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Damascus residents talk in recent years of long periods of daily water shut-offs 

for most months especially between June and the following January. “ In 2001 … 

stringent water rationing was in force in Damascus… the authorities … shut off the 

capital’s piped water supply for 20 hours each day (compared with 16 hours previously) 

from July of that year. Europa Publications (2002: p.979).”  

 

This study coincides with the debate currently raging on how to solve and finance 

the deepening domestic water crisis of the Greater Damascus Region and that of the 

country’s other urban centers. The debate is conducted within the boundaries set by the 

country’s four-decade old discourse that considers generous water allocation to 

agriculture as sacrosanct policy. It centers on expensive inter-basin water transfer 

schemes from the Euphrates River or the Mediterranean Coast to the Damascus Region 

(Sections 2.B and 2.C below) so that the volume of water currently used in irrigation will 

not be reduced.  

 

This study contributes a different solution. It advocates abandoning inter-basin 

transfer schemes altogether. Instead, it emphasizes a local solution to a local crisis. It 

argues that reallocation of water away from agriculture to householders’ use, 

supplemented by efficient modern irrigation technology is the efficient solution to 

Damascus Region’s water crisis in terms of economic feasibility and water availability. 

In reaching this conclusion two issues will be addressed:  
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1) The causes that led to the household water crisis in the Region. Three causes 

will be analyzed: 1.A. Government’s under-investment in drinking and household water 

projects. 1.B. Unsustainable demand for irrigation water. 1.C. The large increase in 

Damascus’ population over the past four decades over and above Syria’s average growth. 

 

2) The likely alternative solutions to the crisis. Three approaches with their cost 

estimates will be analyzed. The first is water re-allocation from irrigation to household 

use. The second is operational measures to save water. The third is the feasibility of inter-

basin transfers from the Euphrates River and the Mediterranean Coast.  

 

Before examining the main issues, a note on the inaccuracy of Syria’s official data 

will be made in Section (A). It will be followed in section (B) by a description of the 

extent of the water crisis in the Greater Damascus Region.  

 

A. The challenge of the data 
 

Reliable water data in Syria are difficult to find. A study by Environmental 

Resource Management (ERM, June 1998: p.11) for The World Bank/UNDP stated that in 

Syria “Many estimates of water balances have been made in the past 10 years.” Of those 

reviewed, the study continues, “ no one set of data appeared totally free from 

contradictions, either internally or with other data sets.”  

 

Discrepancies in estimates of the statement of water sources and uses of the 

Barada/Awaj Rivers Basin exist among Syrian government ministries and with those of 

international agencies. ERM, quoting a study by Japan International Cooperation Agency 

(JICA, 1997), estimated that “under the condition of a minor drought, predicted to occur 

in one out of every five years (i.e. a 20% probability each year), all basins are in deficit.” 

In 1995, the Barada/Awaj Basin would have been 162 million m3 in deficit, ERM 

continues. In 2015, under the same assumed conditions, the deficit would be 250 million 

m3 (ERM, 1998: p.11). On the other hand, Syria’s Ministry of Irrigation (MOI) issued a 
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report in 2001 entitled “Work Strategy at the Irrigation Ministry.” It shows that in 2000 

water balance in the Barada/Awaj Basin was a negative 762 million m3 (MOI, 2001: 

table 9), after two years of sever drought conditions.1 The World Bank Report (WB) on 

the irrigation sector in Syria of August 6, 2001, quoting the 1997 JICA study, showed 

that the water balance was estimated in 1997 at a negative 450 million m3 (WB, 2001: 

table 6, p.13). The balance was also a negative 311 million m3 for 2000, according to a 

study on irrigation policy in Syria conducted by Consuelo Varela-Ortega and Juan 

Sagardoy (2001: table 3, p.7), based on an FAO project, quoting data from Syria’s 

Ministry of Agriculture and Agrarian Reform (MAAR) in 2001. Table 1 summarizes 

these divergences. It also compares the ratio of water used in irrigation to total water use 

as reported in the two studies and by MOI. 

 

Table 1 Water sources and uses in the Barada/Awaj Basin (million/m3) 

 
 World Bank 

Report (2001) (1) 
FAO project based 
study (2001) (2) 

Syria’s MOI 
(2001) (3) 

Available resources    
Resources N/A   452 452 
Recharge from 
wastewater 

N/A   257 384 

Return drainage 
from irrigation 

N/A   568 120 

Total    900 1,277 956 
Uses    
Irrigation    920 1,207 1,200 
Domestic    390    298    379 
Industry      40      77    133 
Evaporative loss N/A        5       5 
Total 1,350 1,588 1,717 
Water balance   (450)   (311)   (762) 

 Irrigation as a percentage of total water use 
 World Bank 2001 FAO based 2001 MOI  
Barada/Awaj Basin 68% 76% 70% 

 
Sources: (1) WB (2001: table 6, p.11).  

(2) C. Varela-Ortega and J. A. Sagardoy (2001: table 3, p. 11). MAAR 2001.  
(3) MOI, 2001: table 9. 

                                                 
1 Precipitation in1996 was 149 mm, in 1997; 137 mm, in 1998; 81 mm, in 1999; 33 mm and, in 2000 it was 
117 mm (Statistical Abstract of Syria (SAAb, 2001: p.51). The 2000 rainfall was 59% of the average 
rainfall in the region (MOI, 2001: table 9). 
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Table 2 shows household water supplies in Damascus, adjacent villages and Syria 

as reported by Ministry of Housing and Utilities (MHU.  

 

Table 2 Household water basic data in Damascus city, its villages and Syria (1998) 

 
 Population 

(000)      
(1) 

Population 
served 
(000)      
(2) 
 

Water 
coverage 
(%)          
(3) = 
(2)/(1) 

Water 
supplied 
(million 
m3/ 
year)    
(4) 

Water 
billed 
(million 
m3/ 
year)  (5) 

Unaccounted 
for water   
(%)                 
(6)=[(5)-(4)]/4) 

Per capita 
annual 
water 
supplied to 
(2) (m3)          
(7)=(4)/(2) 

Per capita 
annual 
water   
billed to (2) 
(m3)             
(8)=(5)/(2) 

Damascus 
city 

  1,782   1,782 
 

100 
 

 227 170.25 25 127 95 

Damascus 
villages 

  1,968   1,515 
 

77 
 

   73.5   60.27 18 49 40 

All 
Damascus 

  3,750   3,297 
 

88 
 

 300.5 230.52 23 91 70 

All Syria 15,047 13,130 
 

87 
 

 926.45 697.22 24.7 71 53 

 
Source: columns 1 to 6 from MHU. 
 

 
Unaccounted for water of 25% is probably a low estimate. It is more likely to be 

around 50%. The reason is that 95 m3 per annum in “billed” is rather excessive for a city 

in a developing country suffering from water rationing in a drought year. At 50% UFW, 

per capita annual water use becomes a more reasonable 64 m3 [227 million m3 of 

supplied water (Table 2)* 50%/ 1.782 million inhabitants]. Table 3 shows the wide 

divergences in the volume of household water in the Greater Damascus Region as 

reported in four sources in Tables 1 and 2.  

 

Table 3 Volume of household water utilized in the Greater Damascus Region 

(million/m3) as reported in 4 sources 

 
Ministry of housing and utilities  World Bank 

(2001) 
FAO project 
study (2001)  

MOI (2001 
Water supplied Water billed 

Damascus 
region 

390 298 379 300.5 230.53 

 
Source: Tables 1 and 2 
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It is not clear from the non-MHU data whether: 1) the figures are net of 

distribution leakages and, 2) whether they cover the water requirements of the half a 

million or so villagers who are not served by municipal WSS facilities. 2

 

B. The extent of the water crisis in the greater Damascus region 
 

According to the managing director of the state-run company controlling Al-Fijeh 

Spring as quoted in the Tishrin daily and reported on July 27, 2001 in ArabicNews.com, 

“the capital which is inhabited by 4 million persons needs 750,000 cubic meters of water 

daily but…gets in this part of the year only 317,000 m3 daily.” This means that while the 

region requires 274 million m3 per annum (750,000 m3 per day* 365 days), it received 

116 million m3 instead (317,000 m3 per day* 365 days). The shortfall during the summer 

months was 433,000 m3 per day (750,000 m3 per day– 317,000 m3 per day), or 158 

million m3 on an annualized basis (433,000 per day* 365 days). 

 

Al-Fijeh Spring, just outside Damascus, is the main source of water for the 

Capital City. It is a major tributary of the Barada River that flowed through the city 

before it practically dried up in recent years. Although it is not clear from the above 

statement, it will be assumed that the volumes are inclusive of pipe distribution leakages. 

It will also be assumed that these volumes exclude the half a million or so villagers who 

are not a part of the municipal WSS system. Therefore, during the four summer months 

of 2001, the volume of billed water dropped to a mere 238,000 m3 per day [317,000 m3* 

75% (net of leakage)]. On a per capita basis, the average volume of billed water for 

                                                 
2 Other examples of the difficulty with Syria’s data relate to the irrigated surface of the Damascus region. 
While it was reported as 62,000 hectares in 1998 (WB, 2001: table 5, p.12), it was 75,429 hectares in the 
Varela-Ortega and Sadagroy study (table 1, p.4) and 71,000 hectares in 2000 in SSAb (2001:p.110). This 
surface includes Al-Ghouta, a 19,000 hectares (WB, 2001: p.16) of age-old verdant irrigated farms with 
orchards and fruit trees that continue to supply Damascus city with foodstuffs.  

Also, the length of the Barada and the Awaj Rivers changed over time. SSAb reported that the 
Barada River was 71 km during the period between 1950 and 1982, but starting 1984 it became 80 km 
(SSAb, 1985: p.40). Similarly, the Awaj River was reported to be 66 km until 1982 but 70 km later.  

The average flow of the Barada for the 25 years between 1930 and 1955 was reported in Syria’s 
1957 Statistical Abstract as 10 m3 per second, but 7 m3 per second in the 1958 to 1964 Abstracts (the last 
year of reporting the 25 years average flow). Similarly the average flow of the Awaj between 1930 and 
1955 was reported in the 1957 Abstract as 6 m3 per second but 2.5 m3 per second in the 1958 to 1964 
Abstracts.  
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Damascus plus its surrounding villages was only 68 liters per day (238,000 m3/ 3.5 

million users). This compares with an average of 192 liters per day for the whole 1998 

[70 m3 per annum (Table 2)/ 365 days], or a drop in the summer months of 65% (68 

liters/ 192 liters= 0.35 – 1 = 0.65).  

 

ArabicNews.com reported on July 20, 2000 that, “underground waters in 

Damascus has fallen to a depth of 150 to 200 meters after it was only at the depth of 15 

meters in 1985.” Al-Fijeh Spring, according to Shebli Shami, Professor of Public Health 

Engineering at Damascus University, quoted on July 26, 2001 by ArabicNews.com, “is 

about to dry up completely.” In an article entitled “Towards a Water Strategy in Syria” 

Shami stated that in the Damascus Basin “Only 65-70% of the total resources of this 

basin can be exploited (approximately, 550-595 million m3 a year). In Al-Ghouta of 

Damascus it is only sufficient for two years (four years in Zabadani basin),” he added.3  

 

1. Causes of the household water crisis in the greater Damascus region 
  

 The domestic water crisis in the Greater Damascus Region is the product of: 1.A) 

decades of insufficient investments. 1.B) Unsustainable water use in irrigation. 1.C) A 

higher population growth rate than the average for the rest of the country.  

 

1.A. Past under-investment in water and sanitation projects 

 

During the past four decades Syria’s government allocated in its eight successive 

five-year plans between 1960 and 2000 to agricultural development over 25% of the 

country’s investment resources. Also, between 1995 and 2000 some 3.3% of the 

country’s GDP was invested in agricultural projects. These are serious amounts for a 

developing country like Syria with US$1,200 in per capita income in 2000 (MEED 

Databank), especially in view of the unimpressive financial and non-financial returns that 

                                                                                                                                                 
 
3 Zabadani, a summer resort 1,175 meters above sea level, is some 30 miles to the north west of Damascus. 
Its plain is the source of the Barada River. 
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could be shown to have resulted from government investments in this area. Together with 

large military spending, insufficient resources were left to meet the growing investment 

needs of water and sanitation facilities. This is despite the contribution that such facilities 

make to increasing life expectancy and productivity, reducing the cost of disease, 

absenteeism from work, debilitation, infant mortality and the number of economically 

inactive persons in society. 4 Such benefits make investing in water and sanitation assets 

the most efficient use of scarce resources. However, as long as household water problems 

remained somewhat invisible there was no urgency to invest in water utilities.  

