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Chapter 1

An Overview of the Water Sector
in MENA Region

Slim Zekri and Aaisha Al-Maamari

Abstract The Middle East and North Africa region is experiencing a widening gap
between freshwater supply and demand caused by population and economic growth
and climate change. This book addresses water scarcity issues in the MENA region
and gives an overview of the current water policies in seven MENA countries: Algeria,
Egypt Iran, Jordan, Oman, Saudi Arabia, and Tunisia. This book includes an introduc-
tory chapter and seven chapters showcasing water policies in each country. This intro-
ductory chapter gives a quantitative representation and description of current available
water resources; water demand for industrial, domestic, and agricultural purposes;
and water per capita decline over time. The seven chapters provide details on the main
challenges faced in each of the countries in the water sector. The chapters address the
laws governing water use in the three economic sectors, water supply, water pricing
and cost recovery and irrigation efficiency, and technology adoption. The increase of
supply from non-conventional resources such as desalination and reuse of treated
wastewater is analyzed. The chapters end up discussing how the countries are adapt-
ing to climate change and the role of research and innovations.

Keywords Water supply - Water demand - Water policy - Climate change -
Research

1.1 Purpose of the Book

This book enters a virgin soil and contributes to the water sector policies in the
Middle East and North Africa (MENA) region. A seminal work has been done by
the World Bank (2017b), which considers MENA as a whole. This book is an impor-
tant contribution about countries from a region of crucial importance for water
management. Physical, natural, socio-economic, and political constraints make this
region a sort of “laboratory” for water management around the world. This book has
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2 S. Zekri and A. Al-Maamari

contributions from seven countries. Each chapter discusses the same dimensions of
the water sector in a given country, allowing the readers to compare among the
countries. Although MENA countries have a lot of water problems in common, the
way the challenges are addressed differs from one country to another. This book
starts with an introductory chapter that gives an overview of the water situation in
MENA. Seven chapters follow with detailed cases on specific challenges in each
country as well as the policies implemented so far. A concluding chapter finally
compares the different reforms undertaken in the seven countries, the successful
experiences, and the challenges ahead.

1.2 Introduction

The Middle East and North Africa region (MENA) is formed by 21 countries. A
number of these countries are currently in a state of political instability, conflicts, or
wars, which resulted in human suffering, mass migration, severe damages to water
infrastructure, and halt of public investments. The present book presents an over-
view of the water policy for the following seven countries: Algeria, Egypt, Iran,
Jordan, Oman, Saudi Arabia, and Tunisia. The selected countries are representatives
of Maghreb, Mashreq, and Gulf countries. The World Bank (2017b) report is a
seminal work on MENA water policy. The report has drawn an accurate image of
water scarcity in the region and spelled the required reforms both in the water sector
and beyond it to avoid the failures and economic losses that would result from an
unmanaged scarcity. Two recent World Bank (2017a, 2018a, b) reports presented an
update of the state of water scarcity as well as the status of water security in the
MENA region. They portrayed the existing challenges and chances to overcome the
water security issues. The reports questioned the sustainability and efficiency of
water resources management, the reliability and affordability of water services, and
whether the water-related risks are appropriately recognized and mitigated. This
introductory chapter gives a quantitative representation and description of current
available water resources; water demand for industrial, domestic, and agricultural
purposes; and water per capita decline over time.

1.3 Water Resources in MENA

Among all regions in the world, the MENA region, comprising 21 countries,' expe-
riences high level of water scarcity and variability in available freshwater resources
over time. Figure 1.1 shows the available renewable water per capita in MENA

'"MENA countries: Algeria, Bahrain, Dijbouti, the Arab Republic of Egypt, the Islamic Republic
of Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi
Arabia, the Syrian Arab Republic, Tunisia, the United Arab Emirates, and the Republic of Yemen.
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Water resources per capita in MENA countries 1992-2014
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Fig. 1.1 Available renewable water per capita in MENA countries 1992-2014. (Source: World
Bank 2018b. database, data for 2014)

countries for the years 1992-2014. The figure clearly shows that the available water
per capita is dwindling over time for all MENA countries, reflecting an increased
scarcity in the region. MENA countries are also characterized by high evapotrans-
piration rates, given the high temperatures most of the year. The common water
sources for the MENA region are surface and groundwater in addition to non-
conventional water such as desalination and recycled treated wastewater. Figure 1.2
shows that Iran, Iraq, Lebanon, and Morocco have relatively the highest quantities
of renewable water resources compared to other MENA countries, with water level
of more than 800 cubic meter per capita per year. On the other extreme, Gulf
Cooperation Countries (GCC), Jordan, Libya, and Yemen have the lowest level of
available renewable water resources per capita and they highly depend on depleting
groundwater and desalination. Figure 1.3 shows the distribution of surface water
and groundwater resources. GCC countries, Djibouti, Libya, and Jordan have the
lowest quantities of groundwater and surface freshwater. Egypt, Iraq, and Syria
depend on transboundary water resources such as rivers originating from other
regions and aquifers which are shared with other countries. Rivers are the main
water source used for crop irrigation in Egypt and Iraq, which are threatened by the
increasing level of water use by upstream countries.

Population growth, fast economic growth, urbanization, and climate change are
the main threats to the renewable freshwater resource (World Bank 2017a, b) besides
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Available renewable water per capita for MENA countries
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Fig. 1.2 Renewable water in m® per capita per year. (Source: World Bank 2018b. database, data
for 2014)
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Fig. 1.3 Renewable volumes of groundwater and surface water in MENA. (Source: FAO
AQUASTAT 2018, data for 2014)

to the international instability driving a number of MENA countries to increase food
local production despite being non-competitive. The estimated population of MENA
increased from 0.3 billion in 2000 to 0.4 billion in 2017 with a growth rate of 1.72%.
It is expected that population will reach nearly 0.5 billion in 2030, considering a
1.2% average growth rate (World Bank 2018b). Demand for water resources will
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increase for the agricultural, domestic, and commercial sectors, which will put
higher pressure on the quantity and alter the quality of water resources in the region.
Hence the imperative by MENA countries to reform their water policies and legisla-
tions and to efficiently allocate the water supply to fulfill current and prospect water
demand. As shown in Fig. 1.3, most of the renewable water is in the form of surface
water with a share of 78%. However, for most of the GCC countries, such as
Bahrain, Kuwait, Qatar, and the United Arab Emirates (UAE), conventional water is
exclusively in the form of groundwater with very low renewable volumes.

Figure 1.4 shows the current use of the available water resources based on sus-
tainable and unsustainable types. All MENA countries depend partially on fossil
water, unsustainable non-renewable groundwater. The most dependent is Libya
with 80% of the water withdrawn coming from non-renewable groundwater, fol-
lowed by Saudi Arabia with 75% of water used from non-renewable aquifers. The
least exposed is Morocco with almost 2% of water withdrawals from unsustainable
groundwater.
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1.4 Water Allocation

With continued noticeable increase in population and climate change, the percent-
age of water allocated to agricultural uses has increased in recent years. Figure 1.5
shows the percentage of water consumed by the agricultural, industrial and domes-
tic sectors, respectively, for selected MENA countries. The figure shows that the
largest quantities of renewable freshwater are used for agricultural purposes in
almost all MENA countries, with an average use of over 70%. The domestic sector
is second in terms of total freshwater demand. Finally, the industrial sector uses the
lowest portion of freshwater resources with less than 6% of total uses.

Currently, groundwater is heavily used in all MENA countries because of the
open access type of the resource and the availability of electricity for pumping in
rural areas. Kuper et al. (2017) affirm that groundwater in North Africa will not
provide a buffer capacity against drought and rainfall variability in the long term
and cannot mitigate the effect of climate change as many suggest. This is because
hard allocation choices are being postponed and short-term economic development
and social welfare are favored at the expense of social and environmental sustain-
ability of groundwater use. The authors assert that groundwater is being managed as
a political “safety valve” where ambitious public policies encourage investments in
high value crops, while perfectly knowing the resulting decline of the groundwater
table. The increased variability of rainfall events and less spread of rain days is
another reason for the higher abstraction rates of groundwater. In all MENA coun-

Percentage Freshwater Withdrawal by Sector in 2014
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Fig. 1.5 Water allocation by sector in MENA. (Source: World Bank 2018b)
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tries, except Jordan, there is no proper allocation of groundwater among users and
in most cases there is no control of volumes abstracted. If groundwater policies are
not properly addressed, drastic consequences on availability of groundwater for
urban and domestic uses are expected, in the medium run, in several MENA coun-
tries. Groundwater over-abstraction can be reversed only if less water-intensive eco-
nomic activities are considered conjointly with a proper mechanism of property
rights definition and allocation. In other terms, industrialization, introduction of
knowledge economy in rural areas, and creation of better paid non-agricultural jobs
to maintain social peace seem unavoidable to trigger sustainable groundwater man-
agement policies. Currently, there is too much dependency on groundwater to alle-
viate poverty and maintain rural populations in place because of absence of
alternative job opportunities. But current rural populations are leaving at water-
credit, and rural exodus from several non-managed groundwater-depending areas
should be expected in a number of MENA countries which will worsen the acute
problems of large cities’ suburbs.

Sanchez and Rylance (2018) reported more than 30 unrests and protests, in North
African countries, related to water-supply-induced scarcity in 2015. The authors
correlated the water service unrests to population size and growth, GDP, and GDP
per capita for five North African countries. They showed that the frequency of
water-related social unrests is higher during lower-than-average rainfall years,
where population is dependent on limited water services. Lower-than-average rain-
fall years result in disruption of natural surface flows in the absence of institutional
distribution.

Despite the fact that the agricultural sector is using the largest volume of water,
all MENA countries, without an exception, have a food trade balance deficit
(Fig. 1.6) that reached a total of $ 29.6 billion in 2016 (WITS 2016). The trade bal-
ance is partly explained by the scarcity of water resources, but also depends on
population size, income per capita, and food preferences. The food trade balance
will probably worsen in the future given the high population growth and the expected
decrease in available water resources. Furthermore, some of the current agricultural
exports from MENA countries are based on non-renewable resources, like dates, for
instance, from Algeria and Tunisia, which will reflect negatively on the export val-
ues in the future. Most of the MENA countries still have limited access to rich
countries’ markets where they can market high value products that require less
water. Non-tariff barriers are limiting exports due to the presence of pesticide resi-
dues. On the positive side, the adoption of technologies that improve irrigation
water efficiency and a responsible use of pesticides and chemicals would likely
contribute to increase exports and better balance the food trade. These changes will
occur only if market opportunities for agricultural products and logistics for export
are enhanced. This will probably benefit the highly professional medium and large
farmers who can master the production process, have access to funding, and are
connected to networks but not the small farmers located in remote areas. From
another perspective, however, as well documented by Chris et al. (2017), efficient
irrigation technology will increase farmers’ profit but will also result in higher agri-
cultural water demand and competition for water among sectors. Hence the conflict
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Food Trade Balance in 2016
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Fig. 1.6 Food trade balance for selected MENA countries in 2016. (Source: data from WITS
2016)

between reducing the food trade balance and saving agricultural water and allocat-
ing part of it to urban/environment uses. This poses the question if encouraging
more food export from water-scarce countries is desirable. In all cases, in the
absence of rural development strategies based on low-water-demanding industries,
governments in developing countries are short of options. Overall, the alignment of
agricultural production and food trade policy with water security goals seems in the
right direction. However, recent food prices shocks, disruption of transport, con-
flicts, and wars are reviving old reflexes for food security that might have negative
impacts on water security in the long run for certain MENA countries. Elmi (2017)
justifies the concerns of food-import-dependent countries by the fact that interna-
tional food prices are inversely correlated to oil prices and that the political and
economic situations prevailing in the exporting countries affect the total supply of
food available in the international market. Furthermore, the author stresses that
75-80% of the food entering the GCC countries passes through either Bab Al
Mandab or Hormuz Straight, two passages affected by political instability and war.
The author recommends the use of high efficient water technology such as hydro-
ponics to improve the food security by increasing production in a sustainable fash-
ion and improve the skills of the labor. He also recommends introducing food
demand policies to curb down the food waste.
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1.5 Recycling of Treated Wastewater

One of the water supply management targets by MENA countries is the potential
use of large portions of treated wastewater for groundwater recharge, agricultural
and landscape irrigation, the industrial sector, and to reserve the scarce renewable
freshwater for domestic uses (WB 2017).

