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1.1 Introduction  

The Kingdom of Jordan is facing a water catastrophe. There is an historical trend indicating 

that the Kingdom faces a decline in water supply and quality. The level of non-renewable 

underground water is decreasing, with an associated increase in dissolved salts in the remaining 

water stock. However, the demand for underground water supplies is not diminishing, and the 

increase in drought occurrence over the latter part of the twentieth century has continued to the 

present, which has left rain-fed aquifers significantly depleted (Alqadi and Kumar 2011).  

The shortage of water has also been exacerbated by influxes of refugees throughout the history 

of the Kingdom. Such groups have congregated primarily in the capital, Amman, leading to 

significant water shortages in the city, such that supply is now limited to a few days a week, if 

at all. The shift from nomadic farming systems in arid and semi-arid regions, including the 

small-scale cropping of cereals, has given way to intensive farming of highly water-dependent 

fruits and vegetables. This shift in agricultural practice has been accompanied by a significant 

increase in the use of fertilisers. The water used in irrigation has become increasingly saline, as 

fresh water resources are contaminated through over-exploitation and a lack of replenishment, 

since drought has significantly reduced the rainfall (Alqadi et al., 2013).  

The Kingdom as a whole has undergone a substantial drying event, and as a result the saline 

concentration in all water supplies has risen in the last two decades. Even when rain does fall, 

the run-off is negligible, resulting in a negligible flow of the Jordan River. The lack of flow in 

this river system has led to zero input into the Dead Sea, resulting in a constant water level 

lowering, with the press prediction that it will dry completely by 2050 (BBC online, 2001). 

Government sponsored irrigation systems are becoming more unusable over time, as salt 

seepage and concentration increases in dams and channels, making the remaining water 
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unusable. The addition of fertilisers and other industrial wastewater outputs have resulted in 

further contamination of all riparian systems into which the discharge flows. Government 

regulations and initiatives have done little to remedy the water crisis within the Kingdom. This 

thesis will investigate the water crisis and, unlike other research, it will take a holistic approach 

to the water crisis and contamination areas, presenting a set of recommendations to alleviate 

the water issues in the Kingdom (Alnakshabandi et al., 1997; Alqadi et al., 2013). 

Jordan is a small country, and a lack of major economic resources have made it dependent on 

aid from Western and friendly Arab sources. US support, in particular, has helped Jordan 

address serious vulnerabilities, both internal and external. Jordan’s geographic position, 

wedged between Israel, Syria, Iraq and Saudi Arabia, has not only made it vulnerable to the 

strategic designs of its more powerful neighbours, but has also given Jordan an important role 

as a buffer between these potential adversaries (Sharp, 2009). However, the present Arab spring 

has led to an increase in pressure from neighbouring countries on Jordan, in terms of the high 

numbers of people entering the country and the high amounts of agricultural production export 

to neighbouring countries. The unsustainable situation in neighbours such as Syria will cause 

the water resources of the country to worsen with declining water quality. 

Jordan is a very dry and water-scarce country with a population exceeding 7.5 million. The 

annual water budget has been in deficit from the last decade and this has led to over-

exploitation of underground reserves, leading to a decline in the water table and its quality. 

Underground water is available to 80% of the country and there is a large illegal aspect to 

water consumption with 54% of domestic supplies being unaccounted for. It is estimated that 

the current draw-down of the groundwater supply is 161% above the safe level, particularity in 

the north of the country (Raddad, 2005). It is expected that the total underground water 
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reserves will be exhausted within the next century, which has wider political implications. 

The depth of underground water is highly variable across the country, ranging from 2 metres to 

1,000 metres. The level of natural salinity is also a significant factor in regulating water quality 

and varies between aquifers ranging from 170ppm to 3,000ppm. Desalination of underground 

water in central Jordan has also been identified as a key to improving water supplies within 

Jordan, but this again places more pressure on the underground water supply. Overuse of 

underground water has reduced the overall water quality in many regions of Jordan, and 

particularly in the north of the country. The need for a shift from the use of underground water 

has led to a rise in reclamation rates of wastewater. The use of treated water (reclaimed) started 

in the northern region of Amman to cater for the needs of the city, which at present has a 

significant deficit that has led to rationing, with some households only receiving sufficient 

water to last just one day a week (Alqadi, 2011; Alqadi al et., 2013).  

