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Abstract: This paper presents the calculation and management of water supply and demand under
land use/cover changes in the Yarmouk River Basin in Jordan for the years 1997, 2007 and 2017. It
aims to analyze and link the changes in the land classes with the water resources supply demand
as the groundwater is unable to meet the inhabitants demand, necessitating land management
practices. The method includes deriving land use/cover maps using the supervised classification,
identifying basin governorates, cities and villages, calculating the basin governorates” inhabitants,
water demand, supply of internal wells, water loss, and actual water consumption. The results
showed an increase in the urban area by 3.01%, while forests, rain-fed vegetables and crops declined
by 1.57% and 1.09%, respectively. Urbanization appears mainly at the expense of rangelands, an
important change affecting water supply from internal wells due to increased pumping to balance
population demand. Although it is decreasing per capita, the water demand is high. Changing land
use practices, securing inter-basin water resources, and calculating water losses is a challenge of
great importance that can manage water shortages and increase actual consumption. This research
is important in order to understand the supply demand situation and to aid a wide range of users,

water-managers, land-planners and decision-makers.

Keywords: Yarmouk River Basin; water supply and demand management; land use/cover changes;
land management practices; water-managers

1. Introduction

Worldwide, the spatial extent of human changes to the Earth’s land surface are un-
precedented, and studies have indicated that nearly three quarters of the land has been
changed by world’s population during the past millennium [1,2]. Changes in land cover
“biophysical attributes of the earth’s surface” and changes in land use “human purpose
or intention applied to these attributes” are spread globally [3,4]. The drivers of land
use/cover changes are multiple and can be linked directly to human activities and natural
processes, although they are related to some extent to anthropogenic activities, and the
identification of land use change is critical in addressing global challenges, especially water
shortages [5,6].

The relationship between water resources management and land use/cover is highly
relevant, inextricably entwined, and the need to protect the quantity and quality of water
resources can influence potential land uses and land management practices [7,8]. Although
this relationship is complex with respect to surface basins and groundwater recharge due
to diversity with topography, as well as hydrogeological characteristics [9], water-makers,
from governments to nonprofits to corporations, often manage water resources and land
use for multiple uses [10,11]. They are challenged to secure additional water for increasing
human activity [10]. For example, in the south and east of the United Kingdom, land uses
that increase evapotranspiration or rapid runoff should be discouraged, and efforts should
be pursued to maintain good water quality in rivers and groundwater in order to maintain
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usable water resources [12]. On the other hand, in many developing countries, many people
still do not have access to sufficient clean water due to extensive areas being subject to land
use change and freshwater resources being limited, so its quality is getting worse, all while
having to put up with the competing needs and demands of the inhabitants [13].

Changes in land use/cover have also occurred globally with the conversion of forests
to cropland, the continuous conversion of agricultural land to urban areas, as well as
biodiversity loss and soil degradation [14,15]. The rapid expansion of agriculture is asso-
ciated with a significant increase in the amount of water used for irrigation, which can
be linked to a decrease in the amount of water available to ecosystems in almost all arid
regions [16]. At the same time, domestic water demand has increased rapidly as a result
of increased economic development and urbanization. Thus, water resource utilization
has approached or exceeded the threshold of natural water resources in some arid inland
basins [17]. Results showed that basin hydrology is highly linked to growth in urbanization,
as this growth leads to an increase in the area of impermeable land, while grass and forests
areas control the reduction in surface-runoff [18,19]. Land use/cover change has direct
impacts on water yield, which is the total amount of water that runs off within a region [20].
Land use/cover change is therefore a major consideration for sustainable development and
for water resources management. This has emerged as a key issue in global environmental
change, particularly in water-stressed regions. [21]. Hence, information on the status and
trend of land change is important for a better understanding of basic driving processes, as
well as for planning and decision-making [21]. Data derived from analysis land use/cover
thematic images with full-scene and high-resolution enable us to understand changes in
land features over the years, such as changes in urban, crops, water and other land features.
Analysis thematic images depend on research objective as water resources management
under land use/cover changes [22]. Studies and projects related to the land use evaluation
and the sustainability of water resources protection have helped in the rehabilitation of the
river basins [23].