Figure 1.7 shows the average quantities of wastewater produced, collected, and
treated by country for the period 2008—2012. The volume of wastewater collected in
MENA countries represents 64% of the wastewater produced by the municipal
sector. Similarly, the volume of wastewater treated represents only 43% of the total
volume collected. In other terms, only 27% of the total volume of wastewater is
being treated on average. This does have pollution implications on receiving water
bodies. Furthermore, even though some countries have reached 80% of treatment of
the collected water, they still have some pollution impacts given the fact that they
treat only up to secondary level with treatment plants capacity being exceeded in
several cases. The result is the pollution of beaches in big cities obliging citizens to
travel long distances to find swimmable beaches. Algeria has been successful in
reversing this pollution by introducing tertiary treated wastewater (TTWW) treat-
ment and improving the quality of seawater for swimming in the capital’s beaches
(Drouiche and Soni chapter). The majority of Tunis capital beaches are not suitable

Wastewater production, collection and treatment for MENA
countries

M Produced

M Collected

m Treated

wastewater level (109 m3/year)
o = N w D w [e)] ~ o]

Country

Fig. 1.7 Wastewater production, collection, and treatment in MENA. (Source: FAO
AQUASTAT 2018, data for 2008-2012)
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for swimming due to dumping of secondary treated wastewater in the Gulf of Tunis
despite Tunisia being considered a success story in terms of wastewater manage-
ment with 86% of households connected to the network (ONAS 2017). Large vol-
umes of treated wastewater are also discharged into the Arabian Sea, a semi-enclosed
gulf, resulting in accumulated pollutants threatening the marine environment (Van
Lavieren et al. 2011) as well as the desalination process with harmful algae blooms.
Further treatment of wastewater would come at higher costs that could be afforded
by oil-rich countries, while non-oil MENA countries will unlikely invest in advanced
treatments due to the absence of willingness of governments to increase the cost of
service. The absence of studies on citizens’ willingness to pay to protect beaches
and other water bodies used for recreation does not help decision-makers see the
potential benefits of advanced treatments.

Treated wastewater has also the potential to improve crops production if utilized
efficiently. Figure 1.8 shows the percentages of volumes reused for irrigation pur-
poses. On average, 37% of the treated wastewater is being reused for irrigation in
MENA with high differences among countries. Some countries such as Jordan and
Libya use 90% and 100%, respectively, of the treated wastewater. But overall most
of the treated wastewater (63%) is discharged actually on surface water bodies or in
the sea. The reasons for not reusing are multiple. WB (2017a) argues that a major
obstacle to treated wastewater recycling is social acceptability. A close look at the
experience of several MENA countries shows that barriers to wastewater recycling
are linked to the price of treated wastewater, the degree of treatment and regulations,
the rainfall uncertainty, and the farm size and crop mix. Wastewater demand is the
highest where water scarcity is high, price of treated wastewater is competitive com-
pared to conventional resources, and the quality of the treated wastewater is safe for
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a large variety of crops. In Saudi Arabia, Al Hassa, tertiary treated wastewater is
highly demanded given the absolute scarcity due to the groundwater level draw-
down, salinity, and the existence of date plantations that require water. In fact, all
the TTWW of the city is delivered to farmers free of charge. Even farmers who used
to pump from the aquifers are changing to TTWW for irrigation given the high
salinity of the groundwater (Zekri 2010). Another variable is the climate and type of
crop. For instance, in northern Tunisia, farmers are very reluctant to use treated
wastewater despite the low price. According to the regulations, the secondary treated
wastewater can only be used to irrigate forage crops or cereals. The average rainfall
in northern Tunisia is around 400 mm a year allowing rain-fed farming. Zekri et al.
(2016) have shown that in Oman farmers are willing to use tertiary treated wastewa-
ter but the price proposed to farmers is double than their willingness to pay, result-
ing in a very low rate of reuse in the agricultural sector. In general, treated wastewater
reuse for irrigation in MENA countries is either inefficiently used or the pricing
system is inefficient. Treatment and distribution cost would not be fully recovered
unless the applied pricing system and reuse rate are high enough to cover the main-
tenance and operation costs.

Given the population’s spatial distribution, often the largest treatment plants are
located in coastal areas while farms are located in the internal regions far from the
treatment plants requiring huge investments in infrastructure and above all high
operating and maintenance costs for pumping. In addition, most rural and internal
areas of MENA countries have no sewage system or nearly of poor-quality sewage
and sanitation infrastructure. So there is a need to improve the quality of the treated
wastewater and build pipes network and sanitation system so that treated water can
be reused for irrigation. Optimal location of treatment plants that takes into account
where the treated wastewater is going to be recycled should be undertaken during
the planning process. The possibilities of substituting good freshwater quality by
treated wastewater will remain a dream given the fragmented water regulations and
the lack of integrated solutions.

1.6 Urban Water

Most MENA countries have reliable piped urban water networks in the cities.
However, according to LAS (2018), intermittence of supply of urban water is still
an issue in many Arab countries such as Jordan where water is delivered once a
week and Lebanon, Sudan, and Yemen with deliveries of 3—4 days/week. Residents
usually adjust by storing water in rooftop tanks. The intermittence of supply is
either due to water scarcity or due to the high costs of operation and maintenance of
the system. In fact, maintaining a high pressure on the pipes 24 h a day is energy
intensive and costly. Despite the fact that most connected people to piped water pay
for water services based on a volumetric price, it is apparent that the water prices do
not cover the costs and/or the non-revenue water represents an important portion of
the water supplied. The perception that increasing water prices would cause social
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instability is one major obstacle to price reforms and cost recovery. In many MENA
countries, urban water prices are terribly low that it is more expensive to buy one
bottle of water from a supermarket than to pay for 1 m?® from the network. This
applies not only to Saudi Arabia and Kuwait among others but even for Tunisia,
which has implemented a program of water cost recovery, but still has a very heavily
subsidized first and second block tariffs. MENA countries still deal with the access
affordability to water and equity problems with old pricing methods rather than
exploring new methods that take into consideration the number of family members,
indoor/outdoor uses, season, cost of service, environmental impacts, and the mar-
ginal cost of water. As a result, an important part of the subsidy ends up in the
pockets of wealthy families. Indeed, despite the fact that water tariff might be tiered
and progressive, the richest households are smaller in size compared to the poorest.
Their consumption might fall in the first/second block tariff. For instance, in Tunisia,
“...the richest quintile captured a greater share of the total subsidy (31%) as opposed
to the poorest quintile which captured only 11%” (World Bank 2017a). Kotagama
et al. (2016) estimated that wealthy families in Oman receive a water subsidy of
$1846 per household/year. This shows clearly that the tiered pricing method is
totally unfair, while populist voices and many decision-makers still sell it as a policy
for protection of low-income classes. As well coined by Whittington (2016), overall
subsidies are large, very poorly targeted to poor households, and water sold in the
upper blocks is not high enough to generate revenues to cross-subsidize low-volume/
low-income water users.

Water prices below cost result in high demand essentially if combined with high
income. Figure 1.9 shows that water demand per capita is the highest in the water
poor GCC countries. The consumption is above 400 l/cap/day where urban water

Potable water demand in L/cap/day

500 500

water demand in 1/cap/day

Country

Fig. 1.9 Potable water demand in l/cap/day in the capital cities of MENA countries. (Source: Self
collected from different sources and compiled)
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supply depends mostly on expensive desalination process. In MENA only Morocco
and Tunisia are in the range of 100 l/cap/day. The figure shows clearly the absence
of water demand management in most MENA countries.

One more dangerous result of water prices below cost is that water utilities skimp
on maintenance and differ network expansion (Abou Rayan and Djebedjian 2016).
As far as water prices do not reflect scarcity, the supply and demand cannot balance.
Policies cannot be just built on perceptions. Most MENA countries still lack reliable
water economic and policy studies that would help decision-makers undertake nec-
essary pricing reforms and overcome unjustified fears of political instability.

In terms of quality, access to potable water has been improving in MENA, espe-
cially in urban areas of the richer countries. Statistics show that access to improved
drinking water in rural and urban areas of MENA countries increased slightly from
75.9% to 78.5% between 2003 and 2012. However, several rural areas still lack a
reliable/quality supply of water, especially in the poorer countries with 70% of the
rural populations concerned with the problem (Bryden 2017). Even in cities with
intermittent supply that rely on rooftop storage, quality can be an issue when the
tanks are made from asbestos. Recent studies show that asbestos fibers in water
could pose unpredictable risks to humans after detecting asbestos in mice liver and
blood, after 60 days of exposure (Zheng et al. 2018). Emerging pollutants is another
concern that MENA countries should start looking at in order to improve the quality
of delivered water (Teodosiu et al. 2018). This would require further investments in
treatment technologies by water utilities which would also result in sensorial
improvements requested by consumers. Consumers are turning to bottled water for
taste as well as safety reasons, which indicates willingness to pay for better water
quality from the taps. Thus, price reforms should also take into account the quality
improvements required and the potential benefits consumers can gain by avoiding
the expenditure on expensive bottled water and the environmental costs generated
by the use of plastic.

1.7 Desalination

Several MENA countries depend partially on desalinated water for urban purposes.
Among MENA countries, Gulf Cooperation Countries (GCC) are the most depen-
dent on sea and brackish water desalination. In fact, Qatar and Kuwait rely totally
on desalination, the United Arab Emirates relies 70% on desalinated water, and
Saudi Arabia’s reliance is nearly 60% (League of Arab States 2018). Figure 1.10
shows the annual volumes of desalinated water produced in some MENA countries.
The UAE produced 1500 Mm? in 2012 and is ranked top in terms of volumes desali-
nated, followed by Saudi Arabia and Algeria. The countries that depend more on
desalination are the rich-oil countries.

Desalination is an energy-intensive process. GCC countries have their own oil
resources needed so far for desalination. Long-term solutions should be sought now
to shift to renewable energy resources for desalination, to face the after-oil era.
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Desalinated water produced in some MENA Countries in
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Fig. 1.10 Volumes of desalinated water produced in some MENA countries 2010-2012. (Source:
Desalination Inventory Report for GCC Member States (2016) and FAO AQUASTAT database)

Brine disposal is another major concern. Most of the brine produced by Bahrain,
Kuwait, Qatar, the UAE, Saudi Arabia, and Iran is dumped in the Arabian Sea caus-
ing seawater salinity increases and damages to the sea environment. According to
Dawoud and Al Mulla (2012), seawater salinity in the Gulf is about 45 g/, while in
the vicinity of desalination plants seawater salinity is already varying from 50 to
55 g/l. GCC countries are now looking to establish a water network connection in
order to desalinate more in Oman, in the open ocean where salinity is around 33 g/1,
and transfer to the other Gulf countries (GCC 2016).

Most of desalination is undertaken by the private sector and foreign companies
under different types of arrangements such as “Build, Operate and Transfer”” and
“Build, Own and Operate” and paid in hard currency. The contract type is “take-or-
pay” where the buying entity agrees to buy a fixed volume of water year around
regardless of fluctuation in demand. Usually desalinated plants are designed to sup-
ply for peak demand. The result is an excess of desalinated water during the winter
months where demand is quite lower than summer. Zekri et al. (2019) proposed to
inject the excess desalinated water, produced in winter, into aquifers to make use of
the full capacity of desalination plants and enhance coastal cities’ water security.

North African countries are increasingly using desalinated water for urban pur-
poses but with much lower proportions. The trend in North Africa is toward a more
intensive use of desalination to adapt to the population concentration in coastal
areas, as well as to more recurrent droughts. Several coastal areas can no longer
depend exclusively on water transfer from regions with excess conventional water
due to higher water demand. Brackish water is also being desalinated in some inte-
rior areas of Algeria and Tunisia to improve the quality of delivered water. Oil-
importing countries pay high costs for energy used for desalination and pay in hard
currency. Furthermore, often contracts with foreign desalinating companies are paid
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in dollars. Given the devaluation occurring in several MENA countries, such as
Egypt and Tunisia, the cost of desalinated water to the utilities is increasing dramati-
cally making the goal of achieving cost recovery impossible since water prices do
change only once a year in the best cases while the exchange rates are deteriorating
on a daily basis. Thus, involvement of the local private sector should be considered
in future desalination contracts in order to reduce the burden of exchange rates on
water users and on financial stability of water utilities. Besides, the regions that
depend on desalinated water should be charged more than the regions that benefit
from conventional raw water. In most MENA countries, water prices are established
at the national level and water users pay the same price regardless of the source/
quality of the water delivered.