 

1.B. Unsustainably high level of water use in irrigation and the imbalance in 

the sources and uses of water in the Greater Damascus Region  

 
As shown in Table 1, agriculture has been the greatest water user in the Damascus 

Region. The Basin’ water balance in the late 1990s ranged between a deficit of 311 

million m3 and a deficit of 762 million m3 in 2000. The middle estimate will be adopted 

here; namely, the 450 million-m3 deficit of the World Bank Report (2001), along with 

the Report’s other data. Such a situation is unsustainable. “Mining of non-renewable 

groundwater is particularly evident in the Barada/Awaj Basin.” Water level declines “ are 

reported as –3.1 mm/day (1.1 meters/year). As a result, “ a large groundwater depression 

is developing between the Zabadani and Damascus areas in the Barada/Awaj Basin with 

rapid falls occurring particularly between 1989 and 1992 (WB, 2001: p.17).” If over-

extraction persists, it will ultimately force the abandonment of agriculture in the Region, 

except for rain fed farming, and the expensive transfer of household water from other 

basins into the affected areas. 5

                                                 
4 ERM (1998: p.42), quoting Syria’s Ministry of health data, showed that in 1996 there were over 740,000 
reported cases of diarrhea and that this caused 20% of infant deaths in the country. ERM estimated that the 
direct cost of treatment in 1996 was S£805 millions, or US$16 millions (S£805m millions/ 50). The total 
number of days lost to various environmentally related diseases was 761,500 days. They should also 
include the opportunity cost of the time spent every day on collecting drinking and domestic water 
sometimes from several miles away. Rosen and Vincent (1999: p.55) estimated that in sub-Saharan Africa 
“Households (and primarily women) spend an average of 134 minutes per day collecting water.”  
5 This situation is not limited only in the Damascus Region. Syria’s Ministry of Irrigation stated that, “all 
water basins, except the Euphrates and Coastal, have suffered large water deficits as a result of maintaining 
the old size of the irrigated surface, or because of expanding it. Covering the water needs of agriculture was 
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1.B.1. An estimate of groundwater over-extraction from the Greater Damascus 

Region since the 1950s 

  

The 1998 irrigated surface in the Damascus/Awaj basin was estimated at 62,000 

hectares (Table 4 below). This surface used an estimated 920 million m3 of water in 1997 

(Table 1). Assuming that the entire 62,000 hectares were cropped in full and that the 920 

million m3 of water in 1997 was also used in 1998, the average per hectare use of 

irrigation water was around 14,838 m3 (920 million m3/ 62,000 hectares). This is in 

addition to any rainwater that the surface might have had received. The Ministry of 

Irrigation recognizes the excessive use of water in Syria’s agriculture. In a decision on 

August 16, 2000, the Ministry set the ambitious but over optimistic aim at modernizing 

irrigation methods within 4 years so that Syria’s average per hectare water consumption 

will be reduced to a more reasonable 7,000 m3 (MOI, 2001: p.5, 6). 

 

The irrigated area in the Greater Damascus Region in 1950/1951 was 80,776 

hectares (SSAb, 1951/1952: p.210). By 2000 it was reduced to 71,000 (SSAb, 2001: 

p.110). However, due to lack of water the irrigated area is thought have dropped recently 

to 55,000 hectares. During the intervening period, the irrigated surface reached 86,000 

hectares in 1955 (SSAb, 1955: p.296), dropped to 72,000 hectares in 1961 (SSAb, 1961: 

p.255), to 64,000 hectares in 1966 SSAb, 1966: p.284), increased to 68,000 hectares in 

1970 (SSAb, 1971: p.67), to 87,000 hectares in 1973 (SSAb, 1974: p.217), dropped to 

74,000 in 1979 (SSAb, 1980: p.175) and was 79,000 in 1984 (SSAb, 1982: p.117). In 

1998, it was 62,000 hectares (WB, 2001: table 5, p.12).  

 

For the quoted ten years, as generalized over the subject 5 decades, the average 

irrigated surface in this Region could be 74,000 hectares. Assuming, due to the absence 

                                                                                                                                                 
made on account of the viability of groundwater sources in particular. Such led to reducing groundwater 
levels. It would be several successive wet years before groundwater aquifers recover. And it might not 
return to its previous average levels (MOI, 2001: pp.6, 7).” Notwithstanding this statement, however, the 
Ministry outlines later in the report Syria’s government strategy to persist with its hydraulic mission by 
building more dams, reclaiming more land and improving irrigation technologies. Between 2000 and 2020, 
the plan intends to irrigate and reclaim another 493,350 hectares (MOI, 2001: tables 20, 21). 
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of data, that the average per hectare irrigation water requirement during this span of time 

had been similar to that of 1998, or 14,838 m3 (920 million m3/ 62,000 hectares), the 

annual water requirement for irrigation in the region would have been some 1.1 billion 

m3 per annum (74,000 hectares* 14,838 m3 per hectare). Such an assumption is 

reasonable since the need for irrigation water is rather stable under the area’s little-

changing technology. Assuming further that the average annual volume of renewable 

water in the basin was similar to that of 1997, or 900 million m3, the water deficit due to 

irrigation would have been some 200 million m3 annually (1.1 billion m3– 900 million 

m3). The aggregate water over-extraction during the 51-years period (1950-2001) would 

be guesstimated to total about 10 billion m3 (200 million m3* 51 years).  

 

When domestic and industrial water uses are added the deficit becomes greater. 

At an estimated average population for the basin of 2 millions (Table 5) and, assuming 

100 m3 per capita water use annually (inclusive of leakages), domestic water use could 

add another 10 billion m3 (2 million people* 100 m3* 51 years). However, a major 

proportion of the water thus used is returned as sewage for reuse in irrigation. The ratio 

according to MOI data in Table 1 was 75% [384 million m3 of recharge wastewater/ (379 

million m3 of domestic water + 133 million m3 industrial water)]. Thus, water over-

extraction by householders may be estimated at around 2.5 billion m3 (10 billion m3* 

25%). Aggregate over-extraction might become about 12 billion m3.  

 

How big a population might 74,000 irrigated hectares in the Damascus Region 

support without the need to import foodstuffs? Assuming: 1) average crop production of 

3 tons per hectare per season, 2) cultivating two seasons annually, and 3) average per 

capita food consumption of one ton of foodstuffs per annum (Allan, 2001: p.6), the size 

could be around 444,000 people (74,000 hectares* 3 tons per season* 2 seasons). While 

the population was below such size, excess crops were exported to neighboring lands. 

Actually, the Greater Damascus Region has been famous throughout the ages for its wide 

varieties of fresh and dried apricots, pears, peaches, walnuts etc.…  
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Because the Barada/Awaj Basin has barely had sufficient renewable water for 

decades, increases in household water use needed to have been compensated by a 

corresponding decrease in irrigation water. Such would have required accurate data as 

well as political will to bring about aquifer’s equilibrium. All those who ruled Damascus 

over the past few centuries, the Ottomans (1517-1918), the French (1920-1946) and the 

successive Syrian governments since independence failed to take effective action.  

 

1.B.2. Estimating the volume of surface water in the Greater Damascus Region  

 

Surface water in the Region is available from Al-Fijeh Spring and from 26 other 

main but smaller springs (over 10 liters per second of water flow). Syria’s Statistical 

Abstracts show that for the eighteen year period covering 1967 to 1984, Al-Fijeh average 

water flow fluctuated between a low of 4.227 m3 per second in 1979, or 133 million m3 

per annum (4.227 m3 per second* 60 seconds* 60 minutes* 24 hours* 365 days), and a 

high of 12.9 m3 per second in 1969, or 407 million m3 per annum (12.9 m3 per second* 

60 seconds*60 minutes* 24 hours* 365 days). Twelve years later, for the period between 

1996 and 2000, SSAb (2001: p.43) shows that the average annual water flow ranged 

between a high of 6.85 m3 per second (1998) and a low of 3.9 m3 per second (1999). The 

average flow between 1967-2000 could be estimated at 7.2 m3 per second, or 227 million 

m3 per annum (7.2 m3 per second* 60 seconds* 60 minutes* 24 hours* 365 days). 

 

Al-Fijeh’s average water flow has been declining over the past thirty-five years. 

For the period between 1967 and 1971 its average flow was 9.5 m3 per second. It 

dropped to 7.7 m3 per second for the period 1980 to 1984 and further decreased to 5.5 

m3 per second for the five-year period 1996 to 2000, or a decline of about 42% since 

1967 (5.5 m3 per second/ 9.5 m3 per second).6  

                                                 
6 W. Mualla, Chairman of the Department of Water Engineering at Damascus University, advises that, 
“The drop in the Fijeh spring discharge output is primarily due to the pumping from the main spring during 
the dry season. Damascus Water and Sanitation Services Authority has started this pumping in 1981 on the 
assumption that certain amount of water can be borrowed from the aquifer in dry season, and they will be 
compensated in the next flood season. It is not sure whether this will have a long lasting effect on the 
spring. A similar thing is happening in Barada spring where pumping has started in 1995 to supplement 
Figeh water by 100,000 m3/day during the dry season.”  
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Such a persistent downward trend could be serious. It may signify a long lasting 

drop in the aquifer’s water level and pressure. It may be argued that irrigation water 

extraction from Al-Fijeh Spring exhausted one half of its non-renewable reserves, even 

more. Originally introduced for purposes of crude oil production and reserves estimation, 

“a technique first published in 1956 by M. King Hubbert… observed that in any large 

region, unrestrained extraction of a finite resource rises along a bell-shaped curve that 

peaks when about half the resource is gone (Colin J. Campbell and Jean H. Laherrere 

March 1998).” While Hubbert’s theory was developed in connection with fossil fuel 

production and reserves, Hubbert (1949: p.107) found that “a growth curve of the 

utilization of water power, should rise in a manner similar to those of the fossil fuels.” 

Given the unrestrained nature of water extraction from Al-Fijeh Spring over the recent 

decades and that its flow started to decline since the latter part of 1970s, it might be safe 

to presume that that time might signify the midpoint in the volume of Al-Fijeh’s non-

renewable water reserves.  

 

 Unless a concerted remedial action is taken quickly to equate water withdrawals 

with the renewable resources, serious consequences could develop. The World Bank 

states that, “ a large groundwater depression is developing between the Zabadani and 

Damascus areas in the Barada/Awaj basin (WB, 2001: p.19).” Water withdrawals in the 

basin, particularly for irrigation, need to be reduced in order to restore water equilibrium 

to the Basin. The imbalance gets exacerbated during periods of drought. According to 

MOI data (2001: table 9), actual rainfall in the Barada/Awaj Basin to average rainfall 

levels in that region during 2000 was 59%. A year earlier it was 16%.  

 

Al-Fijeh spring is supplemented by 26 main but smaller springs of more than 10 

liters per second flow (SSAb data). Among them are the Barada7 and Awaj Rivers,8 after 

                                                 
7 Barada Spring’s average per-second flow rate was: 3.0 m3 in 1972 (SSAb, 1973: p.34), 2.25 m3 in 1973 
(SSAb, 1974: p.68), 2.38 m3 in 1979 (SSAb, 1981: p.66)], 2.29 m3 in 1980 (SSAb, 1982: p.36) and 2.32 
m3 in 1984 (SSAb, 1985: p.42). More recently, SSAb (2001: p.43) shows that the flow dropped to 1.5 m3 
in 1997, 1.9 m3 (1998) and 0.74 m3 (1999). During 2000 the average flow was reported to be 0.381 m3 per 
second.  
8 Awaj River’s average per-second flow rate for most years between 1951 and 1971 was 2.5 m3. In 2000 it 
was 0.5 m3 per second and zero during the summer (various SSAb issues). 
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which the basin is named. The combined flow of these 26 springs used to approximate 

that of Al-Fijeh’s. In 1973, they represented 116% of Al-Fijeh’s flow (5.1 m3 per second/ 

4.4 m3 per second). In 1979, they represented 115% (4.85 m3 per second/ 4.2 m3 per 

second). In 1984, the ratio declined to 81% (6.14 m3 per second/ 7.6 m3 per second) and 

in 2000, the contribution declined to 67% (2.94 m3 per second/ 4.36 m3 per second). 

Using 67%, the average annual surface water in the Barada/Awaj Region from Al-Fijeh 

plus the supplementary springs may be estimated at 12 m3 per second (7.2 m3 from Al-

Fijeh* 167%), or 378 million m3 per annum (12 m3 per second* 60 seconds* 60 

minutes* 24 hours* 365 days). This volume could not satisfy the estimated 920 million 

m3 in present irrigation demand, let alone its household and industrial requirements as 

well (Table 1). The difference between the available water from the Basin’s renewable 

sources and total water uses has had to be met from groundwater sources. 

 

1.B.3. Groundwater and the high percentage of non-licensed wells in the Greater 

Damascus Region  

 

Non-licensed wells in the Barada/Awaj Basin caused a major decline in the 

groundwater table there. Non-licensed wells were drilled mainly for irrigation. Also, 

provide water to 500,000 unconnected householders (Table 2). The impact of this factor 

is rather small. At average per capita annual water use of 50 m3 the volume would be 25 

million m3 (500,000 persons* 50 m3).9  

 

It is important to address the magnitude of non-licensed water extraction in the 

Barada/Awaj Basin and determine the actors behind it. Table 4 shows irrigation water 

requirements in the Damascus Area divided between licensed and non-licensed wells and 

compares it with that of the country as a whole.  