The Corridor Well Field (CWF), located in the north-eastern part of Jordan, about 25 km east 

of Zarqa, is an important source of water supply to Amman and Zarqa. A total of 18 wells (14 

operating, 3 newly drilled and 1 monitoring) have been drilled into the basalt A7/B2 aquifer. 

The proposed underground water protection area has been subdivided into three zones, which 

require different degrees of land use restrictions. The use of remote sensing and mapping will 

enable the effective planning of land use in relation to supply in this region, aiding in the 

effective use of national water resources. It has been reported that the water supply by CWF 

possesses several risks to the end users or public. Some of the factors contributing to this threat 

are defects in the construction, the contamination from the unhealthy agricultural farming 

activities and industrialization. Thus, the Jordanian Ministry of Environment considers this a 

serious problem and has emphasized that the main causes of these risks and the corrective 
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measures be identified. 

Climate variation is having a significant impact on water availability and quality in Jordan. 

Recent decades have seen recurrent drought interspersed with marginal seasonal rainfall that 

has not replenished aquifers, nor flushed water courses. Another major contributor to the 

decline in water quality is higher temperature leading to greater water loss via evaporation and 

transpiration. The ongoing water shortages have also been exacerbated by increased demand 

from changes in agricultural practices moving to intensive irrigated systems, and rising urban 

pressures. The increase in demand for water, coupled with the decline in replenishment, has 

caused permanent damage to underground supplies, consequently increasing salinity and 

contamination from wastewater. Even if seasonal rainfall returns to the long-term average, 

much of the damage currently occurring will not be reversed, indicating that the problems of 

water supply and contamination in underground water will need to be addressed through new 

and innovative approaches.  

During the winter rainfall season, rainwater mixes with wastewater and untreated waste, 

generally associated with industry. This can have significant regional implications for water 

quality given the distribution of flows across the country. Between the outlet of the As-Samra 

treatment plant and the farm lands in the Jordan Valley, the water runs through the Wadi 

Dhuleil and Wadi Zarqa, where it is collected in the King Talal Reservoir (KTR). In the KTR, 

the treated wastewater mixes primarily with rainwater/surface run-off water. MOWI et al. 

(2010) reported that downstream from the KTR is where water is divided into three channels so 

it can be transported to different irrigation areas in the Jordan Valley. Furthermore, the King 

Abdullah Channel (KAC) brings some water from the north, which is mixed with water from 

the KTC at the end of the Wadi Zarqa; this water is used for the farmland area in the south 
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(KAC-south). It is critical that effective water management involves an understanding of the 

potential risks of pollution to the production systems and population within the country and 

this involves understanding the wastewater management system. 

There are 13 primary water basins in Jordan, with the Yarmouk basin contributing 45% of all 

surface flow in Jordan. The supply from overland flows is rising with the development of 

major dams such as the Yarmouk River, Mujib, Wala and Tannur Wadi, with plans for 11 more 

to assist in the capture of seasonal flood flows. 

The treated wastewater from municipal and industrial wastewater contains impurities from 

human and household activities, from public institutions like hospitals and power stations, and 

in particular from a large variety of industrial production processes. These impurities include 

not only salt (e.g. from water desalination facilities), but also heavy metals, light organics, 

strong organics and toxic trace elements. The most dangerous sources are industrial wastewater 

and endocrine substances and hormones from medical treatments. Since a major part of 

Jordanian industry is located around Amman and in particular in the Zarqa region (north of 

Amman), the industrial effluents and waste can mix with potential toxic substances from 

wastewater and thereafter may mix with the irrigation water in the Jordan Valley.  

With respect to the problematic situation of industrial effluents and their impact on 

underground water and irrigation water quality, special attention needs to be given to industrial 

wastewater in the Zarqa region as it is the largest industrial region. A comprehensive and final 

risk assessment of impurities in reused wastewater for irrigation and their transport to crops 

and the life-cycle of nutrition are not yet understood in Jordan. Nevertheless, Jordanian 

authorities have already defined standards and limited the parameters for the reuse of 

wastewater. At present, 52 million m
3
/year is restricted to irrigation from reclaimed water near 
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to the industrial plants. There is a significant cost to reclaiming water with estimates placed at 

US$0.52 per m
3    

(Abu Sharar et al., 2005).
 