1.8 Funding

Most of the funding for the water sector is still coming from public funds (LAS
2018). This is fundamentally the result of low water tariffs in the urban sector as
well as in the agricultural sector that makes investments by the private sector non-
attractive. The required investments in the water sector for the coming decades are
huge and estimated at US$ 100 billion per year, for the whole MENA region, in
order to overcome water shortages in 2050 (Immerzeel et al. 2011). The funds vary
from country to country and are needed for new investments as well as the replace-
ment of old infrastructure. Although MENA has received an average $ 280 million
per year during the period 2011-2013 ($ 0.50 per capita/year) in the form of devel-
opment assistance for water resources (Jobbins et al. 2016) that represents only
0.3% of total required investments in the sector. The report by the World Bank
(2018a) emphasizes that the participation of the private sector has been mainly
focused on service efficiency so far. Some 28 million people living in MENA ben-
efited from improved water services via public—private utility partnerships. The
report stresses the fact that further participation of the private sector is conditioned
by reforms in tariffs and subsidies and assurance of payments is addressed.
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Chapter 2
Water Policy in Algeria

Nadjib Drouiche, Rafika Khacheba, and Richa Soni

Abstract Water scarcity is a reality in Algeria. However, this stark fact is some-
times misunderstood. High population growth coupled with industrialization calls
for a sustainable water use pattern in industrial, agricultural, and domestic sectors.
The problems caused by water scarcity imply important changes in the criteria and
objectives of water policies. The major water issues in Algeria can be attributed to
both policy implementation failure and a lack of on-the-ground application of regu-
lations. For a better tomorrow, it is pressing to integrate policy frameworks with
particular attention to efficient utilization, rationalization, and conservation. The
proposed approach is illustrated in the paper by the case study of water policy analy-
sis for Algeria.

Keywords Algeria - Water policies - Institutions - Pricing - Irrigation schemes

2.1 Introduction

Algeria is located in North Africa. Most of the country is covered by the Sahara
Desert. Then it becomes evident that the country is a water-scarce nation. The
Algerian population is expected to reach 45 million by 2020. Not only is the country
affected by the severity of its climate and geography but also by the overexploitation
of its water resources to an alarming extent. The quality of water management and
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service is one of the key priorities of the government as various forecasts predict
that climate change could severely affect Algeria in the form of more frequent
drought and flood cycles (CEDARE 2014; Drouiche et al. 2012; Hammouche 2011).

In Algeria, the coastal areas have a mild climate with hot summers and cool and
rainy winters. In the highlands, summers are hot and dry. Winter rains in the high-
lands begin in October. However, most of the territory is occupied by the Sahara,
which explains the distribution of population density. Ninety percent of the popula-
tion is living along the coastlines (Agence du Bassin Hydrographique Constantinois-
Seybousse-Mellegue 2009; Hammouche 2011).

Recent research shows that the water resources in Algeria are estimated at 17 bil-
lion m?, with surface water estimated at 10 billion m?; groundwater at 7 billion m?
mainly in the Sahara. The aquifers situated in the north are exploited to 90%, with
1.9 billion m? per year with some aquifers being overexploited. In the Sahara region,
the extracted volume of groundwater is around 1.7 billion m?® per year (Drought
management strategy in Algeria 2014).

The weather information services on water management are delivered through a
National Agency for Water Resources via 220 hydrometric stations, 860 rainfall sta-
tions, 36 rain gauges, and 56 full weather stations (Drought management strategy in
Algeria 2014). To support a growing and rapidly urbanizing population, Algiers
hopes to employ technological solutions to maximize the country’s water supplies.
The emergency program dealing with the crisis and the disruption of water supply
has highlighted the random nature of water resources and recommended to relying
more heavily on nonconventional water resources such as seawater desalination and
reuse of treated wastewater (Ministere des Ressources en Eau 2011), leading to the
implementation of a new sector policy of water resources (Boye 2008; Drouiche
et al. 2011; Mooij 2007).

2.2 Legal and Organizational Aspects of the Water Sector

The ministry of water resources (MRE) is the most important player in the Algerian
water sector. Its mandate is given by Decree no 16-89 of 2016, having the responsi-
bility of elaboration and implementation of policies and strategies in the context of
water resources and environment protection. MRE controls both the water and envi-
ronment sectors. Several public administrations and organizations are subordinated
to it (CEDARE 2014; Kettab 2001; The World Bank Report No.: 36270 — DZ 2007).
The Algerian water sector is characterized by few companies/utilities. Figure 2.1
lists the agencies and their prime responsibilities (Drouiche et al. 2012; Ministere
des Ressources en Eau 2011).
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Fig. 2.1 Agencies of water sector and their roles

2.3 Agricultural Water

2.3.1 Surface Water

There are 17 major watersheds in Algeria. The country receives rainfall in an annual
average of 89 mm, which allows a flow of 211 billion m?. Rainfall is variable across
the country with 350 mm average annual rainfall in the west and as much as
1000 mm in the north east. Rainfall decreases rapidly south of the Saharan Atlas
range and toward the Sahara Desert. The surface water is 10 billion m® annually,
distributed according to five watersheds, as shown in Fig. 2.2. Most of the surface
water resources are concentrated in the North, along with the majority of the popu-
lation (Groundwater Management in Algeria. Draft Synthesis Report 2009;
Knoema 2014).

Only the rivers in the northern coastal region are perennial, flowing all year
round. In the south, wadis (ephemeral rivers) drain to closed internal sinks—chotts
or sebhkas—which are subject to high evaporation rates. In the drier area to the
north of the Atlas, soils are generally suitable for agriculture, but water availability
is a key constraint. Withdrawals for agriculture are estimated to be 3940 Mm?/year,
which means that some of these surface waters are being fully used mainly due to
expansion of the irrigated land of agriculture irrigation (CEDARE 2014).
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Fig. 2.2 Major Surface Water Features of Algeria. (Source: fao.org. 2015)

2.3.2 Groundwater

Groundwater is the major source of drinking water and its use for irrigation is fore-
casted to increase substantially to combat the growing food insecurity. Because of
its geographical location, Algeria undergoes the influence of two climate types: the
Mediterranean type in the north and the Saharan type in the south. Groundwater
withdrawals are roughly double the annual recharge rate. The total available renew-
able potential is estimated at about 2.7 billion m*/year in the northern Atlas region
and 5 billion m? in the southern Saharan region. These aquifers are fed essentially
by rainfall, whose distribution is irregular both in time and space. Agriculture is the
country’s primary user of total water, taking almost 4000 MCM/year and is the sec-
tor having the highest impact on aquifers, causing a threat for groundwater contami-
nation (Ghodbane et al. 2016; The world bank Report No.: 36270 - DZ 2007).

2.3.2.1 Fossil Water vs Renewable Groundwater

Water is usually a renewable resource, but in some cases, it can be fossil. The fossil
water requires careful exploitation and usage, as it is a nonrenewable resource. The
largest fossil groundwater volumes are found in the large sedimentary aquifers in
the Sahara where the climate is harsh desert with little or no rainfall.
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Fig. 2.3 (a) Hydrogeological sketch map of the North-West Sahara Aquifer System (Foster and
Loucks 2006). (b) Map showing position of Tamanrasset

Table 2.1 Projections of the irrigated surfaces evolution in the NWSAS region
Country name | Surface (ha) in 2000 | Surface (ha) in 2020 | Surface (ha) in 2050

Projections of the irrigated surfaces evolution in the NWSAS region

Algeria 170,000 300,000 340,000
Demographic Projections (number of capita of the NWSAS region)
Algeria 2,600,000 3,700,000 4,300,000

Algeria manages and shares its deep fossil groundwater (i.e., The Continental
Interlayer fossil aquifers) with Libya and Tunisia as a member of the North-
Western Sahara Aquifer System (NWSAS). The agreement is subjected to an inter-
national cooperation setup in 2008 between the three countries to sustainably
manage the groundwater resource. The latter involves the sharing of two major
confined fossil aquifers—the Continental Interlayer sandstone aquifer and the
shallower sandstone aquifer known as the Terminal Complex. This system, as
shown in Fig. 2.3a, covers an area of more than 1 million km?, 69% of which is in
Algeria, almost 8% in Tunisia, and 23% in Libya. The projections of the increasing
pressure on NWSAS water resources for the few coming decades are alarming and
are presented in Table 2.1.

This resource is largely nonrenewable, not fully exploitable but confronted to
risks due to exploitation, including water salinity and falling water table level,
which seriously threaten the sustainability of the economic development in
the region.

Algeria started pumping fossil water reserves through a large-scale transfer proj-
ect to transfer water from Ain Salah to Tamanrasset, over a distance of 750 km,
completed in 2011. This project supplies potable water to the city of Tamanrasset to
balance the demand. The Ain Salah-Tamanrasset water transfer canal has a convey-
ance capacity of 100,000 m*/day. This attitude toward abstraction is prevalent across
the entire region (CEDARE 2014; Edmunds et al. 2003; Foster and Loucks 2006;
Groundwater Management in the Near East Region Synthesis Report 2011;
Sekkoum et al. 2012).
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2.3.2.2 Aquifer Depletion

In a semiarid region like Algeria, where groundwater is a primary source of water,
intensive irrigation may threaten future water security. In addition, with anticipated
shifts in precipitation patterns induced by climate change, groundwater’s value as a
strategic reserve is increasing in the country. While farmers in Algeria have signifi-
cantly improved their livelihoods and household food security, aquifer depletion
and groundwater pollution are also a direct result of this intensive use of groundwa-
ter for irrigation purposes. In the North-Western Sahara, where people are depen-
dent on the North-Western Sahara Aquifer System, depletion of aquifer reserves is
taking place with a high dependency on irrigation for agriculture. During the last
30 years, 0.6-2.5 billion m*/year of water has been abstracted from this system.
Algeria is planning to increase the extraction as a response to climate change.

In the Sahara, the foggara has played a leading role in the field of abstraction of
groundwater distribution and sharing through formal and strict rules. Foggaras are
tilted underground tunnels draining water from the water reserve to the field of irri-
gation. The water flows downstream owing to gravity. It consists of a series of wells
3—-12 m apart and a tunnel 50-80 cm wide and 90-150 cm high. Fogarras are still
functional and are used to irrigate oases like Touat and Tidikelt group and
Gourara oases.

In the northern part of the country, groundwater resources are still available,
either in the form of springs or shallow wells. Although significant progress has
been made in groundwater governance, the overexploitation due to irrigation over
the past two decades has particularly affected the northern areas of the country.
Local estimates suggest that by 2025 groundwater supplies could be fully exploited
and in some places, they will be overexploited as they are already in parts of the
north (Maliva and Missimer 2012; Remini and Achour 2013; Good Practices in
Agricultural Water Management Case Studies from Farmers Worldwide 2005).

2.3.3 Property Rights

Algeria has adopted a participatory process to review its legislation and policies and
improve its legal and policy framework. Under the 2005 Article 3 of the Water Law,
the right to access to water and sanitation to satisfy the basic needs of the popula-
tion, respecting equity is recognized (Export.gov 2019; Investment Climate
Statement — Algeria 2015; Righttowater.info 2019).

Water rights are private in some parts of the country. Thus, in some regions of
Algeria partnership agreements exist between the owners of unirrigated land and the
owners of water quotas. The share of water received by each recipient is determined
based on the size or level of investment contribution. “Association sharing” exists in
a region of Southern Algeria between owners of unirrigated land and owners of
water quotas for the production of palm dates. In such an agreement the owner of
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the land transfers half of his property rights to the owner of the water quota. After
few years, when the tree bears fruits, the “association” comes to an end and the land
owner gets permanent ownership of the water on his land. Both participants benefit
through such association as each gets half the ownership of palm groves (Benmehaia
and Brabez 2016; Benmehiaia and Brabez 2016; Laoubi and Yamao 2008).

2.3.4 Reuse of Treated Wastewater

During the last three decades, Algeria has suffered from recurrent progression of
periods of drought (Intergovernmental Panel on Climate Change (IPCC) 2007). A
decrease in annual rainfall of between 10% and 20% was observed in the western
region of the country (Meddi and Meddi 2007). The use of groundwater in the
northern region has already reached its limits leading to higher pumping rates that
have affected the groundwater levels in this region. Significant rise in the popula-
tion, agricultural irrigation, and economic development have exerted further strain
on the water resources. Climate change has also intensified the water scarcity issue.
Therefore, reuse of wastewater has become a necessity as properly treated wastewa-
ter has been successfully employed to meet nonpotable water needs.

Wastewater reuse alternatives can be generally listed as agricultural reuse, urban
and landscape reuse, industrial reuse, domestic reuse, and groundwater recharge.
The possibility of reusing treated wastewater for the above-mentioned alternatives
depends upon several factors, which include water quality requirement of each user,
location of user, probable health risks, government regulations, and cost require-
ment. Owing to the growing population, water requirement by the agricultural and
industrial sector is increasing. As a result, wastewater reuse contributes toward the
sustainable management of water resources. The volume of sewage water in Algeria
is estimated to be 600 million m*/year. This number is expected to reach 1.2 billion
m? in the year 2020 (ONA), 2011, http://www.ona-dz.org/ (accessed 06.06.12).].
Currently, the number of wastewater treatment plants in Algeria exceeds 60, with a
total treated volume of 1 Mm?*day approximately. The Government investments in
this subsector over the last 30 years amounted to USD 15 billion (Drouiche et al.
2012). A list of treatment plants is shown in Table 2.2.

