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Abstract
Jordan is considered one of the 10 most water stressed countries in the world (Ministry of Water
and Irrigation, Jordan, 2009a). Per capita available water is projected to decline from the current
low of 145 cubic meters per year to only 90 cubic meters per year by 2025 (Ministry of Water
and Irrigation, Jordan, 2009a; World Bank, 1997). In 2007, the deficit between total water supply
and demand was 565 million cubic meters (MCM), with increasing water demand projected to
exceed water supply by 33 % in 2025 (Haddadin, 2006; Ministry of Water and Irrigation, Jordan,
2009a). The combination of water scarcity and increasing water demand have mounted pressures
on non-renewable aquifers in Jordan and intensified its dependence on shared water sources with
its neighbors. Securing a reliable supply of water—adequate in quantity and quality—is one of
the most challenging issues facing Jordan today. There is a strong belief that no single action can
remedy the water shortage but many actions are needed to increase overall water availability so
that future water needs can be met. The efficient use and conservation, re-allocation among uses
and sectors, and establishment of good water governance are among the measures that could be
implemented to reduce the imbalance between demand and supply in Jordan. It is imperative to
understand and estimate the relationship between the demand for water in agriculture and the
price charged per cubic meter. It is also crucial to estimate the marginal product of this water in
different agricultural uses. This paper examines existing water problems in Jordan and makes
appropriate recommendations for alleviating some of the ever-increasing gap between water
demand and water supply. The paper first examines the availability of water and water uses in
Jordan, followed by an analysis of key water issues facing Jordan at present and presents some
future options for Jordan, focusing on policy change, particularly through economic approaches.
In Jordan, the struggle for water access is an urgent concern, particularly as this struggle has led
to violence, and therefore requires immediate action to develop solutions.

ﻣﻠﺨﺺ
،( دول اﻷآﺜ ﺮ ﺗﻀ ﺮرا ﻣ ﻦ ﻣﺸ ﺎآﻞ ﻧﻘ ﺺ ﻣ ﻮارد اﻟﻤﻴ ﺎﻩ ﻋﻠ ﻰ ﻣﺴ ﺘﻮى اﻟﻌ ﺎﻟﻢ )وزارة اﻟﻤﻴ ﺎﻩ واﻟ ﺮي اﻷردﻧﻴ ﺔ10) ﺗﺼﻨﻒ اﻷردن ﺑ ﻴﻦ اﻟﻌﺸ ﺮ
 ﻣﺘ ﺮ ﻣﻜﻌ ﺐ ﻓﻘ ﻂ ﻓ ﻲ اﻟﻌ ﺎم ﺑﺤﻠ ﻮل90  ﻣﺘﺮ ﻣﻜﻌﺐ ﺳﻨﻮﻳﺎ إﻟ ﻰ145  وﻣﻦ اﻟﻤﺘﻮﻗﻊ ان ﻳﻨﺨﻔﺾ ﻧﺼﻴﺐ اﻟﻔﺮد ﻣﻦ اﻟﻤﻴﺎﻩ ﻣﻦ.(2009 اﻷردن ﻋﺎم
2007  وﻗﺪ ﺑﻠﻎ اﻟﻌﺠﺰ ﻓ ﻲ ﻣ ﻮارد اﻟﻤﻴ ﺎﻩ ﻓ ﻲ ﻋ ﺎم.(1997  ؛ اﻟﺒﻨﻚ اﻟﺪوﻟﻲ ﻋﺎم2009  اﻷردن ﻋﺎم، )وزارة اﻟﻤﻴﺎﻩ واﻟﺮي اﻷردﻧﻴﺔ2025 ﻋﺎم
؛2006  )ﺣ ﺪادﻳﻦ2025  ﻓ ﻲ٪ 33  ﻣﻊ ﻣﺮاﻋﺎة أن اﻟﻄﻠﺐ ﻋﻠﻰ اﻟﻤﻴﺎﻩ ﻳﺘﻮﻗﻊ أن ﻳﺘﺠﺎوز اﻟﻜﻤﻴ ﺎت اﻟﻤﺘﺎﺣ ﺔ ﺑﻨﺴ ﺒﺔ، ﻣﻠﻴﻮن ﻣﺘﺮ ﻣﻜﻌﺐ565 ﻧﺤﻮ
وﻗﺪ أدى ﺗﻀﺎﻓﺮ ﻋﻮاﻣ ﻞ ﻧ ﺪرة اﻟﻤﻴ ﺎﻩ وﺗﺰاﻳ ﺪ اﻟﻄﻠ ﺐ ﻋﻠﻴﻬ ﺎ إﻟ ﻰ زﻳ ﺎدة اﻟﻀ ﻐﻮط اﻻﺳ ﺘﻬﻼآﻴﺔ ﻋﻠ ﻰ. (2009  اﻷردن ﻋﺎم،وزارة اﻟﻤﻴﺎﻩ واﻟﺮي
 وﻳﻌﺘﺒ ﺮ. ﻣﻤ ﺎ دﻓ ﻊ اﻷردن إﻟ ﻰ ﺗﻜﺜﻴ ﻒ اﻋﺘﻤﺎده ﺎ ﻋﻠ ﻰ ﻣﺼ ﺎدر اﻟﻤﻴ ﺎﻩ اﻟﻤﺸ ﺘﺮآﺔ ﻣ ﻊ ﺟﻴﺮاﻧﻬ ﺎ،ﻃﺒﻘﺎت اﻟﻤﻴﺎﻩ اﻟﺠﻮﻓﻴﺔ ﻏﻴﺮ اﻟﻤﺘﺠﺪدة ﻓ ﻲ اﻷردن
 وهﻨ ﺎك اﻋﺘﻘ ﺎد ﻗ ﻮي ﺑ ﺄن.ﺗﺄﻣﻴﻦ ﻣﺼﺪر ﻣﻴﺎﻩ ﻳﻌﺘﻤﺪ ﻋﻠﻴﻪ وﻣﻨﺎﺳﺐ ﻣﻦ ﺣﻴﺚ اﻟﻜﻢ واﻟﻨﻮع ﻣﻦ أهﻢ اﻟﻘﻀﺎﻳﺎ اﻟﺘﻲ ﺗﻮاﺟﻪ اﻷردن ﻓﻲ اﻟﻮﻗﺖ اﻟ ﺮاهﻦ
ﻣﻌﺎﻟﺠﺔ ﻗﻀﻴﺔ ﻧﻘﺺ اﻟﻤﻴﺎﻩ ﺗﺤﺘﺎج إﻟﻰ اﺗﺨﺎذ اﻟﻌﺪﻳﺪ ﻣﻦ اﻹﺟﺮاءات وﻟﻴﺲ إﺟﺮاءا واﺣ ﺪا ﻟﺰﻳ ﺎدة اﻟﻜﻤﻴ ﺔ اﻟﻜﻠﻴ ﺔ اﻟﻤﺘﺎﺣ ﺔ ﻣ ﻦ اﻟﻤﻴ ﺎﻩ واﻟ ﺬي ﺳ ﻮف
 وﺗﺘﻀﻤﻦ هﺬﻩ اﻹﺟﺮاءات اﻻﺳﺘﺨﺪام اﻟﻔﻌﺎل ﻟﻤﻮارد اﻟﻤﻴﺎﻩ واﻟﺤﻔﺎظ ﻋﻠﻴﻬﺎ ﻣ ﻦ ﺧ ﻼل. ﻳﺆدي ﺑﺎﻟﻄﺒﻊ إﻟﻰ ﺗﻮﻓﻴﺮ اﻻﺣﺘﻴﺎﺟﺎت اﻟﻤﺴﺘﻘﺒﻠﻴﺔ ﻣﻦ اﻟﻤﻴﺎﻩ
 ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ إﻧﺸﺎء ﺁﻟﻴﺔ ﺣﻜﻮﻣﻴ ﺔ ﺟﻴ ﺪة ﻹدارة،إﻋﺎدة ﺗﺨﺼﻴﺺ آﻤﻴﺎت اﻟﻤﻴﺎﻩ ﺑﻴﻦ أوﺟﻪ اﻻﺳﺘﺨﺪام اﻟﻤﺨﺘﻠﻔﺔ و آﺬﻟﻚ اﻟﻘﻄﺎﻋﺎت اﻟﺘﻲ ﺗﺴﺘﺨﺪﻣﻬﺎ
 وﻻﺑ ﺪ ﻣ ﻦ ﻓﻬ ﻢ. وﻻﺷﻚ أن ﺗﻔﻌﻴﻞ ﻣﺜﻞ هﺬﻩ اﻟﺘﺪاﺑﻴﺮ ﺳﻮف ﻳﺤﺪ ﻣﻦ اﺧﺘﻼل اﻟﺘﻮازن ﺑﻴﻦ اﻟﻌﺮض واﻟﻄﻠ ﺐ ﻋﻠ ﻰ اﻟﻤﻴ ﺎﻩ ﻓ ﻲ اﻷردن،ﻣﻮارد اﻟﻤﻴﺎﻩ
 وه ﺬا أﻳﻀ ﺎ ﺿ ﺮوري ﻟﺘﻘ ﺪﻳﺮ ﻋﺎﻣ ﻞ اﻟﻨ ﺎﺗﺞ.وﺗﻘﺪﻳﺮ اﻟﻌﻼﻗﺔ ﺑﻴﻦ اﻟﻄﻠﺐ ﻋﻠﻰ اﻟﻤﻴﺎﻩ واﻟﺴﻌﺮ اﻟﺬي ﻳﺪﻓﻊ ﻟﻠﻤﺘﺮ اﻟﻤﻜﻌﺐ اﻟﻮاﺣﺪ ﻓﻲ ﻣﺠﺎل اﻟﺰراﻋﺔ
 ﺗﻌﺮض هﺬﻩ اﻟﻮرﻗﺔ اﻟﺒﺤﺜﻴﺔ ﻣﺸ ﺎآﻞ اﻟﻤﻴ ﺎﻩ اﻟﺤﺎﻟﻴ ﺔ ﻓ ﻲ اﻷردن وﺗﻘ ﺪم ﺗﻮﺻ ﻴﺎت ﻣﻼﺋﻤ ﺔ.اﻟﺤﺪي ﻟﻬﺬﻩ اﻟﻤﻴﺎﻩ ﻓﻲ اﻻﺳﺘﺨﺪاﻣﺎت اﻟﺰراﻋﻴﺔ اﻟﻤﺨﺘﻠﻔﺔ
 وﺗﺘﻨ ﺎول اﻟﻮرﻗ ﺔ ﻓ ﻲ اﻟﺒﺪاﻳ ﺔ ﻗﻀ ﻴﺔ ﺗ ﻮاﻓﺮ اﻟﻤﻴ ﺎﻩ واﺳ ﺘﺨﺪاﻣﺎﺗﻬﺎ ﻓ ﻲ.ﻟﺘﻘﻠﻴﻞ اﻟﻔﺠﻮة اﻟﻤﺘﺰاﻳﺪة ﺑ ﻴﻦ اﻟﻄﻠ ﺐ ﻋﻠ ﻰ اﻟﻤﻴ ﺎﻩ واﻟﻜﻤﻴ ﺎت اﻟﻤﻮﺟ ﻮدة ﻣﻨﻬ ﺎ
 وﻳﻠﻲ ذﻟﻚ ﺗﺤﻠﻴﻼ ﻟﻘﻀﺎﻳﺎ اﻟﻤﻴﺎﻩ اﻟﺮﺋﻴﺴﻴﺔ اﻟﺘﻲ ﺗﻮاﺟﻪ اﻷردن ﻓﻲ اﻟﻮﻗﺖ اﻟﺤﺎﺿﺮ وﺗﻘﺪم اﻟﻮرﻗﺔ ﺑﻌﺾ اﻟﺨﻴ ﺎرات اﻟﻤﺴ ﺘﻘﺒﻠﻴﺔ اﻟﺘ ﻲ ﻳﻤﻜ ﻦ،اﻷردن
. وﻻ ﺳ ﻴﻤﺎ ﻣ ﻦ ﺧ ﻼل اﻟﻤﻘﺎرﺑ ﺎت اﻻﻗﺘﺼ ﺎدﻳﺔ، وﻓﻲ ذﻟﻚ ﻓﻬ ﻲ ﺗﺮآ ﺰ ﻋﻠ ﻰ ﺗﻐﻴﻴ ﺮ اﻟﺴﻴﺎﺳ ﺎت،أن ﺗﺴﺘﻌﻴﻦ ﺑﻬﺎ اﻷردن ﻟﻠﻘﻀﺎء ﻋﻠﻰ ﻣﺸﺎآﻞ اﻟﻤﻴﺎﻩ