In Jordan, renewable water resources are limited and insufficient to meet the domestic
needs of water of the Kingdom’s population [10], as groundwater is a major source for
domestic uses [24]. The per capita water per year has decreased from 500 m? to 140 m® and
to less than 100 m? in the years 1975, 2010 and 2016, respectively [25], and it is expected to
decrease by about 90 m3, which could put Jordan in a situation of water scarcity [26], not to
mention the rapid increase in population which mainly caused changes in land use that
have a significant impact on the land’s surface and hydrological processes, represented
by groundwater recharge, infiltration and flow of rivers [20]. In addition to water scarcity,
changes in land use/cover and urbanization [27], halting water loss in the water supply
system is a priority as it will raise the efficiency of water delivery to inhabitants [25]. In
2004, the water loss was relatively high at 46%, and when calculating water losses, the
per capita water decreased to 75 L per capita per day (lpcd) [28]; therefore, the Ministry
of Water and Irrigation’s action plan aims to reduce water losses in the domestic water
system [25]. All these associated factors negatively limit the sustainable availability of
water resources to the Jordanian water basins.

There are 15 surface water basins in Jordan, including the internationally shared basins.
The Yarmouk River Basin is considered one of the most important surface water basins
in Jordan, as it is shared between Jordan and Syria, and is located within the four main
governorates: Mafraq, Irbid, Jerash and Ajloun. The Yarmouk River and the Jordan River
are the only two watercourses in the Kingdom that flow permanently [25,29]. Figure 1
shows the location of the Yarmouk River Basin among the surface water basins and within
the main four governorates of Jordan.
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Figure 1. Location of the Yarmouk River Basin among the surface water basins of Jordan and within
the main four governorates of Jordan.

Recently, there have been serious changes in the use of basin water resources, and
more attention has been placed on land use/cover changes especially in urban areas
because these areas are strongly influenced by human activities and water resources use.
Agricultural areas and urbanization were the main land uses that underwent expansion [27].
In addition to these driving factors, rapid population growth and high rates of resources
use also affected water supply [30]. Moreover, the Yarmouk River Basin is subject to
transboundary water governance, as the reality of bilateral agreements, political and
environmental discourses have also affected the availability and uses of the water resources
of the Yarmouk River Basin [31,32]. The Yarmouk Basin needs a broad vision on the
use of water resources to preserve the common interests of the inter-sectoral towards
the fair use of transboundary waters [33]. Consequently, the problems attributed to the
Yarmouk River Basin can be summarized as [10,27,34]: (a) Uncontrolled urban growth and
erroneous use of land have reduced aquifer recharge, (b) urbanization has affected the
flood pattern, (c) population growth has led to more uses of internal wells in the basin than
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water availability, (d) excessive pumping of groundwater has affected the quantities of
groundwater, (e) declined base-flow and reduced groundwater recharge due to upstream
withdrawal, and (f) water supply losses are a major problem in the basin.

The mentioned problems have increased the imbalances between domestic water
demand and supply, and management of water resources under land use/cover changes
must be adopted by planners, decision-makers, scientists and relevant actors to reduce the
gap between domestic supply and demand, as well as to mitigate the negative impacts
of the land use/cover changes. For these reasons, the Yarmouk River Basin was selected
as a case study for the [WE/2/08/2017] project, funded by the Scientific Research and
Innovation Support Fund-Ministry of Higher Education and Scientific Research, Jordan.

This study investigates the calculation and management of water supply and demand
under land use/cover changes in the Yarmouk River Basin in Jordan over twenty years
1997, 2007 and 2017. It aims to analyze, compare and link the changes in ten classes of land
use/cover with water resources supply and inhabitants demand, as the groundwater wells
are unable to meet the water demand, necessitating land management for water supply
and demand. The specific objectives were: (1) To analyze and compare changes in land
use/cover of the Yarmouk River Basin for the years 1997, 2007 and 2017, (2) to calculate the
number of Yarmouk River Basin inhabitants and their domestic water demand versus the
internal supply of the basin wells, the total water supply, and the actual water consumption,
and (3) to highlight water supply and demand management in the Yarmouk River Basin
that may assist water-managers, land-planners and decision-makers in managing water
supply and demand under land use/cover changes.