Table 2.2 List of major treatment plants, their capacity and volume they treat

Name Wilaya Year of service Capacity (m*/day) Treated volume
BBA BBA 2008 2500 30,000

Ibn Ziad Constantine 2009 5000 69,120

Ain Hout Tlemcen 2009 9300 30,000

Ghriss Mascara 2012 1000 3,700

Baraki Alger 2013 76712 150,000
Annaba Annaba 2013 83620 116,000
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2.3.5 Food Safety/Vegetables/Heavy Metals

The agriculture sector in Algeria uses 70% of the water resources and is most
exposed to weather and therefore most sensitive to drought. In Algeria, treated
wastewater is used for unrestricted irrigation, industrial use, and restricted agricul-
tural use according to the degree of treatment. Treated wastewater contains significant
amounts of nutrients (nitrogen, phosphorus, and potassium) ranging from 20 to
60 mg/L nitrogen, 6-15 mg/L phosphorus, and 10 to 40 mg/L for potassium (da
Fonseca et al. 2005). These nutrients are essential to crops for high yields and unde-
sirable for environmentalists in aquatic compartments, whose excess presence is
detrimental to the environment and public health (Mohammad and Mazahreh 2003).
Although much progress has been made on laws and standards for wastewater reuse,
the critical water scenario suggests the need for further development of wastewater
reuse standards and related laws (Intergovernmental Panel on Climate Change
(IPCC) 2007; Hamdy and Lacirignola 2005; Meddi and Meddi 2007).

2.3.6 Pricing
2.3.6.1 Cost Recovery/Maintenance of the Irrigation Schemes

Water pricing and cost recovery of irrigation investments, operation, and mainte-
nance have been contentious issues for many decades. In Alegria, water pricing is
considered as a significant economic tool in the reform process of water demand
management. Over the two last decades, the country invested in irrigation to secure
and increase water supply in order to develop the economic sector, improve food
security, and target populations in less favored rural areas. In this regard, reforms in
water resources management have been established to improve the performance of
irrigation schemes, such as the national plan of agricultural development (PNDA) in
2000 and the water pricing policy of 2005. Other steps taken to improve cost recov-
ery include improved irrigation services and more transparent decisionmaking. The
success of these steps relies on government policies as well as institutional arrange-
ments, including the basic legal system. The agricultural price policies have a nega-
tive impact on farmer’s incomes, which affect policies of water pricing or need
complementary policies addressing the issue of acceptance to the farmers. Electricity
pricing in the agriculture sector is expected to be the most efficient way to begin
managing and regulating the use of groundwater by farmers (Algeria MWR et al.
(2014) (Table 2.3).

Table 2.3 Electricity In ton of oil

consumption by agriculture equivalent

(2012) in ktoe [33] Sector (TEP) In %
Agriculture | 1,069,935 3
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2.3.6.2 Irrigation Organizations and Farmers’ Participation

The National Office of Irrigation and Drainage (ONID) allocates volumes of water
to the irrigation schemes according to the needs expressed by farmers. The process
begins at the starting of irrigation season. The user submits his water demand to the
agency, by specifying the number of hectares, the crop type, and volume of water
desired. The ONID forwards the volume requested to the DHA Directorate before
the start of the irrigation season. The request is subsequently processed in the Sub-
directorate of the Operation and Regulation of Agricultural Water Management
(SDERHA) (Laoubi and Yamao 2008). The final decision on allocations is deter-
mined according to the available storage in the dams, after subtracting the volume
of water allocated to urban use. The MADR informs the DSA (Directorate of
Agricultural Utilities of the Provinces), which, in turn, informs farmers (Chamber
of Agriculture) of quota availability. Farmers contact the ONID and organize them-
selves for the water release.

Crop irrigation accounts for approximately 70% of the total water consumption
and covers an area of 865,286 ha (i.e., 2% of the agricultural area), with a predomi-
nance of medium and small-scale schemes (88% of the area). These systems were
partially or entirely created by farmers using shallow wells, deep tube wells, small
reservoirs, wadis (spate irrigation systems), springs, and ghotts (small oases in
the South).

In Algeria, there is little research on farmers’ cooperatives and organizations.
The main studies showed that farmers’ cooperation behavior relies on their percep-
tion of professional cooperatives and that the educational level is an important fac-
tor critical to farmers’ participation in cooperatives and associations. They concluded
that the government should increase its efforts in promoting and publicizing the
benefits of cooperation in more effective ways (Benmehaia and Brabez 2016;
Benmehiaia and Brabez 2016).

2.3.7 Irrigation Efficiency
2.3.7.1 Technology Adoption/Subsidy and Other Policies

Many challenges that re already confronting irrigation development in Algeria and
that will become steadily more acute as population grows and climate change adds
stresses on the available freshwater resources. Careful management of scarce water
resources is thus essential to improve food security (Dinar and Mody 2004). Since
the 1980s, the government of Algeria began development of the National Irrigation
Policy, which is designed to fully address the challenges that the irrigation sector
faces and promote effective irrigation development. The concept of integrated water
resources management was introduced by the Algerian water policymakers. It aims
at providing a vision and step-wise prioritization of irrigation development in the
country. Several reforms have been tried since, including water conservation, good
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irrigation development and management practices and use, improving water use
efficiency, and the sustainability of irrigation schemes. The principle of cost recov-
ery has been established, and the irrigation water prices increased in 1998 and 2005.
A number of innovative technologies (drip, sprinkler) are financed through water
sales and state subsidies have been tested and adopted in Algeria (Dinar and Mody
2004; Easter and Liu 2005; Ghazouani et al. 2012). Over the last decades there has
been a major change in the irrigation technology used in Algeria. There has been a
general move from traditional flood irrigation to application of more efficient irriga-
tion technologies such as central pivots, drip, and microsprinklers.

2.3.7.2 State-of-the-Art Technology/Smart Irrigation & Innovations

Facing severe water shortages, Algeria is trying hard to save irrigation water by
investing in water saving technologies and changing cropping patterns toward less-
water-demanding crops. Cereal crops such as wheat and barley are grown along
coastal areas and in some of the mountain valleys where rainfall is plentiful. Potato
is also grown. However, only around 3% of Algeria’s land is suitable for arable
farming. The slopes of Algeria’s northern mountains and plateaus are used for pas-
toral farming, mainly sheep, cattle, and goats. Further south and across the desert
regions, date palms are common in oases. Poor irrigation management has often
resulted in several sites to soil salinization and groundwater contamination and pol-
lution. New irrigation technologies and decision support tools are continually being
innovated in Algeria and worldwide. Water use efficiency and energy use efficiency
are the main focuses of these innovations. Fortunately, efficiency is linked to better
quality production and improved profitability.

2.4 Research

New technologies, mainly seawater desalination and water reuse processes, which
address the emerging challenges, are easily embraced by the water sector to increase
water availability. Some cooperation agreements exist between the ADE and ONA
and research institutes for water-related issues. Algeria and the European Union
(EU) signed the Prima agreement on scientific cooperation to increase research in
the key sectors of water and agriculture. The PRIMA initiative (2018-2028) aims to
develop new solutions for sustainable water management and food production
(PRIMA; https://www.euneighbours.eu/en).

FAWIRA project is launched in Algeria with the objective of strengthening the
cooperation capacities of Algeria’s “National Institute of Agronomic Research”—
INRAA in the context of the European Research Area and development to the Food,
Agriculture and Water center of excellence. This is in turn facilitates its participa-
tion in European and regional collaborative research initiatives. To ensure adequate
coverage of research areas, INRAA deploys an intensive cooperation both nationally
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and internationally. The international project portfolio consists of several projects
dedicated to the improvement of wheat, building research capacity, renewable
energy, the fight against desertification and rural development in fragile ecosystems
(mountains, plains, and Sahara areas), food security, the application of nuclear tech-
niques to agricultural areas (Pathology and Animal Health, irrigation, crop breed-
ing, bioclimatology), mobilization of water resources, and soil conservation.

The Centre for Development of Renewable Energies (CDER) was established as a
research center specialized in renewable energies, resulting from the restructuring of
the Algerian High Commission for Research. The center is responsible for developing
and implementing programs of research and development in the field of science and
technology, energy systems exploiting solar energy, wind, geothermal, and biomass.

2.5 Food Security Versus Virtual Water/Food Imports

By importing food and agricultural goods, Algeria copes with the heterogeneous
global water distribution and often relies on water resources available globally. The
marked decrease of import observed in Algeria is likely due to the expansion of the
irrigated areas in the last two decades. However, at the country level, there is an
extreme variability in terms of total renewable water resources (TRWR), the TRWR
per capita is less than 600 m?/capita/year, the threshold that corresponds to the water
scarcity levels proposed by Falkenmark (1986). As a result, the country imports
most of its basic foods and all of its livestock feed, one-half of the public expendi-
ture in the budget of the Ministry of Agriculture is allocated to financing the price
support program for wheat.

Cereals represent 38% of Algeria’s total food import bill (2015) and also the top
food import. Algeria imported 6-7 MMT per annum of total wheat over the past
5 years of which bread wheat always represents 75-83% of the wheat imports.
Algeria imported an average of 222,000 MT of pulses per year over the past 5 years
mostly from Canada, China, Mexico, Argentina, and Turkey. Barley imports
increased following an average crop production in 2013/2014, and as the production
was revised downward in 2014/2015, more barley was imported to meet the demand
for animal feed.

2.6 Water Salinity/Other Pollution Problems

Algeria faces severe water scarcity and hence resorts to groundwater to cover water
demand. Overexploitation of groundwater, however, often causes intrusion of sea-
water into coastal fresh water aquifers, and as a result there is fresh water shortage.
Often, emergency measures are being imposed to counter fresh water shortages.
Water scarcity is further complicated by lack of sewage control and pollutants from
the oil industry and other industrial effluents.
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Nitrates are a key ingredient of manures used in Algeria as they serve as a nitro-
gen source for plants. Part of these manures is absorbed by plants while the rest is
collected in surface water bodies such as the Dam of Beni Haroun in Algeria or in
the groundwater (Cheurfi et al. 2009). Nitrate pollution is hazardous as it is toxic for
humans if ingested in too large quantities. Also, it participates in eutrophication
along with phosphates.

2.7 Urban Water

2.7.1 Sources of Supply

Algeria undertook over the last decades a vast program of rehabilitation and exten-
sion of the city networks of drinking water distribution and treatment. The reform
also touched on the capacity building of management of the water public service.
The rate of connection of the population to the public network of urban water went
from 78% in 1999 to 94% in 2011, with an average consumption of 170 L/capita/
day. In Algiers, since 2006, urban water supply is managed by a public company
called SEAAL in cooperation with a private partner, SUEZ environment. The com-
pany provides drinking water services to approximately 3 million people. In 2011,
the Algerian authorities renewed and extended the contract with SUEZ for 5 years
to help modernize the water and wastewater management services for Algiers. The
contract covers the provinces of Algiers and Tipaza and serves 3.8 million citizens
approximately.

In Oran, the water utility “Société de I’Eau et de 1’Assanissement d’Oran”
(SEOR) was established in 2008. It is a 100% state-owned company, with sufficient
funding (a 15 billion Euro investment over 5 years) and operated by a private com-
pany, Agbar, through which the company provides drinking water to over 1.6 mil-
lion people. The access to water 24 h a day has increased from 10% to 99.3% in just
over 5 years.

In June 2008, the Société des Eaux de Marseille (SEM) of France, a subsidiary
of Suez and Veolia, was awarded a Euro 28 million and 5.5-year management con-
tract for Constantine. The objectives of the management contract are to provide
good quality water on a continuous basis, to improve bathing water quality on the
beaches, to rehabilitate infrastructure, and to improve customer satisfaction. The
operator began its work in 2008. The contractual partner is the water and sanitation
utility for Constantine, SEACO.

Other cities in Algeria rely on the state-owned company Algerienne des eaux,
which continues to provide water and sanitation services without partnerships with
the private sector. Eighty percent of water distribution systems in Algeria are under
its responsibility. Since 2008, desalinated water has been a non-negligible part of
the water supply in the Northern part of the country. Algeria has 15 seawater desali-
nation plants along its coast in 2011 with a capacity of 2.3 million m*/day. Growing
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desalination capacity has helped increase water supply in the coastal cities by about
30%. The Magtaa plant, which began operations in 2014, has a capacity of 0.5 mil-
lion m*/day, provides 5 million people with drinking water for the eastern popula-
tion. There are plans to expand desalination capacity for seawater and brackish
groundwater in the near future. Besides these sources of water supply and manage-
ment, the authorities launched a series of major projects to ensure water supply.
Among these measures, the 2015-2019 five-year plan plans to spend 262 billion
USD in developing new basic infrastructure and completion of ongoing projects.