ﻻ ﺳﻴﻤﺎ وﻗﺪ أدى هﺬا اﻟﺼﺮاع إﻟﻰ،ﻻﺷﻚ ان اﻟﺼﺮاع ﻋﻠﻰ اﻟﺤﺼﻮل ﻋﻠﻰ اﻟﻤﻴﺎﻩ وﺗﻮﻓﻴﺮهﺎ ﻳﻌﺘﺒﺮ ﻣﻦ اﻟﻘﻀﺎﻳﺎ اﻟﺘﻲ ﺗﻮﻟﻴﻬﺎ اﻷردن اهﺘﻤﺎﻣﺎ آﺒﻴﺮا
. وﻳﺘﻄﻠﺐ ذﻟﻚ اﺗﺨﺎذ إﺟﺮاءات ﻓﻮرﻳﺔ ﻟﻮﺿﻊ ﻣﺠﻤﻮﻋﺔ ﺟﺪﻳﺪة ﻣﻦ اﻟﺤﻠﻮل،اﻟﻌﻨﻒ
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1. Introduction
Jordan is considered one of the 10 most water stressed countries in the world (Ministry of Water
and Irrigation, Jordan, 2009a). Per capita available water is projected to decline from the current
low of 145 cubic meters per year to only 90 cubic meters per year by 2025 (Ministry of Water
and Irrigation, Jordan, 2009a; World Bank, 1997). In 2007, the deficit between total water supply
and demand was 565 MCM, with increasing water demand projected to exceed water supply by
33 % in 2025 (Haddadin, 2006; Ministry of Water and Irrigation, Jordan, 2009a). Contributing
to the imbalance between water demand and supply is the rapid growth in population augmented
by a sudden influx of Iraqi and other refugees from the politically unstable region. The excessive
rates of water loss from the municipal sector (estimates of up to 70%), inefficient use of water in
all sectors, high water allocations to agriculture, incorrect pricing of water, mismatch between
water intensity rates with production and value rankings, limited or absent conservation regimes,
and problems related to water governance have combined to exacerbate water scarcity and
inefficiency of water use. Advent of climate change and political instability in the region has also
acerbated the water scarcity issues, raising new alarms over water scarcity.
The combination of water scarcity and increasing water demand have mounted pressures on nonrenewable aquifers in Jordan and have intensified its dependence on shared water sources with
its neighbors. Currently, aquifers are being extracted at rates far exceeding the natural recharge
rate, which has led to a noticeable lowering of Jordan’s water tables and a major accompanying
decline in water quality (Ministry of Water and Irrigation, Jordan, 2009a). These problems have
resulted in an increase in tensions and disputes over water access within and outside of Jordan.
This paper examines existing water problems in Jordan and makes appropriate recommendations
for alleviating some of the ever-increasing gap between water demand and supply. The paper
first examines the availability of water and water uses in Jordan, followed by an analysis of key
water issues facing Jordan at present. The final section presents some future options for Jordan,
focusing on policy changes, particularly through economic approaches. The paper also briefly
highlights the complex historical hydro-geopolitics in the region stemming from the asymmetry
in regional power dynamics (in terms of economic and military might), and illustrates how this
has led to inequitable sharing of water resources between neighbors. In Jordan, the struggle for
water access is an urgent concern, particularly as this struggle has led to violence, and therefore
requires immediate action to develop solutions.
2. Overview of Water Use in Jordan
To meet its water demand, Jordan uses both surface and ground water sources, though present
abstraction rates are greater than recharge rates. At present, total renewable groundwater
abstractions (392 MCM/yr) exceeds the average annual safe yield of groundwater (275
MCM/yr). Further, 77 MCM/yr of groundwater are being extracted from non-renewable sources.
In contrast, surface waters are being used at lower rates (365 MCM/yr) than the average annual
exploitable flow (535 MCM/yr). To supplement these traditional sources, non-conventional
water resources are increasingly used, particularly treated waste water (80 MCM/yr) and
desalinated water (10 MCM/yr) (Ministry of Water and Irrigation, 2007).
2.1 Distribution of Water between Jordan’s Different Sectors
To manage water resources, adequate knowledge of water availability and usage in different
sectors is necessary. Water use within Jordan is divided between the industrial, municipal and
agricultural sectors. The industrial and municipal sectors—including the tourist sector—together
consume 28% of Jordan’s water supply while the agriculture/irrigation consumes 72% (Water for
2