The consequences of applying these standards in 

the industry, as well as firm reinforcement by the authorities, still seems to be an open question 

and has to be addressed by further research on the effect of industrial wastewater on the 

freshwater resources. 

Jordan is a fast developing nation with a growing population and increasing drinking water 

demands.  Jordan is facing a water crisis that is a consequence of a growing population and the 

high numbers of refugees to the country. The major environmental problem in Jordan is related 

to over-extraction of underground water and water pollution which has led to decline in water 

quality and availability in the country. Such a problem is caused by water resources 

contamination with inadequately treated waste water being used for irrigation, as well as other 

environmentally-hostile practices. Pollution of the Zarqa river water course and King Talal 

Reservoir water is a representative example of the above-mentioned dangers. As a nation 

Jordanians feel they have the intrinsic right to development, which in the context of Jordan is 

linked to the availability of sufficient quantities of safe water for domestic, industrial and 

service sectors (Rosegrant and Binswanger, 1994; Alqadi et al., 2013). 

In order to protect our groundwater aquifers, we need to identify underground areas that have 

high levels of contaminated water and explore new water resources, which will support 

Jordan’s development to cover increased demand. This will help the country to meet long-term 

demand, reducing pressure on the aquifers that are now under threat of contamination or even 

dry in some regions. 

In this study, we address the problems of water shortage and quality issues in the Kingdom of 

Jordan, as well as how demand for water has led to a diminution of ground water supplies and 
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a significant rise in salinity. Further, we study the current water use in Jordan in terms of both 

supply and quality and the growth in population, primarily as a consequence of pulse 

immigration stemming from regional conflicts that will lead to serious water shortages in urban 

centres, which is expected to worsen in the future. The agricultural sector is moving towards 

intensification and a high reliance on irrigation, which may become unsustainable in the face of 

dwindling supplies and rising contamination, principally due to salinity. 

In addition, in this study we will apply GIS , such as Getis-Ord Gi* statistic, to 

investigate the local level spatial clusters to identify and visualize contamination in the wells. 

This analysis is primarily helpful for resource allocation problems. The analysis also can 

identify so-called hotspots of chemical variables such as conductivity, nitrate, pH and 

ammonia, where the value of the index is extremely pronounced across the selected wells in 

the study area. First, the conceptualization of the spatial relationships that specified how the 

relationships between any one of the variable locations in the study area was calculated in this 

study using the fixed distance band, the fixed distance band included the locations of wells 

inside the boundary of the study area, and it excluded everything outside that boundary. 

Kriging was used to generate a more efficient visualization of the hotspot distributions for the 

different wells in the study area. Kriging is a GIS analysis technique that creates a continuous 

surface map based on point data. In this study we used an ordinary kriging method with a 

spherical semivariogram model. The cell size at which the raster surface was created was be 

250 m. Kriging surfaces are effective in identifying where heavy elements are concentrated, by 

highlighting areas (hotspots) based on the Z-scores resulting from the previous stage. Many 

studies have used kriging to estimate or identify hotspots of heavy metal concentrations or 

contamination. Dagostino et al. (1998) studied the spatial and temporal variability of nitrate 

using kriging and co-kriging methods with underground water. Their results demonstrated that 
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both methods can be used to increase the accuracy of estimating nitrate concentration levels.  

The use of Remote Sensing and GIS technologies that were applied in this study can help to 

determine how land use and land cover changes have affected the underground water quality. 

Determining the effect of land use and land cover changes can help the water authorities of 

Jordan to take action in terms of water pollution before the situation worsens, as well as plan 

long-term water management. At the end of this project we look at past and current policies 

relating to water availability and quality, with suggested long-term solutions suitable to cover 

the demands of all sectors in Jordan and the impact of population growth. 