2.7.2 Regulations, Priority, and Allocation

In the year 2000, the Ministry of Water Resources was created under Executive
Decree no. 2000-324. All directorates related to irrigation were transferred from the
Ministry of Agriculture to the Ministry of Water Resources. The latter launched
broad institutional reforms. Five public agencies have been established that are in
charge of developing infrastructure and managing water services, sanitation, and
irrigation (Drouiche et al. 2012).

In the year 2005, a new water law was set up (Law No. 05-12, 2005) that aims to
establish the principles and rules for use, management, and sustainable develop-
ment of water resources as an asset of the national community. It stressed upon the
rational use of water. Executive Decree no. 07-149 of 20 May 2007 established
detailed rules for the use of treated wastewater for irrigation as well as standard
specifications relating thereto. Executive Decree no. 07-270 of 11 September 2007
established the conditions and procedures for establishing a pricing system for
water for irrigation. Executive Decree no. 07-399 of 23 December 2007 relates to
the qualitative protection of water resources. Executive Decree no. 07-69 of 19
February 2007 established the conditions and procedures for authorizing the grant
of use of thermal waters (Ministére des Ressources en Eau 2011).

2.7.3 Drought Management

Algeria has been experiencing more frequent drought events over the last two
decades. Droughts that hit most of the regions of North Algeria in the early 1980s
and the early 1990s had substantial negative effects on agricultural production, nat-
ural resources, and socioeconomic aspects. Review of literature on drought in
Algeria indicates that drought occurs especially in the dry south Oran region (Hirche
etal. 2011). In Algeria, average annual rainfall has decreased by over 30% in recent
decades. The 2001 drought in Algeria was caused by a low precipitation rate in all
the territory. The annual average precipitation has been lower than the minimum
measured in the historical series from 1991 to 2015. This extreme reduction of rain-
fall resulted in significant impacts on water stored in reservoirs, potable water avail-
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ability, and water quality. This situation called for the implementation of special
emergency plans and eventual drought, implementing management measures such
as irrigation restrictions and setting emergency measures. Grain production in
Algeria fell by 11% to 3.3 million tons in 2016-2017 from 4 million tons in
2015-2016.

2.7.4 Water Transfers and Water Markets

The water transfer process was a top priority for the Algerian Government not only
for immediate drought response, but also as part of a comprehensive, long-term
water management policy, as outlined in the national water strategy. Improvements
to the water transfer process and creation of water markets would play an important
role in implementing a comprehensive long-term water management policy.
Achieving this goal requires the use of large transfers, and to rely on nonconven-
tional resources, especially seawater desalination and reuse of treated wastewater,
and water saving.

The Taksebt Dam supplies drinking water to a population of 4 million people.
Mostaganem—Arzew—Oran (MAO) project transfers an annual volume of 155 mil-
lion m? of water in the east of the country. The Setif-Hodna-El Eulma transfer proj-
ect is comprised of west and east system transfers. The west system enables the
transfer of an annual volume of 122 million m? of water to the 550,000 inhabitants
of Setif and the irrigation of 13,000 ha of plains in Setif. The east system allows the
transfer of an annual volume of 190 million m? of water to the 700,000 inhabitants
of El Eulma city and the irrigation of 30,000 ha of land (Ministere des Ressources
en Eau 2011). Beni Haroun dam is intended to transfer the water through pumps to
six provinces, namely, Batna, Khenchela, Mila, Oum El Bouaghi, Constantine, and
Jijel-Mila region (Fig. 2.4).

2.7.5 Water Quality

In Algeria, the quality of water is affected by various forms of pollution. Water qual-
ity, neglected for a long time, has now become the focus of attention. Data indicate
that most water resources are polluted, and major pollution sources are municipal
wastewater discharge, industrial effluents, and agricultural activities. The estimated
volume of wastewater generated from urban areas is around 1 billion m*/year
(Karrou et al. 2011). Despite major efforts during the last decade to build wastewa-
ter facilities, the overall quality of water remains at risk and could worsen from
industrial, domestic, and irrigation expansion. Salinity is also a major constraint.
Salinity levels of surface water vary between 0.8 and 1.5 g/ with the majority of
resources having a salinity of less than 1 g/L. The majority of groundwater resources
are of poor quality due to high salinity; in the north, most groundwater is nonsaline
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Fig. 2.4 Map of Beni
Haroun transfer

with less than 1 g/L salinity. In the south, the salinity levels are variable and some
sources have high salinity levels of up to 8 g/L. Although most of the domestic
wastewater collected is treated, untreated sewage is still being discharged into natu-
ral water bodies. Industries discharge untreated effluents into natural water bodies
in violation of government regulations. About 200 million m*year of untreated
industrial wastewater is discharged into the environment. Uncontrolled and improp-
erly monitored leaching practices and agricultural drainage that includes nitrates
and phosphorus from fertilizers pollute water. Pesticide residues can also be detected
in some surface water. Leaching from improperly discharged and untreated solid
waste also pollutes water. Agricultural drains also receive domestic pollution.

2.7.6 Desalination

Over the two last decades, Algeria has experienced a dramatic demographic shift as
large numbers of rural dwellers have moved to cities. To alleviate the water shortage,
Algiers needed to find a sustainable, long-term water supply that could meet the
expanding urban water demand. Investment in secure sources of water like seawater
desalination enabled rapid and affordable solutions without adverse environmental
impact. Such supplies are always available in times of drought and scarcity and
ensure response to demand growth, climate change, and increasing weather volatility
(Drouiche et al. 2011). To this end, the Algerian government had embarked on a
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Table 2.4 Seawater desalination capacity in Algeria

Project Capacity (m*h) | Commissioning | Partners

Kahrama 86.880 Since 2006 J. Burrow Ltd:50%

Hamma 200.000 Since 2008 GE Ionics “Etas-Unis”:70%

Skikda 100.000 Since 2009 Geida (Befesa/Sadyt) “Espagne”: 51%
Beni Saf 200.000 Since 2010 Obra/Espagne: 51%

Souk Tlata 200.000 Since 2011 TDIC (Hyflux/Malakoff) “Singapour:51%
Fouka 120.000 Since 2011 AWI (Snc Lavalin/Acciona): 51%
Mostaganem | 200.000 Since 2011 Inima/Aqualia “Espagne” :51%
Honaine 200.000 Since 2012 Geida (Befesa/Sadyt) “Espagne” :51%
Cap Djinet 100.000 Since 2014 Inima/Aqualia “Espagne” :51%

Tenes 200.000 Since 2015 Befesa “Espagne” :51%

Magtaa 500.000 November 2015 | Hyflux “Singapour”: 47% ADE, 10%

major and large-scale program of investment in seawater desalination to meet the
demand. Oran was the first major city to use desalinated water for drinking water
supply through Kahrama project, which is an independent water and power project
(IWPP). The facility produces a net power output of 300 MW coupled with an aver-
age annual water production of 80,000 m*/day, and by 2008 Algiers was the second
city to rely on desalinated seawater. Nine other large-scale SWRO plants are in oper-
ation at several locations for the purpose of supplying drinking water (Algerian
Energy Company (AEC) 2011; Bessenasse et al. 2010; Ghaffour 2009; Kettab 2001;
Water Desalination Report 2011; Terra 2011). Desalination plants in Algeria have a
cumulative capacity of about 2 million m*day (see Table 2.4). They are in the form
of public and private partnership. The public partner is the Algerian Energy Company
that is a consortium between the National Oil Company (sonatrach) and the National
Company of Electricity, Sonelgaz.

Seawater desalination in Algeria is becoming a practical technology even though
the prices are still higher than conventional water. This is a result of water scarcity
as a result of climate change and concentration of population in coastal cities.

2.7.7 Wastewater Treatment

The average production of wastewater per capita per day is estimated at around
140 L/day. The actual total volume of sewage discharged in Algeria is estimated at
about 731 hm?/year. Sixty-three cities are served by 61 large wastewater treatment
plants. The treatment provided is mainly secondary (56%) and primary treatment
(44%). Disposal of treated (510,000 m?*/day) as well as untreated sewage
(290,000 m*/day) is discharged into the rivers or to the sea. A limited quantity of
treated sewage (4.5%) is reused to irrigate about 7500 hectares.

Municipal sanitary services are carried out by a set of authorities affiliated to the
ministry of water resources (MRE). Under MRE, the national office of Sanitation
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(ONA) manages 68 wastewater treatment plants (WWTP) and 41,000 km network.
ONA is responsible for operating municipal wastewater treatment plants and sew-
age collection systems throughout Algeria. The ONA has embarked on an approach
to environmental management according to ISO international standard 14,001 with
2004 version. With the achievement of approximately 1500 km of collectors per
year, the national total sanitation network is expected to reach 54,000 km by 2020.
Sewage collection systems are delegated by a management contract established
between ONA and ADE on one side and foreign private operators (SUEZ environ-
ment in Algiers, Eaux de Marseille in Constantine, Agbar in Oran) on the other side
under the oath of the Ministry of Water Resources to improve sewerage collection
and to connect urban households to sewers (Cheurfi et al. 2009; Kettab 2001; Office
Nationale de I’ Assainissement (ONA) 2011; Terra 2011).

Overall, the National Park of sewage treatment plants has 134 sewage treatment
plants, 61 sewage treatment plants (activated sludge), and 73 lagoons (stabilization
pond, aerated lagoon, sand filter, reed bed sewage treatment, garden filter) with a
total capacity of 800 million m*/year in 2010 for sewage only. The WWTP and
lagoons have laboratories for daily control of water quality at the inlet and outlet
works and the quality of sludge (DB0S5, COD, TSS). These laboratories are backed
by the central laboratory of the ONA, which provides more analysis of heavy metals
on water and sludge treatment plants. In addition, a project to implement a
Geographic Information System on a national scale is currently being developed
(Kettab 2001; Office Nationale de I’ Assainissement (ONA) 2011; Terra 2011).

The program for 2016-2020, it is projected the achievement of SOWWTP, which
would make reach the treatment capacity in 2020 to 1.2 billion m?.

2.7.8 Wastewater Reuse in the Urban Sector

To combat the water scarcity the treated wastewater is reused for different purposes,
namely: in the preservation of the environment and water resources, industrial use,
including the cooling of industrial installations, and artificial recharge of aquifers.

2.7.9 Urban Water Pricing

Responsibility for drinking and wastewater operations in the major cities of Algeria
was transferred through contracts involving multinational corporations. These cor-
porations became increasingly involved in the provision of urban water infrastruc-
ture, in investment, management, and sewerage services. Algeria Water Company
(ADE), a public utility, is responsible for the management of these services in the
remaining cities. Price rates are often determined by considerations of political
acceptance and are therefore subsidized. All households connected to the water net-
work in Algeria benefit from subsidies for their water consumption. The authorities
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Table 2.5 Water prices and subsidies in Algeria 2005

Price in Algerian Dinars Price in USD Percentage of subsidies
Average 31 0.30 57
Block 1 28.3 0.27 60
0-25 m?
Block 2 24.9 0.24 65
26-55 m?
Block 3 31.6 0.30 56
56-82 m?
Block 4 46.7 0.44 35
> 83 m?

that set prices for drinking water must steer a course between political acceptability
and the need to cover cash deficits. The water price is stipulated by Law no. 05-12
of 4 August 2005. The prices are volumetric with four blocks. Billing is quarterly.
The average price is $0.30/m?. The first block price is $0.27/m?* and the highest is
$0.40/m>. As shown in Table 2.5, the average subsidy is about 57%. Observe that all
domestic users benefit from subsidy. Fifty-three percent passing from 26.2 DA/m?
(0, 37$) to 40 DA/m? (0, 40%). For domestic use, the increase is about 40% (22.2-31
DA/m?) (see Table 2.3).This indicates that the water in Algeria is priced far below
its cost (Drouiche et al. 2012).

2.7.10 Public-Private Sector Partnership and Water Ultility
Management

Suez Environment was awarded a water management contract for Algiers in
November 2005 for 5.5 years. Its objective was to distribute water for several pur-
poses and improve customer satisfaction. As a result of good services in 2009, the
reliability of supply increased from 16% to 80%, seven beaches were opened to the
public, and extensive training has been conducted (Suez Environment/SEAAL
2009). In 2011, reliability reached 99% and the contract was renewed for 5
more years.

Magtaa reverse osmosis desalination plant is constructed on a DBOOT (design-
build-own-operate-transfer) basis. Under the Hyflux agreement, the project com-
pany supplies 500,000 m* a day of desalinated water to L’ Algerienne Des Eaux
(ADE), a state-owned national public water entity in Algeria. HWD or “Hamma
Water Desalination Plant” is also a desalination plant on BOO (build-own-operate)
basis. It is a joint venture between GE and Algerian Energy company (AEC) which
supplies 200,000 m?*/day of water to Algeria (Drouiche et al. 2011).
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2.8 Water and the Environment

Effective management of water resources demands a holistic approach, linking
social and economic development with protection of natural ecosystems. Ecosystems
of the earth are related and maintained by water. Water drives growth of plants and
provides a permanent habitat for many species (Young et al. 2004).

