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ABSTRACT 
Water supply network losses are an international problem especially in countries suffering from water scarcity 
like Jordan. Jordan is one of the poorest countries in its water resources and it is estimated to be below the water 
poverty line. Jordan is located in the Middle East and has a surface area of approximately 90,000 km2. Its popu-
lation is around 6.3 million and it is estimated that the population will be 7.8 million in 2022. The gap between 
water supply and demand is widening due to development and a relatively high population growth rate. In addi-
tion, global climate change is expected to intensify the water shortage problem in Jordan. Thirteen years of com-
plete records obtained from the Ministry of Water and Irrigation were analyzed. According to these records, 
water losses in Jordan reach about 50%. In view of the evaluation of the data and the case study conducted in 
this research, it is believed that Jordan can overcome the water shortage problem by adopting a water demand 
management strategy. In this context, efforts should be focused on reducing water losses. If this is achieved, it 
will save huge quantities of water and revenue. 
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1. Introduction 
Water supply network losses are an international problem 
in developed countries [1-4] as well as developing coun-
tries [5-7]. The situation becomes more critical in coun-
tries suffering from water shortages like Jordan. Jordan 
has a surface area of approximately 90,000 km2 (Figure 
1) and its population is around 6.3 million. It is estimated 
that the population will be 7.8 million in 2022 [8]. Jordan 
is located in the Middle East, at the eastern end of the 
Mediterranean Sea. The most distinctive topographic 
features of Jordan are the Rift Valley, a narrow strip of 
highlands (with a maximum elevation of 1600 m above 
sea level), the steppe, the desert zone and the Dead Sea 
(426 m below sea level in 2010). 

The climate is of a Mediterranean type in western Jordan 
which is characterized by dry, hot summers, mild wet win-
ters and extreme variability in rainfall during the year as 

well as from year to year. The climate in the highlands is 
characterized by cold winters and mild summers. The Jor-
dan Rift Valley and Aqaba have a subtropical climate—hot 
in summer and warm in winter. The desert region has a 
continental climate with large variations in temperature. 
Precipitation is very low and ranges from 30 to 600 mm 
annually. About 93.5% of the country has less than 200 
mm of rainfall, and only 0.7% of the country has annual 
precipitation of more than 500 mm [9]. The rainy season 
starts in November and ends in April. Most of the country 
(83%) is composed of desert and desert steppe. 

The total precipitation amounts to 8.2 km3 and about 92% 
of it is lost by evaporation. The country is estimated to be 
below the poverty line by 682 million m3/year, The devel-
oped surface water potential was approximately 295 mil-
lion m3 in 2007, and is projected to reach 365 million m3 by 
2022 [9].  

Jordan relies mainly on its groundwater resources which 
accounts for about 54% of water supply in from 12 *Corresponding author. 
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groundwater basins (Figure 2). Renewable groundwater 
resources are 450 million m3/year with a safe yield of 275.5 
to million m3/year [10]. Abstraction of groundwater is 
beyond sustainable limits causing a deficit of 151 million 
 

 
Figure 1. Location map of Jordan. 

 

 
Figure 2. Ground water basins in Jordan. 

m3/year in 2007 as an example [9]. Surface water resources 
form about 37% of the total water supply from 16 basins 
(Figure 3). Yarmouk accounts for almost 50% of the coun-
try’s surface water resources. Other water sources are fossil 
water, treated wastewater (110 million m3 in 2009) and 
brackish water. The contribution of treated wastewater is 
increasing with time where it was only 7 million m3 in 
1984 and increased to about 67 million m3 in 1996 [11]. 
For these reasons, Jordan is considered to be one of the 
poorest countries in terms of its water resources. 

The difficulties to estimate the water losses in develop-
ing countries are the access to the data and the distribution 
of the data within several departments. This research is a 
study and investigation of the information obtained from 
the Ministry of Water and Irrigation about the extracted, 
supplied and sold water quantities. Complete records were 
studied for the period 1986 to 1998 in particular. Water 
losses in Jordan reached about 50% of the supplied water 
quantities [5] where the accepted rate should be less than 
25% [12]. The benefits of reducing these losses are dis-
cussed and a case study was carried out to help decision 
makers to overcome the problem of shortages in water 
supply. 

2. Water Resources of Jordan 
A number of authors have reported shortages of water 
 

 
 

Figure 3. Surface water basins of Jordan. 



N. AL-ANSARI  ET  AL. 

OPEN ACCESS                                                                                      JWARP 

85 

resources in the Middle East [13-16]. At least 12 Arab 
countries have acute water scarcity problems with less 
than 500 m3 of renewable water resources per capita 
available [17,18]. The supply of fresh potable water is 
essential to life, socioeconomic development, and politi-
cal stability in the region. It was reported that one cubic 
meter of water can provide drinking water for one person 
for one year or the same quantity can produce only one 
kg of food grain when used for irrigation in a dry climate 
[19]. The need for a rationalized holistic management of 
this most vital natural resource is paramount in order to 
attain a sustainable society. 