1.2 Aims and objectives of the study 

The principal aim of this study was to identify and visualize the high values of the elements 

(hotspots) in the underground water quality in Jordan based on yearly and monthly 

conductivity, nitrate, pH and ammonia data and then link the data to land use and land cover 

changes. Further, this study will look at past policies related to water management and suggest 

solutions. The objectives of the study are: 

1. To document the water issues in the Kingdom of Jordan: a brief review with 

reasons for declining quality. 

2. To investigate the changing demographics, expanding urban areas and modified 

agricultural regions and the impact of these on water availability and water quality 

in Jordan. 

3. To investigate the monthly variations in water quality in the Amman, Zarqa and 

Balqa Regions of Jordan. 

4. To use GIS hotspot techniques to map the temporal variations in underground water 

quality. 
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5. To map hotspots of underground water quality based on the variation of chemical 

concentrations between 2004 and 2010. 

6. To map land use and to investigate the impact of land use and land cover changes 

on the underground water quality of the Amman, Zarqa and Balqa regions in 

Jordan. 

7. To examine water policy in Jordan, and suggest long term solutions 

1.3 Significance of this study 

This study is important because it describes water issues and the chemical changes, such as 

conductivity, nitrate, pH and ammonia, in the underground water quality in Jordan. The use of 

geographical techniques, such as geographic information systems and remote sensing in 

relation to environmental and climatic factors can add positively to the understanding of 

regional changes in water quality. This study will help to identify quality and map the changes 

in the elements in the underground water quality of Jordan. Also, based on known research, this 

work will describe the relationships between land use, land cover changes and climatic change, 

and link them with underground water quality changes to identify underground water 

contamination that exceed the maximum permissible content of elements that will affect human 

health in Jordan. This study will use monthly and yearly data of conductivity, nitrate, pH and 

ammonia to describe and determine the changes in the underground water in the Amman-Zarqa 

basin in Jordan. To date, there have been few published studies for Jordan using GIS and its 

spatial statistical methods to model and analyse the spatial changes in the elements on the 

quality of underground water or to create a predictive model to identify the high levels of 

chemicals in underground water based on monthly and yearly data. Based on known research, 

this study is also the first to model areas of the wells that have high and low levels of the 
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elements. In addition, the main causes and contributors of underground water quality decline 

will be documented in this study to provide the Jordanian Government with a guideline or 

direction to improving water management programs, based on mapping the high hotspot of risk 

of contamination in the regions and identification of future trends in water quality change. 

Potential risk areas will be identified so the government and public can take corrective or 

precautionary measures.  

1.4 Content and structure of the thesis 

The thesis starts with a review of literature related to water issues in Jordan, covering the 

changing demographics, the expanding urban areas, the extent of modified agriculture, and 

their impact on water availability and water quality (see chapters 2 and 3). These two chapters 

have been published in the Journal of Food Agriculture and Environment and the African 

Journal of Agricultural Research.  

The aim of Chapter 4 was to identify the monthly variations in water quality in the Amman, 

Zarqa and Balqa regions of Jordan in 2004, to identify water quality changes during 2004 and 

the causes of these in terms of land use. This chapter has been published in Computational 

Water, Energy, and Environmental Engineering. 

The aim of Chapter 5 was to identify the temporal changes in the underground water quality of 

the Amman-Zarqa basin, from July 2012 to June 2013 in Jordan, to see the temporal changes of 

the selected elements in water quality and identify the wells and the area of high value of the 

chemicals. This chapter has been submitted to the Journal of Environmental Sciences.  

The aim of Chapter 6 was to map hotspots of underground water quality based on the variation 

of chemical concentrations in the Amman, Zarqa and Balqa regions for 2004 and 2010 in 
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Jordan, demonstrating that mapping helped show changes in the selected elements in the 

underground water quality and that changes can be caused by human activities and the 

consequence of population growth. This chapter has been published in Environmental Earth 

Science.  

The aim of Chapter 7 was to map land use and land cover to investigate its impact on the 

underground water quality of the Amman, Zarqa and Balqa regions for 2004 and 2010 in 

Jordan, to help understand how land use and cover changes have affected water quality, by 

linking the water quality changes in terms of selected elements with the land use changes. This 

chapter has been submitted to the Journal of Environmental Sciences.  