 

                                                 
9 It may be contended that illegal wells help stabilize food prices. This contention is only partially true. The 
four million people in the Damascus Region would need about 4 billion m3 of water per annum in the form 
of foodstuffs. The contribution of illegal wells’ would be 15.2% [608 million m3 (Table 4 below)/ 4 billion 
m3]. This is too small to make a serious difference in the supply of foodstuffs. 
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Table 4 Irrigation waters from wells in greater Damascus and in Syria 

 
 Non -

licensed 
wells  
(1) 

Licensed 
wells 
(2) 

Total 
wells  
(3) 

%= 
(1)/(3) 
(4)  

Irrigated 
Area 
(000 
hectares)  
(5) 

Irrigated 
by wells 
(000 
hectares) 
(6) 

%=     
(6)/(5) 
(7)  

Irrigation 
Water 
volume 
(million 
m3)         
(8) 

Wells 
water 
volume  
(million 
m3)= 
(7)*(8) 
(9)  
  

Non – 
licensed 
wells 
volume 
(million 
m3)=  
(4)*(9) 
(10)  

Damascus 
Area (1) 

22,169   3,315   25,483 87      62   47 76      920    700    608 

All    
Syria (2) 

66,120 73,779 139,899 47.3 1,213 724 60 12,750 7,650 3,618 

Damascus 
as % of 
Syria (3) 

33.5 4.5 18.2  5.1 6.5  7.2 9.2 16.8 

 
Sources: - Columns 1 to 3, rows 1 and 2: WB (2001: table 7, p.18), quoting SSAb (1998). 

   - Columns 4 and 5, rows 1 and 2: WB (2001: table 5, p.12). 
               - Column 8, rows 1 & 2: JICA (1997), cited in WB (2001: table A.11, p.58). 
 

Table 4 invites three observations: 1) Damascus region has 18.2% of wells in 

Syria but only 4.5% are licensed. 87% of wells in the Damascus Region were non-

licensed. In comparison, excluding the Damascus Region, non-licensed wells in the rest 

of the country are estimated at 38.3%  [(66,120 wells – 22,169 wells)/  (139,899 wells– 

25,483 wells)].  

 

2) The volume of illegal water extraction in the Damascus region was around 608 

million m3 per annum, or 66% of irrigation water (608 million m3/ 920 million m3). 

 

3) While the Damascus Region utilizes only 7.2% of irrigation water in the 

country the volume of water drawn from its non-licensed wells represents 16.8% of all 

illegally drawn water. Why has the Damascus Area such a high ratio of illegal wells?  

 

An explanation might be that law enforcement in the capital’s region is less 

effective than in the rest of the country. This is due to the concentration of senior military 

officers, ruling party functionaries and other members of the ruling elite. Many could be 

beyond the reach of the law. As wealth increased it became a status symbol to own 

weekend homes on farms. Farming might have also become a form of investment, given 
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the limited alternative financial opportunities in Syria. Some of these farms developed 

fruits, vegetables and poultry production capabilities on a commercial scale in a rapidly 

growing capital city. While drilling new water wells in Syria requires government 

licensing and that the license should be renewed every ten years,10 powerful men could 

violate such rules with impunity. This might explain why the recent rate of regularizing 

illegal wells in the Greater Damascus Region has been less successful than in the rest of 

the country. According to Ministry of Agriculture data, cited in Mualla and Salman 

(2002: table 6, p.7), 16,425 illegal wells throughout Syria, or 25% of those in 1998 

[(16,425/ 66,120 (Table 4)] have been regularized since August 2000. However, only 

2,367 illegal wells, or 11% of those in 1998 (2,367/ 22,169 (Table 4)] were in the 

Damascus Region.   

 

The issue here is not the merits or demerits of agricultural production or whether 

the water is from surface or ground sources, legal or illegal. The issue is to devise a 

sustainable way to provide residents with clean water to drink and use in their homes. It 

is how to allocate insufficient renewable water between two competing choices, 

household use, or crop irrigation. 

 

1.B.4. Importing foodstuffs to enable water reallocation from irrigation to non-

agricultural uses 

 

Food is virtual water. Importing one ton of wheat instead of growing it locally 

could save over 1,000 m3 of water (Allan, IW&I, 2001: p.39). Importing one ton of meat 

could save over 15,000 m3 of water. Transporting one ton each of wheat and meat is a 

simple task of using a small van. Transporting their 16,000 tons water to grow the same 

at home requires 500 specialized trucks of 32-ton capacity each. As for attaining food 

security, this is more of an emotional issue than a reasoned policy. Food imports are no 

greater a threat to national security than imports of chemicals, medical equipment or 

                                                 
10 “A new law being studied will confirm, when enacted…that a license must be obtained for digging wells 
or installing pumping equipment. Each license specifies the extent of water use… The law requires that a 
meter to be installed to monitor extraction level. Licenses for wells are renewed every year, while licenses 
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spare parts. Achieving food independence is an impossible task for a country like Syria. 

There simply is not sufficient renewable water to grow the required crops. There was an 

estimated water deficit in Syria’s seven basins of 3.48 billion m3 in 1999/2000 (MOI, 

2001: table 9). Syria imports this volume of water disguised in the form of foodstuffs. 

16.2% of Syria’s imports bill covers foodstuffs. As Syria’s population grows food 

imports are expected to increase.  

 

Where the economic cost of producing agricultural crops is higher than the cost of 

comparable imports it would be more efficient to import agricultural crops instead of 

growing them at home. Such a policy would also save water. The saved water could then 

be directed to meet household water needs, provided that the economic cost of the water 

thus saved is less than the economic cost of importing household water.  

 

Part 1 of this study has so far addressed two causes behind the water crisis in the 

Greater Damascus Region. The first was the country’s inadequate investment in water 

infrastructure. The second was irrigation’s groundwater over extraction. The following 

section will examine the effect of rapid population growth during the past five decades. 

 

1.C. The large population increases in Damascus’ region 

   
Scarce and insufficient water resources, yet used mostly illegally for irrigation, 

have been exacerbated by the Region’s rapid population growth since the mid 1950s. 

Demand for irrigation water did not decline as the population began to grow beyond the 

444,000, considered in (1.B.1) as the limit on the basin’s capacity to sustain without the 

need to import foodstuffs.  

 

 

 

 

                                                                                                                                                 
for the installation of pumping equipment are valid for ten years… Irrigation tariffs are based on irrigated 
land area and not on metered water consumption” (Mualla and Salman, 2002: p.8). 
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Table 5 Population’s growth in Syria and the greater Damascus region (1950-2000)   

 
Year Syria 

(Millions) 
Inc. 
(Millions) 

% 
Inc. 

Capital 
(000s) 

Inc. 
(dec.) 
(000s) 

% 
Inc. 

Villages 
(000s) 

Inc. 
(000s) 

% 
Inc. 

Capital     
+ 
villages 
(000s) 

Inc. 
(000s) 

% 
Inc. 

1950 3.3   335   366   701   
1960 4.6 1.3 39 530 195 58.2 473 107 29.2 1,003 302 43.1
1970 6.3 1.7 37 837 307 57.9 621 148 31.3 1,458 455 45.4
1980 8.7 2.4 38.1 1,201 364 43.5 882 261 42 2,083 625 42.9
1990 12.8 4.1 47.1 1,671 470 39.1 1,261 379 43 2,932 849 40.8
2000 16.3 3.5 27.3 1,632(a) (39) (2.3) 2,162(a) 901 71.5 3,794(a) 862 29.4
Growth in 
rest-of-  
Syria (2000/ 
1950) (b) 

481%   487%   591%   541%   

Growth@ 
481% (c) 

   1,611   1,760   3,371   

Extra 
growth (d) 

        21     402     423   

  
 
Sources: - Various SSAb estimates and FAO Statistical Database.  

- MOH (Table 2 above) 
 (a) In mid 2001.  
 (b) Growth in rest of Syria’s population= population in 2000 of 12.506 millions 

(16.3 millions in Syria– 3.794 millions in greater Damascus region)/ population in 1950 
of 2.599 millions (3.3 millions in Syria- 701,000 in Greater Damascus Region)= 481%. 

 (c) 1950 data multiplied by the 1950-2000 average growth in the rest of Syria 
(481%).  

 (d) Difference between 2000 data and the population of Damascus and its 
villages under the assumption that grew at the average growth rate of the country; 481%. 
 

Between 1950 and 2000, Syria’s population growth rate, excluding the Greater 

Damascus Region, was 481% (16.3 millions– 3.794 millions)/ (3.3 millions– 0.701 

millions)= 481%. During the same period, the Region’s population growth was 541% 

(3.794 millions/ 701,000), for an extra of 12.5% (541%/ 481%). The Region’s growth 

was due to not only natural but also to migration from other parts of the country. At 

481%, the Region should have grown to 3.371 millions (701,000* 481%), instead of 

3.794 millions, for an extra increase of 423,000 (3.794 millions– 3.371 millions).  
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Between 1950 and 2000 the population of Damascus City grew by 487% (1.632 

millions/ 335,000) as compared with 481% outside the Region. At 481%, the population 

growth of Damascus City should have been 1.611 millions (335,000* 481%) instead of 

1.632 millions. There was an extra growth in the capital city of 21,000 people (1.632 

millions– 1.611 millions). However, in 1998 according to MHU, Damascus city’s 

population was 1.782 millions (Table 2). Within the intervening two years the capital lost 

150,000 people (1.782 millions in 1998– 1.632 millions in 2000), presumably to the 

surrounding suburbs, which had an estimated extra growth of 402,000 people.  

 

Between the 1950s and 1970s, Damascus city’s population grew by 359%, its 

strongest growth rate during the period 1950-2000 (1.201 millions/ 335,000). In 

comparison, the region’s surrounding villages grew by only 241%, their weakest growth 

rate (882,000/ 366,000) during the same period.  

 

During the 1980s and 1990s the strength of growth in the capital and its villages 

was reversed. In the capital city, growth was 136%, the weakest during the 50-year 

period (1.632 millions/ 1.201 millions). The region’s villages grew by 451%, their 

strongest (2,162 millions/ 882,000)].  

 

Between 1990 and 2000 Syria’s population growth slowed, to about 2.5% per 

annum, from 3.3% per annum of the previous four decades. Damascus city, on the other 

hand, had a negative growth of 2.3%, compared with 39.1% for the previous decade. The 

slowdown in Damascus’ growth was compensated by a strong increase in the population 

of the region’s villages, 71.5% during the 1990s. 

  

Why has the growth in Damascus city’s population slowed down since the early 

1990s? Why was the growth pattern of the suburbs and villages near Damascus city the 

reverse of that of the capital? The answer may be found in the typical attractions that a 

modern capital city offers rural residents. Damascus, as the center of political and 

economic powers in the country and, until the 1970s the only large university town 

(Aleppo had a smaller University), was their destination when the opportunity to relocate 
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in a major way arrived. But, as population pressure reached its limit on the capital city’s 

infrastructure in the late 1980s, quality of life began to deteriorate- Lack of affordable 

housing in an overcrowded city, high cost of living, poor public utilities, high air 

pollution levels that are 2-3 times the government’s allowable levels (ERM, 1998), 

inadequate and deteriorating public transport system along with all of the other urban 

malaise of major cities in developing countries.  

 

1.C.1. Relocation of villagers’ to take up government jobs in the capital city 

 

 How may the estimated 423,000 persons of extra growth be accounted for? The 

answer may be attributed to the net effect of two types of migration from distant 

communities, especially from the villages of the Mediterranean Mountains resided for 

centuries by Syria’s Alawite religious sect.  

 

The first type was the relocation that started in the late 1950s and continued in a 

major way following the military coup of March 8, 1963 till the end the 1970s. During 

this period, drastic changes in the country’s political power structure took place. Military 

officers, primarily from the Coastal Region, seized political authority from traditional 

feudal and urban elites. The newcomers moved to the capital city in order to assume 

appointments in the military, security apparatus, the ruling Baath party, government 

ministries and nationalized industries. The moderate trickle of the early 1950s became a 

flood in the 1960s and 1970s.11 Official statistics are not available to quantify this ethnic 

migratory process. However, its magnitude might be inferred from figures on government 

employment in Syria and in Damascus.  