Jordan is among the most arid countries in the world 
and the allocation per capita reaches less than 150 
l/capita/day [17,18,20]. Aquastat [21] stated that the wa-
ter withdrawal by source in 2005 was, Groundwater 59%, 
surface water 31% and wastewater contributions and 
others 10%. Due to the sharp increase in population the 
per-capita water availability, dropped from 3600 m3 in 
1946 to 145 m3 in 2008 [9]. By 2022, the population may 
exceed 7.8 million, and total water demand may reach 
1673 million m3. Water deficit of 659 million m3 (2009) 
could be reduced to 457 million m3 by 2022 [9]. The 
Jordanian government constructed 28 dams between 
1950 and 2008 with a total storage capacity of 368 mil-
lion m3 and at the same time, locations were identified 
for a number of reservoirs that would give the potential 
to add 444 million m3 to Jordan’s water storage capacity. 

Municipal water consumption increased by an average 
of 8% per year while it was 6.6 and 3% within the indus-
trial and agricultural sectors respectively. The increase of 
water consumption in these sectors is due to the increase 
in investments in these sectors of the economy. Accord-
ing to the records the average consumption per capita in 
the municipal sector reaches 138 l/capita/day while it 
reached 147 and 145 l/capita/day in 2010 and 2011 re-
spectively [22]. When water losses are taken into consid-
eration, this amount decreases to 70 - 75 l/capita/day. 
Within the industrial and agricultural sectors the allo-
cated water per capita (as an average) reaches about 126 
and 493 l/capita/day respectively. In 2005, the allocation 
was 165 m3/capita/day [21], and expected allocations in 
2015, 2025 and 2050 are 130, 121, 100 m3/capita/day 
respectively [23]. El-Fadel and Maroun [24] stated that 
Jordan has a shortfall in supply by 53%. 

The Ministry of Water and Irrigation [22] stated that 
municipal water supplied in 2009, 2010 and 2011 
reached 313.4, 330 and 330.1 million m3 respectively. 
This gives 144,147 and 150 l/capita/day for these years 
respectively. Furthermore, the total amount of water re-
leased for drinking and irrigation purposes in 2010 and 
2011 were 229.675 and 222.272 million m3 [22].  

The highest percentage of water consumption is in the 
field of Agriculture followed by municipal and then in-

dustrial sectors [20]. Nimah [23] indicated that by 2050 
the available water in Jordan will be 100 m3/capita/year. 
The Ministry of Water and Irrigation [22] published the 
projected water demand for the year 2025 and the type of 
water use (Figures 4 and 5). In this report the municipal, 
industrial and agricultural demands were 613,117, and 
700 million m3 respectively. It was also noticed that they 
added 100 and 29 million m3 as nuclear power plant and 
touristic water demands. In addition, the same report 
showed that the total demand will reach 1695 million m3 
in 2030 (710, 150, 700, 100, 35 million m3 for municipal, 
industrial, agricultural, nuclear and touristic water de-
mands respectively). Jordan’s Water Strategy Plan [8] 
indicated that the available water in 2022 is 1632 million 
m3 (Figure 6). 

The largest consumer of water across the region is 
agriculture which accounts for 66% of demand, [25] and 
therefore the water shortage problem cannot be objec-
tively analyzed nor adequately addressed without a tho 
rough consideration of agriculture in the region [26]. For 
 

 
Figure 4. Projected water demand in Jordan [22]. 

 

 
Figure 5. Type of water use in Jordan in million cubic me-
ters (MCM) [22]. 
 

 
Figure 6. Future available water resources in Jordan 2022 
[12]. 
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example an approximate 10 percent transfer of water 
away from agriculture would produce a 40 percent in-
crease in domestic water supply for Jordan [26]. Postel 
[27], argues that rather than diverting precious water to 
agriculture this water could be saved by importing the 
food/grain. However, this is not the case in many Middle 
Eastern countries which have unrealistic aspirations of 
food self-sufficiency and in it would require a most fun-
damental change in national outlook [28]. Sadik and 
Barghouti [26] emphasized that the extent of the problem 
is so severe that “the future challenges in meeting the 
growing demands for water are beyond the capabilities of 
individual countries”. Mitigating supply shortfalls could 
be achieved by re-allocation of current agricultural sup-
plies [13]. 

The Ministry of Water and irrigation usually satisfy 
the demand through supply management practices and 
with the diminishing opportunities to increase water 
supply and the escalating costs of the projects to augment 
supply, the ministry should give greater emphasis to de-
mand management [11,26,29,30]. 

In addition to the above, the effect of climate change is 
expected to intensify the water shortage problem in Jor-
dan. The Middle East and North Africa region (MENA) 
contains hyper-arid, arid and semi-arid zones [31]. Sev-
eral research projects have concluded that arid and 
semi-arid regions are highly vulnerable to climate change 
(e.g. [32]). It is expected that the region will suffer from 
higher temperatures and intense heat waves affecting 
inhabitants and crop yields, and will also affect marine 
ecosystems and fisheries. Less but more intense rainfall, 
coupled with higher temperatures, will likely cause more 
droughts and greater flooding, sea level rise, more in-
tense cyclones and new areas exposed to dengue, malaria, 
and other vector and waterborne diseases. Al-Ansari and 
Baban [33] and Al-Ansari et al. [34,35] indicated that 
future rainfall forecast is decreasing with time in Jordan. 
The drought will affect the agricultural life and water 
supply [36]. This is due to the fact that most of the agri-
cultural areas of the MENA region are rain-fed [37] and 
decreases groundwater recharge which is already deplet-
ing [38]. 

