 