The aim of Chapter 8 was to examine water and policy in Jordan, and provide 

recommendations with suggested long-term solutions for water management and desalination, 

which may be the only viable option to solve the water crisis and water issue in Jordan, as well 

as to improve water quality in the country. This chapter has been submitted to Environmental 

Earth Science. 

In the final chapter, Chapter 9, the conclusion and summary illustrate the findings of this 

research, highlighting the potential risk of declining underground water quality and identifying 

the areas of high levels of contamination so that the government and the public can take 

corrective or precautionary measures to avert the problems, as well as identify the gaps to be 

studied in the future, to solve water issues and improve water quality in Jordan.  
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CHAPTER 2: Water issues in the Kingdom of Jordan: A brief review with reasons for 

declining quality. 
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review with reasons for declining quality. Journal of Food, Agriculture and Environment, 

9(3/4): 1019-1023.  

Water issues in the Kingdom of Jordan: A brief review with reasons for declining quality 

Khaled A. Alqadi * and Lalit Kumar 

A review 

Ecosystem Management, School of Environmental and Rural Sciences, Faculty of Arts and 

Sciences, University of New England, Armidale, NSW 2351, Australia.  

*corresponding author-mail: kalqadi @une.edu.au 

Abstract 

This paper examines the problems of water shortage and quality issues in The Kingdom of 

Jordan. Demand for water has led to a decimation of ground water supplies and a significant 

rise in salinity. This rise in salinity can be traced to increasing saline base flows, the reduction 

in natural flows, changing extent of agriculture, agricultural practices, and contamination of 

irrigation systems with saline inflow and poor infrastructural planning. Water security in Jordan 

is a very serious issue due to the rapid increase in population growth. Jordan is faced with the 

need to tighten regulations in water treatment, address the issue of domestic supply losses, and 

illegal drawdown of ground water in the short term to gain significant inroads into the water 

problem. However, in the longer term, there is a need for a review of current infrastructure and 

its functionality, changing agricultural practice, and finding sustainable sources of water. 

Keywords: Water quality, Water supply, Water pollution, Salinity, Agricultural practice 
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CHAPTER 3: Changing demographics, expanding urban areas and modified agricultural 

extents and their impacts on water availability and water quality in Jordan. 
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CHAPTER 4: Are there Monthly Variations in Water Quality in the Amman, Zarqa and 

Balqa Regions, Jordan? 
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CHAPTER 5: Using GIS hotspot techniques to map the temporal variations in the 

underground water quality. 
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CHAPTER 6: Mapping hotspots of underground water quality based on the variation of 

chemical concentration between 2004 and 2010 
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CHAPTER 7: The impact of land use and land cover changes on the underground water 

quality of the Amman, Zarqa and Balqa regions in Jordan 
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CHAPTER 8: Water Policy in Jordan 
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CHAPTER 9: Synthesis and conclusion 
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Jordan is a country faced with an historical water problem that can potentially worsen in the 

near future. The rising salinity in the underground water is one of the main problems. The lack 

of effective regulations has seen the over-exploitation of water resources, which has generated 

a significant degree of pollution. This pollution is a direct consequence of agricultural and 

industrial waste disposal and water use, coupled with an ineffective urban treatment system. 

Without the effective overhaul of the water management system, major structural work, and a 

refocus on the utilisation and treatment of contaminated water, the future for water in Jordan is 

not promising, especially with the neighbouring countries experiencing similar water issues. 

These issues have the potential to destabilise the region, a significant factor in the economic 

equation to resolve the regional water issue collectively. 

Jordan is an unsustainable country in the Middle East in terms of its limited water resources, 

increasing population and its hosting of refugees. It is home for more than 2 million registered 

Palestinian refugees. However, refugees from Iraq have increased in number since the US-led 

invasion into Iraq, in March 2003. In addition, there is a massive influx of Syrian people into 

Jordan daily at the moment. The government of Jordan estimates that there are 1.2 million of 

Syrians in the country, with an estimated 2,500 to 4,000 being registered each day. The massive 

influx of refugees from neighbouring countries into Jordan plus the increase of the local 

population has led to an increase in water use, which also increases the pressure to extract 

water from underground to be able to cover the demand. 