3. Water Losses 
Water losses are defined here as the water which has no 
revenue [5]. These can be classified as: 

Technical losses: they result from breakdown or see-
page within the distribution pipes systems (Figure 7). 
This type of loss can be divided into three groups: 

Apparent technical loss: this is due to apparent break-
down of the distribution net systems. 

Unseen loss: such loss is due to the breakdown of the 
pipes in the distribution network under the ground. 

Administrative losses: these are due to the existence of 

broken water quantity meters, human errors (e.g. issuing 
wrong bills), not installing meters correctly, using the 
water illegally, centralization, and weak governance 
(Figure 8). Charalambous [39] has summarized what 
happens typically to the distributed water (Table 1). 
 

 
 

 
 

 
 

Figure 7. Examples of technical losses: left-broken pipe; 
middle-leaking pipe; right–breaking pipe to supply water to 
livestock. 
 

Table 1. Water distribution [39]. 
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Figure 8. Examples of administrative loss in Mafraq: left- 
the meter is removed and replaced by a T-joint; mid-
dle-pipe connection passing the meter; right-connection to 
supply the housing unit before the meter. 

To calculate the loss the following equation is used: 
Quantity of water loss (L) = Net supplied water (Ss) − 

Net sold water (So) + Water consumed outside water 
meters (C). 

Records extending from 1986 to 1998 were investi-
gated to see the percentage of water loss in different go-
vernorates in Jordan in addition to the data given by the 
World Bank for the period 1999 to 2004 (Table 2). Ac-
cordingly, it was evident that almost all the governorates 
lose about 50% of the supplied water (Table 2). The Ma-
fraq governorate had the highest water losses (69.13%). 
This is believed to be due to the very large area of the 
governorate (26,541 km2) and this is in part due to the 
length of the water supply pipelines which amounts to 
about 10,000 km. Consequently, long supply pipelines 
make it hard for the inspection and maintenance teams to 
report or repair seepages and leakages [40]. In addition, 
this governorate’s population livelihood is based on li-
vestock. In many cases, livestock owners deliberately 
make seepages in the supply pipe lines using guns, or 
they break the lines in valleys, in order to secure water 
needs for their livestock [41]. Furthermore, it seems that 
as the water supply increases with time, so do the losses 
where it is increasing with an annual average of about 
5%. The records indicate that the administrative losses 
were between 27% - 32.8% and the illegal water use had 
the highest percentage of 11.8% followed by faults in 
water meters (10.6%). This is followed by faulty read-
ings (5.3%) and faulty estimation of the volume of water 
consumed (3%). On the other hand, technical losses  

 
Table 2. Percentage water losses in governorates of Jordan (Sources of data from 1999 to 2004 is [42]). 

Governorate Amman Irbid Zarqa Madaba Balqa Karak Tafela Maan Mafraq Ajloun Jerash 
1986 54.9 55.2 52.5 - 54.2 49.2 56.5 49 54.2 - - 
1987 55.1 56.2 51.8 - 52.6 51.4 54.3 51.6 55.1 - - 
1988 57.4 55.3 52.1 - 53.8 53.3 54.6 52.8 57.8 - - 
1989 58.1 55.6 53.2 - 54.5 55.1 55.8 51.6 60.3 - - 
1990 59 56.6 54.4 - 56.1 55.9 55.5 53.6 68.2 - - 
1991 58.3 50.9 52.2 - 55.8 53.8 50.9 51.1 68.7 - - 
1992 60.5 57.1 55.8 - 60.3 59.8 65.8 54.6 72.3 - - 
1993 57.8 52.3 52.3 - 67.3 54.1 53 50.6 75.3 - - 
1994 52.6 52.5 50.5 - 66.5 52.7 46.2 52.2 70.8 - - 
1995 54.4 55 55.1 - 62.2 53.6 53.8 53.8 76.2 - - 
1996 50.25 49.6 54.3 67.2 59.6 50.2 52.7 56.7 68.66 57.8 50.2 
1997 48.54 49.5 54.2 77.34 61.2 57.1 44.8 65.8 78.9 60 47.4 
1998 49.5 48.9 56.4 86.1 62.1 59.4 43.9 67.3 78.5 60.3 60.1 
1999 50.03 45.71 55.34 75.03 56.13 56.77 47.51 62.27 76.39 47.96 42.94 
2000 50.29 44.34 54.75 58.21 54.73 56.35 41.34 59.86 74.57 44.67 44.71 
2001 50.03 41.92 55.03 58.33 46.76 56.59 38.85 53.51 74.34 37.19 33.56 
2002 47.29 42.16 55.78 50 53.94 51.91 44.58 52.31 70.61 40.56 37.18 
2003 48.53 39.57 51.48 46.46 51.59 47.47 43.31 46.78 68.21 37.41 23.8 

2004 44.89 35.08 51.2 46.5 53.86 47.51 41.25 45.19 64.5 28.19 29.38 

Average 53.02 49.66 53.6 62.8 57.01 53.8 49.72 54.24 69.13 41.4 36.93 
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reached an average of 25.6% from the total volume of 
water supplied. These figures are considered very high 
compared to developed countries where it is about 10% 
[43,44]. 