 

                                                 
11 Nikolaos Van Dam (1997: p.76) quoting Sami Jundi, a founding member of the Baath Party who became 
Minister of Information following the March 8, 1963 coup wrote, “From the time the party appeared on the 
stage, caravans of villagers started to leave the villages of the plains and mountains for Damascus… Three 
days after my entering the Ministry, the [party] comrades came to ask me for an extensive purge 
operation… Dismissals became a duty so that [those who newly came] could be appointed.” Among the 
military members of the Regional Command of the Baath Party in 1963, Alawite officers represented 48.4 
percent of all military members. Between 1966 and 1970, “this even reached the peak of 63.2 per cent,” 
Van Dam continued (p.79).  
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Table 6 Civilian and military employment in Syria (1965–1991) 

 
 1/1/1968 1970 (b) 1980 (b)    1991 (b) 1995 2000 
Civilian Employees 50,600(a) 136,000 457,000    685,000  864,000 (d) 
Military and Security    100,000 300,000    530,000   
Total  236,000 757,000 1,215,000 1,180,000(c) 1,469,000 (c) 

 
Sources: (a) SSAb (1968: pp.383,387) 

  (b) Volker Perthes, The Political Economy of Syria under Asad, 1997: p.139. 
  (c) WB, (2001: p.64).  
  (d) SSAb (2001: p.87). Excludes military personnel. 
 
 
1.C.1.a. Civilian employment by the government 

 

As of December 31, 1999 the number of civilian employees in the Damascus 

Region were 209,000, out of total civilian employment of 864,000 (SSAb, 2001: p.92). 

At the end of 1967 civilian employment in Damascus was 15,900 out of a total 50,600 

employees (SSYb, 1968: pp.382, 386). Assuming that 20% were from distant regions, the 

number of migrant civilian government employees in the capital region would be about 

39,000 employees [20%* (209,000 employees– 15,900 employees)]. At an assumed 

average family size of 3 persons (allowing for unmarried employees), Damascus’ extra 

population growth attributable to this factor may be estimated at about 117,000 persons 

(39,000 employees* 3 persons).  

 

1.C.1.b. Security and military employment  

 

The ethnic compositions of two armed groups need to be distinguished: the first is 

the security machine that protects the regime from potential domestic enemies. 

Membership of this group is composed almost entirely from loyal regime supporters. The 

migratory effect of this group is substantial because most of its men came from other 

parts of the country in the early 1960s to the capital city, or very close nearby. By the mid 

1970s, for example, armed brigades called the Defense Companies, reached “ 55,000-
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strong heavily armed” men under the command of the President’s brother (Van Dam, 

1997: p.119). Other security units and secret service bureaus employing trusted and loyal 

followers complement the Guards. They counterbalance and watch each other in a skilful 

power-balancing act.  

 

 The second group is the regular military forces stationed between the frontline 

with Israel and Damascus. The predominantly conscript nature of this force means that it 

has always represented a cross section of Syrian society in the Greater Damascus Region, 

though not the capital itself. As the size of this force increased in the 1960s and 1970s 

(Table 6), its migratory effect was mainly felt in the areas surrounding the Capital City, 

though not the City itself.12  

 

Between 1965 and 1997 Syria’s security apparatus and conventional armed forces 

increased by some 220,000 men [320,000 (U.S. Statistical Abstract of the Census Bureau 

(2000: p.856) – 100,000]. It may be guesstimated that 50% of the increase relocated from 

distant towns to the Greater Damascus Region, or 110,000 men. At an assumed average 

family of 2 (allowing for unmarried conscripts) the estimated number of the new comers 

might be around 220,000 persons. 

 

1.C.2. Migration of refugees from the Golan Heights following the 1967 war with 

Israel  

 

The second type of migration to the Damascus Region took place in the aftermath 

of the 1967 war with Israel. By early 1968, some 120,000 citizens, according to Patrick 

Seale (1988: P.141), were displaced from the villages in the Golan Heights and Quneitra, 

a town of 17,000 people in 1960 (SSYb, 1985: p.57). They were settled in the two 

adjacent Southern districts as well as in the Greater Damascus Region.  

 

                                                 
12 Following the 1963 coup, the old regime’s senior and middle ranking officers were almost entirely 
retired and pensioned off, including junior and recently commissioned officers (cadets in the Homs military 
academy were dismissed). Officers and staffs from other regions; mainly from the Coastal Mountains 
replaced the retired men. 
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Of the estimated 423,000 in extra population growth between 1950 and 2000, 

some 337,000 (117,000+ 220,000) may be attributed to military and civilian government 

employees and their families with most of the rest were due to Golan Heights refugees.  

 

1.C.3. The demographic impact on water resources in the Barada/Awaj Basin 
 

When the Damascus region’s population was half a million or so, their net 

domestic water use might have been an insignificant 13 million m3.13 But when the 

region’s population almost quintupled to 3.8 millions the impact could not be ignored. 

The extra 423,000 residents (Table 5) exacerbated the strain on a limited water and 

sanitation infrastructure that had suffered from lack of maintenance, let alone new 

investment (Section 1.A). 

 

The major impact of such a large and rapid population increase, however, is on 

the volume of water needed to provide them with foodstuffs. They require some 3.8 

million tons of food per annum. This quantity requires some 3.8 billion m3 of water to 

grow (more meat in the diet means more water embedded in food). The region’s 

estimated 920 million m3 in irrigation water represent only 24% (920 million m3/ 3.8 

billion m3) of its foodstuffs needs. The rest, 76%, is imported from other regions and 

abroad. As the Region’s population continues to grow, more foodstuffs will need to be 

imported. Otherwise, the alternatives would be to: 1) transfer huge volumes of water in 

order to grow food in the Damascus Region. 2) Relocate 3 million or so people nearer to 

where the water is.  

 

The slowdown in Syria’s population growth during the 1990s (Table 5) is 

fortuitous. It could slowdown the speed towards greater food dependency (if the average 

meat proportion in diet does not increase). Between 1950 and 1990 the compounded 

growth rate dropped from 3.45% per annum (3.3 millions in 1950 to 12.8 millions in 

1990), to 2.45% per annum between 1990 and 2000 (12.8 millions to 16.3 millions). The 

drop has also been evident during the same periods in the Greater Damascus Region 
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(from 3.64% to 2.61%) and in Damascus City (from 4.1% to negative 0.024%). But 

unless the growth rate becomes zero percent future food imports will not stop rising.  

 

Figure 1 Trends of population growth in Damascus City (upper line), Greater Damascus 

Region (middle line) and Syria (lower line) of table 5.  
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2. Possible solutions to the crisis 
 

In part One, three possible causes behind Damascus Region’s domestic water 

crisis were addressed. This part will examine three possible solutions. One is local to the 

Barada/Awaj Basin. The other two involve inter-basin water transfers from the Euphrates 

River and the Coastal region. The remaining four basins are either in serious water deficit 

(Aleppo), have widely conflicting water balance estimates ranging between deficit and 

surplus  (Orontis River), politically complicated with Israel (Yarmouk), or insignificant 

(Steppe). 

 

The three alternatives will be based on the assumptions that: 1) all new 

investment will be dedicated to domestic water and sanitation services. None will be 

invested in irrigation and agriculture, except to increase operational efficiency. 2) The 

new solution would meet the needs of double the 1998 population size of the greater 

Damascus region, or 7.5 million people, a size that is likely to be reached after 29 years 

                                                                                                                                                 
13 0.5 million people* about 100 m3 per capita* 25% (after 75% of wastewater returns)= 12.5 million m3. 
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in 2027, at a compounded rate of population growth of 2.5% per annum. 3) Average per 

capita water use would be about 100 m3 annually.  

2.A. The Barada/Awaj Rivers Basin 
 

This study argues that the solution to the domestic water crisis in the Greater    

Damascus Region is to be found locally; namely, in the Barada/Awaj Basin, not in inter-

basin water transfers. The solution needs to: a) eliminate the imbalance in the Basin’s 

water sources and uses. Then, b) continue reducing water uses in proportion to and as 

long as population increases in the region persist. It should be noted that the examples 

and assumptions in this section are for illustrative purpose only.  

 

2.A.1. A general approach to bringing into equilibrium the balance in the Basin’s 

water sources and uses and maintaining the balance in the future  

 

In order to bring equilibrium into the Basin’s annual renewable water sources of 

900 million m3 and uses of 1.35 billion m3 (Table 1) the difference of 450 million m3 

per annum needs to be eliminated. For the 900 million m3 annually in renewable water to 

be sufficient for present domestic and industrial needs as well as the 62,000 hectares of 

irrigated surface of 1998 (Table 4) two actions over two phases will be needed.  

 

The first action is to improve the operational efficiency of: a) the region’s potable 

water distribution networks by, possibly, 20%, or 78 million m3 per annum [390 million 

m3 (Table 1)* 20%]. b) Adopt drip and sprinkler technologies to reduce irrigation’s water 

use by some 20%, from 14,838 m3 per hectare (Section 1.B.1) to 11,870 m3 per hectare 

(14,838 m3* 80%). This could save 184 million m3 per annum [920 million m3 (Table 

1)* 20%)]. Total saving would be 262 million m3 (78 millions m3+ 184 million m3). 

 

The second action would be to reduce the size of the irrigated surface in order to 

save the remaining 188 million m3  (450 million m3– 262 million m3). This requires 

abandoning, temporarily, 15,838 hectares (188 million m3/ 11,870 m3 per hectare). 
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Eventually, this action could result in 6,408 more irrigated hectares than when the 

process started.14 The above two actions may be effected over two phases: 

 

2.A.1.a. Phase-I: Re-ranking water allocation priorities to reduce water use 

in the Barada/Awaj Basin  

 

A drop of water saved is like a drop of water found, most often at a much lower 

cost. A priority here is to rehabilitate the Region’s potable water distribution network. At 

20%, the saving could be 312 million m3 per annum (390 million m3* 80%). At a 

generally accepted cost of US$50 per user the cost would be estimated at some US$165 

millions (US$50* 3.3 million users). This makes the annual economic cost of the 78 

million m3 in saved water from leakages US$ 22 millions, or US$0.28 per m3.15  These 

costs are sensitive to changes in the rates applied to depreciation and operating expenses. 

A drop by 25% in the two rates reduces the cost of the saved water to US$0.21 per m3 

(US$0.28* 75%). Conversely, an increase in the rates by 25% would raise the cost of the 

saved water to US$0.35 per m3 (US$0.28* 125%). US$0.28 per m3 will be used here. 

Improvement work to reduce UFW in Damascus has already started 3 years ago.16  

 

                                                 
14 After abandoning 15,838 irrigated hectares the remaining irrigated surface would be 46,162 hectares 
(62,000 hectares– 15,838 hectares). With the 184 million m3 saved from sprinkler and drip systems, total 
water saving from irrigation would be 372 million m3 (184 million m3+ 188 million m3). Said differently, 
the volume of water needed to irrigate 46,162 hectares would be estimated at 548 million m3 per annum 
(46,162 hectares* 11,870 m3 per hectare), for a saving of 372 million m3 per annum [920 million m3 
(Table 1) – 548 million m3]. Together with the water saved from leakage reduction, total saving becomes 
450 million m3 per annum (372 million m3 + 78 million m3). Aggregate water use would now add up to 
900 million m3 per annum [548 million m3 for irrigation+ 312 million m3 for domestic purposes (390 
million m3– 78 million m3 in saved leakages)+ 40 million m3 for industry]. However, 75% of domestic 
and industry’s water, or 264 million m3 per annum [(312 million m3+ 40 million m3)*75%] could be 
returned to irrigation as treated wastewater. This will make irrigation water 812 million m3 per annum (548 
million m3+ 264 million m3) and the irrigated surface 68,408 hectares (812 million m3/ 11,870 m3 per 
hectare) instead of 62,000 hectares, for an increase of 6,408 hectares. 
15 US$165 millions* 10% assumed annual opportunity cost of capital= US$16.5 millions per annum + 
US$5.5 millions in annual depreciation assuming 30-year useful life and straight-line allocation method 
given the non-mechanical nature of the water distribution network (US$165 millions/ 30 years)= US$22 
millions/ 78 million m3 in saved water= US$0.28. Excluded are the operating and maintenance expenses of 
the newly rehabilitated system. These must be performed regardless of the system being old or new.   
16 In water rich developed countries, conservation consciousness is so keen that the average UFW in, for 
example, all Canadian cities is 15%. The average for all cities in Japan is also 15%, though Tokyo has a 
ratio of 11%. In Singapore, UFW is 11%. The average for the USA is 12%. 
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The relatively modest volume of water householders typically need. Of the 

water used by householders and industry the majority would be returned to irrigation in 

the form of wastewater. After treatment, the volume is estimated at 75% of the original 

volume (Section 1.B.1), or 264 million m3 [(312 million m3+ 40 million m3) * 75%]. 

These two groups not only used in 1997 a modest 32% of the region’s total water use 

[(390 million m3 in domestic use+ 40 million m3 in industrial use)/ 1.35 billion m3], but 

they returned to irrigation about 75% of the water they used in the form of treated 

wastewater. These users are a relatively minor strain on available water: only 88 million 

m3 [(390 million m3– 78 million m3 + 40 million m3) – 264 million m3], or 9.8% of the 

estimated renewable water of the basin (88 million m3/ 900 million m3).  