Life, Jordan’s Water Strategy 2008 - 2022). Jordan's total municipal and tourist water use has
increased significantly during the past decades, from approximately 116 MCM in 1985 to
249 MCM in 2002 (Ministry of Water and Irrigation, Jordan, 2009a). Increased income and
changes in lifestyle have contributed to this increased water consumption, especially in the urban
areas of Greater Amman, Irbid and Aqaba (figure 1). Water consumption in Jordan's industrial
sector is limited to nine big industries, located in five governorates and consuming about 86% of
the total water used by all industries. Both industrial and municipal water uses are expected to
rise to meet the demands of a growing and increasingly urbanized population, and the increasing
importance of industry in the economy (figure 2).
The agricultural sector consumes the largest proportion of water in the Kingdom accounting for
64% of total water withdrawals in 2005 (Food and Agricultural Organization of the UN 2008),
with most irrigation occurring in two distinct areas: the Jordan Rift Valley (JRV) and the
Uplands. Yet, agricultural production accounted for only 3% of the GDP in Jordan in 2007,
decreasing over time compared to 6% in 1992 (Food and Agricultural Organization, 2008).
Water consumption in agriculture has declined recently, specifically in the JRV (figures 3 and 4),
due to many factors: loss of irrigated farm area with persistent drought, economic competition in
the agricultural sector from neighboring countries (particularly Turkey, Lebanon and Syria), the
impact of the Gulf War on the Gulf export market, increased regulation of wells, and the
implementation of new water saving technologies (Venot et al., 2007). Nonetheless, water use
for irrigation is expected to increase again in the near future (figure 2) due to an increasing
demand for food production and the expected rise in the availability of non-conventional water
sources such as treated wastewater, rainwater harvesting and desalinated seawater.
Although sediment deposits from the river make the JRV the most fertile area of the country, the
JRV also depends almost entirely on irrigation (Department of Statistics, Jordan, 2008).The
Jordan Valley Authority (JVA) supplies irrigation water to the JRV, using surface water
primarily from the Yarmouk River and side wadis, as well as some treated wastewater.
Groundwater is used to a lesser extent in the JRV, and mostly in the southern part of the valley.
Between 1953 and 1986 the government emphasized cropping patterns that would match soil and
water availability. In spite of this, farmers tended to grow crops allegedly based on the highest
commercial value, leading to problems in reduced water resources and soil quality depletion (AlZabet, 2002). Therefore, a trend exists for the overproduction of high water-consuming tree
crops irrigated by flooding with open canals. Most of the land is used to produce either
vegetables (54% of land area, 99.8% irrigated) or permanent fruit tree crops (33% of land area,
99.2% irrigated). Field crops are produced on 13% of the land area, 89% of which is irrigated.
All numbers are averages between 1994 and 2008 (Department of Statistics, Jordan, 2008).
In the Uplands, irrigation water is pumped from licensed or unlicensed private wells, tapping
both renewable and non-renewable groundwater and, to a lesser extent, from surface water (as
most agricultural land is in the uplands (88%)). Most agricultural production in this area (57% of
land area) is in field crops, with 34% of highland areas producing permanent fruit tree crops and
9% producing vegetables. Vegetables are the most heavily irrigated crop group in the highlands
(91% of area), while field crops receive little irrigation water (4% of land area) and tree crops are
moderately irrigated (33% of land area). All numbers are averages between 1994 and 2008
(Department of Statistics, Jordan, 2008).
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2.2 Jordan’s Water Footprint
Jordan’s national “water footprint” in the different sectors is presented in table 1. The water
footprint concept, which was developed by Hoekstra and Hung (2005), is measured by adding
the total volume of freshwater used to produce goods consumed by individuals, businesses or a
nation to the volume of freshwater needed to assimilate the waste produced by the same
individual, business or nation (Hoekstra and Chapagain, 2007). A water footprint consists of two
parts. The first part is the internal water footprint, which is calculated by subtracting the total
annual water volume used from domestic water resources in the national economy from the
annual virtual water flow to other countries in terms of export goods. The second part of the
water footprint is the external water footprint of a country. This is defined as the annual volume
of water resources used in other countries to produce goods and services consumed by the
inhabitants of the country concerned (Hoekstra and Chapagain, 2007).
Jordan’s per capita water footprint (1,303 M3/cap/yr) is slightly higher than the global average of
1,243 M3/cap/yr. However, Jordan’s domestic, internal agricultural and industrial footprints are
all lower than global average. The balance is offset by higher external agricultural and industrial
footprints, reflecting the fact that Jordan imports a lot of agricultural and industrial goods for
local consumption.
3. Anatomy of Water Scarcity
This section examines various factors contributing to the present water scarcity problems in all
sectors of Jordan’s economy.
3.1 Regional Context of Jordan’s Water Problems
The Middle East is one of the world’s most water poor regions, but also has the world’s richest
oil deposits. With only 1% of the world’s renewable fresh water resources and over 66% of the
total proven oil reserves, most of the regional politics are governed by control of scarce water
and abundant oil. Thus water and oil frame the regional economic structure, underlying the
geopolitical and power asymmetries, and create environmental problems (Kubursi, 2010).
Exacerbating the issue of physical scarcity is the severe lack of incentive for efficient water use,
and the uneven control of water resources through military might and strategic control of head
water sources.
Most of the water in the region is trans-boundary, with important rivers passing through several
countries along with shared groundwater and aquifers. Regional water sharing agreements are
not well defined or lack enforcement, and are also far from equitable, reflecting asymmetrical
power and military capabilities. Jordan currently has bilateral water agreements with both Israel
and Syria to manage shared water resources in the Jordan basin, but lacks strategic position
against these more powerful neighbors and has had little success in implementing some of the
provisions of the agreements (table 3 in appendix 1 gives water sharing arrangements under
different treaties). For instance, despite provisions of the Peace Treaty of 1994 between Jordan
and Israel, desalination projects on the Lower Jordan River have yet to be built. Further,
diversion of 60 MCM from winter floodwaters of the Yarmouk River to Lake Tiberias for use by
Jordan has not materialized (Haddadin, 2006).
Also, counter to the Jordan-Syria Water Agreement of 1987 on the Yarmouk River, Jordan has
been able to access less than half of its share of flow from that river (Haddadin, 2006). The
Agreement of 1987 focuses on establishing the Al-Wehdah (Unity) Dam, with an annual gross
capacity of 110 MCM and the capacity to generate 18,800 kWh of power (Ministry of Water and
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Irrigation, Jordan, 2007 and 2009a). However, because of depletion of the Yarmouk’s surface
and groundwater by Syria, the water retained in the Dam has been well below its 110 MCM
capacity, sitting at little more than 18 MCM since its construction in 2006 (Namrouqa, 2009).
Even after the 1987 Agreement, the Syrians increased damming of the four recharge springs of
the Yarmouk and have increased groundwater drilling in the river basin (Al-Kloub and
Shemmeri, 1996; Haddadin, 2006; Ministry of Water and Irrigation, Jordan, 2009b), leading to
significant reductions in base flow along the Jordanian/Syrian border (Haddadin, 2006; Ministry
of Water and Irrigation, Jordan, 2009b). Base flow is estimated to have dropped to 2 cubic meter
per second in 2000, and to 0.9 cubic meter per second in 2008, compared to 5-7 cubic meter per
second in the 1950s (Haddadin, 2006; Ministry of Water and Irrigation, Jordan, 2009b;
Namrouqa 2009). Despite several efforts to regulate water allocations, Syria has refused to
provide Jordan with its water share of the Yarmouk River (Ministry of Water and Irrigation,
Jordan, 2009b) arguing that river flow reductions come from lack of rain (Ministry of Water and
Irrigation, Jordan, 2009b).
3.2 Population Increases
The population growth rate of Jordan is considered to be one of the highest in the world and is
exacerbated by regional problems of wars and instability. Approximately three million
Palestinian refugees settled in Jordan after the Wars of 1948 and 1967 and half a million
Jordanians returned after the Gulf War in 1990, with an additional half million Iraqi citizens
fleeing to Jordan after the Gulf War of 2003. According to the Department of Statistics, the
population of Jordan is doubling every twenty years, reaching six million in 2008 and potentially
rising to 9.2 million by 2020. This increased pollution will put a large strain on already limited
water resources and greatly increase urban sector water demand.
3.3 Governance and Policy Problems
There are three agencies responsible for water management in Jordan: the Ministry of Water and
Irrigation (MWI), the Water Authority of Jordan (WAJ) and the Jordan Valley Authority (JVA).
Many of Jordan’s water experts and NGOs have argued that the overlapping responsibilities of
these three agencies and lack of communication between them have resulted in a lack of
cohesiveness and integration in water management efforts. Non-existent team work and limited
communication between the agencies inhibits the implementation of an effective water demand
management policy in Jordan.
Governance is also restricted by the lack of adequate information about available water resources
stemming from an insufficient monitoring program. Data regarding water quantity and quality is
vital for proper planning in water resource management, as are measurements of human and
environmental impacts on the water resource. At present, monitoring emphasizes water quality,
but needs to be expanded to include water quality as a parameter in policy discussions.
The absence of proper metering is another major contributor to poor governance leading to
overuse of the water resource. Often meters are entirely absent or are not monitored where they
do exist. Problems also exist in the collection of water tariffs in metered areas.
More importantly, there are marked deviations between the prices paid by farmers and
households and the actual cost of supplying the water. These deviations have resulted in a culture
of waste and water overuse, particularly in the agricultural sector, where subsidized water has
also imposed a cost on other water sectors and on the environment. Large-scale farmers in
particular have disproportionate access to water at prices well below the actual cost of the water.
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The current structure and composition of agricultural production includes a large number of
water intensive products with low value added. This is a typical indicator of the deviation
between the price of water and its marginal productivity.
3.4 Water Losses in the Municipal Sector
More than 78% of the population of Jordan lives in urban areas concentrated in the northern
governorates of Amman, Irbid, Zarqa, and Balqa, all of which are substantially elevated above
available water resources in the Jordan River Basin. Because of the distance to the water source,
water needs to be transported to these urban centers, increasing the chance of water loss through
leakage, and increasing energy costs of transport.
In fact, a large proportion of Jordan’s water supply is lost because of inefficient and aging
infrastructure (USAID, 2006). About 56% of the total production of water for municipal uses in
Jordan is unaccounted for (USAID, 2006), which includes both administrative losses and physical
network losses. Administrative losses result from illegal extraction, unbilled water provided to
tankers and fire hydrant points, inaccurate or erroneous meter readings, non-operational meters
and/or un-metered connections.
Mafraq has the most inefficient system with losses around 78% (figure 5), with Jerash and
Tafilah showing losses on the low end that are still close to 40%. Other reasons for the extensive
water losses in places like Mafraq include lack of law enforcement, very low penalties for use of
illegal water, lack of individual responsibility or awareness for water wastage among citizens,
low maintenance of the pipes, and poor quality of pipe repair materials.
3.5 Mismanagement of Water in the Agricultural Sector
Jordan’s agriculture sector significantly contributes to the water crisis in Jordan through high
water allocations to this sector, water overuse, and pollution of surface and groundwater. Over
the last thirty years, there has been an increase in irrigated land area, along with a parallel
increase in permanent crops such as fruit trees (Food and Agricultural Organization, 2008).
Much of the estimated 888,400 ha of cultivatable land in Jordan (Food and Agricultural
Organization, 2008) lies outside the zone of sufficient rainwater for rain-fed agriculture. Between
1994 and 2008, 78,501 ha of the 252,680 ha under cultivation were irrigated (Department of
Statistics, Jordan, 2008). Rain-fed agricultural land is being lost as variable precipitation leads to
unreliable production, and as urban expansion increases, with around 88,400 ha of rain-fed land
converted to other uses between 1975 and 2000 (Food and Agricultural Organization, 2008).
Current irrigation methods are also responsible for significant water waste, partly due to the
continued use of traditional flood irrigation systems, despite parallel widespread adoption of
more efficient drip and sprinkler technologies. Irrigation water loss also arises from leakage in
transport, percolation through soil, and evaporation during transport or on the field. In 2007,
32,607 ha (97%) of vegetable crops were irrigated in Jordan. In open fields, 1,768 ha were
irrigated with sprinkler systems, 23,529 ha were irrigated with drip irrigation systems, and 2,960
ha were irrigated with flood irrigation methods. Almost all vegetables planted in plastic
greenhouses were irrigated using drip irrigation systems (4,260 ha). Only 5,156 ha (7%) of field
crop area was irrigated in 2007 in Jordan. Most of this was irrigated using flood irrigation
methods (3,069 ha), while 1,482 ha was irrigated using sprinkler systems and 505 ha was
irrigated with drip irrigation. Clover (2,156 ha), maize (792 ha) and sorghum (76 ha) were
entirely reliant on irrigation. Finally, of the 81,305 ha of fruit trees planted in Jordan in 2007,
43,327 ha were under irrigation (Department of Statistics, Jordan, 2007). Data between 1994 and
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2008 reflects that 88% of agricultural land is situated in the highlands, while only 12% is situated
in the JRV (Department of Statistics, Jordan, 2008).
3.6 Waste Water Reuse and Challenges
Currently little attempt is being made in Jordan to use treated waste water or to develop other
non-conventional water harvesting techniques to augment dwindling water supplies. Low
investment in water infrastructure is a major cause for this, while low water recovery rates have
also undermined the incentive to invest in this sector.
The effectiveness of treatment plants depends on the quality of incoming wastewater and reflects
the quality of wastewater discharged into the sewer system. The current performance of many
wastewater treatment plants is inadequate for handling the quantity of water that needs treatment
and end up discharging low quality effluent (Ministry of Water and Irrigation, Jordan 2009a).
This effluent can adversely impact public health due to pathogen contamination of crops or the
accumulation of toxins in irrigated soils. Surface and groundwater are also adversely impacted
due to runoff and seepage of polluted water, limiting their use for drinking water purposes.
Further, septic water is not regulated and untreated water discharged into the watershed may be a
health and environmental issue (Ministry of Water and Irrigation, Jordan, 2009a).
The salinity of municipal water is around 580 ppm of TD and the average domestic water
consumption is low, which is why wastewater in Jordan, in comparison to other countries, tends
to be highly saline and have high organic loads (Ministry of Water and Irrigation, Jordan,
2009a). Wastewater treated in waste stabilization ponds aggravates this problem as water is also
lost through evaporation, increasing salinity levels in effluents. Nonetheless, water supplied
through waste water treatment will likely become increasingly important for agricultural and
industrial production in Jordan in the near future.
3.7 Threats from Climate Change
Climate change predictions for the Mediterranean region indicate that warming will be highest in
the summer, with a 2.2-2.5 o C temperature increase resulting in heightened risk of summer
drought through enhanced evaporation. These rising temperatures will adversely impact soil
moisture and water stored in reservoirs. Annual precipitation is also predicted to decrease by 4%
to 27% of current levels, as will the annual number of precipitation days, particularly in the
summer (Christensen et al., 2007). Rain-fed agriculture will become much less reliable,
increasing the need for irrigation water. Extreme weather events are also predicted to increase,
with greater inter-annual temperature variability and more extreme short-term precipitation
events. Some consequences for Jordan’s water supply include loss of surface water through
evaporation, increased water salinity, greater inter annual variability in water supply, greater risk
of flooding and soil erosion, and increased siltation of reservoirs, dams and runoff areas. Flow of
the Jordan River is also predicted to decrease by up to 80%. All of these factors will contribute to
issues of water and food security, human health concerns, and will impact local and regional
economies (Tolba and Saab, 2009).
3.8 SWOT Analysis
SWOT stands for Strengths, Weaknesses, Opportunities and Threats. It is a tool that is used to
formulate strategic alternatives from situation analysis. SWOT analysis involves looking at the
strengths and weaknesses of a circumstance, as well as examining potential opportunities.
Future water strategies need to build on existing situations, strengthening elements of the system
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that are already strong, addressing present shortcomings and taking advantages of the
opportunities available to Jordan.
To summarize areas of concern in the current management of water in Jordan, a SWOT analysis
was prepared (see table 4, appendix 2 for full analysis) that will also be used to generate
recommendations for improving water management. Major strengths and weaknesses include:
Strengths:
1. Forced adaptation to water scarcity
2. Use of scarcity prices in domestic sector (or for domestic uses)
3. Increased awareness in some key segments of society
4. Adaption of water-conserving drip irrigation methods in the agriculture sector
Weaknesses:
1.
2.
3.
4.
5.
6.