The high percentage of water losses affect the quantity 
of water available and this usually forces the water au-
thorities to search for new water resources to compensate 
for the losses rather than manage demand and leakage. In 
1986, the allocation per capita per day was 92 l/capita/ 
day, while the allocation drops to 42 l/capita/day after 
counting the losses. In 1998 however, the allocation ca-
pita/day was 144 liter and drops to 62 liter after counting 
the losses. The decrease in allocation per capita is rang-
ing from 42% to 45% (see Table 3). 

It should be noted that the administrative loss does not 
affect the total water supply, simply because these quan-
tities of water do exist but were consumed in an illegal 
way while the technical losses affect the total volume of 
water supplied. The records indicate that the volume of 
supplied water decreased to 97.6 and 162.3 MCM in 
1984 and 1998 respectively while the technical losses 
were 26.8 and 23.5% respectively (Table 4). This leads 
to an estimated loss 35.9 and 56.8 million Jordanian. 

Dinars (JD) (51.3 - 81.14 US Dollars) in 1986 and 
1988 respectively. This was estimated using the using the 
following equations: 

{ }WP WS,Tr,Arf=    (1) 

( ) ( )WP a WS Tr WS Ar WSβ= + − +   (2) 

where:  
WP: Volume of Consumed water 
WS: Volume of supplied water 
Tr: Percentage technical water loss 
Ar: Percentage administrative water loss 
Using the least squares method, then we get:  

( ) ( ) ( )WP 10.25 0.95 WS 0.69 WS 0.04 WS= − + − +  (3) 

This indicates that technical water loss will cause a 
decrease of 0.69 m3 of the offered water and administra-
tive loss will cause an increase of 0.04 m3.  

If the technical water loss is decreased by 15% then 
the volume of consumed water will increase (see Table 
5). For 1998 records the water consumed will increase 
from 205.3 to 217.4 million m3. 

If we consider the water allocation is 200 l/capita/day 
then the required water in 1986 will be 204.1 million m3 

and increases to 335.9 million m3 for the year 1998. For 
the purpose of finding the effect of the water losses on 
the required quantities of water, the following equation 
was used: 

( ) ( )Wd Wn Tr WP Ar WP= + −          (4) 

where: 
Wd: Needed water 
Wn: Total water required 

 
Table 3. Water supplied and lost for the period 1984-1998. 

Year Population (1000) 
Water (1000 m3) 

Lost water % 
Supplied Water Sold Water 

Supplied Sold Lost l/capita/day 

1984 2596 87 39.8 47.2 54.3 92 42 

1985 2700 93 42.5 50.5 54.3 94 43 

1986 2796 134 61.6 72.4 54 131 60 

1987 2896 150.3 68.5 81.8 54.4 142 65 

1988 3001 164.5 72.7 91.8 55.8 150 66 

1989 3111 170.1 74.4 95.7 56.3 150 66 

1990 3468 174.6 74.1 100.5 57.6 138 59 

1991 3701 178.5 78.1 100.4 56.2 132 58 

1992 3844 208.1 81.5 126.6 60.8 148 58 

1993 3993 218.6 92.3 126.3 57.8 150 63 

1994 4138 219.9 97.9 122 55.5 146 65 

1995 4152 246.2 103.3 142.9 58 162 68 

1996 4261 242.3 108.5 132.8 55.2 155 69 

1997 4441 239.8 108.7 131.1 54.7 148 67 

1998 4601 241.5 105.6 135.9 56.3 144 63 
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Table 4. Volume of supplied water and percentage of lost water. 

Year Supplied water MCM Lost water % Technical water loss % 

1984 87 54.3 27.5 

1985 93 54.3 27 

1986 134 54 26.8 

1987 150.3 54.4 26.6 

1988 164.5 55.8 26.9 

1989 170.1 56.3 27.8 

1990 178.6 58.5 26.8 

1991 178.5 56.2 26.7 

1992 208.1 60.8 25.1 

1993 218.6 57.8 26.7 

1994 219.9 55.5 24.4 

1995 246.2 58 26 

1996 242.3 55.2 22.9 

1997 239.8 54.7 22.9 

1998 241.5 56.3 23.5 

 
Table 5. Effect of decreasing technical water loss on actual consumed water. 