2.8.1 Water and Ecosystems

Water plays a vital role in ecosystems across the earth. Although many other sub-
stances are necessary for life and for ecosystems to survive, without water nothing
else would function to sustain life. The dry climate of Algeria is indicative of the
exploitation and reduced recharge of groundwater. Ecosystem management is one
of the main principles of water management for people and the environment as sug-
gested by Acreman (1998). Fig. 2.4 demonstrates the implications of using water for
humans in an indirect way, by supporting ecosystem processes and using it directly
for humans. The upper part of Fig. 2.4 shows a positive impact of utilizing water for
natural ecosystems that provide valuable goods, services, and tourist value. It sug-
gests that every form of life is unique in its own way and all should be taken care of
to maintain the essential ecological processes to receive benefit from the nature. The
lower part of Fig. 2.4 shows the effect of direct use of water for the welfare of soci-
ety, which has benefited society but at times is also a cause of pollution. Therefore,
a tradeoff is to be maintained to decide direct water use by people for domestic use,
agriculture, and industry and indirect water use by people to maintain ecosystems,
which are responsible for providing environmental goods and elemental services.

2.8.2 Brine Disposal

Seawater desalination is growing rapidly, with many plants in operation, which
affect coastal water quality. This is mainly due to the highly saline brine that is
released into the sea, which may be increased in containing residual chemicals from
pretreatment process, cleaning agents, and heavy metals from corrosion. The desali-
nation concentrates from desalination plants vary widely, with multiple effects on
water, biotic community, sediment, and marine organisms. It, therefore, threatens
the quality of marine resources.

There are few actual regulations, standards, or guidelines for brine discharges
around the world. In Algeria, brine disposal is dealt with in two different methods,
in seawater plants, submerged disposal, by means of pipe that transports brine far
into the sea to minimize concentration and facilitates faster and greater dilution,
and evaporation ponds in case of brackish water. Both methods intend reducing its
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environmental impact (Mooij 2007; ICWE 1992). Diffusers are used in the pipe-
lines to dilute the brine. The desalination plants at Beni Saf and Mostaganem in
Algeria demonstrate the use of such diffusers (Mooij 2007; Algerian law No. 83-17;
Decree No. 93-160).

2.9 Energy—Water Nexus

The water—energy nexus is the relationship between water used to generate and
transmit energy and the energy required to collect, clean, move, store, and dispose
water. A pictorial representation of energy—water nexus is shown in Figs. 2.5 and 2.6
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Fig. 2.5 Natural and highly managed ecosystem benefits. (Source: Acreman 1998)



2 Water Policy in Algeria 39

Abstraction & Conveyance
Treatment
Distribution
End use
Wastewater collection & treatment

Constructing, operating &
maintaining water supply facilities

Energy-water

nexus

Extraction & Mining
Fuel processing
Thermoelectric cooling
Transportation
Waste disposal & emission control

Constructing, operating &
maintaining energy-generation
facilities

Fig. 2.6 Pictorial representation of energy water nexus. (Source: IRENA 2015)

Predictions regarding climate change indicate that rainfall might decrease by
more than 20% by 2050, resulting in the worsening of water shortages in different
parts of Algeria. The development of nonconventional water resources to meet the
demand has increased the energy consumption of the water sector. In Algeria, the
water sector in 2011 consumed around 4983 GWh and is set to raise to 16,090 GWh
by 2030, more than treble (Hamiche et al. 2015). This predicted increase is attrib-
uted mainly to seawater desalination, water transfer projects, supply of water
through pipes, and wastewater treatment facilities. As of 2014, Algeria’s energy mix
is mainly based on natural gas (more than 90%) in terms of power generation.
Natural gas reserves are expected to last for 30 more years, that is, until 2030
(Hamiche et al. 2015). By 2030 it is expected that 30-40% of the electricity pro-
duced for domestic consumption will be from solar energy.
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While there are many impediments and challenges toward NEXUS approach,
these can be overcome by comprehensive planning, risk assessment, and policy
implementation. Undoubtedly, the holistic Nexus approach in Algeria will empower
a hub for knowledge and technology exchange and for innovating, adding value to
economy by providing employment opportunities, reducing environmental impacts,
and adapting and benchmarking solutions (Drouiche and Aoudj 2015). As energy
production is based on fossil fuels, a finite source, it is obvious that promoting
renewable energies to power desalination plants is needed. To further avoid water
scarcity a coordination is required between the water and energy sectors. The use of
renewable energy (most important is solar) must be promoted, which will help save
fossil fuels, share water needs in a sustainable manner, and also be the reason of
technical advancement.

2.10 Special Issues

2.10.1 International Water
2.10.1.1 Groundwater/Surface Water

Algeria has access to two main shared water basins: The North Western Sahara
Aquifer System (NWSA), shared between Algeria, Libya, and Tunisia, and the
hydrological basin of Bounaim-Taffna, shared between Morocco and Algeria.

The hydrological basin of Bounaim-Tafna shared between Morocco and Algeria
has two reservoirs: the Angad-Maghnia unconfined aquifer and the Jbel-Hamra con-
fined aquifer. Due to overexploitation of groundwater, both countries suffer from
quality and quantity of water resources. The unconfined aquifer has nitrate contami-
nation (Boughriba et al. 2010), and in some places people use the untreated ground-
water for drinking, which causes adverse health impacts. The water situation is
stressed due to scanty rainfall and anthropogenic interferences.

The Medjerda river basin covers 23,700 km? and is shared between Tunisia and
Algeria. The Medjerda River, which encompasses 22 reservoirs, represents 37% of
the surface water of Tunisia and receives about 15,069 m?/day of effluents. The
sources of pollution are mainly used waters (95%); agriculture (0.14%); chemical
industries such as plastic, automotive, textile, oil, and paper (0.44%), and food pro-
cessing industries. Water quality is threatened by point source pollution, including
municipal sewage discharges, industrial wastewater loads, and nonpoint source pol-
lution from agriculture (Etteieb et al. 2017). An agreement was established between
the Algerian and Tunisian governments to assure the management and access to the
water resource and a joint technical commission for the Water Resources Planning
and Management was formed for the exchange of information and data.
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2.10.1.2 Conflicts, Negotiations, and Agreements

The South of Algeria, dominated by the Saharan platform, has large aquifers that
cover hundreds of thousands of km?. Algeria shares with Tunisia and Libya these
immense reserves, which are only partially usable and weakly renewable. Due to
the increased abstraction that caused a decline of the aquifer artesian pressure and
groundwater salinization, an aquifer management organization was established to
coordinate the plans and management. The three countries reached an agreement in
2002 to establish a Consultation Mechanism for the North-West Sahara Aquifer
System (NWSAS). Under the umbrella of the Observatory of the Sahara and the
Sahel (OSS), the three countries have initiated joint studies to assess the risks facing
the Saharan Basin and to establish a consultation mechanism that is responsible for
supporting the countries in implementing the main technical activities aimed at
facilitating consultation, especially data collection, identifying transboundary water
resources challenges, ensuring information dissemination, and organizing discus-
sion at the level of decision makers for the NWSAS. The Consultation Mechanism
was implemented in the form of a steering committee and was elaborated into a
permanent structure in 2006 (Edmunds et al. 2003; Intergovernmental Panel on
Climate Change (IPCC) 2007; Algeria et al. 2014).

2.11 Social, Equity, Institutional Performance, and Other
Issues

Algeria has made good progress in extending water supply and sanitation coverage
during the past two decades, under clear legislation and policies to three comple-
mentary sets of targets: the Economic Development, Millennium Development
Goals (2015), and Strategy 2020. The institutional framework has been reinforced
by the recently updated National Policy and the Water Law (2005), addressing all
four subsectors. The Ministry of Water Resources leads coordination of stakehold-
ers in the water supply subsectors, sharing this role with the Ministry of Health in
the case of sanitation. However, there are outstanding challenges regarding planning
and budgeting, monitoring and evaluation, as well as capacity building at the lower
levels of the government following decentralization.

According to statistics supplied by ADE, indicators on network connection
reached 98% nationally, the consumption exceeds 200 L/day/capita in 27 wilayas
(state), with a national average of 180 L/day/capita. The same utility indicates that
73% of Algerians receive water daily. However, in addition to the disparity between
regions, there is the problem of the intermittent water distribution in 62% of the
Algerian households. This phenomenon, which affects households as well as admin-
istrations and companies, results in additional expenditure on water storage equip-
ment and electricity bills that are not always easy to bear.
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However, since water is poorly distributed, dissatisfaction is often expressed in
several regions. According to the Ministry of Water Resources, Algeria has storage
capacity of 8 billion m* from the existing 75 dams, to which nine new dams will be
added, by 2018, with additional capacity of 500 million m*. Also, the desalination
stations provide 2.1 million m*/day (Maghreb Emergent 2011).

2.12 Conclusions

Algeria relies on scarce water resources unevenly distributed. Due to scanty rainfall
and drought persistent situations, the level of reservoirs and dams is fluctuating,
thereby causing a negative impact on social and economic activities in the country.
On the contrary, population growth and development in the country have increased
the demand of water for drinking, industrial, and agricultural purposes. In recent
years, Algeria invested heavily to address water scarcity. The main actions per-
formed consisted of reducing water losses, building new dams, rationalization of
aquifer use, popularizing the use of treated wastewater, and desalination of seawa-
ter. Algeria is faced by several challenges in the water sector such as the climate
change and lower rain fall, leakages in the old water supply system, water pollution
due to increased urbanization, unauthorized drilling of wells and boreholes, and
poor water quality in the Sahara region.

Owing to the driving demand of water in Algeria, the country will have to depend
upon nonconventional water since renewable water resources are overexploited.
Other options to bridge the water gap are the rationalization of virtual water trade
and use of renewable energy for desalination. The quality of rivers is deteriorated by
various forms of pollution. Water resources have become increasingly limited, dif-
ficult to exploit, and often are exposed to significant amounts of wastewater.

Government efforts alone cannot improve the efficiency of Algeria’s water sup-
ply. Private investments are necessary to address the country’s water challenges.
Public—private partnerships in the water sector are partly responsible for the recent
surge in desalination capacity. In addition, private organizations are responsible for
water management in some of the country’s largest cities.

The water policy reforms show progress and address the challenges of water
scarcity through an investment strategy, institutional strengthening, and legislative
and regulatory reforms. But due to the increasing water demand for various pur-
poses, there is still a need for efficient use, management of water resources, and
public awareness of the importance of water conservation. It is imperative for the
authorities to implement the principles of sustainable and integrated resource
management.

Researchers contribute to Algeria’s water knowledge base by tackling fundamen-
tal water research, growing scientific capacity, and disseminating knowledge to
important stakeholders. Research-funded projects directly address the country’s
water challenges by investigating new technologies and methods to enhance water
and sanitation supply, supporting policy and legislation, and providing much-needed
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guidance to decisionmakers. The research topics cover all aspects of the water cycle,
including water resource management, aquatic ecosystems, desalination, water use,
waste management, and the use of water in agriculture. They also consider climate
change that will affect the water resources in the future.

Several agreements to strengthen bilateral cooperation in water field with coun-
tries facing the same challenges (i.e., droughts, flooding, and other events exacer-
bated by climate change) were signed aiming at facilitating the inflow of relevant
results from research projects to the water sector and promote collaboration.
Moreover, The European Union and Algeria are strengthening their scientific col-
laboration under several research and innovation programs in order to better tackle
issues related to water research and innovation.
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Chapter 3
Existing and Recommended Water Policies
in Egypt

Check for
updates

Khaled M. AbuZeid

Abstract This chapter presents the 2017 state of water in Egypt. It provides infor-
mation on the corresponding balance of water resources and uses in Egypt in light
of the water scarcity situation. It provides views on the implementation of the water-
energy-food nexus approach in Egypt. It also addresses the challenges facing
Egypt’s dependency on the transboundary water resource of the Nile, and the depen-
dency of Egypt on the use of non-conventional water resources and reuse of agricul-
ture drainage and wastewater. This chapter highlights the role of virtual water
imports in achieving Egypt’s food security. It touches upon the urban water tariff
system. It reflects on existing water policies and provides recommendations for
water policies that would achieve quick wins in the future.