High leakages in the water supply network
High prices for domestic water use subsidizing agriculture water use
Inadequate coverage and monitoring of meters
Inadequate administrative and physical infrastructure
High administrative and physical water losses
Absence and/or lack of adequate water conservation programs and government subsidies
to encourage conservation, and lack of introduction of water conserving technologies—
for example aerators, low flow flush, water and energy conserving household appliances
7. Large amount of water unaccounted for in the system—as high as 60 or 70% in most
governorates, 76% in Mafraq
8. Inappropriate product structure, including the growth of water intensive crops for exports,
such as citrus fruit
Considering some of the threats such as climate change and less availability of water, the
opportunities of Integrated Water Resources Management, working with neighbors to improve
trans-boundary water management can be combined with strengths such as use of scarcity
pricing in domestic prices to make future strategic water planning for Jordan. Also the current
water management can also be strengthened through acting on opportunities such as the
development of water management alternatives to increase water availability (i.e. rain water
harvesting), potentials to change crop patterns, the willingness of international donors to fund
local projects, and the awareness of some communities to conserve water.
4. Water Policy Options for Jordan: An Integrated Water Resources Management
(IWRM) Approach
Securing a reliable supply of water that is adequate in both quantity and quality is one of the
most challenging issues facing Jordan today. Although no single action can remedy the water
shortage, taking actions in concert that target both the supply side and demand side of water use
in Jordan are necessary to meet Jordan’s future water needs. Increasing efficiency of water use,
conservation, re-allocation between users and sectors, establishment of good water governance
and the implementation of IWRM are among the measures that could be applied to reduce the
imbalance between water demand and supply in Jordan.
Within any water management regime, it is imperative to shift focus from a sectoral approach to
defining and solving management issues to a watershed approach accounting for the physical,
biological, chemical, societal, and political features of a region. Emphasizing management of
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both the ecosystem and the hydrological cycle are also important to maintaining the
interdependence between water and other ecosystem functions and services. Increasingly,
academics and policy makers are achieving this through taking an IWRM approach to water
management, which has the added benefit of moving away from the sectoral approach to
management that has been so plagued with problems. IWRM also moves away from the
traditional emphasis on the agricultural sector and instead addresses the various sectors including
domestic, waste-water, industrial, along with agriculture in a more holistic approach (Babel et
al., 2008).
IWRM has been defined by the Technical Committee of the Global Water Partnership (GWP) as
"a process which promotes the coordinated development and management of water, land and
related resources, in order to maximize the resultant economic and social welfare in an equitable
manner without compromising the sustainability of vital ecosystems". Further, IWRM goes
beyond managing water resources within a political or manmade boundary and instead looks at
more natural boundaries such as the watershed or catchment level, and often requires both
regional and local stakeholder cooperation to do this. The ability of IWRM or any integrated
management to improve water management has been questioned (Butterworth et al., 2010), but
advocates indicate that the concept will be better implemented if the focus is on local and
adaptive management and not just on institutional and governance reforms. Research and
education on interactions between natural resource systems and human activities, the state of the
physical resource in a wadi system, socio-economic analyses of different water users, integration
and coordination of meteorological and hydrological data, and institutional and legal reforms all
play an important role in IWRM in Jordan, as outlined in the following sections.
An IWRM plan should involve aspects of the hydrologic cycle, land use, climate, geography and
pollution, economics, social interactions and institutional aspects relating to water management.
It should also deal with the issues of water withdrawal, quality, conservation and legislation,
monitoring and regulation, as well as the physical aspects of flood control, dams and water and
waste treatment engineering works. The confluence of all of these aspects, usually at a river
basin or watershed level, is central to the practice of effective IWRM. Of course, there are many
external impacts on IWRM such as the effects of global climate change, water transfer between
watersheds, movement of populations and the consequent changes in human activities and the
effect of atmospheric transfer of pollutants—sometimes occurring on a continental or even
global scale.
Based on the above discussion, the various reforms for water management in Jordan are
recommended below, under different headings. The idea is to have a bigger plan and
implementation in smaller steps. Some of the major changes that will need to occur would
involve institutional and economic reforms in the water sector (which includes improving infrastructure and water tariffs among other things); involvement and education of all the
stakeholders (i.e. ministries, industries, farmers, non-governmental sectors, universities, and even
the general population) and some technological advancements and adjustments to help reduce
water usage, rain water harvesting, improvements in irrigation, and improvement in crops that
need less water. The following discussion divides policy recommendations into sectors, although
in implementation of IWRM, a holistic approach is necessary that accounts for diverse
interactions between water users and water demands.
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4.1 Institutional Reforms within Jordan
As water management within Jordan is currently undertaken by three different agencies, it is
important that a consolidated institutional and legal framework be established with clearly
delineated responsibilities. A regulatory body also needs to be established for controlling and
operating water and waste-water systems in Jordan. The aims of the regulating body should
include that of controlling water losses, setting tariff rates, and other reforms that improve water
and wastewater management from the utility level to the governance level.
There are some important institutional considerations in IWRM that should be taken into
account. Firstly, there should be a hierarchical context. Stress should be on the systems
perspective, which means that while working on a problem at any level or scale, managers must
seek the connections between all levels. Management should go beyond the administrative and
political boundaries and defining ecological boundaries at appropriate scales, for example basin
level or watershed level. IWRM plan should also consider ecological integrity so as to protect
total native diversity and the ecological patterns and processes that maintain that diversity. The
use of ecological boundaries necessitates cooperation between federal (national), provincial
(state) and local management agencies as well as private parties (including NGOs)—thus calling
for inter-agency cooperation. Therefore, managers must learn to work together and integrate
conflicting legal mandates and management goals.
Another consideration for a good IWRM plan is good data collection. IWRM requires more
research and data collection on habitat inventories, disturbance regime dynamics, baseline, and
population assessment as well as better management and use of existing data. Monitoring is
therefore necessary because the data gathered during the monitoring sessions provides feedback
to the managers on the progress of the action items and allows the manager to keep track of the
changes. Relevant, affordable, and accessible information exchange is the key starting point for
integration activities, because relevant information is appropriate to the tasks, has been tested, is
reliable and is of sufficiently high quality. Affordable and accessible information encompasses
not only the cost of the data and information but also refers to the means and processes that the
users already have to fully apply such information. New systems and software should not be
required to view or use data unless absolutely necessary. Equitable information access is also
critical: users should not be discriminated against because of geography (distance), gender,
economic, cultural or social issues. With data collection and monitoring, it also important for
management to be adaptive (especially in the initial stages), which means knowledge is
provisional and management is both a learning process and continuous experiment.
In general, implementing IWRM requires changes in the structure and operation of management
agencies. This may range from a simple change such as forming an interagency committee, to
complex changes such as modifying professional norms and altering power relations. Regardless
of the role of scientific knowledge, human values play a dominant role in setting IWRM goals,
so people (stakeholders) should be an integral part of the IWRM (Grover et al., 2005).
4.1.1 Improving infrastructure
Improving water management in Jordan will involve reforms at different levels of the
management hierarchy. At the utility level, reforms need to improve the performance of both
physical and human infrastructure. In terms of physical infrastructure, water losses occur through
deteriorating pipes, treatment plants, and metering devices. Deteriorating infrastructure impacts
urban water distribution through leakage problems, and rural/ agricultural distribution through
wastage in transport of irrigation water. Wastewater treatment plants are also in need of
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renovation to reach optimal functioning. Investment in aging infrastructure is extremely
important in Jordan’s water demand management program, but due to the high costs involved
will likely need to be achieved through a public-private partnership. In terms of human
infrastructure, utilities will be greatly improved with upgrades to the quality of customer service,
human resource management, finance and accounting.
At the sector level, improvements will need to be made by building the competence and
capacities of different ministries and regulatory authorities. Education and capacity building will
also be necessary to develop a core group of operators for proper management of water
resources. Further, the government will need to develop indicators to measure change that allows
it to respond to environmental and economic trends impacting water supply or demand. This will
require the proper selection of indicators, and the establishment of databases for storing collected
information and monitoring data. Some of the key indicators will include the percentage of nonrevenue water, water production, meter coverage, meter readings, as well as billing and revenue
collection.
4.1.2 Improving the water tariff system
Poor conservation occurs within all sectors, but is of greatest concern with agriculture due to the
overwhelming demand for water in this sector. Poor conservation is linked primarily to the fact
that water prices do not reflect the true cost of providing this scarce resource. It is imperative to
understand and estimate the relationship between the demand for water in agriculture and the
price charged per cubic meter. It is also crucial to estimate the marginal product of this water in
different agricultural uses. Restructuring agricultural production may result from a price regime
more reflective of water scarcity and productivity than the current one.
Currently, the Water Authority of Jordan does not charge farmers anything for pumping from
private wells for the first 150,000 cubic meters, and charges only JD0.005 per cubic meter
between 150,000 and 200,000 and JD0.060 for every cubic meter over 200,000 cubic meters
consumption (Namrouqa, 2010). At this time, water prices cover less than 60% of the operation
and maintenance costs of water supply for irrigation (Food and Agricultural Organization, 2008).
If current water tariffs are increased, the farmers will be encouraged to adopt more efficient
irrigation methods and switch to higher-value crops (Namrouqa, 2010). Water tariffs in the JRV
have been raised a number of times. The current tariff is designed to accommodate crop water
requirements, which are highest for trees. The average collected rate is around $21 USD per
1,000 m3, but should be increased to around $38 USD per 1,000 m3 to cover all water supply
costs. In the highlands, the average cost of irrigation water is significantly higher at $70-$80
USD per 1,000 m3 and rises with fuel costs (Food and Agricultural Organization, 2008).
Tariffs should be set to reflect the full cost of investment. Short-term aims for tariffs should at
minimum be the recovery of operational and maintenance costs, and long-terms aims should be a
strategy for full cost recovery. The prices for water should be at least set at $1.75 (US dollars)
for the agricultural sector, $2.52 for the residential sector and $ 1.10 for the industrial sector
(Based on results of modified Harvard Fischer model described in appendix 3 and private
communication with Dr. Atif Kubursi, May 2010). There are different rates for each sector
depending on their productivity.
However, adoption of water tariffs becomes difficult because water is not only a desirable
commodity, its availability is also critical for life. There are little or no substitutes for it.
Furthermore, it is a well-entrenched principle that no matter how scarce water is, every person is
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entitled to a minimum quantity that is considered consistent with human dignity (Kubursi, to be
published).
Water is a scarce resource (asset), a scarce commodity and a scarce input. Economics is
particularly suited for dealing with such a resource as economics after all is the study of how
scarce resources are or should be allocated to various uses and users. It is generally accepted
however, that water is not bought and sold in competitive markets. This is because in the case of
water at least five of the basic properties of competitive markets are absent. These five properties
include the following: First, free markets lead to an efficient allocation of scarce resources if
these markets are characterized by competitive structures, that is, these markets include a large
number of independent small sellers and a similarly large number of independent small buyers
that no single supplier or buyer is significant enough to influence the price. Each and every buyer
and seller in this market is a price-taker. Second, competitive markets require freedom of entry
and exit, with no barriers existing to preclude easy entrance or exit. Third, the product must be
homogeneous enough that each unit is quite similar to any other unit. Fourth, for a free market to
lead to an efficient allocation, externalities must be absent. In economics, an externality or
spillover of an economic transaction is an impact on a party that is not directly involved in the
transaction. An efficient allocation can emerge from a free market when social costs coincide
with private costs. Water production, however, involves many "externalities". In particular,
extraction of water in one place reduces the amount available in another. Further, pumping water
from an aquifer in one location can affect the cost of pumping elsewhere. Such externalities do
not typically enter the private calculations of individual producers and drives a wedge between
private cost and social costs. Fifth, in a free market that allocates efficiently scarce resources,
social benefits must coincide with private ones. If not, then (as in the case of cost externalities)
the pursuit of private ends will not lead to socially optimal results. In the case of water, many
uses have social benefits that exceed the private ones. The use of water in agricultural may result
in benefits that exceed the private returns to farmers. Among these are food security, border
security, and national interest. These conditions are often violated in the case of water, where
water sources are relatively few, barriers to entry are real and high (high cost of infrastructure), a
large gap exists between private and social costs, and benefits and water units are not
homogeneous with a large spectrum of different qualities are observed. This is perhaps why
water production facilities are often owned by the State. In many respects water is not a private
good; it has, as we alluded to above, many of the characteristics of quasi public goods (Kubursi,
to be published).
4.1.3 Controlling water conservation through economic incentives
Another way of increasing water conservation efforts in Jordan is to provide incentives to
prevent overuse of water, such as subsidies for increasing the use of water-saving appliances in
domestic and industrial sectors. Economic incentives and financing opportunities that encourage
farmers to employ new irrigation technologies also need to be put in place. To achieve an
incentive program, the government could use the revenue gained from higher water prices.
Moving from an emphasis on food self-sufficiency by limiting subsidies of high waterconsuming crops, and instead relying on importation of these products from abroad as “virtual
water,” may also provide an important incentive for water savings and could significantly reduce
national water demand in agriculture. Nonetheless, evaluating the need to import “virtual water”
crops must weigh the impact of this measure on both the water footprint and the carbon footprint
of production and transport.
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There is currently little correlation between the water requirements of crops and crop production
in Jordan, indicating how little water prices currently impact crop choices in the country. Table 2
shows correlation coefficients based on the ranking done in terms of their intensity, efficiency
and their values and volumes. The results are very indicative of a major mismatch between water
intensity or efficiency with crop prices (a proxy for value) and volumes of production. The
correlation coefficients are either negative or fairly low, which shows that current crop prices do
not guide scarce water allocations in crop production. Equally relevant is the divergence of
volume of production of crops with water intensity. There is a marked divergence between the
ranks of crops by volume with water intensity. This could be an indicator that some concern
about water scarcity is driving this economizing behavior.
Nonetheless, drip irrigation systems are more efficient systems than surface irrigation, with a
direct correlation between water intensity and efficiency However, negative correlation between
water efficiency and productivity depicts that water is not being used efficiently and effectively
to grow right crops. High value but high water intensive crops are being irrigated which
essentially means that water use is inefficient to irrigate high value crops (table 2).
Rising water prices could result in less land area being used for crop production, with high-water
consuming crops dropping out of production and land-use. For example, the Interseasonal
Agricultural Water Allocation System (SAWAS) model developed by Water Economics Project
(Fisher et al., 2005)shows that certain agricultural activities become unprofitable due to the
relationship between their water requirements, cost of production and their market price. Winter
crops have been shown to be the most unprofitable in this water scarce region, followed by fish
ponds, maize, certain orchard fruits, sunflowers, and high water consuming vegetables.
Raising water prices could alternatively result in necessary changes in production patterns from
water-inefficient crops to more water-efficient crops instead of merely abandoning land
previously used for unprofitable in inefficient crop production.
Replacing high water-consuming plants with high market-value crops that have low water
requirements may initially require some government subsidy where there is the need for initial
infrastructure development to produce these foodstuffs. Key changes in agricultural production
should focus on the following relationships between crops and water-use efficiencies:







Wheat and barley are the two main field crops produced in Jordan, with wheat considerably
more water intensive than barley (Shatanawi et al., 1998). Increased barley production over
wheat may prove a more water-efficient use of field areas. Other water intensive field crops
include maize and clover, and finding alternatives for both of these crops may prove helpful
in increasing the water efficiency of field areas.
95% of land-area used for vegetable production in Jordan is irrigated. Tomatoes are the most
commonly grown vegetable but require significantly more water than crops such as potatoes,
squash, cauliflower, eggplant and watermelon, highlighting opportunities for water
conservation through crop replacements. Tomatoes are currently subsidized for export to the
Gulf region. Finding markets for less water-intensive alternatives could open up
opportunities for crop-switching and water savings.
Expansion of fruit tree production, particularly citrus, apples, peaches and bananas, should be
highly discouraged since these are very water intensive to produce.
Annual crops, already in production in Jordan, that have lower water requirements include
barley, vetch, squash, cucumber, sweet peppers, string beans, turnips, radish, and carrots
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(Shatanawi et al., 1998). Perennial olives also have relatively low water consumption
compared to the other tree crops, and are mostly unirrigated in Jordan.
4.1.4 Other economic approaches available for water management
As a general economic rule, a scarce resource, such as water in Jordan, should go to the sector
which can maximize the economic return. Yet water is also a human right (recently recognized
by UN General Assembly resolution, emphasizing the basic rights of access to safe drinking
water and sanitation) and complicates the economic approach to water allocation as basic needs
must be met. Therefore, it is often necessary to subsidized water use to meet basic societal needs,
regardless of economic return.
Nonetheless, pricing strategies and demand side management is extremely important to meeting
increased water demand in Jordan. Demand can be controlled by pricing since demand is not
fixed and can be modified by changes in prices. Some economists have argued that prices can
correct behavioral patterns in water use and demand, while some authors think price is one of the
several factors that influence demand and use of water. Literature has also suggested that
domestic and agricultural water use is relatively inelastic (Espey et al., 1997; Hanemann, 1998;
Renzetti, 2002; Garrido, 2002) while industrial use is more elastic. Yet, even when the sector is
in-elastic, economic instruments have been used to correct inefficient use of water and to control
water demand.
Four different economic instruments/approaches are particularly helpful in managing water
demand in conjunction with modifications to the policy instruments. Some of these economic
instruments have been previously described in this paper. The first one is the use of water
allocation models to calculate water pricing, the second is to examine the correlations between
water efficiency and production and their value added, the third is to calculate shadow prices;
and the fourth is the use of a life cycle assessment tool to determine the best options for domestic
water conservation methods (described in appendix 3). Essentially, all instruments highlight the
importance of full cost-accounting in the development of water prices. Nonetheless, although full
cost accounting should reflect all the costs associated with operation, maintenance, replacing the
infrastructure, opportunity costs and cost of externalities including environmental degradation
and damage, it is not easy to capture all the externalities.
Finally, one of the other serious challenges to implementing economic instruments/approaches in
water demand management is the need to clearly establish and define property rights and resolve
the issue of common property rights, particularly with a resource such as water. Other challenges
include the impact of water markets on equity and the environment, and also the impact that high
costs of water can have on other market functions.
4.2 Greater Involvement of Stakeholders and the Public in Water Management
To improve water conservation efforts and reduce water demand in Jordan, it is crucial to take
steps to improve public awareness on water scarcity in the region, particularly regarding the
costs incurred in extraction, provision and maintenance of the water supply infrastructure. It is
also crucial to build capacity within Jordan to properly monitor and manage water, and also to
involve stakeholders more seriously in decision-making processes.
4.2.1 Education and capacity building
Since IWRM will involve a shift in paradigm thinking of present water professionals in the
country it will be imperative to build the capacity among the water professionals. Public
education on the value and scarcity of water resources in the country will help foster individual
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conservation efforts within all sectors of the economy. Education is also important for generating
support for policy changes to increase water conservation and protection. Education in schools is
an important part of the package, since it is easy to change the behavior at earlier ages and
children may also influence their parents to change. Public awareness campaigns help
communities deal with water allocation problems between competing water-interest groups. To
be effective, awareness programs should also target policy makers and private sector interests.
Capacity building is also an important step needed to be taken by the Jordanian Government, and
involves improving linkages between researchers, policy makers and end users. In the
agricultural sector, these linkages should include connecting market research on product demand
to scientific and technological research on crop water needs and water dispersion possibilities.
For instance, farmers currently overproduce water-consuming crops such as tomatoes, and
should instead focus their production on crops that use less water and have higher economic
value. In addition to capacity building and education, this might need some incentives to change
the behavior of farmers.
4.2.2 Stakeholder participation
Stakeholder participation is an important component of implementing IRWM or any policy
change. Involvement and understanding of local stakeholders, their culture and deeply-rooted
practices, interests, and power relations (especially in hierarchical societies like Jordan) is
necessary to reduce feelings of mistrust or threat to changing policies (Zeitoun, 2009). Some of
the major stakeholders in the water sector in Jordan are farmers, the higher agriculture council,
the Royal Committee on water, ministry of agriculture, ministry of environment, ministry of
water and irrigation, ministry of finance, ministry of planning and international cooperation, and
the civil society in general.
Different stakeholder groups have more power in decision making than others, as indicated in
figure 6 (based on Zeitoun, 2009). Although figure 6 examines water demand management
(WDM), it can also apply to stakeholder interest in water supply management policies, and may
also be expanded from a sectoral consideration of water management to a more integrated
approach. Within the agricultural community, large scale farmers have much more power to
influence policy than small scale farmers. Civil society has little impact on WMD, while the two
most influential stakeholders in Jordan are the Royal Committee and the Higher Agricultural
Councils.
Zeitoun (2009) describes differences in the ability to influence change by different stakeholder
groups in terms of soft and hard forms of power. Soft forms of power include bargaining power
and the power to frame issues that may not be contested, whereas hard forms include economic
and military power, or at least the threat or ability to yield these forms. In Jordan, support for
changes in WDM often conflicts with the ability to implement change, with strong proponents of
WDM within civil society and Ministry of Environment (MOE) having little ability to influence
change in the system. In contrast, the most influential groups do not or do not fully support
changes to WDM policies. It is therefore likely that the middle-of-the-line groups will be
important and useful for consensus-building and dialogue creation, as well as for introducing any
changes in the policies. The Royal Committees should also play an influential role in such
changes. Other ways to address power asymmetries between water stakeholders in Jordan
include:
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Focus on positive-sum outcomes including improving use of appropriate technology (where
both land and water are limiting factors), and the creation of rural-urban water transfers to
meet demands in both sectors.
 Encouraging transformation within existing institutions from the Royal Court downwards,
with more effective communication among stakeholders.
 Leveling the playing field by improving governance of institutions, using effective WDM
mechanisms, and improving education levels of soft-power stakeholders. Leveling the
playing field also includes implementing decision-support systems and improving lawmaking
and enforcement to ensure that power dynamics do not slide into greater asymmetries.
To reach and involve all the stakeholders, it is important to build dialogue platforms using
neutral facilitators to most effectively engage and involve everyone in working towards
necessary change in WDM. Engaging local groups may also involve bringing in traditional
conflict resolution methods. Focus will also have to be directed at the dynamic between the more
powerful players in the water sector, with emphasis on improving negotiation and negotiation
skills between the Water Utility Authorities, large-scale farmer organizations, and the water
authorities. Nonetheless, bringing in any change in policy and implementing them will require
strong political will and long-term vision for sustainable regional/national water policies.
Yet, at the same time, part of water management will have to be decentralized to reduce costs
and placate small-scale users. Many decisions will need to be discussed and made at the local
level, which will have the added benefit of increasing the efficiency and effectiveness of water
demand reduction projects. In fact, studies have shown that stakeholder participation at the
community level for planning, funding and implementing projects has led to increases in both
sustainable use and sustainable management of water (Lundqvist and Gleick, 1997; Faruqui,
2001). Decentralization of control is already an objective of the Jordan Government, as the MWI
indicates that it plans to reduce the role of government in irrigation management to regulation
and supervision, while stakeholders and the private sector will be encouraged to expand their
role in all other areas (Ministry of Water and Irrigation, Jordan, 2009a).
4.2.3 Moving subsistence farmers into alternative livelihoods
Unfortunately, as a result of rising water prices brought on by increasing water shortages and
potential reductions in government subsidies, some stakeholders will be unable to continue to
participate in the agricultural sector. Small farmers and subsistence farmers will be most affected
by an increase in water tariffs and the high costs of new technologies that reduce water use on
farms. This group will also consist of women and economically underprivileged. In general,
increased water prices will have a large impact on the rural economy and will likely result in
increased rural to urban migration and associated social problems. The policy change should
include participation by these stakeholders, but should also involve building the capacity of small
farmers to enter alternative and less water intensive activities so that they can earn a livelihood
instead of using limited resource for undependable agriculture.
4.3 Other Interventions
4.3.1 Development of non-conventional water resources to increase water supply
1. Desalination of water from the Red Sea through the establishment of the Red Sea Dead Sea
Canal (RSDSC) is considered to be a long-term solution to cope with imbalance between water
demand and supply in Jordan.