Year Extracted water 
MCM 25% Technical loss Consumed Water 

MCM 15% Technical loss Consumed Water 
MCM 10% Technical loss Consumed Water 

MCM 

1986 134.7 33.7 101 20.2 114.5 13.5 121.2 

1987 150.3 37.6 112.7 22.5 127.8 15 135.3 

1988 164.5 41.1 123.4 24.7 139.8 16.5 148.1 

1989 170.1 42.5 127.6 25.5 144.6 17 153.1 

1990 174.6 43.7 131 26.2 148.4 17.5 157.1 

1991 178.5 44.6 133.9 26.8 151.7 17.9 160.7 

1992 208.1 52 156.1 31.2 176.9 20.8 187.3 

1993 218.6 54.7 164 32.8 185.8 21.9 196.7 

1994 219.9 55 164.9 33 186.9 22 197.9 

1995 246.2 61.6 184.7 36.9 209.3 24.6 221.6 

1996 242.3 60.6 181.7 36.3 206 24.2 218.1 

1997 239.8 60 179.9 36 203.8 24 215.8 

1998 241.5 60.4 181.1 36.2 205.3 24.2 217.4 

 
Wp: Water supply 
Tr: Percentage technical loss 
Ar: Percentage administrative loss 
This shows that the administrative loss will decrease 

the quantity of the required water (Table 6). If we take 
1986 as an example then the quantity of needed water is 

204.1 million m3 and if we add the total losses then this 
quantity increases to 276.5 million m3 and we already 
know the quantity of water which is referred to as ad-
ministrative loss (36.4 million m3) already exist within 
the quantity required (Table 6). As for the year 1998, the 
total quantity of water required, including the total loss, 
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is 471.9 million m3 and when we disregard the adminis-
trative loss the required water quantity is 370 million m3 
(Table 6). 
For future predictions, it was assumed that the water 
losses will be dealt with and will decrease to 20, 15 and 
10% in 2015, 2020 and 2025 respectively (Table 7). In 
this case the required water quantities will be 476.9, 
610.7 and 747.2 million m3 in 2015, 2020, and 2025 re-
spectively (Table 7). From an economic perspective, 70% 
of the cost was considered for water supply while the 
remainder, 30%, was considered as sewerage services 
costs [42,45]. The cost of one cubic meter of extracted 
water was calculated through the actual expenditure in-
volved and it was found to be 0.170 and 0.390 JD for the 
years 1986 and 1988 respectively indicating an increase 
of 125%. Furthermore, the selling price of one cubic me-
ter of water was 0.37 and 0.88 JD for the years 1986 and 
1998 respectively. Using the financial balance sheets of 
the water authorities during the study period, it is found 
that revenue from the sale of one cubic meter of ex-
tracted water will be 0.1 to 0.166 JD for the years 1986 
and 1998 respectively indicating an increase of 66%.  

When the revenue of one cubic meter of sold water is 
calculated it will be 262 and 381 JD for the years 1986 
and 1998 respectively. This implies that the cost of lost 
water was 8.74 million JD (1986) and 22.6 million JD 
(1998) showing an increase of 158% (Table 8).The ac-
tual price or cost of the lost water is its cost plus the rev-
enue if it was sold as follow: 

TC WL*Acp WL*Ars= +         (5) 
where: 

TC: Total cost 
WL: Quantity of lost water 
Acp: Average cost of 1 m3of extracted water 
Ars: Average revenue 1 m3 of sold water 
Using the above equation, the cost of lost water 

reached 21.2 million JD (1986) and 75 million JD (1998) 
(Table 8) while the financial budget of the water author-
ity was showing a negative balance of 3 million JD (1986) 
and 32.8 million JD (1998). 

The total value of lost water reached 131%, and 186% 
of the income of the water authority in 1986, and 1998 
respectively (Table 8). There is a decrease noticed in 

 
Table 6. Effect of water losses on the quantity of required water. 

Year 
Water needed 

MCM 

Water loss (MCM) Quantity required including total 
loss 

MCM 

Quantity required-Administrative 
Loss  

MCM Total Administrative Technical 

1986 204.1 72.4 36.4 36 276.5 240.1 

1987 211.4 81.8 41.8 40 293.2 251.4 

1988 219.1 91.8 47.5 44.3 310.9 263.4 

1989 227.1 95.8 48.5 47.3 322.9 374.4 

1990 253.1 104.5 56.6 47.9 357.6 267 

1991 270.2 100.3 52.7 47.6 370.5 274.7 

1992 280.2 126.5 71.6 54.9 406.7 308 

1993 291.5 126.4 68 58.4 417.9 328.6 

1994 302.1 122 67.7 54.3 424.1 334.5 

1995 303.1 142.8 78.8 64 445.9 355.5 

1996 312.2 133.7 78.3 55.4 446.9 357.5 

1997 324.2 131.2 76.3 54.9 455.4 358 

1998 335.9 136 79.2 56.8 471.9 370 

 
Table 7. Effect of decreasing water losses on expected water requirements. 

Year Water loss 
% 

Expected required water 
million m3 

Administrative water loss Technical water loss Volume of required water 
million m3 % million m3 % million m3 

2015 20 561.1 5 28.1 15 84.2 476.9 

2020 15 678.5 5 33.9 10 67.9 610.7 



N. AL-ANSARI  ET  AL. 

OPEN ACCESS                                                                                      JWARP 

91 

Table 8. The monetary value of water losses and the impact of reduced water losses return. 