2. Materials and Methods
2.1. Study Site

The area of the Yarmouk River Basin in Jordan is about 1393 km? and it is located
in the northwestern part of Jordan. The basin elevation is approximately —200 m in the
Jordan Valley and 1150 m at the upper basin boundary; Ras Munif. In Jordan, the Yarmouk
River originates, then composes the border between Hashemite Kingdom of Jordan and
the Syrian Arab Republic. It is the main water source for the King Abdullah Canal, which
is the development backbone of the Jordan Valley [35,36]. The basin is densely populated
in the western part, and includes the main cities of Irbid, Al Mafraq and Ar Ramtha. The
basin contains many communities in the four governorates, such as Sakhra, Soof, Qafqafa,
Sama el Serhan, Hosha, Um Eloolo, Fa’a, Al No’ayymeh, Al Hoson, Boshra, Aidoon and
Um Qais. The most important water resources for domestic use purposes in the Yarmouk
River Basin communities consist primarily of groundwater.

The rock formations of the Yarmouk Basin are classified as the Ajloun Group, Balqa
Group and the Jordan Valley Group from the Upper Cretaceous to Tertiary ages. Wadi
Es-Sir Limestone formation is the oldest and is from the Turonian age; it belongs to the
Ajloun Group and consists of limestone and dolomitic limestone. The principal sources of
groundwater are classified into Shallow and Upper Cretaceous aquifers, levels of ground-
water range from 0 to 250 m, aquifers are confined, and the groundwater flow directions
are north and northwest [37].

The flow of the Yarmouk Basin ranges between 11 m3/s to 0 [38], depending on
individual rainfall events, as well as changes in the flow regime due to over-extraction by
highland farmers and the construction of several dams in the upper part of the Yarmouk
River on the Syrian side, which also led to lower flow rates of the river. The downstream
flow of the Yarmouk River on the Jordanian side is impounded by the only major dam,
which is the Wehdah Dam, where the dam’s water is used to irrigate various crops in the
Jordan Valley [39], and there are three desert dams located within the basin, namely Al
Bouwayda Dam, Sama as Serhan Dam and Al Ghadir Al Abyad Dam. Wadi al Shalalah,
Wadi ar Ruqqad, Wadi al Allan, Wadi al Showmar, Wadi al Ghadir Al Abyad and Wadi
Shaqq al Barid are the main wadis in the Yarmouk Basin. Al Adasiya runoff gauge is
an essential point in the Yarmouk Basin because it measures and monitors the total flow



Land 2023, 12, 1518 50f13

and surface runoff for the Yarmouk River [39]. Within the Yarmouk Basin, there are five
municipal wastewater treatment plants (TPs), namely Al Akaidar TP, Wadi al Shalalah TP,
Mafraq TP, Wadi Hassan TP and Ramtha TP [10]. The effluents from these TPs are mainly
used for on-site irrigation. Figure 2 shows the Yarmouk River Basin tributaries and the
Yarmouk River, treatment plants, dams and major cities and towns.
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Figure 2. The Yarmouk River Basin tributaries and the Yarmouk River, treatment plants, dams, and
major cities and towns.

2.2. Analysis of Land Use/Cover Changes of the Yarmouk River Basin

At the Royal Jordanian Geographic Centre (RJGC); The dataset included full scenes
for the years 1997, 2007 and 2017 of medium spatial resolution images from three different
(3) Satellites that were used in land use/cover maps of the Yarmouk River Basin in Jordan.
Table 1 shows the images specification. This table was provided by RJGC [40].

Several image processing techniques were performed specifically for this study in
order to set imageries for supervised classification [40], such as rectification and adjustment
imageries at the boundary of the Yarmouk Basin in Jordan. The land use/cover maps were
classified into ten (10) classes. These classes have been identified to demonstrate the aim of
the research. The land use/cover classes are bare soil, urban area, extraction sites, forest,
rangelands, irrigated orchards, irrigated vegetables and crops, rain-fed orchards, rain-fed
vegetables and crops and water bodies.
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Table 1. The images specification [40].