Keywords Nile - Groundwater - Nubian Aquifer - Policy - Virtual Water - Reuse -
Tariffs - Nexus

3.1 Introduction

Egypt’s limited renewable water resources pose a restrictive challenge to its sustain-
able development. This challenge is exacerbated by the ever-increasing water
demand and population growth. This requires additional water resources especially
for the municipal, agriculture and industrial sectors. The increasing competition
over the Nile River waters among upstream countries, in the absence of a commonly
agreed river basin management vision, threatens the sustainability of the existing
water uses of Egypt in the future.
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Table 3.1 2017 Estimated water balance for Egypt

‘Water resources BCM/year Water uses by sector BCM/year
Use from primary water resources

Nile River 55.5 Domestic 10.75
Non-renewable groundwater 2.1 Industry 54
Rainfall 1.30 Agriculture 61.6
Saline water desalination 0.35 Evaporation 2.5

Total 58.24

Reuse from secondary water resources
Nile Valley & Delta groundwater 7.5

Agricultural drainage reuse 9.31

Treated wastewater reuse 4.19

Total 21

Total water availability 80.25 Total uses ‘ 80.25

Modified from Egypt’s Vision 2030, revised draft on the Water Resources Sector

According to the Egyptian Census, the population of Egyptians living in Egypt
reached about 95 million people in 2017 with an average growth rate of about 2.56%
in the previous 10 years (CAPMAS 2017).

The following table shows different water resources contributing to different
water uses for Egypt as of 2017 (modified from Egypt’s Vision 2030 Sustainable
Development Strategy) (Table 3.1).

Urban water demand is rapidly increasing and posing pressures on water
resources due to population growth and urbanization expansion where the urban
population has increased from about 41 million people in 2006 to about 55 million
people in 2017 (CAPMAS 2017). Sanitation services coverage remains a challenge.
Although about 97% of the households are connected to national potable water
networks, only about 56% of the households are connected to national sewage net-
works (CAPMAS 2017).

The impacts of climate change on the water sector in Egypt need assessment not
only at the national level but also at the transboundary level where 97% of the
renewable water resources of Egypt originate upstream in the Nile River basin.

From the institutional perspective, the water sector in Egypt is currently divided
among two main Ministries: the Ministry of Water Resources and Irrigation, in
charge of water resources planning and management, irrigation, and agriculture
drainage, and the Ministry of Housing, Utilities and Urban Communities, in charge
of domestic water supply and sanitation. Egypt has several water legislative frame-
works and laws governing the water sector, mainly the 1984 Law 12 for Irrigation
and Drainage, and the 1982 Law 48 for the Protection of the Nile and Waterways
from Pollution. Current modifications to these laws are underway, and a New Law
for Domestic Water has also been drafted.
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3.2 Agricultural Water

The agriculture sector in 2017 used about 61.6 billion cubic meters (BCM) of water.
However, a substantial amount of about 21 BCM/year came from recycled water in
the form of agriculture drainage, treated wastewater, and return groundwater recharge.

(a)

(b)

(©)

Surface water

About 39.2 BCM/year are withdrawn for agriculture purposes from fresh
surface waters of the Nile River and its irrigation network of about 33,550 km
in length, in addition to the effective rainfall in the amount of about 1.3 BCM/
year.
Groundwater

About 2.1 BCM/year are withdrawn from non-renewable groundwater aqui-
fers for agriculture purposes. In addition, about 5.5 BCM/year are abstracted
from return groundwater recharge within the Nile Valley and Delta aquifers.
Reuse of agriculture drainage and treated wastewater

About 9.31 BCM/year of agriculture drainage is being reused in agriculture,
in addition to about 4.19 BCM/year of treated wastewater which is directly or
indirectly reused in agriculture.

Most of the Nile waters in Egypt are used and recycled several times. As
shown in Fig. 3.1, the two regulators/barrages, Edfina barrage on the Rosetta

Fig. 3.1 Nile River dam/barrages system in Egypt. (Source: MWRI 2004)
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(d)

(e
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branch of the Nile and the Faraskour barrage on the Damietta branch, provide
full control on the tail ends of the Nile into the Mediterranean Sea whereby no
freshwater is released from the Nile River except occasionally for environmen-
tal purposes. On the other hand, poor quality recycled agriculture drainage
water, mixed in most cases with industrial and municipal wastewater, is dis-
charged into the Mediterranean Sea.

Upper Egypt’s agriculture drainage, in often cases still, finds its way to the
Nile system and may be reused again downstream after mixing with fresh Nile
water. Several agriculture drainage reuse pumping stations in the delta are
located on agriculture drains to pump drainage water of good quality into irriga-
tion canals for reuse to augment irrigation water, to meet tail end water demands.
In cases where water qualities of these agriculture drains are affected by waste-
water, and where their water quality is not meeting the set standards, reuse
pumps are not operated. Unofficial reuse, where farmers at the tail ends of irriga-
tion canals use their private mobile pumps on agriculture drains to irrigate their
fields in the absence of adequate freshwater, also takes place (MWRI 2004).
Cost Recovery

Irrigation water delivery costs are indirectly recovered through agriculture
land taxes. However, this represents a partial cost recovery mechanism of the
large-scale infrastructure used for irrigation water delivery. It has to be noted
though that this infrastructure serves also for domestic, industrial, commercial,
and other uses. On the other hand, irrigation costs at the farm level are mostly
covered by the farmers or agriculture investors who cover their own costs of
farm-level irrigation infrastructure, fuel for pumping, and other operation and
maintenance costs. Costs of irrigation improvement mechanisms and agricul-
tural drainage which are installed by the government are also recovered from
the farmers in the form of installments.

Institutional settings of irrigation organizations and farmers’ participation

There are over 13,000 water users associations (WUAS) that are created so
far in Egypt. However, these WUAs still do not cover the whole irrigation land.
The new law, being discussed in parliament in 2018, aims among other things
to set up WUAs as legal entities so that they can effectively take up their role in
irrigation water management, including covering their own costs of canal and
drainage maintenance at the farm level, and possibly farm irrigation improve-
ment projects, and operation and maintenance costs of central pumps for irriga-
tion rotation which serves more than one farmer.

Irrigation efficiency

The Nile water system and its network of irrigation canals and agriculture
drains in Egypt is considered one of the world’s most efficient systems, with an
overall water use efficiency, reaching over 75% in terms of water quantity.
However, there is still room for improvement to increase the efficiency further
at the local and farm level, and to improve the quality of water delivered, which
is another aspect of water use efficiency. Irrigation improvement may add an
additional 10-20% of freshwater availability. It will also provide for better dis-
tribution and more equity in allocating water quantity and quality among users,
especially in the irrigation sector (AbuZeid 2011).
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(@)

(h)

Reallocating any water savings that result from water efficiency programs
has to be intelligently planned. Water savings from irrigation improvement
projects, or domestic water supply networks rehabilitation, may not necessarily
be reallocated to the same sector. With the ever-increasing demand in municipal
water, a sector that has the highest priority in water allocation, it may be needed
to reallocate Nile freshwater savings from the agriculture sector to the munici-
pal water sector, and allocate the treated wastewater resulting from municipal
water uses to agriculture expansion projects (AbuZeid 2009).

There is no detailed assessment of how much water has been saved from
irrigation improvement projects, but so far, this has been contributing to the
incremental increase in the supply of domestic water needed for urban expan-
sion and the increasing population needs.

State-of-the-art technology/Smart irrigation and innovations

A considerable area of desert reclamation projects for agriculture expansion
is adopting modern irrigation schemes such as sprinkler and drip irrigation, and
modern surface irrigation. Old agriculture lands in the Nile Valley and the Delta
are being modernized. A little under 1 million acres have been modernized so
far since the 1980s. Smart irrigation technologies are being implemented at
experimental levels in few farms in Egypt.

Food self-sufficiency vs food security (virtual water/food imports)

If Egypt would to be food self-sufficient, it would have to at least double its
freshwater resources availability. That is why Egypt is adopting a food security
strategy where it maintains a certain percentage (less than 100%) of food self-
sufficiency in strategic crops and food products such as wheat, maize, table oil
products, sugar, and rice. Egypt imports its remaining food needs and that is
why it also has to maintain the availability of foreign currency needed to import
its needs. Some of its high value cash crops exports contribute to the availability
of this foreign currency. As per the Arab State of the Water Report 2015
(AbuZeid et al. 2019), Egypt was importing about 49 BCM/year of equivalent
agricultural food products distributed as shown in Fig. 3.2, while exporting the
equivalent of about 7 BCM/year in agricultural food products as shown in
Figs. 3.2 and 3.3.

3.3 Domestic Water

Urban (Domestic) water is supplied at 10.75 BCM/year through surface water
(about 8.4 BCM/year), groundwater recharge (about 2.0 BCM/year), and desali-
nated water (about 0.35 BCM/year in some coastal cities). Approximately 5.4 BCM/
year is supplied to the industrial sector from surface water. Domestic water is the
sector that has priority over other sectors in Egypt’s water policies. In case of short-
ages, domestic water demand takes priority in satisfying demand over other sectors.
The high dependency of Egypt on the one Nile River as the main source for renew-
able water resources requires long lengths of pipes to transfer domestic water to
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Fig. 3.2 Egypt’s 2015 virtual water imports. (Source: AbuZeid 2017b)
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Fig. 3.3 Egypt’s 2015 virtual water exports. (Source: AbuZeid 2017a, b)

urban centers of population and remote suburbs. The length of domestic water sup-
ply networks reached over 160,000 km as of 2015 (AbuZeid et al. 2019). These long
transfers also require substantial amounts of energy for pumping. Sewage networks
have also reached over 46,000 km in 2015 (AbuZeid et al. 2019).

(a) Desalination
All Red Sea tourism resorts in the South Sinai and the Red Sea governorates
are already depending on sea water desalination for their water supply. All
coastal cities are going to depend on desalination. Currently desalination pro-
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(b)

(©

(d)

(e

vides about 0.35 BCM/year of domestic water. It is now the government strat-
egy not to supply Nile water to coastal cities. Cities on the Mediterranean Sea
and Red Sea coasts will depend mainly for their domestic water supply on sea
water or brackish groundwater desalination.

Wastewater treatment

As of 2015, annual produced municipal wastewater reached about
6.5 BCM. Industrial wastewater which is often collected using the same net-
work has reached 4.2 BCM. 4.8 BCM of this total wastewater is being col-
lected, and 4.25 BCM is treated annually.

Wastewater reuse in the urban sector

As of 2015, 2.2 BCM/year of the treated wastewater is directly reused, and
about 2 BCM/year is indirectly reused after disposal in agriculture drains.
Urban water tariffs

The average domestic water tariff used to be about USD cents 7/m?® and it
used to be about USD cents 2/m? for the sanitation tariff. These tariffs did not
meet the actual costs over the whole country, and some users were subsidized,
either by cross-subsidy or by direct government subsidy. As of 2018, the Prime
Minister’s Decree No. 1012 for the year 2018 on the application of domestic
water and sanitation tariffs for the fiscal year 2018/2019, household uses tariff
for the first block from 1 to 10 m?® was set at the equivalent of USD 3.75 cents/
m?. The second block from 11 to 20 m* was set at USD 9.22 cents/m® and the
third block from 21 to 30 m* was set at USD 12.97 cents/m?>. The tariff for uses
from 1 to 40 m?® was set at USD 15.85 cents/m® and from 1 to more than 40 m?
the tariff was set at USD 18.16 cents/m>. Household sanitation tariff was set at
75% of the domestic water tariff.

Non-household uses were divided among several categories setting the tariff
for “Services” at USD 19.02 cents/m?, “Government” at USD 19.60 cents/m?,
“Commercial” at USD 20.75 cents/m?, “Industrial” at USD 26.22 cents/m?,
“Tourism” at USD 26.51 cents/m?, and “Others” at USD 34.58 cents/m?, while
“Sports and Social Clubs” at USD 57.64 cents/m?. Sanitation tariff for these
non-domestic uses was set at 98% of their water tariffs.

Drinking water tariff for border governorates such as “Sinai/Red Sea/
Matrouh” was set at a flat rate of USD 74.93 cents/m?® and the sanitation rate
was set at 50% of the domestic water tariff. The higher rate in these coastal
governorates reflects their anticipated dependencies on desalination as the main
source for urban water.