Item/Year 1986 1987 1988 1989 1990 1991 1992 1993 19941 1995 1996 1997 1998 

Extracted water MCM 134 150.3 164.5 170.1 178.6 178.5 208.1 218.6 219.9 246.2 242.3 239.9 241.5 

Sold water MCM 61.8 68.5 72.7 74.3 75 78.5 83.5 92.3 97.8 104 108 109 105.6 

% lost water 53.9 54.4 55.8 56.3 58 56 59.9 57.8 55.5 57.7 55.4 54.7 56.3 

Water revenue Million JD 16.2 15 16.6 19.5 18.4 20.7 20.3 25.8 26.9 30 31.9 34.7 40.2 

Average 
Revenue 
(JD/ m3) 

Extracted 
water 0.121 0.1 0.101 0.115 0.103 0.116 0.098 0.118 0.122 0.122 0.132 0.143 0.166 

Sold water 0.262 0.219 0.228 0.262 0.245 0.264 0.243 0.280 0.275 0.288 0.295 0.319 0.381 

70% of total cost 23.1 22.2 25.9 35.9 40.5 44.4 49.1 51.4 62.6 69.6 72.4 74.3 93 

Average 
cost of m3 

JD 

Extracted 
water 0.17 0.15 0.16 0.21 0.23 0.25 0.24 0.24 0.28 0.28 0.3 0.31 0.39 

Sold water 0.37 0.32 0.36 0.48 0.54 0.57 0.59 0.56 0.64 0.67 0.67 0.68 0.88 

Lost water MCM 72.2 81.8 91.8 95.8 103.6 100 124.6 126.3 122.1 142.1 134.3 131.1 135.9 

Actual cost of lost water 21.2 20.2 23.7 31.2 34.2 36.5 41.6 44.6 49.7 57.5 57.8 59.6 75 

% lost/income 13 135 143 160 186 176 205 173 185 192 181 172 186 

30% water 
loss 

Percentage 40.2 45.1 49.4 51 53.6 53.6 62.4 65.6 66 73.9 72.7 72 72.5 

Cost JD 11.8 11.2 12.8 16.6 17.7 19.5 20.8 23.2 26.9 29.9 31.3 32.7 40 

Surplus JD 9.38 9.09 11 14.6 16.5 16.9 20.7 21.4 22.8 27.6 26.5 26.9 35 

20% water 
loss 

Percentage 26.8 30.1 32.9 34 35.7 35.7 41.6 43.7 44 49.2 48.5 48 48.3 

Cost JD 7.86 7.44 8.5 11.1 11.8 13 13.9 15.4 17.9 19.9 20.9 21.8 26.6 

Surplus JD/m3 13.2 2.8 15.2 20.1 22.4 23.5 27.7 29.2 31.8 37.6 37 37.8 48.3 

 
1997 which is due to the introduction of a new water 
tariff (Table 8). If we consider the total studied record 
(1986-1998) then the accumulated total cost of the lost 
water reaches 552 JD. In case we consider that water 
losses were reduced by 30% of the total supplied water, 
then we get a surplus of 9.44 million JD in 1986 and 40 
million JD in 1998. The cost of reducing water losses is 
about 2.5 million JD plus 10% for contingencies [46]. 
Accordingly, if each water authority in Jordanian Go-
vernorates is given one million JD to overcome the water 
losses then the overall surplus in the income of the water 
authority will be about 75 million JD. 

4. Case Study 
Neamie city was selected as a case study for the water 
losses. Neamie city is located within the Irbid Governo-
rate in the northern part of Jordan (Figure 9). Its area is 
approximately 16 km2 and its population is about 13,000. 
The area is mountainous and for this reason water is dis-
tributed through the supply water network using electric-
al pumps. Complete records of the year 1998 were used 
in these analyses of the water losses. The records of the 
Water Authority of Irbid indicate that water losses 
reached 54.2% during the studied period. Analyses of the 

records revealed that: 
About 92% of the families of the beneficiaries were 

composed of 8 persons. 
Water services reach 90.4% of the inhabitants. 
The length of the water supply network pipelines is 27 

km. According to operation and maintenance records, 
about 20% of the supply network pipes are older than 30 
years and are in a medium to good condition. The re-
mainder, 80%, is almost new.  

Water is supplied through three wells about 500 m 
away from the city. 

From an economic perspective, the relationship be-
tween high prices of a “Normal Good” and its consump-
tion rate is inversely related while the relationship is di-
rectly related between income and consumption rate. For 
an “Inferior Good” the relationship is inverse between 
income and consumption rate. Consumed water can be 
evaluated using the following equation: 

( )Wc P,Y,Ed,F,Gf=           (6) 

where: 
Wc: Consumed water 
P: price of water 
Y: Income 
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Ed: Educational level 
F: Number of persons in the family 
G: Garden 
Using the above equation, and taking into considera-

tion that the most effective variables on water consump-
tion in Neamie city are: the number of persons within the 
family and their educational level, the existence of a 
garden, the price of water and the family income.  