Date Grid Cell Size

Image Specifications Acquired Reflective Band

8 July 1997 30 m Band-1 0.45-0.52 um (8 bit GeoTIFF)
Landsat Thematic Mapper Band-2 0.52-0.60 pm (8 bit GeoTIFF)
(TM) Band-3 0.63-0.69 um (8 bit GeoTIFF)
Band-4 0.76-0.90 um (8 bit GeoTIFF)
Band-1 0.42-0.50 pm (8 bit GeoTIFF)
) Band-2 0.52-0.60 um (8 bit GeoTIFF)
ALOS AVNIR-2 ORI 12 October 2007 10 m Band-3 0.61-0.69 im (8 bit GeoTIFF)
Band-4 0.76-0.89 pm (8 bit GeoTIFF)

10 July 2017 10 m Band-1 (Blue) 0.49 um

Sentinel-2 Band-2 (Green) 0.56 um

(European earth polar-orbiting satellite)

Band-3 (Red) 0.665 um
Band-4 (NIR) 0.842 um

2.3. Calculating the Yarmouk River Basin Inhabitants and Their Water Demand versus Internal
Supply, Total Water Supply and Actual Water Consumption

The method includes the following;:

Identifying the basin governorates, cities and villages and groundwater wells. For
this study, in the laboratories of the Water, Energy and Environment Centre at the
University of Jordan, using ArcMap 10.8.1., the four governorates (Mafraq, Irbid,
Jerash and Ajloun) within the Yarmouk River Basin were clipped to the boundaries
of the study area, and then the boundaries of villages and cities within the boundary
of the basin were demarcated based on the information provided by the Department
of Lands and Survey in Jordan [41]. The quantities and the locations of domestic
supply wells for each governorate were identified based on the information provided
by the Ministry of Water Irrigation [42—44]. The water quantities were calculated for
each governorate within the entire basin and the entire basin for the years 1997, 2007
and 2017.
The inhabitants of each community (villages and cities) in each governorate within
the entire basin were calculated using information provided by the Department
of Statistics for the years 1997, 2007 and 2017 [45-47]. The total inhabitants of the
Yarmouk Basin were also calculated for the target years.
Domestic water demand (DWD) in the entire Yarmouk River Basin was calculated
as the volume of water required by the inhabitants to meet their need, Equation (1).
Water demand was calculated for the years 1997, 2007 and 2017. This is based on
the per capita share of water (PCW) in each of the basin governorates, which the
government identified according to the geographical locations of the four major
governorates, Mafraq, Irbid, Jerash and Ajloun. Each governorate has its own figure
for per capita share of water, varying from year to year, provided from the open files
of Department of Statistics [45-47]. Equation (1):

DWD Yarmouk Basin
= PCW Mafraq * Mafraq Inhabitants + PCW Irbid )
* Irbid Inhabitants + PCW Jerash x Jerash Inhabitants
+ PCW Ajloun = Ajloun Inhabitants

The deficit in water supply from internal wells was calculated by comparing the water
demand against internal supply of each governorate and the entire Yarmouk River
Basin. Shortages in the water supply and water losses in the water supply system are
a high liability for water-managers [25]. For this research, the information about the
volumes of additional water supplies transported from outside the Yarmouk Basin,
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called inter-basin domestic water supplies, is from the open files of the Yarmouk Water
Company (YWC), where an inter-basin depends on external wells located outside
the basin.

e.  The actual water consumption volume for each governorate was calculated according
to the actual volume of water reaching the inhabitants of the basin. This is carried out
by subtracting the volume of water losses from the total volume of the water supply
for the targeted years; each governorate has a figure of water losses that was used for
this study [25,34].

f.  The results of calculating water volumes for 1997, 2007 and 2017 were compared
versus changes in land use over twenty years to highlight the role of supply and
demand management.