 

Wastewater treatment plants in the Barada/Awaj Basin. For centuries, 

household and industrial wastewater from the capital used to flow into the Barada 

watercourse untreated to irrigate Al-Ghouta farmlands, with all the consequent health 

hazards.17 In 1997 work started on constructing a wastewater plant in Damascus. It was 

completed in 1999. The plant has a capacity of 485,000 m3 daily, or 177 million m3 per 

annum (485,000 m3 per day* 365 days). The treated effluent is now “fully utilized for 

irrigating 19,000 hectares mainly cultivated with fruit trees in Damascus’ Ghouta area 

(WB, 2001: p.20).” Wastewater treatment plants and other hygienic disposition facilities 

of sewage in the villages and towns of the Greater Damascus Region still need to be 

constructed. 18 Not all the treated water represents new water. A proportion of raw 

sewage used to be used for irrigation. 

                                                 
17 According to ERM (1998: p.15), a Ministry of Health report found that 70% of the population in Al-
Ghouta is infected by parasites and that high coliform counts found in springs in the Barada basin in 1996, 
indicating that the groundwater that supplies them has been contaminated by sewage. Also, that nitrate 
levels in drinking water wells and agricultural chemicals (dieldrin and heptachlor), banned in 1990, 
exceeded health standards. Surface water near several tanneries located in the capital city was found to 
contain dangerously high levels of chromium (40 mg/L). 
18 Wastewater in most urban centers is still not treated. It flows to low points on the outskirts of towns or 
into adjacent watercourses, polluting farmlands and their produce. Twelve new plants, in addition to the 
Damascus plant, are either recently completed (in three major cities totaling about 3.2 million people; 
Aleppo, Hama, Homs and a small town of 45,000 people, Salamiyah), or under construction and in the 
planning stage. Together, the 13 plants will serve a total of 7.3 million people (2.2 millions in Damascus+ 
5.1 millions in the 12 other cities). They will have an aggregate capacity to treat 474 million m3 per annum 
(1,297,881 m3 of daily discharge* 365 days, Mualla and Salman, 2002: p.5). 
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The second priority is to allow manufacturing industry to have its modest volume 

of 40 million m3. Such volume is immaterial and its rate of return on investment typically 

justifies giving it priority over irrigation. 

 

The third priority is to allow the remainder of the 900 million m3 to be used in 

irrigation. The volume of irrigation water that farmers may be allowed to have direct 

access to would be 548 million m3 (900 million m3– 312 million m3 to householders as 

reduced by 78 million m3 from less leakages– 40 million m3 to industry). To this should 

be added the volume of the treated wastewater that would be returned to irrigation, 

estimated at 264 million m3. Thus, the volume of irrigation water becomes a 812 million 

m3 (548 million m3 directly from source+ 264 million m3 indirectly via treated 

wastewater), or 88.26% of the original volume (812 million m3/ 920 million m3), or a net 

reduction of 108 million m3 [920 million m3 (Table 1)– 812 million m3].  

 

Table 7 Comparison between the estimated statements of sources and uses of water in the 

Barada/Awaj Basin under the present and proposed allocation regimes (million m3)  

 
 Present allocation regime 

(from table 8.1)  
Eventual net water use 
under the proposed new 
allocation regime 

Net difference 

Renewable resources  900 900 0 
Water uses:    
Irrigation 920 920– 450+ 78 (reduced 

UFW)= 548+ (234+ 30 
returned wastewaters)= 
812 net use 

108= 920- 812 

Domestic 390 390– 78 (reduced UFW) 
=312– 234 (returned 
wastewater)= 78 net use 

  78= 390- 312 

Industry 40 40– 30 (returned 
wastewater)= 10 net use 

    0 

Total water uses  1,350 900 = 548 + 312 + 40, or 
900 = 812+ 78+ 10.    
900– 812 = 88 = 78 +10  

186 

Water balance  (450) 900 = 812+ 78+ 10 (total 
use)– 900 = 0 

186+ 234+ 30= 450 
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In consequence to improving the irrigation efficiency of the region by 20% 

(Section 2.A.1) to 11,870 m3 per hectare, the 812 million m3 in new irrigation water 

allocation could now irrigate 68,408 hectares (812 million m3/ 11,870 m3 per hectare) 

instead of the 62,000 hectares (Table 4) that used to need 920 million m3 at the rate of 

14,838 m3 per hectare (Section 1.B.1).  

 

2.A.1.b. Phase II: Maintaining the equilibrium attained in phase one through 

continued reduction in future water use in proportion to the region’s population 

growth beyond the 1998 level  

 

In order to maintain future equilibrium, irrigation water will need to continue to 

be diverted to households in proportion to and as long as the population of the region 

grows beyond 3.75 millions. Since 75% of the diverted water will be returned to 

irrigation as treated wastewater, the diversion represents 25% loss. 

 

The limit to sharing the waters of the Barada/Awaj Basin between domestic plus 

industrial users and irrigation would eventually be reached (Table 7) when all 900 million 

m3 in renewable water will have been directed in the first instance to household and 

industrial users (830 million m3 for householders+ 70 million m3 for industry) in order to 

meet the needs of 7.5 million people. This is expected in 2027, at an annual compounded 

population growth rate of 2.5% per annum. Of the 900 million m3 first taken to meet 

householders and industrial needs, about 75%, or 675 million m3 (900 million m3* 75%) 

could be returned to irrigation in the form of treated wastewater. Assuming that the new 

improved irrigation requirement [11,870 m3 per hectare (Section 2.A.1)] would prevail in 

2027, the 675 million m3 in treated wastewater could irrigate 56,866 hectares (675 

million m3/ 11,870 m3 per hectare), thus making the irrigated land that needs to be 

abandoned in 2027 some 5,134 hectares (62,000 hectares– 56,866 hectares), or 8.3% of 

the irrigated surface in 1998 (5,134 hectares/ 62,000 hectares).  

 

 

 

 27



Table 8 Effect on irrigation surface size resulting from giving priority to non-irrigation 

water use within the Basin’s renewable water of 900 million m3 per annum  

Population 
growth @ 
2.5% p/a 
from 3.75 
millions in 
1998        
(1) 

Year     
(2)  

Renewable 
water 
(Million   
m3 p/a)          
(3)  

Home 
water use 
= (1)*120 
m3 p/a  
(4)  

Industry 
water use 
(million 
m3) (c)    
(5) 

Total 
(4)+(5) 
(million 
m3)       
(6) 

Returned 
wastewater 
75%*(6)    
(Million 
m3 p/a)         
(7)  

Net water 
used by     
(4)&(5)        
=(6)–(7)      
(8) 

Net 
irrigation 
water     
(3)-(8) 
(Million 
m3 p/a)       
(9) 

Irrigation 
Surface         
(9)/11,870     
m3 per    
hectare (d)    
(10) 

% Land    
gained 
(abandoned) 
[62,000 – 
(10)] 
(11) 

3.75 1998 900 312 (a) 40  352 264   88 812 68,408 6,408 
5.00 2010 900 600 (b) 50  650 488 162 738 62,174    174 
6.00 2018 900 720 (b) 60  780 585 195 705 59,393 (2,607) 
7.50 2027 900 830 (b) 70  900 675 225 675 56,866 (5,134) 

(a) 1998 actual water use (390 million m3) less reduced UFW by 20% (78 million m3). 
(b) Assumed at 100 m3 per person annually, net of distribution system leakages, as 
improved by 20% from the 1998 level. In 2027 the improvement is assumed at 30%. 
(c) Volumes are assumed, except for the 40 million m3 in 1997. 
(d) Volume of water needed to irrigate one hectare of land in 1998 with 20% efficiency 
improvement (Sections 1B.1 and 2.A.1).  
 

Table 8 shows that the annual volume of water used by householders and industry 

would range between 88 million m3 (population of 3.75 millions) and 225 million m3 

(population of 7.5 millions). The table also shows that the Barada/Awaj Basin has 

sufficient renewable water to meet household and industrial needs as well as to irrigate 

62,000 hectares (of 1998) until such time as the population reaches 5 millions in 2010. 

By 2027, these demands could be met, except for 5,134 hectares that needs to be 

abandoned to other uses.  

 

2.A.1.c. The critical contribution of higher irrigation efficiency to solving 

Damascus Region’s water crisis on the long term   

 

It is expected that if a greater use of sprinkler and drip irrigation were adopted in 

post phase-I, the per-hectare use of water would drop further.19  

 

                                                 
19 Although not strictly related to the type of crops grown in this basin, average wheat yield increased by 
274% in experimental fields in Syria to around 6.3 tons per hectare using sprinkler irrigation method from 
around 2.6 tons per hectare by surface irrigation method (WB, 2001: p.24). 
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Table 9 Land gained (abandoned) as a result of additional 5% and 10% improvement in 

irrigation water requirements as applied the 11,870 m3 per hectare already achieved in 

phase-I  

 
Population 
growth @ 
2.5% p/a 
from 3.5 
millions in 
1998        
(1)           

Renewable 
water 
(million m3 
p/a     (2)      

Non – 
irrigation   
water use 
(million 
m3 p/a)   
(3) 

Net water 
left for 
Irrigation 
(million 
m3)         
(4) 

Irrigated 
surface @ 
11,870 
m3/ha.     
(5) =     
(4)/11,870 

Irrigated    
land 
(abandoned) 
gained 
(hectares) (6) 
= 62,000–(5) 

Irrigated 
surface @ 
5% water 
saving*    (7) 
=        
(4)/11,277*      

Irrigated    
land 
(abandoned) 
/ gained  
(hectares)   
(8) =   
62,000–( 7)  

Irrigated 
surface @ 
10% 
water 
saving**   
(9) =    
(4)/10,683 

Irrigated 
land 
(abandoned) 
/ gained   
(hectares)  
(10) = 
62,000–(9)  

 

3.75 900 312 812 68,408 6,408 72,005 10,005 76,009 14,009 
5.0 900 600 738 62,174    174 65,443   3,443 69,082   7,082 
6.0 900 720 705 59,393 (2,607) 62,517      517 65,993   3,993 
7.5 900 900 675 56,866 (5,134) 59,856  (2,144) 63,184   1,184 

 

 
Sources: Columns (1) to (6) are from Table 8  
* 11,870 m3 per hectare* 95%= 11,277 m3 per hectare.  
** 11,870 m3 per hectare* 90%= 10,683 m3 per hectare. 
 

If irrigation water use is reduced by an additional 5% (to 11,277 m3 per hectare), 

the 1998 irrigated surface could increase by 10,005 hectares. At 10% (to 10,683 m3 per 

hectare), it could increase by 14,009 hectares. It follows that improved irrigation 

efficiency holds the key to solving the water crisis here. In Syria, “The sprinkler and drip 

irrigation system at the farm level combined with the modernized conveyance/ 

distribution system could increase the efficiency to about 70% to 80% compared to 

efficiencies of 40%-60% with traditional surface irrigation (WB, 2001: p.26).”  

 

Improved irrigation efficiency is the least expensive option. ERM (1998: p. 47) 

estimated that capital investment required would be about S£80,000 per hectare for 

sprinkler and S£180,000 per hectare for drip systems. Also, that a combination of tillage 

improvement (in 60% of the irrigated land) sprinkler (in 20%) and drip (in 20%) could 

result in an average improvement in efficiency of some 14% in Syria. Assuming that this 

saving ratio applies to the Barada/Awaj Basin as well, it could save about 129 million m3 

of water [920 million m3 (Table 1)* 14%]. The estimated cost of capital investment 

would be US$65 millions.20 The estimated annual cost of operating the new assets would 

                                                 
20 Cost of investment in sprinkler systems= 62,000 hectares* 20%* S£80,000= S£992 millions. Cost of 
investment in drip systems= 62,000 hectares* 20%* S£180,000= S£2.232 billion. Total investment in 
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be US$19.5 millions,21 and the economic cost of one cubic meter of saved water, 

US$0.15 (US$19.5 millions/ 129 million m3).   

 

A greater saving in irrigation water requires more extensive network of sprinkler 

and drip systems. If the saving were to be 20% (instead of 14%), or 184 million m3 per 

annum (920 million m3* 20%) the cost would be estimated at US$93 millions, the annual 

operating expenses at US$27 millions and the economic cost per one cubic meter of 

saved water, 0.146.22 Mualla and Salman (2002: p.6) quoting Ministry of Agriculture data 

in 2002 show that about 9,800 hectares have already been irrigated in this region using 

sprinklers (1,800 hectares) and drip technology (8,000 hectares) out of about 170,000 

hectares throughout the country (125,000 in sprinkler systems+ 42,000 in drip). 

 

Saving water through better irrigation technology needs to become among the 

most important strategic objectives in Syria. Potentially, it could: a) bring the water 

balance in the Barada/Awaj Basin into equilibrium and, b) eliminate the current water 

deficit without the need for elaborate and expensive inter-basin water transfer solutions. 