Three months of records for July, August and Sep-
tember, 1998 were analyzed (Tables 9-11). During the 
summer the quantity of supplied water increased to 
140,000 m3 i.e. an increase of 64,000 m3 over winter fig-
ures (46%). This indicates a strong relationship between 
the season and the quantity of consumed water. It was 
also noticed that, according to these tables, the allocation 
per capita per day was 96 l. Using the records indicates 
that the percentage of losses reaches 48.9% in Irbid Go-
vernorate and 55% in Neamie city. Using water meter 
readings, water losses reached 58.1% where the con-
sumed water was 58,590 m3 with a difference of 6451 m3. 

It was also noticed that the type of consumed water were 
93.6% household use, 2.3% commercial, 2% govern-
mental, 1.3% agricultural and 0.8% industrial uses. In 
addition 59% of the consumers had gardens with an area 
of 1000 to 1500 m2. Most of the gardens were planted 
with olive, fig, grapevines and some ornamental trees. 
Rural consumers formed 0.9% and the total area of their 
farms was 472 acres. About 77% of the water counters 
were not properly protected, 17.2% of them were not 
working and 6% of them were not properly working. 
Furthermore, 5.6% of the water counters were installed 
in the opposite direction, or there was a by-pass before 
the counter or they were tampered with.  

To calculate the technical losses, all the malfunctions 
during the investigated period were studied through the 
operation and maintenance reports. Since there was no 
accurate measure or standard to determine the losses, the 
following equations were used: 

WTL wo t T= ×           (7) 
 
 

 
Figure 9. Location map of Neamie city. 

 
Table 9. Water losses in Neamie city in 1998 assuming water year starts October 1997 till September 1998. 

Period Water supplied m3 Water Sold m3 Water losses m3 % losses 

Oct.-December, 1997 87,498 40,208 47,290 54 

Jan-March, 1998 75,483 32,062 43,421 57.2 

April-June, 1998 120,384 52,335 68,049 56.5 

July-September, 1998 139,779 65,041 74,738 53.5 

Total 423,144 189,646 233,498 55.2 



N. AL-ANSARI  ET  AL. 

OPEN ACCESS                                                                                      JWARP 

93 

Table 10. Three months analyses for actual water readings of consumed water for the period July-September, 1998. 

Period Supply m3 Counter Reading Sold m3 Estimated Difference m3 Quantity lost m3 % lost 

July, 1998 45,249 18,985 21,097 2112 26,264 58 

Aug.,1998 48,692 19,822 23,372 2550 28,870 59.3 

Sep. 1998 45,838 19,783 20,572 789 2605 65.8 

Total 139,779 58,590 65,041 6451 811,089 58.1 

Average 46,593 19,530 21,680 2150 27,063 58.1 

 
Table 11. Type of water losses during the investigated period. 

Type of loss Number of cases Average loss (m3/hr) 

From 0.5 inch diameter pipe 53 1 

From 0.75 inch diameter pipe 11 5 

From 1 inch diameter pipe 7 10 

From 2 inches diameter pipe 10 54 

From 3 inches diameter pipe 2 148 

From 4 inches diameter pipe 5 300 

 
where: 

WTl: Water lost in cubic meters 
Wo/t: Average loss per unit time (minute) 
T: Time 

WTL NLi wo h T= ∑ × ×           (8) 

where: 
WL: Quantity of water lost 
∑NL: Number of malfunctions 
i: Diameter of pipe 
T: Time  
The results showed that the quantity of water lost was 

15,243 m3 which is equal to 10.9% of the total supplied 
water for the period July-September and it was 18% of 
the total water lost that year. 

The quantities of lost water due to administrative er-
rors were calculated using the records and it is the dif-
ference between the quantities actually consumed, and 
the amount of water sold. This quantity was 6,451 m3 

representing 4.6% of the total supplied water. Water 
quantities lost due to errors of officers reading the water 
counters were about 1893 m3 which represents 1.4% of 
the total water supply. As far as the water counters that 
are not functioning are concerned, this caused the loss of 
6634 m3 representing 4.7% of the total water supplied. 
Finally, the losses due to illegal use of water were calcu-
lated by adding all the losses and subtracting it from the 
total loss. This indicated that it was 50968 m3 repre- 
senting 36.5% of the total supplied water. This quantity 
was the highest compared to other types of losses. 

5. Discussion 
There is no international unified recipe to reduce water 
losses that can be applied or used. Several different me-
thods can be used to reduce the losses. This depends on 
several factors; the most important is the technical condi-
tions, and economic potential of the Water Authority, in 
addition to the desirable size of the reduction in losses. 
This problem of overcoming the water losses is the most 
important problem facing all countries without exception. 
The strategy for reducing water losses depends directly 
on the management techniques used in the water sector. 
Before thinking about finding new water sources or es-
tablishing new pumping stations or drilling of new wells 
to meet the growing water needs, we must think how we 
can draw on all the capabilities and potential to reduce 
water losses. This will provide significant quantities of 
water that already exist within the network to the public. 
It does not cost a lot of either effort or funds or require 
extra extraction, processing, distribution and transport. 
To reduce the losses we have to secure the economic 
base, technical competence administrative structures. 
Therefore there are many of the administrative, technical 
solutions and economic measures that can be adapted to 
solve the problem. 