3. Results and Discussion
3.1. Land Use/Cover Changes for the Years 1997, 2007 and 2017

Table 2 shows the land use/cover distribution in % of the Yarmouk River Basin for the
years 1997, 2007 and 2017. Figure 3 shows the land use/cover maps of the Yarmouk River
Basin during 1997-2017: (A) 1997; (B) 2007; (C) 2017]. The land use/cover map of the year
1997 illustrates that the classes are distributed in % as: 23.17% bare soil, 8.39% urban area,
0.29% extraction sites, 6.45% forest, 23.89% rangelands, irrigated orchards 2.42%, irrigated
vegetables and crops 1.14%, 7.17% rainfed orchards, 27.04 rainfed vegetables and crops
and 0.03% of water bodies. The 2007 land use/cover map illustrates that the classes are
distributed in % as: 20.82% bare soil, 10.48% urban area, 0.29% extraction sites, 4.85% forest,
23.24% rangelands, 2.53% irrigated orchards, 1.23% irrigated vegetables and crops, 10.33%
rain-fed orchards, 26.11% rain-fed vegetables and crops and 0.12% of water, whereas the
land use/cover map for the year 2017 illustrates that the classes are distributed as: 20.64%
bare soil, 11.4% urban area, 0.29% extraction sites, 4.88% forest, 20.93% rangelands, 2.65%
irrigated orchards, 1.58% irrigated vegetables and crops, 11.54% rain-fed orchards, 25.95%
rain-fed vegetables and crops and 0.14% of water (Table 2). Remarkably, urban areas and
the rain-fed orchards are expanding, and rangelands are declining.

Table 2. Land use/cover distribution in % of the Yarmouk River Basin for the years 1997, 2007
and 2017.

c e . o 1997 2007 2017 % Change
Land Use Distribution (%) % % % 1997-2017
Bare Soil 23.17 20.82 20.64 —2.53
Urban Area 8.39 10.48 114 3.01
Extraction Sites 0.29 0.29 0.29 0
Forest 6.45 4.85 4.88 —-1.57
Rangelands 23.89 23.24 20.93 —2.96
Irrigated Orchards 2.42 2.53 2.65 0.23
Irrigated Vegetables and Crops 1.14 1.23 1.58 0.44
Rain-fed Orchards 7.17 10.33 11.54 4.37
Rain-fed Vegetables and Crops 27.04 26.11 25.95 —1.09
Water bodies 0.03 0.12 0.14 0.11
Total 100 100 100

Comparing 1997 to 2017, urban areas have increased by 3.01%, forests have decreased
by 1.57%, rain-fed orchards have increased by 4.37%, and irrigated crops and vegetables
have also increased by 0.44%. On the other hand, there has been a reduction in rain-fed
vegetables and crops of 1.09%, and a reduction in open rangelands and bare soils of 2.96%
and 2.53%, respectively. This is to be expected under climate change and environment con-
ditions, which caused variability in rainfall during and across seasons. These findings have
been emphasized previously in the Yarmouk Basin as in [24,48] and in similar cases [49].
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Figure 3. Land use/cover maps of the Yarmouk River Basin during 1997-2017: (A) 1997; (B) 2007;
(C) 2017.

Urbanization mainly happened on expenses of rangelands and rain-fed vegetables
and crops areas, as well as the expansion of irrigated areas, also on expenses of rangelands.
These trends of land use/cover changes, particularly the urban areas with a high percentage
of change at 3.01%, have added further pressure on water supply and led to the over-
pumping of groundwater to balance inhabitants demand in the Yarmouk Basin [7,10].
Findings of [50,51] showed that need for water has risen with urbanization and land uses.
Focusing on dimensions around the world, changes in land use, particularly urbanization
are currently on the schedule of policy-makers to provide tools and policies to deal with
urbanization and land changes [52]. In Jordan, the Ministry of Water and Irrigation, water-
managers and decision-makers disclose illegal land use practices and audit groundwater
abstraction data.

3.2. Water Supply and Demand in the Yarmouk River Basin Governorates for the Years 1997, 2007
and 2017

Results in land use/cover show that urbanization is vital and dynamic, with a high
percentage of changes between classes over twenty years. This would certainly affect the
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supply and demand of water. The trend of urbanization has increased the pumping of
domestic wells to balance the inhabitants” demands. This is also clearly observed from the
calculation, as shown in Table 3. Table 3 shows the inhabitants, per capita water, water
demand, supply from internal domestic wells, inter-basins domestic supply, total water
supply, water losses, and actual consumption in the Yarmouk River Basin governorates
and the entire basin for the years 1997, 2007 and 2017.