The Ministry of Irrigation recognizes this. Its Strategic Work Plan (2001: pp.5,6) to 

modernize irrigation technology aims at reducing irrigation water use to “no more than 

7,000 m3 per hectare” plus rain water. This improvement represents 25% saving in the 

estimated irrigation water use in the country.23 As such the irrigated surface in the 

Barada/Awaj Basin would be planned to require about 11,100 m3 per hectare plus rain-     

water (14,838 m3 per hectares* 75%). Should this improvement be achieved, the 812 

million m3 in Table 9 would irrigate about 73,150 hectares (812 million m3/ 11,100 m3 

                                                                                                                                                 
sprinkler and drip systems= S£3.224 billions (S£992 millions+ S£2.232 billions), or US$65 millions 
(S£3.224 billions/ 50= US$64.5). This excludes the cost of tillage improvement because of its relatively 
minor magnitude. 
21 US$65 millions* 10% opportunity cost of capital= US$6.5 millions+ depreciation over 10 years (as 
assumed by ERM: p.47) of US$6.5 millions (US$65 millions/ 10)+ operating expense at 10% (as assumed 
by ERM: p.47) of US$6.5 millions (US$65 millions* 10%). Total annual operating charges becomes 
US$6.5 millions* 3= US$19.5 millions.  
22 184 million m3/ 129 million m3* US$65 millions= US$93 millions* 10% assumed opportunity cost of 
capital= US$9 millions+ depreciation of US9 millions (ERM: p.47)+ operating expenses of US$9 millions 
(ERM: p.47)= US$27 millions/ 184 million m3= US$0.15. 
23 7,000 m3 per hectare/ 9,375 m3 per hectare [12.75 billion m3 in total irrigation water use/ 1.36 million 
hectares at 112% irrigation cropping intensity as prevailed in 1998 (data are from WB, 2001, table 6: p.13 
and table A.3: p.52 and table A.4: p. 52). 
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per hectare), for a net gain in the irrigated surface of 11,150 hectares (73,150 hectares – 

62,000 hectares). It remains to be seen whether the Ministry’s ambitious objective 

translates into a reality.  

 

To summarize, in order to balance total water uses with renewable sources, 450 

million m3 need to be permanently reduced. This may be achieved through: a) improved 

operational efficiency and, b) changing present water allocation priorities away from 

agriculture into household and industrial uses.  

 

2.A.2. A cost estimate of the local solution  

 
Section (2.A.1) examined a general framework of a local solution. In this section 

a cost estimate of the local solution during two time periods will be made. The first 

period covers the present time. The second covers the period to 2027. This is in order to 

compare the cost of the local solution with the financial feasibility of the two inter-basin 

water transfer from the Euphrates and the Coastal basins [Sections (2.B) and (2.C)].  

 

2.A.2.a. A cost estimate of the local solution at the present time 

 

It is assumed that all 3.8 million residents in the region (Table 7.5) will be 

supplied with domestic water, or 346 million m3 (3.8 million residents* 91 m3 per person 

(Table 7.2). This will add 230 million m3 per annum to the 116 million m3 in annualized 

water availability  (317,000 m3 per day* 365 days) reported by the managing director of 

the Al-Fijeh water works (section B) in the summer of 2001. How might 230 million m3 

be added? As outlined in (2.A.1) the answer is through a combination of two actions:  

 

1) Improving irrigation’s operational efficiency through the use of sprinkler 

and drip systems. The Ministry of Irrigation has already adopted this measure in August 

2000. At an estimated US$0.15 per m3 (2.A.1.c) it is the least expensive option. An 

improvement of 20% will be assumed here. It could save 184 million m3 [920 million 

 31



m3* 20%).24 Capital investment in sprinkler and drip equipment would cost an estimated 

US$93 millions [184 million m3/ 129 million m3* US$65 millions (Section 2.A.1.c)].  

 

2) Reducing UFW from distribution leakages by the remaining 46 million m3 

per annum (230 million m3 – 184 million m3). Based on the capital investment 

estimates in (2.A.1.a), saving this volume of water would require investing about US$97 

millions (46 million m3/ 78 million m3* US$165 millions).  

 

The two efficiency measures could cost a total of US$190 millions (US$93 

millions+ US$97 millions). Thus, overall annual operating expenses would be estimated 

at US$48 millions and the economic cost of one cubic meter of the saved water 

US$0.21.25 If rates of depreciation, operating expenses and opportunity cost of capital 

were 25% higher (lower) than the assumed rates, the economic cost of water will 

correspondingly increase (decrease) by 25%. US$0.21 per m3 will be utilized here.   

 

2.A.2.b. A cost estimate of the local solution in 2027  

 

As the population reaches 7.5 millions in 2027 (Table 7.8), the entire 900 million 

m3 of the Basin’s renewable water would be given to non-irrigation uses. The additional 

3.75 millions people will be assumed here to need an additional 450 million m3 of water 

annually [3.75 million people* 120 m3 per person annually, including 20% UFW]. This 

volume is also assumed to include industrial water. The 450 million m3 may be met from 

a combination of three sources. The first source would be to raise the operational 

efficiency of:  

                                                 
24 It is assumed that the workings of the basin’s hydrology are such that the reduction in irrigation water 
extraction will correspondingly enhance the water flow of the region’s natural springs. Accordingly, no 
investment in new machinery to harvest the saved water would be needed. 
25 Investment in sprinkler and drip equipment of US$93 millions (saves 184 million m3 annually)+ US$97 
millions investment in UFW reducing assets (saves 46 million m3 annually)= US$190 millions. The 
economic cost of water becomes US$0.21 per m3 (US$190 millions* 10% assumed opportunity cost of 
capital= US$19 millions per annum + about US$10 millions in annual depreciation charges (US$190 
millions/ 20 years in blended useful life)+ US$19 millions in assumed annual operating expenses (US$190 
millions* 10%)= US$48 millions/ 230 million m3= US$0.21.  
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a) Irrigation, from 20% to possibly 25%. The saving would become 230 million 

m3 per annum (920 million m3* 25%) instead of 184 million m3 in (Section 2.A.2.a), for 

additional water saving of 46 million m3 (230 million m3 – 184 million m3). It will 

require expanding the sprinkler and drip networks by 25% (46 million m3/ 184 million 

m3) at an additional capital investment of US$23 millions [25%* US$93 millions 

(Section 2.A.2.a)]. 

 

b) Improve UFW by possibly additional 10%. This could save about 32 million 

m3 per annum (312 million m3* 10%). The additional cost would be estimated at US$68 

millions [32 million m3/ 78 millions m3* US$165 millions (Section 2.A.1.a)].  

 

Total investment in the two efficiency-enhancing measures becomes some US$91 

millions (US$23 millions+ US$68 millions). The volume of additional water would be 78 

million m3 (46 million m3+ 32 million m3).  

 

The second source is conjectural; namely, reducing the irrigated surface from the 

expected encroachment of urban development. As will be discussed in (2.A.4) below, the 

expected growth in the population of the cities, towns and villages of the Damascus 

Region from 3.75 million inhabitants to 7.5 millions over the period to 2027 would most 

likely be associated with the sale by farmers of irrigated land to property developers. This 

was the pattern of the previous 25 years. Between 1973 and 1998, the Region’s 87,000 

irrigated hectares were reduced to 62,000. During the coming 25 years it is likely that 

another 25,000 hectares will be abandoned. However, to be cautious, the reduction will 

be assumed here at 50%, or 12,500 hectares. Such a reduction in the irrigated surface 

could save some 148 million m3 of water annually (12,500 hectares* 11,870 m3 per 

hectare). The cost of saving this water would be born by property developers. If this 

source fails to materialize totally or in part, water reallocation will then need to be 

undertaken by the government.  
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The third source is from reallocating the remaining 224 million m3 [450 million 

m3 – (46 million m3+ 32 million m3+ 148 million m3)] from irrigation to non-irrigation 

uses. This would affect 18,871 hectares (224 million m3/ 11,870 m3 per hectare). But, 

since 75% of the domestic water, or 338 million m3 (450 million m3* 75%) will be 

returned to irrigation in the form of wastewater, 75% of the abandoned land could be 

irrigated anew, or 14,153 hectares (18,871 hectares* 75%). The net reduction becomes 

4,718 hectares (18,871 hectares – 14,153 hectares).  

 

What compensation should the affected farmers receive in return for abandoning 

the irrigation of 4,718 hectares? The answer depends on the amount of the expected 

future annual net income from growing fruits and vegetables, the predominant crops in 

the Barada/Awaj basin. This may be estimated at about US$1,500 per hectare.26 At a 

multiple of 10 times annual net earnings, the value of the abandoned land would be 

US$15,000 per hectare and the total compensation US$71 millions (US$15,000* 4,718 

hectares). This payment, however, is not to be written off in full as a loss. The specific 

land may be put into alternative uses after abandoning irrigation. One possibility is to 

grow rain fed crops. Another is to use for urban dwellings and amenities. In either case 

there is value to be had from the now non-irrigated land.  

 

Total capital investment needed by 2027 would be estimated at US$352 

millions.27 Such an investment translates into annual operations and maintenance charges 

of US$77 millions and an economic cost of the one cubic meter of saved water of 

                                                 
26 SSYb (2001: p.106) shows that the average value of fruits and vegetables grown in Syria (at producer 
prices) between 1996 and 2000 was S£83 billions per annum (in current prices). The irrigated surface 
dedicated for planting fruits and vegetables in Syria is estimated at 165,000 hectares [3% of the 5.5 million 
hectares in cultivated area (WB, 2001: p.ix)]. At an assumed profit margin of 15%, the per-hectare profit 
becomes (S£83 billions* 15%/ 165,000 hectares/ S£1 per US$50= US$1,509). 
27 This covers two areas: 1) US$93 millions for sprinkler and drip systems+ US$97 millions for UFW 
reduction+ US$23 millions for additional sprinkler and drip systems to raise irrigation efficiency to 25% 
(from 20%) and save additional 46 million m3 annually (812 million m3* 5%)+ US$68 millions for 
additional reduction in UFW leakages by a further 32 million m3 per annum. Total investment in irrigation 
efficiency becomes US$281 millions (US$93 millions+ US$97 millions+ US$23 millions+ US$68 
millions). 2) Cost of abandoning 4,718 hectares of irrigated land to non-irrigation uses to bring the water 
balance in the basin into equilibrium= US$71 millions. Total (1) plus (2)= US$352 millions (US$281 
millions+ US$71 millions).   
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US$0.15.28 These costs are sensitive to changes in the underlying assumptions. Table 10 

summarizes the above. 

 

Table 10 Capital investment and economic cost of the water needed to meet the 

Damascus Region household water deficit at present and by 2027 

 
 Water saved 

(million m3) 
Cost of land 
(US$ 
millions)  

Cost of 
equipment 
(US$ 
millions) 

Total 
investment 
(US$ 
millions)  

Annual 
Operating 
expenses 
(US$ 
millions) 

Economic 
cost of water 
(US$/m3)  

Stage I- solve 
present crisis: 
Sprinkler/drip 
(1)  

184    93   93   

Solve present 
crisis:  lower 
UFW (2)  

  46    97   97   

(3) = (1) + (2) 230    190 190  48 0.21 
Stage II- meet 
needs to 2027: 
Sprinkler/drip 
(4) 

 46   23   23   

Meet needs to 
2027: lower 
UFW (5) 

 32   68   68   

Meet needs to 
2027: abandon 
irrigated land 
(6) 

224 71 for a net of 
4,718 hectares 

   71   

(7)=(4)+(5)+(6) 302 71   91 162   
Total stages     I 
& II             (8) 
= (4) + (9)  

532 71 281 352 77 0.15 

 
 
2.A.3. The expected opposition from farmers and politicians 

 

In comparison with inter-basin water transfer schemes (to be discussed below), 

this is a relatively low cost solution with short implementation time. It involves a local 

solution to a local crisis. Notwithstanding, the task of implementing it is very difficult 

                                                 
28 US$352 millions* assumed opportunity cost of capital of 10%= US$35 millions+ depreciation charge of 
US14 millions (US$281 millions/ 20 years in blended useful life of the wide range of assets involved)+ 
operating expenses at an assumed rate of 10% of investment = US$28 (US$281 millions* 10%), for a total 
of US$77 millions. The economic cost of the saved water becomes US$0.15 per m3 [US$77 million/ 326 
million m3 (184 million m3+ 46 million3+ 46 million m3+ 32 millions+ 224 million m3)]. 
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politically, especially in light of Syria’s commitment to supporting the agricultural sector. 

Opposition is expected from two quarters: 

 

The first would be expected from those influential absentee farm owners who are 

officials of the government against whom the law is powerless.  

 

The second would be expected from farmers. They will resist abandoning the 

source of their livelihood in an economy of limited alternative work opportunities. 