These measures can be summarized as follows: 
1) Administrative measures 
These measures are as important as technical measures 

to reduce water losses. A secure economic, well qualified 
and efficient administrative and technical staff can 
greatly improve the administration of the water authority. 
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This can be achieved by: 
Setting a special law and regulations for the water au-

thority. This will improve the action of the authority. 
Restructuring the water authority. Although the water 

authority enjoys the independence on financial and ad-
ministrative levels, but its budget is subject to the proce-
dures and provisions that apply to any ministry or gov-
ernment department. The water authority should be re-
structured on the basis of actual financial and administra-
tive independence, without the intervention of the Minis-
try of Water and Irrigation, or any other governmental 
entity, and therefore will allocate the money necessary to 
overcome the water losses and can have a good selection 
process to get highly qualified staff. 

Granting other water departments of the Water Au-
thority the required autonomy in the implementation of 
water projects and make decisions that work to reduce 
water losses. 

Improving the internal administrative staff by selecting 
highly qualified and trained personnel 

Financial incentives should be used to encourage staff 
to increase productivity. Intensive training programs 
should be implemented for the rehabilitation of the staff 
as well as to train them using international experts and 
try to learn from experiences of developed countries.  

Reconsidering consumers contracts so that they hold 
the responsibility of excessive unjustified water wasting 
and be subject to the issue of accountability and trial for 
illegal water use. Each consumer should have a file. In 
this file full information about the consumer (e.g. 
monthly consumption rate, number of family members, 
annual income, unserved area, and type of water use) and 
the documentation of the public network on the ground. 
Under charts and maps mounted with locations and type 
and size of pipes, fittings and knowing conduct of the 
pipeline and that part buried in the ground to avoid long 
time search through the site for waterproofing, in order to 
speed in finding water losses in the cases of faults for 
maintenance and repair and that will reduce water losses. 

2) Technical Measures 
New technologies should be adopted in finding cov-

ered (under surface of ground) seepages or leakages. 
The life span of the water supply network should be 

considered. 
Human capacity building program is to be adopted for 

workers in the maintenance of public networks on scien-
tific grounds, through the provision of qualified technical 
personnel. 

Providing suitable methods and materials for main-
tenance. 

Maintenance groups should work round the clock to 
repair leaks and monitor the distribution network. 

Periodic maintenance of the water counters at home 
should be carried out and protecting these counters from 

adverse weather (e.g. major waves of snow). 
Adopting the idea of pumping water to water central 

tanks, and then to the public network, rather than direct 
pumping to the network which requires high pressure. 
High pressure reduces the accuracy of the counters, and 
potential damage to the network. In addition, it will avoid 
the destruction of counters and leakage of weak sites in 
the public network. 

Discontinuous pumping of water to the public network 
should be avoided because it helps to form a rusty layer 
in the metallic parts of the water counters and the pipes 
of the network.  

Water counters should be installed in accessible loca-
tions so that water authority personnel can monitor them 
and pin point any illegal acts to bypass these counters. 

3) Economic Measures 
The water authority should adopt water demand man-

agement, which includes direct and indirect actions to 
monitor water use that affects the behavior of the con-
sumer. This includes financial incentives, and public 
awareness. Such programs are considered as of low-cost 
projects but they are effective in reducing water losses.  
Public awareness programs should be adopted and should 
address all the public sectors. 

Internal and external monitoring teams should be es-
tablished to monitor performance. Water quality and 
economic distribution methods should be adopted. These 
teams should monitor all systems of accounting, financial 
conditions, legal and the economic situation of the au-
thority and check monthly and annual reports. They 
should set highly effective economic and financial indi-
cators to measure the performance level of the water au-
thority. 

Water prices should be set on the basis of the overall 
cost. It is assumed that the revenues from the water 
should cover the cost of production. Restructuring of 
water rates on the basis of total cost of production will 
reduce the losses, in addition to the reduction of unjusti-
fied water consumption. 

Privatization of some of the duties of the water author-
ity will raise the performance in the water sector. As an 
example the monitoring and maintenance operations 
could be given to the private sector. 

6. Conclusion 
Thirteen years of complete records of the Jordanian Min-
istry of Water and Irrigation were investigated. Further-
more, water losses in Neamie city were also analyzed as 
a case study. The data analyzed from these records 
showed that Jordan is severely suffering from a water 
shortage problem. This problem is expected to intensify 
in future due to the effect of global climatic change. It 
was also noticed that water losses through the distribu-
tion network reach about 50%. To overcome this prob-
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lem, a water demand strategy should be adopted. Water 
allocation to the agricultural sector should be decreased 
due to the fact that most of the water is consumed by this 
sector. In addition, minimizing the water losses will save 
huge quantities of water and revenue. Technical, admin-
istrative and economic measures to be taken by the Min-
istry of Water and Irrigation were also identified in this 
research project. 
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