Table 3. Inhabitants, per capita water, water demand, supply from internal domestic wells, inter-
basins domestic supply, total water supply, water losses and actual consumption in the Yarmouk
River Basin governorates and the entire basin for the years 1997, 2007 and 2017.

. Water Supply from  Supply from  Total Water Water Actual
Governorate- . Per Capita . .
Year Inhabitants Water Lped Demand Internal Inter-Basin Supply Losses Consumption
MCM Wells MCM MCM MCM % MCM
Mafraq-1997 73,834 256.7 6.92 44 2.6 7 789 1.48
Mafrag-2007 109,635 141.5 5.66 3.95 1.75 5.69 67 1.88
Mafraq-2017 180,458 129.9 8.56 42 4.4 8.6 62 3.27
Irbid-1997 515,590 97.6 18.37 6.12 12.25 18.37 49.5 9.28
Irbid-2007 767,865 86.7 24.3 5.3 19 24.3 45 13.34
Irbid-2017 1,262,549 73.8 34 8.4 25.6 34 43 19.38
Jerash-1997 25,174 82.8 0.76 0 0.8 0.8 47.4 0.42
Jerash-2007 21,595 75.8 0.60 0 0.6 0.6 38 0.37
Jerash-2017 35,576 86.6 1.12 0.04 1.1 1.14 36 0.73
Ajloun-1997 25,394 96.5 0.89 0 0.9 0.9 60 0.36
Ajloun-2007 29,025 92.3 1 0 1 1 40 0.6
Ajloun-2017 47,792 76.7 1.33 0 1.33 1.33 38 0.83
Entire Basin-1997 639,992 115.3 26.94 10.52 16.55 27.09 57.4 11.53
Entire Basin-2007 928,120 93.2 31.56 9.24 224 31.64 48.6 16.26
Entire Basin-2017 1,526,375 81 45.01 12.64 3243 45.07 46.3 24.20

From the calculations for this study (Table 3), the demand for domestic water for the
years 1997, 2007 and 2017 showed remarkable changes as evidenced by the significant
increase in population in the governorates, as well as in the entire basin. Although the
Jordanian decision-makers have taken measures to reduce the per capita share of water
among the governorates [42—44], the demand is still increasing and exceeding the supply
from internal basin wells. The inhabitants of the basin are concentrated in Irbid, followed
by Mafraq, although the increases in growth rate percentages over twenty years were
concentrated in Mafraq, followed by Irbid [10], due to the influx of Syrian Refugees to
Mafraq located near the Syrian border [53], but the highest demand for domestic water
among the four governorates in the Yarmouk River Basin is the Irbid governorate, where
domestic water demand reached 18.37 MCM, 24.3 MCM and 34 MCM for the years 1997,
2007 and 2017, respectively. These quantities of water demand exceed the water supply
from the wells within basin, although the per capita water was about 97.6 lpcd, 86.7 Ipcd
and 73.8 Ipcd for the years 1997, 2007 and 2017, respectively. Reducing the per capita
share of water will not compensate for the increase in water demand. The same trend was
observed in Mafraq, Jerash and Ajloun governorates.

Focusing on the entire Yarmouk River Basin, the total inhabitants of the basin were
639,992, 928,120 and 1,526,375 for the years 1997, 2007 and 2017, respectively. The domestic
demand for water changed from 26.49 MCM in 1997 to 31.56 MCM in 2007 and reached
45.01 MCM in 2017 although the per capita water was about 115.3 Ipcd, 93.2 Ipcd and 81
Ipcd for the years 1997, 2007 and 2017, respectively. The available water from domestic
wells within the basin has also been changed from 10.52 MCM in 1997 to 12.64 MCM in
2017. This means that pumping more water from internal wells and reducing the per capita
share of water, demand will exceed supply necessitating the management of water supply
and demand [54,55].
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3.3. Management of Water Supply and Demand in the Yarmouk River Basin