According to Varela-Ortega and Sagardoy’s study (2001, p.4), the 1999 average size of 

land ownership in Damascus (presumably the 19,000-hectare farmlands of Al-Ghouta) 

was 1.53 hectares, and in rural Damascus (the remaining 43,000 hectares) the average 

ownership was 1.66 hectares. Therefore, the number of owners of the irrigated surface in 

the Region would be about 2,916 owners [(19,000 hectares/ 62,000 hectares* 4,718 

hectares/ 1.53 hectares) + (43,000 hectares/ 62,000 hectares* 4,718 hectares/ 1.66 

hectares)].  

 

Although, the livelihood of this number of landowners is important, especially 

when family dependants are included, it nonetheless is a modest number in relation to the 

almost 4 million population who would benefit from ending their domestic water crisis. 

The challenge of developing alternate means of income for 2,916 landowners and 

families, even in a developing economy with low adaptive capacity like Syria, ought not 

to be exaggerated. To ease the transition, training on new skills along with support 

through concessionary lending from government agencies in terms of amount, tenor, 

security and repayment schedule could effectively supplement the US$24,000 per family 

(US$15,000 per hectare* 1.6 hectares on average) that farm owners would receive in 

compensation. Recent history of the Region shows that farmers have been willing to sell 

their farmland for the right price. 
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2.A.4. The reduction of 25,000 irrigated hectares between 1973 and 1998, 

mainly through sale to property developers, and its unintended positive effect 

on domestic water availability in the Barada/Awaj Basin 
 

Figure 7.2 The declining trend in irrigated surface of the Barada/Awaj Basin (1950-2000) 
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The 1973 irrigated surface was 87,000 hectares (SSAb, 1974: p.217). The 1973 

population of the Greater Damascus Region that year could be estimated at 1.6 million 

people.29 In 1998, the irrigated surface was reduced to 62,000 hectares (Table 4) and the 

population was 3.75 millions (Table 2).  

 

The reduction of 25,000 hectares (87,000 hectares – 62,000 hectares), or 29% of 

the irrigated surface during the intervening 25 years, has had a fortuitous side effect on 

water use. It allowed the release of an estimated 371 million m3 of water per annum 

[25,000hectares* 14,838 m3 per hectare (1.B.1)] from irrigation to householders, 

industrial and municipal uses. Curiously, such a volume is sufficient to meet the domestic 

water needs of the new 2.2 million people (3.8 million – 1.64 millions), at 169 m3 per 

capita annual water use (371 million m3/ 2.2 million people), as well as their municipal 

and civic requirements in their new urbanized areas. 
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It is as if the increase in population and its consequent increase in domestic water 

needs were correlated with and met from a corresponding reduction in the irrigated 

surface of the region. It is as if market forces have done their work invisibly to release 

371 million m3 per annum from irrigation to non-irrigation uses in order to accommodate 

the new 2.2 million inhabitants.  

 

Had the reduction in the irrigated surface not taken place when it did, the 

Region’s water crisis would have appeared earlier. Also, its extent would have been even 

more severe. The domestic water deficit, which has occurred in spite of the positive effect 

of this factor, might be attributed in part to the 1997 and 1998 severe drought conditions. 

Combined with irrigation’s water over extraction, the drought reduced non-renewable 

water reserves and, in turn, the volume of extractable water. But because irrigation, with 

its illegal water withdrawals, preempts the access of other users, householders were left 

in a water crisis.  

 

The abandonment of some 25,000 hectares of the irrigated surface over the past 

25 years resulted mainly from farmer’s selling of land to industrialists and property 

developers. As the population grew rapidly, initially in the capital city and later in the 

surrounding villages (1.C), excess demand for housing over supply drove property and 

land prices upwards. Housing developments encroached on adjacent age-old farmlands. 

Buildings and roads replaced the fruit trees and orchards of the recent past that separated 

Damascus from its surrounding villages only a few decades ago. These villages have 

become a contiguous part of the capital.  

 

Syria’s Statistical Abstracts confirm that urbanization increased the surface of 

“buildings and public roads” in the region by 49,000 hectares between 1973 (34,000 

hectares, SSYb, 1974: p.217) and 2000 (83,000 hectares, SSYb, 2001: p.110). To make 

room for urban expansion, not only the irrigated area was reduced by 25,000 hectares 

during the same period, but also the Region’s “rocky and sandy land” was reduced by 

                                                                                                                                                 
29 1.458 millions in 1970 (table 5) growing at the 4% compounded rate that prevailed in the region during 
the 1970s = 1.64 millions. 
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20,000 hectares [(179,000 hectares in 1973 (SSYb, 1974: p.217) – 159,000 hectares in 

2000 (SSYb, 2001: p.110)], or a total of 45,000 hectares.  

2.B. Inter-basin transfers from the Euphrates River 
 

The remainder of this chapter examines the feasibility of inter-basin water transfer 

to the greater Damascus region from two basins: the Euphrates River and the Coastal 

Basin. Inter-basin transfer schemes are unviable. Environmental Resource Management 

(1998: p.12) summarized the issue: “The potential for transfers of water around the 

country to supply areas in deficit is very limited. There is a possibility that the Coastal 

and Euphrates basins could generate a surplus, but conveying water between basins 

would be prohibitively expensive, even if it were technically feasible.”  

  

  The Euphrates alternative has been discussed recurrently since the 1980s. It 

envisages conveying water to Damascus from Lake Asad, some 441 kilometers away 

(total head 712 m). A capacity of 27 m3 per second has been contemplated. The 

envisaged annual water transfer would be some 850 million m3 per annum (27 m3 per 

second* 60 seconds* 60 minutes* 24 hours* 365 days= 852 million m3). This is about 

double the estimated 450 million m3 in the water balance deficit (Table 7.1). Even if a 

proportion will supply household water to the villages along the route of the pipeline, 

such capacity suggests that an expansion of the irrigated surface in the Greater Damascus 

Region is contemplated.  

 

At a guesstimated cost of US$1.5 billion for the pipeline, pumping stations and 

other machinery, including the cost of interest during construction, the economic cost of 

one cubic meter of water at the gates of the Greater Damascus Region would approximate 

US$0.41.30 The estimate does not include cost of rehabilitation, modernization and 

expansion of the existing water and sanitation facilities within the Region.  

                                                 
30 US$1.25 billions for the pipeline, pumping stations and other machinery + US$250 millions for interest 
during construction (at 10% per annum over an assumed period of 5 years)= US$1.5 billions* 10% in 
assumed annual opportunity cost of capital= US$150 millions + US$50 millions in annual depreciation, 
based on 30-year assumed blended useful life of the assets involved (US$1.5 billions/ 30 years)+ US$150 
million in annual operations and maintenance expenses, assuming 10% of the capital invested= US$350 
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However, regardless of its financial aspects the Euphrates solution is unviable for 

a physical reason. It has insufficient reliable volume of water. Turkey’s phased 

construction of the giant GAP project in Southeastern Turkey since the mid 1960s and its 

future expansion plans have rendered the volume of Euphrates River’s flow from Turkey 

undependable.  

 

The GAP project “envisages the construction of 22 dams and 19 hydroelectric 

power plants on the Euphrates and Tigris rivers and their tributaries. It is planned that at 

full development over 1.7 million hectares of land will be irrigated and 27 billion KWH 

of electricity will be generated annually with an installed capacity over 7,500 MW” 

(Turkey’s Ministry of Foreign affairs Website). Turkey began constructing the Keban 

Dam on the Euphrates in 1966 with electricity generation starting in 1974 (Allan, 2001: 

p.72). The GAP project has caused a substantial decrease in the river’s flow into Syria 

and Iraq. This has become the cause of a serious water dispute among the three countries. 

GAP enhanced Turkey’s ability to alter the flow of the River into Syria and Iraq. 

Notwithstanding pretensions to the contrary this has given the Turkish government a 

newly found leverage in dealing with her two neighbors. Even small variations in the 

water flow might now be interpreted as politically inspired. The age-old share of Syria 

and Iraq in the Euphrates waters has become a decision of Ankara’s politicians. 

 

Given the seriousness of the consequences of water politics in arid lands, the 

Euphrates water transfer project will risk exposing the household water needs of the 

Damascus Region to the possibility of outside political decisions. Syria has already 

committed itself to using substantial volumes of the Euphrates River water for irrigation 

purposes. It constructed dams and other elaborate agricultural schemes, in addition to 

supplying Aleppo, the second largest city in the country, with water from this River. It is 

believed here that additional water demand from a new strategic project could not be 

guaranteed on the long run uninterrupted 100% water availability.  

                                                                                                                                                 
millions/ 850 million m3= US$0.41. The estimate would change in concert with changes in the underlying 
rate assumptions. 
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2.B.1. Syria’s Euphrates Basin sources and uses of water 

 

The Euphrates River is the third longest river in the Middle East, after the Nile 

and the Tigris. It has an average flow of some 1,050 m3 per second, or 33 billion m3 per 

annum (1,050 m3 per second* 60 seconds* 60 minutes* 24 hours* 365 days). The 

Euphrates River has over the millennia been Syria’s major supplier of surface water. 

With over 700 km of its 3,000 km within Syria, it is the largest among the country’s 17 

rivers. It supplies about 50% of Syria’s total water use of 14.7 billion m3 per annum 

(WB, 2001: table 6, p.13).  

 

On July 17, 1987, a protocol for the distribution of the Euphrates water, seen by 

Syria as temporary, was signed between Syria and Turkey to release a total flow of 500 

m3 per second to Syria and Iraq, or 15.8 billion m3 per annum (500 m3 per second* 60 

seconds* 60 minutes* 24 hours* 365 days). On April 17, 1989 Syria and Iraq signed a 

memorandum, became effective on April 17, 1990 (MOI, 2001: p.6), whereby Syria 

committed to give 58% of all incoming waters from Turkey to Iraq. As such, Syria’s 

share of the Euphrates waters would be around 6.6 billion m3 per annum (15.8 billion 

m3* 0.42%). To this should be added 1.05 billion m3 in return wastewater (322 million 

m3) and return drainage from irrigation [725 million m3 (MOI, 2001: table 9)] for a total 

of 7.65 billion m3 in total surface water availability (excluding groundwater extraction 

and rainfall). 

  

Syria’s Euphrates Basin used 7.157 billion m3 of water in 1998 (WB, 2001: table 

A.11, p. 58). The Region had 761,000 hectares in irrigated surface (WB, 2001: table 5, 

p.12). Of this, 289,000 hectares were supplied from the Euphrates River (161,000 

hectares by pump from surface water and 128,000 hectares by gravity from surface 

water). The remaining 472,000 hectares were supplied from wells. The volume of water 

used in areas irrigated from the Euphrates River would have been 2.72 billion m3 
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[(289,000 hectares/ 761,000 hectares)* 7.157 billion m3]. To this volume, three other 

uses need to be added: 

  

1) Water use of householders and industry. These were estimated at 360 million 

m3 in the World Bank Report (2001, table 6, p.13) and at 429 million m3 in Syria’s 

Ministry of Irrigation Report (2001: table 9). An average of about 400 million m3 will be 

used here [(360 million m3+ 429 million m3)/ 2= 395 million m3].  

 

2) Inter-basin water transfer to Aleppo. This is estimated in the JICA study in 

1997 as reported in the World Bank Report (2001: table 6, p.13) at 650 million m3 (780 

million m3 for irrigation+ 280 for householders+ 90 million m3 for industry= 1.15 billion 

m3– 500 million m3 in renewable resources in the Aleppo Basin). Irrigation water use is 

set to increase in Aleppo region to 1.451 billion m3 per annum (3.974 million m3 per 

day* 365 days) “upon expansion to a third pipeline” (ERM, Environmental Action plan 

of the Seven Water Basins in Syria). As such water withdrawals from the Euphrates 

River to the Aleppo Region would be expected to become 1.32 billion m3 [650 million 

m3+ 671 million m3 in additional irrigation use (1.451 billion m3– 780 million m3)]. 

 

3) Lake Asad’s evaporation of 1.6 billion m3 per annum. The construction of the 

Tabqa Dam in 1978 has been causing the loss to evaporation of 1.6 billion m3 annually. 

The lake’s surface is 640 Km2 (80 Km long and averages 8 Km in width) and has a 

capacity of about 14 billion m3 of water. Since it is estimated that around 2.5 meters per 

1 km2 of water is lost to evaporation annually in a region of Tabqa’s climatic conditions 

of heat and dryness, evaporation from the Lake Asad becomes 1,600 million m3 (640 

km2= 640 million m2* 2.5m).  

 

When all four demands are added, total water use of the Euphrates waters 

becomes 6.04 billion m3 (2.72 billion m3 for irrigation+ 400 million m3 for domestic 

use+ 1.32 billion m3 in transfers to Aleppo+ 1.6 billion m3 in evaporation). 
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This compares with 7.65 billion m3 in surface water availability. The remaining 

volume of about 1.6 billion m3 (7.65 billion m3 – 6.04 billion m3), while material, it 

could not be relied upon to provide the Damascus Region with water. This surplus could 

quickly turn into deficit if:  

1) Syria does not scale down its planned expansion in the irrigated lands along the 

Euphrates. Future plans are for the government to increase the irrigated surface in the 

Euphrates basin during the 20 years between 2000 and 2020 by 180,545 hectares (MOI, 

2001: table 17). Should this materialize the remaining volume of 1.6 billion m3 per 

annum will be eliminated [180,545 hectares* 9,375 m3 per hectare (data are from WB, 

2001, table 6: p.13 and table A.3: p.52 and table A.4: p. 52 at 112% cropping intensity)].  