16



The RSDSC entails pumping one billion cubic meters of water through a 200-kilometer canal
from Aqaba on the Red Sea to the Dead Sea (Ministry of Water and Irrigation, Jordan,
2009b; Namrouqa, 2009), with 850 million cubic meters of this delivered for desalination
(Ministry of Water and Irrigation, Jordan, 2009b). The rest of the water will be used to
stabilize Dead Sea levels.
 The desalination plant will be located near the Dead Sea and will be powered mainly by
hydroelectric energy generated by utilizing the elevation difference between the Aqaba Gulf
and the Dead Sea (Asmer and Ergenzinger, 2003).
 Two-thirds of the desalinated water will be delivered to Jordan and one third to Israel and the
Palestinian Territories (Ministry of Water and Irrigation, Jordan, 2009b). It is hoped that this
project will also help enhance peace and stability through economic development of the
Jordan Valley (Ministry of Water and Irrigation, Jordan, 2009b; Namrouqa, 2009).
2. Treated wastewater will become extremely important for the continuation of agriculture in
Jordan as freshwater sources become more limited and more expensive to provide (Ministry of
Water and Irrigation, Jordan, 2009a; Food and Agricultural Organization, 2008).


This treated wastewater can be used more easily in the JRV due to existing infrastructure,
with wastewater generated in urban areas above the JRV, mixed with freshwater, and
subsequently released into watercourses that flow into the JRV through gravity. Currently,
about 60 MCM per year of treated wastewater is used for JRV irrigation purposes (Ministry
of Water and Irrigation, Jordan, 2009a).
 Wastewater use in food products always involves the risk of contamination, yet the level of
consumer exposure to these contaminants depends on the quality of the water used, the
irrigation method, the time between irrigation and subsequent consumption, and on how the
product is consumed. Sprinkler or spray irrigation should be avoided with treated wastewater
as these methods deposit water and micro-organisms directly onto the leaves and fruits of a
plant and do not conform to Jordan health standards (Food and Agricultural Organization,
2008). Drip irrigation is the ideal method for depositing treated wastewater. Conversely, drip
irrigation can significantly decrease health and environmental risk by depositing water at low
pressure directly into the soil.
 Treated wastewater has the additional economic benefit of adding effluent nutrients to plants
and soil, therefore reducing reliance on synthetic fertilizer, although wastewater also tends to
have higher salinity levels than fresh water which needs to be periodically leached from the
soil.
 Gray water reuse systems can be used on a smaller scale to capture untreated household
water from showers, washbasins, washing machines etc, and can then be reused for flushing
toilets.
3. Rainwater harvesting systems provide a means of increasing the efficiency of rainwater use
and reducing water costs. Currently only 5% of rainwater can is used as 85% is lost through
evapotranspiration and 10% is lost through runoff.



Rainwater harvesting can be used to collect rainwater on rooftops or off of concrete or rock
surfaces. Water can then be stored in cisterns or water storage devices for future use.
For agricultural practices, rainwater can be harvested using terraces, rippers, contour ridges
and other type of water collection methods that store water directly in the soil for crop
production. However these methods are not always effective and depend on the infiltration
rates of soil and climatic conditions that impact evaporation. Experiments have shown that
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the best way to harvest rain water for crop production is to store it deeper in the soil in sand
ditches (since it also reduces evapotranspiration) (Abu-Zreig et al., 2000).
4.3.2 Technological solutions to reducing water wastage
Small changes to management practices in the agricultural sector by local farmers can lead to
significant water savings. These practices can and are being implemented at the farm level, and
can be encouraged to be expanded through economic incentives or subsidies for new
technologies. Implementation also depends on education of local stakeholders about water
management options, and capacity building for implementation and maintenance of these
technologies. Water saving technologies are also available for the municipal and industrial
sectors, and can be similarly encouraged through economic incentives, education and capacity
building. General infrastructure changes in the efficiency of water networks and metering
systems are also an important step to reduce water wastage, and are generally constrained by
government inefficiency or economic concerns. Some specific examples of technological options
for improved water management are listed below.
1. Irrigation wastage can be improved by implementing new irrigation technologies and
scheduling.


Night-time irrigation can substantially reduce water losses due to evaporation. Soil moisture
probes can also be helpful in optimizing irrigation through proper scheduling.
 Sprinkler irrigation systems apply water overhead using high-pressure sprinklers or guns and
are much more water efficient than flood irrigation methods. Yet, drip irrigation systems are
the most water-efficient as they deliver water directly to the root zone. Although this is an
expensive technology and might need initial government or private investment, investment
will pay off since drip irrigation is very effective at saving water, reducing evaporation and
increasing crop yield.
2. Laser-leveling and land grading of fields can significantly reduce runoff, particularly in
agricultural areas that use flood irrigation which often results in an uneven distribution of water.
3. Conservation tillage methods in agriculture, which leave a minimum of 30% of crop residue
on the soil surface, can be very helpful in reducing water flow rates across the field, improving
water infiltration by reducing water loss through runoff, and preventing soil erosion.
4. Greenhouses and natural or plastic mulches are used in agriculture to reduce evaporation, and
their use can be expanded, particularly with vegetable production.
5. Governments can improve water conservation in municipal and industrial uses by subsidizing
or providing water conservation and water saving technologies such as faucet aerators and lowflow shower heads, dual flush toilets and dry toilets.
 Rebate programs have provided incentives to customers in places like Canada to invest in
efficient appliances like washing machines and toilets and have helped in saving water and
energy in many countries around the world.
6. Technical solutions should include maintenance and replacement of many of the water
networks in Jordan to achieve the highest possible efficiency in water conveyance, distribution,
and use (Abdel Khaleq and Dziegielewski, 2006).


Detecting and repairing leaks can largely minimize the amount of lost water and reduce the
amount of water pumped, saving water and energy. Leak detection and repair is the most
practiced conservation activity in the North America (Great Lakes Commission, 2004).
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7. Installation of universal water metering is an essential element in conserving waters because it
leads to a change in behavior by allowing customers to better track their consumption and
thereby reduce water use.
 As an example, installation of universal water metering in Canada has proven to reduce
overall residential, industrial and commercial water consumption by 15 to 30 percent (Great
Lakes St. Lawrence River Cities Initiative, 2008).
Life cycle analyses of different options for domestic water management, based on increasing the
use of non-conventional water sources and implementing technological solutions, were carried
out to calculate reductions in use and the environmental and financial implications of the
different management options (tables 5, 6 and 7 in appendix 4). Table 5 calculates the annual
water and energy savings for domestic water management under different water management
options and shows that increasing the use of non-conventional water sources such as rainwater
harvesting and gray-water are able to save maximum resources. Nonetheless, Table 6 shows that
the production of rainwater harvesting vessels incurs an environmental cost, but overall this
option still appears to be environmentally sound as it reduces the energy cost involved in
abstraction and transportation of water from more conventional sources. The production of the
tables involved multiple assumptions about the system, but they are nonetheless a useful tool for
policy makers to weigh different options for combining water and energy savings.
4.4 Issues with Implementation of IWRM
IWRM should be used as an approach to balance the use of water in various sectors – the main
problem arises when an attempt is made to integrate everything at the same time. One of the
problems with IWRM is the definition of “integration”. It can mean differently to different
people. For instance, there can be “technical integration”, where scientific descriptions of the
environment being studied are reported in a compatible manner and where each report should be
useful to other groups involved. There can be “procedural integration”, where an agreed set of
protocols is used for all the aspects of the IWRM to try and make all the information accessible
to others in a standard or known format or “imposed integration”, where one or a few agencies
drive the process and define the scope, methods, format and reporting of the various aspects of
the study. Lastly, there can be “reporting integration”, where the various aspects are summarized,
analyzed and reported by an appointed group or unit (and they integrate the various aspects)
(Grover et al., 2005).
Another problem related to IWRM arises because of the various disciplines involved. This leads
to issues such as no common vocabulary and no common understanding of IWRM. Another
problem is that the possible solutions are rated differently by different interest groups. For
instance, the role of the local community and regional experts will have different priorities, as
will policy and technical stakeholders. The key is to strike a balance between the technical
community and local participation, and between top-down and bottom-up approaches. Scaling up
is not just replication of technologies or approaches, but expansion of principles and knowledge,
such that people build capacity to make better decisions and influence decision-making
authorities. Thus, scaling-up has power and development dimensions (Grover et al., 2005).
5. Conclusion
Jordan needs to shift towards an integrated policy for water management, where the policy will
include all sectors (i.e. domestic, industrial and agricultural), where the focus is on the watershed
or catchment scale, and where cooperative management between regional partners is used to
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define equitable and efficient shares. Jordan may wish to examine the possibility of establishing
a Jordan River Basin Commission to accomplish this.
A more rational allocation algorithm of scarce water is needed. This is primarily true in the
agricultural sector where reducing the production of highly water-intensive crops can be
accomplished by moving to more economically viable low water consuming plants. For food
security, Jordan therefore needs to explore the possibility of trade in “virtual water” through
importation of high water consuming crops from countries that are more water-endowed. Also,
fresh water use in agriculture should be reduced by implementing incentives that encourage more
efficient water applications through adopting water-saving irrigation technologies and other
farming techniques and strategies. Increased reliance on treated wastewater in agriculture will
also free up fresh water for use in other sectors. There is an obvious need for more efficient and
effective water policies, metering of water use, and collection of water tariffs. Enforcement of
the Water Strategy Policy of 1997 and Groundwater policies and Bylaw # 85 of 2002 are
particularly critical for achieving these objectives.
As shown in the correlation coefficients (table 2), the results are very indicative of a major
mismatch between water intensity and efficiency with crop prices (a proxy for value) and
volumes of production. Water prices need to be based on the actual full costs of supplying the
water to different sectors. Therefore, block rates need to be increased, but charges also need to be
increased to dissuade water waste in activities including the production of high water consuming
crops.
Stakeholder and civil society participation in water management and water conservation efforts
can and must be encouraged through education and capacity building, and through making the
political process more transparent and cooperative.
It is not an exaggeration to suggest that IWRM be incorporated as a critical component of any
efficient and effective strategy to deal with water scarcity, and particularly for achieving high
efficiency from using this increasingly scarce resource in Jordan.
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Figure 1: Past and Projected Municipal Water Consumption (MCM) per Governorate
(1996 – 2020)