Jordanian decision-makers face the challenge of securing additional domestic water
sources besides calculating water losses [25,38,56]. This kind of management requires
several pumping stations and reservoirs in order to bridge the gap between supply and
demand within the Yarmouk Basin [57]. For this study, Figure 4 summarizes and shows the
internal and inter-basin domestic water supply for the Yarmouk River Basin. It also shows
the pumping stations, well fields, reservoirs, domestic wells, water supply network and
the boundaries of the governorates and villages of the Yarmouk River Basin. It can be seen
from Figure 4, that the external well fields provide several pumping stations and reservoirs
to supply and compensate for the water deficit in the Yarmouk Basin [57], especially, the
major governorates, Mafraq and Irbid. The main inter-basin for Irbid Governorate is the
well fields of Wadi Al-Arab which supply the Zabdah Reservoir with about 2100 m?/h.
In addition, the Kufr Asad wells supply Kufr Asad Reservoir with about 214 m3/h, and
Za'atari supplies Hufa with about 700 m®/h. The main inter-basin for Mafraq Governorate
is from the Za’atari which supplies Um Elloollo 150 m3/h and Smayya 500 m3/h for a total
of 650 m?/h. The governorates of Jerash and Ajloun within the Yarmouk River Basin lack
internal domestic wells, and, therefore, the domestic water supply comes from the inter-
basins of Zabdah and Um Elloollo reservoirs, where Zabdah Reservoir provides Hufa and
Samad Stations, while the Um Elloolo Reservoir provides Hufa to meet the population’s
needs. The supply quantities from the inter-basins in MCM of each governorate and the
entire Yarmouk Basin are shown in Table 3. The total water supply MCM comes from the
supply from internal wells MCM and the supply from inter-basin MCM, so the total water
supply will meet the demand of each governorate.
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Figure 4. Internal and inter-basin domestic water supply for the Yarmouk River Basin.

Calculating water losses is a priority of the Ministry of Water and Irrigation and the
Yarmouk Water Company [38,57-59]. Losses in the water distribution system have led
to a shortage in the water supply and, thus, in the actual consumption of water of the
inhabitants. It is indicated that the water loss is about 50% [38,54]. Table 3 shows the
percentages of water loss and the actual consumption of water. Mafraq Governorate is
considered to have the highest water loss among the four governorates in the Yarmouk
River Basin, as the water losses were 78.9% in 1997, 67% in 2007 and reached 62% in
2017. These water loss percentages resulted in an actual consumption of about 1.48 MCM,
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1.88 MCM and 3.27 MCM for the years 1997, 2007 and 2017, respectively. Irbid Governorate
followed Mafraq in losses, as the water losses reached 49.5% in 1997, 45% in 2007 and
reached 43% in 2017. These water loss percentages resulted in an actual consumption of
about 9.28 MCM, 13.34 MCM and 19.38 MCM for the years 1997, 2007 and 2017, respectively.
The water loss in the entire Yarmouk River Basin reached 57.4% in 1997, 48.6% in 2007
and 46.3% in 2017. These water loss percentages resulted in an actual consumption of
water of about 11.53 MCM, 16.23 MCM and 24.20 MCM for the years 1997, 2007 and 2017,
respectively. It is clear from these calculations that water losses has decreased, and the
actual consumption has increased over the last twenty years.

4. Conclusions

The Yarmouk River Basin is one of the most important basins in Jordan. There are
serious changes in the uses of water resources of the Yarmouk Basin water resources, and
great concern has been given to changes in land use/cover, as the basin land is affected
by sudden population growth, human activities, limited water resources, water losses
and illegal land use practices. Linking the changes in land classes with water supply and
demand in terms of using satellite imageries over twenty years, analyzing land use maps,
calculating inhabitants within the basin and their water demand, internal water supply,
total water supply, water loss and actual water consumption is the basis for understanding
the interactions of basin land with water resources and highlighting supply demand
management actions.

The findings of the calculations of this study showed that urbanization negatively
affects rangelands, forests and water supplies from internal wells. The domestic demand
for water is increasing, and the per capita share of water is decreasing, and the supply
from internal wells is unable to meet the basin’s water needs. Managing water supply and
demand under land use/cover changes in the basin will address the challenge of providing
sufficient quantities of water supply to meet the water demand. Land management in
terms of changing land use practices, such as inter-basin water supply and water losses
calculation and reduction, will increase actual water consumption. The findings can assist
decision-makers, water-managers and land-planners who face enormous challenges in
finding more alternatives in land management practices for the future of water.
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