 

2) If Turkey releases to Syria and Iraq less than 500 m3 per second, and/or if 

Syria retains less than 42% of the water received from Turkey. Syria and Iraq fear that 

Turkey might reduce the flow of the Euphrates to below 500 m3 per second. In 

November 2001, Syrian and Iraqi Irrigation Ministers noted that only 450 m3/second 

(14.1 billion m3 per year) were crossing the Turkish border. 

 

 3) Syria’s per hectare irrigation requirements were greater than 9,375 m3 per 

annum. Given the inadequate drainage systems in the area, salinity is expected to 

increase, thus requiring a greater volume of irrigation water. Also, in drought seasons, 

increasing withdrawals from the river would be needed to compensate for the drop in 

rainwater.  

 

Under present soil and irrigation conditions Syria’s 4.33 billion m3 per annum in 

net available water from the Euphrates River [7.65 billion m3 – 1.6 billion m3 in Lake 

Asad evaporation – 1.32 billion m3 transfer to Aleppo basin – 400,000 m3 domestic use 

in Euphrates Basin) could sustain the irrigation of some 517,000 hectares (4.33 billion 

m3/ 8,370 m3 per hectare31 at 100% cropping intensity). Since the irrigated area in the 

Euphrates Region in 1998 was 289,000 hectares (WB, 2001: table 5, p.12), the additional 

                                                 
31 9,375 m3 per hectare at 112% cropping intensity/1.12= 8,370 m3 per hectare. 
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irrigation potential would have been a maximum of 228,000 hectares (517,000 hectares – 

289,000 hectares).  

 

In order to retain the irrigated area from the Euphrates River at the 1998 level of 

289,000 hectares, Syria needs to receive from Turkey some 355 m3 per second.32  

 

Table 11 Syria’s water position from the Euphrates River  

 
Water 
Volume 
from 
Turkey 
per 
second 
(m3) 

Water 
Volume 
from 
Turkey 
p/a 
(billion 
m3) 

Syria’s 
share 
p/a 
(billion 
m3) @ 
42%  

Return 
water 
(billion 
m3)* 

Lake 
Asad 
loss p/a 
(billion 
m3) 

Other 
uses** 

Syria’s 
Net 
share 
p/a 
(billion 
m3) 

Water use 
p/a (m3/ 
hectare) 
@ 112% 
cropping 
intensity 

Possible 
irrigated 
area (000 
hectares) 

Actual 
irrigated 
area     in 
1999 (000 
hectares) 

Potential 
irrigated 
area (000 
hectares) 

500   15.8 6.6 1.05 1.6 1.72 4.33 8,370 517 289 228 
300      9.4 3.95 1.05 1.6 1.72 1.68 8,370 200 289  (89) 
355 11.2 4.7 1.05 1.6 1.72 2.42 8,370 289 289     0    

 
* 322 million m3 in household use + 725 million m3 from irrigation. 
** Transfers to Aleppo (1.32 billion m3) plus domestic and industrial uses in the 
Euphrates region (395 million m3). 
 

That Syria was unaware in the early 1960s, during the planning stages of the 

Tabqa Dam, or in 1968, prior to the start of its construction, of Turkey’s plans for the 

GAP project cannot be supported by the facts. Turkey started construction of the Keban 

Dam in 1966, two years before Tabqa’s start of construction. Furthermore, Syria and 

Turkey started negotiations on this matter in 1962, six years before Tabqa’s start of 

construction.   

 

 

 

 

 

                                                 
32 2.42 billions m3 to irrigate 289,000 hectares (289,000 hectares* 8,370 m3 per hectare) + 1.6 billion m3 
for evaporation+1.72 billion m3 in other uses, less return wastewater of 1.05 billion m3= 4.7 billion m3/ 
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2.C. Inter-basin transfers from the Coastal Region 
 

A second alternative that is being contemplated by the Syrian government is to 

supplement the water supply of the Greater Damascus Region with water from the 

Coastal Region (MOI, 2001: p.8). The attraction of this option is its relatively shorter 

distance to Damascus: some 225 km, or 51% the distance from Lake Asad (225km/ 441 

km). As such, it might be expected to be less expensive. But, due to the mountainous 

terrain in certain parts of the route between the Coast and Damascus, the pipeline will 

have to climb to 1,000 meters. Its cost is expected reach about US$ one billion. When 

plants and equipment on either end of the pipeline are included, the total cost is thought 

to double or more. Construction would take five years or more. 
 

Like the water estimates of the Barada/Awaj and Euphrates Basins, the Coastal 

Basin estimates vary widely, especially between The World Bank Report and the other 

sources.  

 

Table 12 Statement of water sources and uses in the Coastal Basin (million/m3) 

 
 World Bank report 

(2001)  
FAO project based 
study (2001)  

Syria’s MOI 
(2001)  

Available resources    
Resources N/A 1,214 1,214 
Recharge from 
wastewater 

N/A        0     68 

Return drainage 
from irrigation 

N/A      43     43 

Total 3,000 1,257 1,325 
Uses    
Irrigation   960 433 429 
Domestic   120 134 135 
Industry     40   34        47 
Evaporative loss N/A   16   16 

                                                                                                                                                 
42% (Syria’s sharing formula with Iraq)= 11.2 billion m3 per annum that need to cross the border from 
Turkey/ 365 days/ 24 hours/ 60 minutes/ 60 seconds= 355 million m3. 
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Total 1,120  617 627 
Water balance 1,880  640 698 

  
Sources: same as those of Table 1. 
 

 

The Coastal Basin has a positive water balance according to the three sources. 

The largest estimate, however, is rather modest for the task of inter-basin transfer to the 

Damascus Region. The other two are dangerously small. ERM (1998: p.11) estimated 

that under the condition of a minor drought, predicted to occur in one out of every five 

years (i.e. a 20% probability each year), the Coastal Basin would be only 127 million m3 

in surplus in 2015. Furthermore, the heavily mountainous terrain of the basin and its 

dispersed water sources would make harvesting the waters difficult and expensive. This 

may explain the Basin’s rather low water utilization rate. While the seven basins in Syria 

have an average water utilization rate of 89%, the Coastal Basin’s rate is 65%, second 

only to the Steppe Basin, which has a 60% rate (MOI, 2001: table 8). It is highly unlikely 

that the Coastal Basin water sources would make it a viable alternative for solving the 

water crisis in Damascus.  

 

There are two possible sources of water in the Coastal Basin. The first is to 

capture potable groundwater flows in offshore springs near Syria’s shore on the 

Mediterranean Sea South of the city of Latakia. It is thought that there are sufficient 

renewable water and reserves in the aquifers to make the Coastal Basin a reliable 

alternative to the Euphrates Basin. It is believed that it might be possible to extract the 

waters from relatively shallow on-shore access points. While no definite volume of 

transfer is revealed yet, it might range between 13.5 m3 per second (425 million m3 per 

annum) and 27 m3 per second (850 million m3 per annum). 425 millions per annum will 

be assumed here. A Ministry of Irrigation study is being conducted to determine, among 

others, the location and capacity of the main aquifer that give(s) rise to these offshore 

springs (MOI, 2001: p.8). The study is also considering the dynamics of mixture between 

the salty water of the sea and the sweet water of the springs along with the effect of future 

sweet water extraction on water pressure in the aquifer and its potential contamination 

with seawater. The challenge is in being able to accurately estimate the volume of 
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sustainable sweet groundwater reserves. This, coupled with the technical and operational 

difficulties of accessing the water, albeit through onshore facilities, but possibly using 

offshore rigs as well, could make reliable extractions in sufficient volumes on the long 

run uncertain.  

The second possibility is desalination of Mediterranean waters. This has limitless 

volumes. The choice between the two possibilities, however, is one of cost. Desalination 

cost dropped significantly during the past decade or so. At present it stand at between 

US$0.5 and US$0.6 per m3. The United Arab Emirates contracted in September 2001 to 

pay 100 million Euros, or about US$100 millions at the time of contract, for a 62 million 

m3 per annum desalination plant in Fujairah (Ondeo press release dated September 11, 

2001). The economic cost of a cubic meter of water from such a plant may be estimated 

at about US$0.52 at the plant’s gate.33  

 

Like the Euphrates scheme, the two Coastal water possibilities involve the 

construction of a pipeline. But, unlike the Euphrates project, harvesting the offshore 

springs’ water in the Coastal Basin or desalinating its seawater are complex and 

expensive in comparison with the relatively simple pumping of the needed water from 

Lake Asad. For example, to produce 425 million m3 per annum from a series of 

desalination plants similar to the Fujairah plant would require a capital investment of 

some US$685 millions (425 million m3/ 62 million m3* US$100 millions). Against this 

amount and future operations and maintenance expenses, the economic feasibility of 

capturing the water from offshore springs needs to be measured. Should the two options 

cost about the same amount, then the total cost of the Coastal project could be in the 

region of US$ 2 billions (about US$1 billion for the pipeline + US$685 millions for 

accessing 425 million m3 of water + about US$315 millions for interest during 

construction over 5 years at 10% interest rate per annum). The economic cost of a cubic 

                                                 
33 US$100 millions* 10% assumed annual opportunity cost of capital= US$10 millions+ US$7 millions in 
annual depreciation charges, assuming 15-year useful life, given the heavy machinery content in the plant 
(US$100 millions/ 15 years= US$6.66 millions)+ US$15 in a guesstimated annual operations and 
maintenance expenses at some 15% of the invested capital= US$32 millions/ 62 million m3= US$0.52. 

 47



meter of delivered water to the gates of the greater Damascus region becomes some 

US$1.22.34  

Is this too high a price to pay for water? In the absence of better alternatives such 

cost might have to be paid for drinking and domestic water, but not for irrigation. At a 

water cost of US$1.22 per m3, the water cost alone of growing wheat becomes US$1,470 

per ton.35 This obviously is not a viable business when the international price for wheat is 

around US$100 per ton and has been on a declining trend for decades. Similarly, the 

water cost of one ton of cotton becomes some US$4,135,36 at a time when the average 

international price for cotton in 2000 was US$850 per ton.  

 

2.D. A cost comparison 
 

Table 14 Comparison among the estimated capital investment and water unit cost of the 

Euphrates, Coastal and the Barada/Awaj solutions  

 
Solution to  Volume of water 

provided (million 
m3)  

Capital 
investment (US$ 
millions)  

Estimated annual 
operating 
expenses (US$ 
millions)  

Estimated economic 
cost (US$ per m3) 

Inter-basin transfer 
from Euphrates basin 

850 1,500 350 0.41 

Barada/Awaj basin  532    352   77 0.15 
Inter-basin transfer 
from Coastal basin 

425 2,000 520 1.22 

 
 

It is clear that the Damascus local solution is the most efficient. It is less 

expensive to build and simpler to operate. These are significant advantages for a 

developing economy with limited foreign exchange reserves and low per capita income.  

                                                 
34 US$2 billion* 10% assumed annual opportunity cost of capital= US$200 millions+ US$80 millions 
(US$2 billions/ 25 years) in annual depreciation charges, assuming a blended useful life of 25 years 
between the pipeline and the machinery required to gather or desalinate the water+ US$240 million in 
annual operating and maintenance expenses at an assumed rate of 12% of the invested capital, given the 
relatively high machinery content of the project (US$2 billions* 12%= US$240 millions)= US$520 
millions/ 425 million m3= US$1.22. These costs are sensitive to changes in the underlying rate 
assumptions. Any rate revision will be accompanied by a corresponding revision in water cost.  
35 US$1.22 * 4,337 m3 of water per hectare / 3.6 tons average 1998 yield per hectare (WB, 2001, table 
A.6: p.54). 
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Furthermore, as Table 7.10 shows the local solution includes US$165 millions (US$97 

millions+ US$68 millions) on improving the water distribution networks to reduce UFW. 

Should either of the two inter-basin schemes be pursued this amount should be added to 

their cost, thus making the advantage of the local scheme even greater. That the 

Euphrates scheme provides more water than the local solution is of little value. At 

US$0.41 agricultural uses would be uneconomic and wasteful. Such is academic though. 

As discussed in (2.B) the Euphrates River’s water volume has become risky to rely upon.  

 

In spite of the advantages of the Bararda/Awaj basin solution, Syria’s government 

is likely to adopt the second best solution: the more expensive Coastal scheme. This is 

due to the expected challenge to re-allocating water from irrigation to domestic uses in 

the Damascus Region. To spend extra US$1.7 billions could very well be deemed less 

problematic politically than abandoning the irrigation of a relatively small proportion of 

the Region’s irrigated surface.  
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