Source: National Water Master Plan- Ministry of Water and Irrigation 2007

Figure 2: Water Consumption and Projection in the Agricultural, Industrial and
Municipal Sectors (1996 – 2020)

Source: National Water Master Plan- Ministry of Water and Irrigation 2007
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Figure 3: Water Use for Irrigation in the Jordan Valley from 1996 to 2002

Source: National Water Master Plan- Ministry of Water and Irrigation 2007

Figure 4: Water Use for Irrigation in the Uplands from 1996 to 2002

Source: National Water Master Plan- Ministry of Water and Irrigation 2007
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Figure 5: Percentage Unaccounted Water per Governorate

Source: National Water Master Plan- Ministry of Water and Irrigation 2007

Figure 6: Stakeholder Influence on Water Demand Management

Source: Zeitoun 2009
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Table 1: Water Footprint of Jordan
Population

4,813,708

Domestic
Water
withDrawal
Gm3/yr

0.21

Domestic Water Consumption

Foreign Water

Crop
Evapotranspiration

National

National
Consumption
Gm3/yr
1.45

Export
Gm3/yr
0.07

Industrial
Water
with-Drawl
National
Consumption
Gm3/yr
0.035

Export
Gm3/yr

Ag

Ind

0.00

4.37

0.21

For
ReExport
of
Imported
Produce
0.22

Water
Footprint
Total
Per Capita
Gm3/Yr M3/Cap/Yr

Domestic
Internal
Water
Footprint
M3/cap/yr

Agriculture
Goods
Internal
Water
Footprint
M3/Cap/Yr

External
Water
Footprint
M3/Cap/Yr

Internal
Water
Footprint
M3/Cap/Yr

External
Water
Footprint
M3/Cap/Yr

6.27

44

301

908

7

43

1,303

Industrial Goods

Source: www.waterfootprint.org
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Table 2: Correlations between Water Efficiency, Intensity, Crop Production and Prices
Drip Irrigation

Surface Irrigation

CORR Intensity and Productivity

-0.102

-0.087

Corr Efficiency and Productivity

-0.102

-0.082

Corr Value and Productivity

-0.030

CORR Intensity and Value

0.015

0.024
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Appendix 1
Table 3: Summary of the Water Allocated to Jordan, Syria, and Israel in MCM/Yr
from the Jordan and the Yarmouk Rivers According to the Johnston Plan and to the
Agreements of 1987 and 1994.
Water allocated to Jordan, Syria, and Israel from
the Jordan and the Yarmouk Rivers according to
the Johnston Plan of 1953 (Mm3/yr)

Water used by Jordan, Syria, and Israel
from the Jordan River basin after
refusal of the Johnston Plan and before
signing the Agreement of 1987 between
Jordan and Syria and before signing the
Water Agreement of 1994

Water that should be allocated to
Jordan, Syria, and Israel from the
Jordan and the Yarmouk Rivers after
signing the Water Treaty between
Jordan and Israel and after assuming
that the provisions of the Agreement of
1987 have been implemented (i.e. AlWehda Dam was filled with water)

Jordan
Yarmouk
Jordan River
Yarmouk River
Jordan River
Yarmouk River
River
River
Jordan
343*
377
243
120
273**
305***
Israel
375
25
552
100
522
25
Syria
42
90
0
170
0
160****
Notes: * The Jordan water share from the Jordan River is divided as follows: 100 MCM/yr from the Lower Jordan River, and
243 MCM/yr from the side wadis that feed the river from the Jordanian territories (Elmusa, 1998). ** Before signing the
Agreement of 1994, Jordan received nothing from the Lower Jordan River but after signing the Agreement, Jordan was able
to get 30 MCM/yr from the Lower Jordan. *** 305 MCM/yr includes the amounts of water, 75 MCM/yr, that returned to
Jordan because of signing the Water Agreement with Israel in 1994 and also includes the amounts of water that should be
provided to Jordan if Al-Wehda (the Unity) Dam has been filled. **** 160 MCM/yr represents the approximate storage
capacity of 26 dams that Syria was allowed to build on the tributaries of the Yarmouk River according to Jordan-Syria
Agreement of 1987.
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Appendix 2
Table 4: SWOT Analysis (Strengths, Weaknesses, Opportunities, Threats)
1.
2.
3.
4.

STRENGTHS:
Forced adaptation to water scarcity
Use of scarcity prices in domestic sector (or for domestic uses)
Increased awareness in some key segments of society
Adaption of water-conserving drip irrigation methods in the agriculture sector

1.
2.
3.
4.
5.
6.

WEAKNESSES:
1. General:
a. Low water availability
b. Administrative insufficient
c. Inadequate technical services
d. Inappropriate awareness and low priority accorded to water services
e. Insufficient use of treated waste water (lack of awareness and education) although it
complies with WHO and Jordanian government standards
f. Fragmented and insufficient regional approach
g. Inadequate coordination/management of shared resources
h. Poor or limited implementation of some provisions of regional water treaties
i. Lack of availability of data and sharing between countries
j. High population growth
k. Low community awareness and participation and engagement in water programs
l. Fragmented water institutional arrangements
m.
Multiplicity of institutions dealing with water and inadequate harmonization
and streamlining of authorities and responsibilities
n. Inadequate preparation for climate change and high evaporation rates in the region
o. Annual recharge is lower than discharge
p. High rate of depletion of ground water
q. Water Quality issues – more concern is about quantity than quality (deteriorating
water quality)
r. Lack of infrastructure – lack of use of indigenous technologies
2. Domestic water use:
a. High leakages
b. High prices – higher than marginal costs (subsidizing agriculture)
c. Metering - inadequate coverage and monitoring
d. Inadequate administrative and physical infrastructure
e. Administrative and high physical losses
f. Absence and/or lack of adequate water conservation programs and government
subsidies to encourage conservation and the introduction of water conserving
technologies– for example aerators, low flow flush, water and energy conserving
household appliances machines
g. Large amount of unaccounted water use – unaccounted water is as high as 60 or 70%
in most governorates, 76% in Mafraq
3. Agriculture water use:
a. Low prices way below marginal product and cost recovery – e.g. for first 150 m3
nothing is charged and very little charged for the greater use.
b. Inappropriate product structure, water intensive crops for exports are grown e.g. fruit
c. Irrigation water is highly subsidized
d. Inadequate legal, management, institutional governance structure (too much
corruption)
e. Insufficient or limited use of treated waste water for agriculture despite the fact that
it meets WHO and Jordanian standards
f. Inappropriate technology for irrigation (for example, drip irrigation is not available
for all the parts in the country)
g. Insufficient research and inadequate research capacity and institutions for
appropriate crops for the region
h. Poor communication of information between farmers and policy makers
4. Inappropriate time scheduling of irrigation
5. Industries:
a. Lack of waste water treatment for industrial water uses

1.
2.
3.
4.
5.
6.
7.

THREATS
Climate change
Increased desertificationwater scarcity – inadequate
water
Water use equality among
countries and among users
High salinity of water
Political instability and
water conflicts in the region
Dwindling foreign aid for
water projects
OPPORTUNITIES
High potential for IWRM
Potential change in pricing
to reflect scarcity
Greater coordination among
sectors and neighbors
Improved research capacity
and communication of
research to users
Improved expertise in water
mgmt.
Improved infrastructure
Adequate statistics/data
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Appendix 3
A3.1 Water Allocation Model
Structure of the Model
We begin by specifying the demand for water in each location. Three sectoral demands are
defined: Agriculture demand, industrial demand and urban demand. Agriculture demand
receives special attention because farming is the dominant water user in the region and
because important national policies typically relate to it.
The rate at which water is demanded by each sector depends upon the price of water
(US$/m3) in that sector. The relationship between the rate of water use and the price of water
is expressed by the sector's demand for water. These curves are all from the constant
elasticity family.
1

⎛ P ⎞α d
Qd = ⎜⎜ wd ⎟⎟ , β d > 0, α d < 0
⎝ βd ⎠
where

Qd = rate at which water is demanded in sector d and
P wd = price of water in sector d

β d = the demand for water intercept in sector d

α d = inverse of the price elasticity of water for sector d
There is no compelling empirical or theoretical warrant for using constant elasticity demand
curves, but they have theoretically plausible qualitative characteristics and are easy to
estimate and convenient to apply. But this convenience comes at a price. This price is high
when the elasticity estimate is not accurate or real.
The objective function to be maximized is the sum of the net benefits from fresh water and
recycled water.
⎛ β x (QDid + QFRYid )α id + 1 ⎞
⎟ - ∑ ∑ (QSis x CSis ) - ∑ ∑ QTR ij x CTR ij
Max Z = ∑ ∑ ⎜ id
⎜
⎟ i s
α id + 1
i
d ⎝
i
j
⎠
- ∑ ∑ (QRYid x CR id ) - ∑ ∑ QTRY ij x CTRY ij - ∑ ∑ ((QDid + QFRYid ) x CEid )

(

(

i

d

i

)

)

j

i

d

Subject to:

∑ QS + ∑ QTR - ∑ QTR = ∑ QD ∀ i
is

ji

s

j

ij

j

id

d

∑ QRY + ∑ QTRY - ∑ QTRY = ∑ QFRY ∀ i
id

s

ji

j

ij

j

QRYid = PR id x (QDid + QFRYid ) ∀ i, d

id

d

⎛ 1 ⎞
⎜
⎟

⎛
⎞⎜⎝ α id ⎟⎠
(QDid + QFRYid ) ≥ ⎜⎜ PMAX ⎟⎟
∀ i, d
β
id
⎝
⎠
Equity Constraint
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∑ (Qd

id

d

+ QFRYid ) × POPj = ∑ (Qd jd + QFRY jd )× POPi
d

Bounds:

QSis ≤ QSMAXis ∀ i, s
QDid = QDLid ∀ i, d

PR id ≤ PRMAXis ∀ i, d
All Variables >= 0;
The inverse demand function can be expressed as a constant elasticity function:
P id = Bid x (QD id + QFRY id )

α id

Where:
s

= Supply sources or steps {S1,S2,S3,S4,S5}

d

= Demand types {URB,IND,AGR}

i

= Region or district

Z

= Net benefits of water supply in 106$ (objective function variable)

QSis

= Water supplied from source s (of steps S1,S2,S3,S4,S5) to district i in Million Cubic

Metres (MCM)
QDid

= Water demanded for sector d URB,IND,AGR) at district i in MCM

QTRij = Water transported from district i to district j in MCM
QTRYij = Recycled water transported from district i to district j in MCM
QRYid = Water recycled from use d in district i in MCM
QFRYid = Recycled water supplied to use d in district i in MCM
QSMAXis = Upper bound of water supplied from source s to district i in MCM
PRid

= Percent of water that can be recycled from use d in district i in MCM

PRMAXid = Upper bound on the percent of water that can be recycled from use d
in district i in MCM
CSis

= Unit cost of water supplied from source s to district i in $US/m3

CEid

= Unit environmental cost of water discharged by use d at district i in $US/m3

CTRYij = Unit cost of transporting recycled water from district i to district j in $US/m3
CTRij = Unit cost of fresh water transported from district i to district j in $US/m3
Pid

= Price of water at district i in $US/m3

POPj = Population in region j
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A3.2 Shadow Prices
The calculation of a shadow price of water is sketched in a simple example below by way of
illustrating its derivation and interpretation. We start with postulating the following
optimizing problem:

Minimize cost of production:

wL + eK + rW
Where
w = wages

e = rental cost of capital
r = rental price of water
L = labor
K = capital
W = water
The bar over the prices is meant to denote competitively determined prices.
Subject to a production function relationship
x = F ( L, K , W )

And a fixed amount of water

W =W
where X-bar is total output
The Lagrangian

[

]

(

L (L, K, W, λ1 , λ2 ) = wL + eK + rW + λ1 x − F (L, K , W ) + λ2 W − W

)

Differentiate totally:

[

]

[

]

∂F
∂F
⎡ ∂F
⎤
dW ⎥ + λ 2[dW ] + x − F (L, K , W ) dλ1 + W − W dλ2
dK −
dL −
wdL + edK + rdW + λ1 ⎢−
∂W
∂K
⎣ ∂L
⎦

Group terms:

[

]

[

]

∂F ⎞
∂F ⎞
∂F
⎛
⎛
⎛
⎞
− λ2 ⎟dW + λ1d x − λ2 dW + x − F (L, K , W ) dλ1 + W − W dλ2
⎜ w − λ1
⎟dL + ⎜ e − λ1
⎟dK + ⎜ r − λ1
∂L ⎠
∂K ⎠
∂W
⎝
⎝
⎝
⎠

The first three terms are the first order conditions of minimizing costs and are set equal to
zero
dL
= λ1 where λ1 is the influence on cost of producing one additional unit of output or
dx

marginal cost (MC) of output.
dL
= −λ2 where λ 2 is the shadow price of water as it depicts MC of one additional unit
dW

of water.
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The first order condition for water implies the following.

r = λ1

∂F
+ λ2
∂W

λ1 , λ2 ≥ 0

but λ1 = price of output under optimal competitive conditions therefore r = P

∂F
+ λ2
∂W

Therefore the rental price of water would equal its value of marginal product plus a scarcity
premium represented by λ2 .
The shadow price is simply a Lagrangian multiplier in the optimization equation. It denotes
the improvement in the Objective Function due to a relaxation of any given constraint.
In the case of the WAS model, the shadow price associated with a particular constraint shows
the extent by which the net benefits from water would increase if that constraint was loosened
by one unit. For example, where a pipeline is limited in capacity, the associated shadow price
shows the amount by which benefits would increase per unit of pipeline capacity if that
capacity were slightly increased. This is the amount that those benefiting would just be
willing to pay for more capacity.
The central shadow price in the model is that of water itself. The shadow price of water at a
given location is the amount by which the benefits to water users (consumers and producers)
would increase were there an additional cubic meter per year available at that location. It is
also the price that the buyers at that location who value additional water the most would just
be willing to pay to obtain an additional cubic meter per year, given the optimal water flows
of the model solution.
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Appendix 4
Table 5: Annual Reduction per Capita in Resources Use Due to the Implementation of Domestic Water Management Options.
New
Resource
Rainwater
Harvesting
System

Low Flow
Shower
Head

Faucet
Aerator

Leakage
Prevention

Dual Flush
Toilet

Dry Toilet

Gray-Water Reuse
System

9.69

0.97

5.81

3.88

6.78

7.52

5.02

3.69

36.97
1.78

3.70

22.18

14.79

25.88

28.84

19.22

14.05

54.72

6.85

33.45

22.81

38.76

42.91

29.14

21.77

8.72
33.27

3.88
14.79

5.81
22.18

2.91
11.09

2.17
8.13

4.67
17.75

6.00
22.92

Option Type
Do Nothing
Alternative

Option

Resource use after
using the option

Reduction in use
due to using the
option

Groundwater use
(m3/capita/year)
Surface water
(m3/capita/year)
Desalination*
Energy Consumption
(KWh/capita/year)
groundwater use
(m3/capita/year)
surface water (m3/capita/year)
Desalination
Energy Consumption
(KWh/year)

Water Saving Options

Reuse Option

1.78

47.87
21.28
31.91
15.96
11.81
25.58
32.95
Assumptions
Family Size = 5
Energy consumption = energy used for water abstraction and transportation = 3.2KWh/m3 + energy needed for treatment (in case of chlorination = 0) + energy used for desalination
(0.86Kwh/m3)+energy used to transfer surface water (0.6)
Desalination water is only used for drinking, so all these options will not change consumption
Reduction in water use has been distributed equally under different options from groundwater and surface water
rainwater harvesting - using a cistern to collect 80m3 and can save 30 - 90% water from other sources - for calculations here 90% is used
low flow shower head use reduces water usage by 40% than using normal shower heads (EPA 1995)
Faucet aerator reduces water usage by 60% (EPA 1995)
leakage prevention can go up to 75% and it is expected that due to system improvements and education can be up to 30%
Dual flush toilet = reduction of 22%
Dry toilet savings are 48%
Gray water reuse saves 62%
Source: JWU, 2007 (from thesis) and for desal http://www.desware.net/Energy-Requirements-Desalination-Processes.aspx and for transportation
http://www.uni-hamburg.de/Wiss/FB/15/Sustainability/DesalinationFNU41_revised.pdf
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Table 6: Environmental Impact of Production, Annual Reduction and Net Reduction in the Environmental Impact for the Different Water
Management Options Relative to Do Nothing Option (the Numbers Are All per Capita)
Option Type
Option

New Resource
Rainwater
Harvesting
System

Water Saving Options
Low Flow
Shower
Head

Faucet
Aerator

Leakage
Prevention

Environmental impact due to production
Total impact of production (mPt)
33,400.00
29.60
0.30
Expected life (yr)
50.00
10.00
10.00
Annual environmental impact of production (mPt/year)
668.00
2.96
0.03
Reduction of environmental impact due to implementation
water use reduction (m3/year)
3.88
5.81
2.91
Groundwater use
chlorine reduction (kg/year)
0.00
0.00
0.00
0.00
(m3/capita/year)
environmental impact reduction (mPt/year)
0.00
0.00
water use reduction (m3/year)
14.79
22.18
11.09
Surface water
chlorine reduction (kg/year)
0.01
0.01
0.01
(m3/capita/year)
environmental impact reduction (mPt/year)
0.38
0.38
0.38
Desalination
Energy
Reduction (kWh)
47.87
21.28
31.91
15.96
Consumption
(KWh/year)
environmental impact reduction (mPt/year)
1,244.62
553.17
829.75
414.87
Total reduction of environmental impact (mPt/year)
1,244.62
553.55
830.13
415.25
Net reduction of environmental impact (mPt/year)= total reduction
of environmental impact (mPt/year) - annual impact of production
576.62
550.59
830.10
415.25
* Environmental Impact of do-nothing scenario is
1,422.76
Assumptions:
The environmental impact of production was calculated using the Eco-indicator 99
The impact is given per year
It is considered that the only water treatment is chlorination and 0.6mg/l of it is used. Environmental impact is 38 mPt/kg chlorine.

Reuse Option
Dual
Flush
Toilet

Dry Toilet

196.00
20.00
9.80

72.80
20.00
3.64

1,776.00
10.00
177.60

2.17
0.00
0.00
8.13
0.00
0.00

4.67
0.00
0.00
17.75
0.01
0.38

6.00
0.00
0.00
22.92
0.01
0.38

11.81

25.58

32.95

307.15
307.15

665.10
665.48

856.78
857.16

297.35

661.84

Gray-Water Reuse
System

679.56
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Table 7: Annual Benefits, Costs and the Present Worth of Net Benefits for the Different Water Management Options Relative to the "DoNothing" Alternative
Option Type
Option
Investment
Initial investment (cost and installation)
Expected life of equipment
Investment for 10 years (I0)
Annual Operational Benefits
From water savings ($)
From energy savings ($)
From using compost as a fertilizer ($)
Total annual benefits ($)
Annual Operations Cost
Operation and Maintenance cost ($)
Net annual benefits ($) = Total benefits total costs
Present Worth (PW)

New Resource
Rainwater
harvesting system

Low Flow
shower head

Faucet
aerator

800
50
160

3
10
3

9
10
9

50.39
6.70
0.00
57.09

22.40
2.98
0.00
25.38

-0.80
56.29
274.69

Water Saving Options
Leakage
Dual Flush
Prevention
Toilet
2

Dry Toilet

Reuse Option
Gray-water
Reuse System

20

40
20
20

180
20
90

140
10
140

33.60
4.47
0.00
38.06

16.80
2.23
0.00
19.03

12.36
1.65
0.00
14.01

26.90
3.58
3.60
34.08

34.71
4.61
0.00
39.32

-0.02

-0.05

0.00

-0.10

-0.45

-0.70

25.36
192.83

38.02
284.57

19.03
126.96

13.91
87.44

33.63
169.65

38.62
158.21

Assumptions
Average cost for water for domestic use is 1.2US$/m3
Average cost of energy 0.14 US$/KWh
Annual operations and maintenance cost 5% of investment cost
annually US $ 2 per capita will be spent on leakage prevention
PW is calculated based on equation PW = (A((1+k)^n)-1)/(k((1+k)^n))-I0
where PW is present worth
A represents net annual benefits (US$/year)
k discount rate (taken as 5% in this case)
n is number of years
I0 is investment in year zero (US$)
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