The fundamental problems are the rising levels of contamination, the drawdown of non-

renewable aquifers, the intensification of agriculture and the high population growth rate. The 

decline in the agricultural sector is primarily restricted to the arid and semi-arid regions and in 

field crops. This trend is reversible if climatic conditions improve, such as good rainfall. The 

http://en.wikipedia.org/wiki/Iraq
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long-term trend, however, is a move towards irrigated trees and vegetables crops. The use of 

irrigation water, with high salinity as a consequence of the underlying soil chemistry, will 

continue to exacerbate the salinity problem, which significantly impacts on the agricultural 

sector. The increase in urbanisation, driven by pulse immigration and the rural urban shift, has 

led to water shortages in Jordan‟s major cities, particularly in Amman, the capital. Amman has 

undergone significant growth in both population and spatial extent, and this has led to 

increased pressure on fresh water supplies and created a decline in water quality. As the 

population increases, the urban footprint increases, and the land available for agriculture 

declines. The level of water pollution from urban areas is also increasing, as treatment 

infrastructure is unable to process wastewater. The water quantity is also declining as more 

intensive farming systems and inputs, such as fertilisers, exacerbate problems with water 

quality, through contaminated runoff and increasing salinity. Without a significant shift in 

policy, the current population growth and agricultural policies are unsustainable in the context 

of the current water situation and land use. 

The aquifers in the Amman, Zarqa and Balqa regions are affected by irrigation, 

industrialisation and urbanisation. The increased drawdown of the aquifers has led to declining 

water quality over the long term. The monthly variations in water quality parameters are 

significantly affected by rainfall, which leads to infiltration of water that carries pollutants from 

anthropogenic sources and dissolved salts from the geological strata through which the water 

moves. The drawdown of the aquifers has led to a concentration of salts and other 

contaminants that would have previously been dispersed in a historically larger water volume.  

The use of GIS and spatial analysis helped to identify and monitor hotspots of water quality. 

This study shows how a variety of GIS techniques can be used as a guide to identifying the 
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impact of the elements on underground water resources. Getis-Ord Gi* statistics is a 

methodology used for identifying the high level of chemical (hotspot) and classifying the high 

and low pollution potential of conductivity, nitrate, pH and ammonia on the underground water. 

Surface generation using kriging indicated that the underground water resources in some areas 

of the Amman-Zarqa, Al Mafraq, Jarash and Balqa regions have high values of conductivity, 

nitrate, pH and ammonia, which exceed the normal average values of the parameters within the 

study regions. The surrounding areas of these regions are susceptible to pollution, which also 

affects human health.  

The high hotspot in the Amman-Zarqa basin is under the area dominated by urban 

infrastructure, industrial and irrigated lands, and is home to more than 50% of the Jordanian 

population. All these factors lead to declining underground water quality with severe 

consequences in the aquifers of the basin covering the local demand. The use of GIS enabled 

the identification of hotspots in the study regions. There is evidence of change significantly 

above the mean well parameter levels in the Amman, Zarqa and Balqa regions. This change 

occurs in all the parameters measured: pH, nitrate and conductivity. Evidence indicates that 

there are two major localized areas of high hotspots centred in the western Zarqa region, which 

is an area dominated by urban infrastructure and irrigated lands. Irrigated land leads to higher 

rates of infiltration, carrying farm inputs such as nitrogen and dissolved salts contained within 

the soil profile.  

The lack of urban wastewater treatment facilities also leads to increased pollutants entering the 

water system, thereby infiltrating into the aquifers. These findings have implications for 

understanding the hotspots of high value of pH, nitrate and conductivity that exceed normal 

average values of the used parameters within the study regions. This study also indicates how 
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the use of GIS can effectively enable authorities to take direct action to improve water quality 

and understand the origins of the contaminations. Also, the use of GIS and remote sensing has 

enabled the identification of contamination hotspots and their connection to the land cover and 

land use changes in the Amman, Zarqa and Balqa regions. The changes in the parameter levels 

occur in all the variables measured of pH, nitrate and conductivity. The evidence indicates that 

there are two major localized regions of high-level hotspots, which are the regions, dominated 

by urban infrastructure and irrigated lands. Irrigated land leads to higher rates of contaminant 

infiltration, carrying farm inputs such as nitrogen and dissolved salts contained within the soil 

profile into the underground water.  

A combination of the lack of urban wastewater treatment facilities, the runoff of rain that 

comes from roofs and paved areas (carrying pollutants such as oil, dirt and chemicals), and the 

presence of landfills, has led to increased pollutants entering the water system and by 

infiltrating through the soil down into the aquifers. These findings have implications for 

understanding land degradation and land cover changes, which have been widely recognized as 

a major contributor and source of contamination within the aquifer systems in the Amman, 

Zarqa and Balqa regions. This research also demonstrates how the use of GIS and remote 

sensing can effectively enable authorities to take direct action to improve water quality and 

understand the origins of contaminants. 

In Jordan, there are two fundamental areas of policy direction aimed at responding to the water 

issues of that country. The reform of the current water use practices will have direct benefits, 

not only for the national water budget, but also the environment; however, the savings and 

redirection of resources will not be able to meet current demand, and the predicted growth in 

the population indicates that without new sources of supply the security outlook for Jordan is 
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bleak. The policy of construction of mega-projects, and particularly the shift in policy towards 

the prioritisation of their construction, is critical to the solving of long-term water issues in 

Jordan through the provision of the required new source of supply with desalination projects 

offering the optimal, if not the only, resolution to the problem.  

The alternatives to reliance on underground water is unsustainable, as supplies are derived 

from enclosed aquifers with limited replenishment, and surface water is expected to decline in 

the face of climate change and drawdown of flows from Syria. Correcting policy and 

regulation implementation failures may lead to water conservation and savings, but this will 

not be able to meet the long-term demand given the current rate of population growth. 

There are cost barriers to the exploitation of virtual water. A major issue for policy makers is 

Jordan‟s reliance on external funding to solve the growing water problems they face, and the 

lack of resources to access the necessary funding. This significant internal fiscal restriction in 

potential infrastructural spending has led to the delay in realisation of many of the critical 

strategic policies of the Jordanian Government. Notwithstanding, the growing need for regional 

stability, and the pending threat to the regional security that water shortages pose, has led to the 

opening of new funding from the international banking institutions and donations from 

wealthier neighbours for desalination projects. 

In this research we have covered the water issue in Jordan in respect of quality and quantity, 

and how demographics, expanding urban areas and agricultural extents have an effect on water 

availability and water quality in Jordan. Additionally, we have studied the monthly variations 

and temporal changes in the underground water quality of Amman-Zarqa basin, in terms of 

selected chemical elements of conductivity, nitrate, pH and ammonium. This study has also 

covered the changes in the underground water quality based on yearly data of conductivity, 
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nitrate and pH for 2004 and 2010, and linked it with land use and land cover changes over the 

same years, to obtain an overall view of the impact of land use changes on water quality and 

localized the area of high risk. In addition, at the end of this research, we have looked at past 

and current policies related to water management, their weaknesses, giving our 

recommendation to improving the management of water and the need for desalination 

infrastructure as a viable option to solve water issues in Jordan.  

This study fills a gap as there is no historical or continuous data available or recorded by the 

water authority of Jordan. The lack of data directed the researchers to cover long-term trends of 

water quality changes, identify the problems and supply solutions. Our focus has been on the 

Amman-Zarqa basin, home to more than half of Jordanian people, and an area of industrial and 

agricultural production. There is a need to study other regions of Jordan, mapping changes of 

water quality as their problems in water availability and quality increase.  The water authority 

of Jordan should begin to rethink its approach, gathering the necessary data that relate to water 

quality from all the aquifers, to cover all regions of the country to enable researchers to identify 

issues before these worsen. The growing demand for water requires that the government seek 

additional long-term sources of water, and reduce the factors diminishing underground water 

reserves, such as drying and contamination. The use of desalination as a viable option to solve 

the growing demand for water may be an appropriate option, rather than use other aquifers that 

have more considerable quantities of water which also will be threatened by contamination in 

the future.  
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