Public—private sector partnership and water utility management

There are new laws in place to promote public—private partnership (PPP) and
to regulate the business. The private sector is now involved in wastewater treat-
ment projects that treat and provide treated wastewater for reuse in the cities.
However, it is still at a small scale. It is still not that attractive to the irrigation
sector due to low or no cost attributed to alternative irrigation water supplies.
Also the weak law enforcement and protection of direct water-related invest-
ments such as new agriculture developments in desert lands are affecting
Egypt’s competitiveness in that area (AbuZeid 2011).
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3.4 Water-Energy-Food Nexus

Innovations in dealing with the water-energy-food nexus need to be encouraged,
especially when it comes to desalination, wastewater treatment technologies, and
groundwater pumping. Currently, solar energy is being used for pumping ground-
water in remote areas in the desert for irrigation purposes. Although this is contrib-
uting to food production and saving on fossil energy consumption and carbon
emissions, it may be detrimental to the fossil groundwater reserves that is being
pumped, if strong regulations and control on pumping are not enforced. This has to
be studied using a nexus approach. On the other hand, some irrigation improvement
policies, which may be envisaged as saving water, may actually be consuming
unnecessary energy and not achieving the targeted water savings goals. The Ministry
of Water Resources and Irrigation has alternatively been implementing a combined
policy of improving surface irrigation in the old lands (within the Nile Valley and
the Delta), while reuse agriculture drainage generated from improved surface irriga-
tion, as well as enforcing modern irrigation such as drip and sprinkler irrigation in
the new desert reclamation lands. This demonstrates that, when approached from a
nexus perspective, transforming surface irrigation to pressurized drip irrigation is
not always the best solution. It is important to look at the overall water use effi-
ciency than just focusing on the on-farm irrigation efficiency (AbuZeid 2017a, b).

3.5 Special Issues

(a) International waters
(i) The Nile River Basin

Egypt is one of the 11 riparian countries sharing the Nile River basin, with South
Sudan becoming the 11th Nile River basin country. Egypt is the most downstream
country on the Nile River, which makes it vulnerable to upstream activities, even
with the existence of bilateral agreements that protect its historical rights to a certain
amount of the Nile waters. Reduced water availability could potentially affect
Egypt’s competitiveness in regional and world markets, especially in agriculture
(AbuZeid 2011).

The Nile River basin receives 1660 BCM of rainfall per year. Egypt’s share from
the Nile River basin’s water is 55.5 BCM/year. This share is documented by the
bilateral agreement between Sudan and Egypt to share the average annual river
discharge of 84 BCM/year that used to flow at Aswan, Egypt, before the construc-
tion of the High Aswan Dam. Sudan’s share of that amount is 18.5 BCM/year, and
the remaining 10 BCM/year is an estimate of the evaporation and seepage losses
from Lake Nasser upstream of the High Aswan Dam. The rest of the 1660 BCM/
year of rainfall over the Nile basin is either used up within the Nile River basin by
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rain-fed agriculture, grazing land, natural vegetation, and forests, or it contributes to
groundwater recharge, or it’s lost to evaporation from ground and surface water
bodies (AbuZeid 2009).

Whereas Egypt depends mainly on the Nile River waters, other Nile basin coun-
tries depend mainly on direct rainfall within and outside the Nile River basin. The
Nile basin countries, almost all upstream of Egypt, receive about 7000 BCM/year of
rainfall within their boundaries. One Nile basin country, Congo, has another major
river that runs through its territory, namely, the Congo River. The Congo River dis-
charges into the Atlantic Ocean about 1000 BCM/year. This is almost 20 times the
annual abstractions from the Nile River in Egypt. There is no freshwater discharge
from the Nile River into the Mediterranean, due to the full utilization of the released
Nile flows from the High Aswan Dam. The Nile basin country of Ethiopia has over
12 river basins, other than the Nile River basin within its territories (AbuZeid 2010).
Unlike upstream Nile basin countries, Egypt depends almost completely on the Nile
River waters (Blue Water) as compared to upstream higher dependency on the Nile
basin’s direct rainfall waters (Green Water) (AbuZeid 2012). The overall efficiency
of water use in Egypt is considered to be among the highest in the world mainly due
to water recycling and reuse.

Significant volumes of water losses exist in the upstream countries of the Nile
due to the large areas of swamps, especially in the Sudd area in Southern Sudan, and
in the Baro-Akobo area in Ethiopia. Water saving projects that could be imple-
mented in these areas to increase the yield of the River Nile are estimated at
18 BCM/year in the Sudd in Southern Sudan, and 12 BCM/year in the Baro-Akobo
in Ethiopia. The Jongli Canal Project was estimated to increase the White Nile River
flows in Sudan by 4 BCM/year in its first phase to be shared by Egypt and Sudan.
Some 70% of this canal has already been jointly constructed by Egypt and Sudan
until it was halted due to political unrest in Southern Sudan (AbuZeid 2009).

(i) The Nubian Sandstone Aquifer

The Nubian Sandstone Aquifer System (NSAS) is a transboundary groundwater
basin in the North Eastern Sahara of Africa. The international waters of this regional
aquifer are non-renewable and shared between Chad, Egypt, Libya, and Sudan. The
area occupied by the Aquifer System is 2.2 million square km; 828,000 km? in
Egypt, 760,000 km? in Libya, 376,000 km? in Sudan, and 235,000 km? in Northern
Chad (AbuZeid and ElRawady 2010).

Policies related to non-renewable groundwater have to take into consideration
the cumulative withdrawals compared to the groundwater reserves, and strategies
for planned drawdown within a certain time frame have to be put in place. Figure 3.4
shows Egypt’s cumulative withdrawals from the Nubian Sandstone Aquifer System,
since its groundwater development started from its Nubian and Post-Nubian sub-
systems (PNSAS) (AbuZeid 2018 and CEDARE 2014).

The four countries sharing the Nubian Sandstone Aquifer have agreed to a
regional strategy not to exceed 1 meter of drawdown per year (CEDARE 2002).
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Cumulative Withdrawals From NSAS and PNSAS in Egypt (MCM)
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Fig. 3.4 Egypt’s cumulative withdrawals from the Nubian Aquifer. (Source: CEDARE 2014)

(b) Conflicts, negotiations, and agreements

Egypt has water-related agreements with 5 of the 11 countries sharing the Nile
basin. Egypt has initiated the Nile Basin Initiative (NBI), which was an umbrella
framework that used to include 10 countries of the basin, with Eritrea being an
observer. The NBI had two tracks: a joint projects development track and a legal
framework development track. However, because of the unilateral signature of six
countries on the Nile Cooperative Framework Agreement (CFA), before final agree-
ment of all riparian countries on all articles, Egypt and Sudan withdrew from the
NBI in 2010. The tensions in the relations between Egypt and Ethiopia (source of
85% of the Nile Waters running downstream) were exacerbated further in 2011 due
to the unilateral decision of Ethiopia to build the Grand Ethiopian Renaissance Dam
(GERD) on the Blue Nile, the largest tributary of the Nile supplying about 90% of
Egypt’s share of the Nile, with a storage capacity reservoir of exactly the same as
Egypt’s and Sudan’s shares combined (74 BCM).

Studies have shown potential impacts on Egypt’s and Sudan’s shares from the
Nile due to the accumulative effects of evaporation and seepages losses from the
GERD. These accumulative effects would be much felt during the dry years and low
flows of the Blue Nile. Figure 3.5 shows one of the several scenarios simulated in a
study conducted by AbuZeid, K. at CEDARE.

A declaration of principles was signed in 2015 by the Heads of States of Ethiopia,
Sudan, and Egypt on the GERD, mainly to agree on the rules of the first filling and
the operation rules of the GERD before the first filling, and to oversee the
environmental, socioeconomic, and hydrological Impact Assessment that is being
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Fig. 3.5 Potential impacts of GERD on Egypt’s and Sudan’s Nile shares. (Source: AbuZeid
2017a, b)

conducted by an independent consultant that the three countries had agreed to hire.
It is evident that this assessment should have been jointly conducted before the
design and construction of the GERD, but the unilateral decision of Ethiopia pre-
vented that from happening. It was announced in late 2018 by the Ethiopian govern-
ment that due to delays, changes in the contractor, and in the design, it is supposed
to be completed in 2022.

On the other hand, Egypt is part of the Joint Mechanism for the Studies of the
Nubian Sandstone Aquifer with the three other riparian countries sharing the Nubian
Sandstone Aquifer, namely, Libya, Sudan, and Chad.

(c) Sustainability of non-renewable groundwater activities

Non-renewable groundwater in most of Egypt’s western desert, within the
Nubian Sandstone Aquifer, which is also transboundary with Libya, Sudan, and
Chad, is slowly being depleted. The aquifer is the only source of water and liveli-
hood in the western deserts of Egypt covering the largest part of the country, almost
82%. The rate of depletion will be higher if this water is used for agriculture. The
aquifer will last longer if this water is used for water bottling or used for municipal
purposes. The quality of this groundwater is relatively high and requires minor
treatment, therefore may be more appropriately used for human consumption. The
return wastewater from municipal use of this non-renewable groundwater could be
directed to agriculture after treatment, making this a far more efficient use of finite
and non-renewable groundwater resources (AbuZeid and ElRawady 2010).
According to the Holding Company for Water and Wastewater, 96.6% of the col-
lected wastewater was safely treated in 2018. In 2017, about 350 MCM/year of
treated wastewater was directly reused in agriculture, and about 3.5 BCM/year of
treated wastewater was disposed into irrigation canals and agriculture drains where
they were indirectly reused.
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(d) Property rights

Groundwater users should have a license with specified allowed abstraction. The
allowable pumping could be reduced based on the depletion situation of the ground-
water aquifer. Egypt’s lack of surface and renewable groundwater registered water
rights reduces the ability to have a secure and stable future for agriculture land own-
ers and water-dependent investments.

3.6 Conclusions

A quick win for Egypt is to implement a mix of policies that encourage conservation
and use of non-conventional water resources, improve water allocation and water
accounting, and jointly develop new Nile water resources. Egypt must plan now to
use the appropriate type of water for the appropriate use at the appropriate location
(AbuZeid 2009). Applying the fit-for-use water concept is going to result in reduced
costs and efficient overall water use. Although there are some attempts to make use
of treated wastewater for landscaping, and agriculture in some areas, and use of high
value non-renewable groundwater for water bottling, which contribute to the con-
cept, there is still no policy that is adopting the concept at the national level.

(a) Non-conventional water resources and geographical reallocation

Coastal cities on the Mediterranean and the Red Sea should be the first to consider
desalination and start planning for it, if new water resources are to be sought. In the
near future when Egypt will need to expand in desalination, proximity of seawater
and brackish groundwater will play a role in reducing the cost of providing desali-
nated water. As it will be prohibitively expensive to convey desalinated water inland
for long distances, inland governorates will therefore have to depend on Nile water,
groundwater, and recycled water as the main sources for sustainable development in
the future. This may require Nile water reallocation from some of the coastal gover-
norates to inland governorates, which will be difficult to do in the future, if more Nile
waters continue to be directed to coastal governorates away from the Nile River. With
the existing limited share of Egypt from the Nile waters, no more internal Nile waters
should be reallocated to coastal cities, as desalination would be the most appropriate
resource for these appropriate locations (AbuZeid 2009). Desalination may appear to
be the easy solution for providing new water resources; however, in some cases there
are other priority options that are more cost effective for making more water resources
available, especially agricultural water pricing, water conservation, and reuse of
treated wastewater options. The following figure shows different incremental costs of
supplying water for the city of Alexandria (AbuZeid et al. 2011) (Fig. 3.6).

(b) Facing the challenges: sectoral reallocation of water

Current depletion rates of renewable and non-renewable groundwater need to be
addressed. There are weak monitoring and enforcement systems and low levels of
awareness that result in illegal abstractions and over pumping of groundwater.
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Fig. 3.6 Incremental cost for satisfying Alexandria future water demand. (Source: AbuZeid et al.
2011)

These may jeopardize the future of the existing investment in the agriculture sector
and reduce significantly Egypt’s competitiveness in the agriculture export market-
ing, and in achieving national food security. A reallocation of a different type of
water resource may be needed to compensate for the depleted groundwater in the
agriculture sector and to maintain the economic and social activities associated with
the sector. However, reallocation of water away from the existing establishments in
the agriculture sector is not recommended, due to the large socio-economic impact
this might have on the country. A paradigm shift is needed to take the tough and
wise decisions, and to get into innovative solutions at the technological, institu-
tional, financial, and legislative levels, using non-conventional water resources such
as treated wastewater, introducing models of public—private partnerships, and modi-
fying the legislations that govern the way water is currently being managed to adapt
to a more water-efficient and more competitive Egypt in 2030.

(c) Bridging the supply—demand gap

Water demand management, also known as water conservation, is a priority.
There is room for reducing agriculture water losses by about 10% and domestic
water losses by about 30%. A “Swap” in the type of water provided for agriculture
represents another option of reallocation, whereby agriculture drainage water, or
treated wastewater, rich in nutrients, may replace fresh Nile water for agriculture to
free fresh Nile waters for drinking and domestic uses. This requires more attention
to be given to the quality of agriculture drainage water, mainly by preventing the
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disposal of inappropriately treated or untreated wastewater into agriculture drains.
It also requires raising the level of wastewater collection and treatment.

(d) Water quality improvement and reuse

Industrial wastewater treatment and recycling before disposal should be enforced
to protect water quality. The modification of the wastewater reuse code that took
place in 2015 to allow for reuse of treated wastewater in agriculture of food crops
according to the level of treatment and the type of crop need to be embraced and
fully implemented. This will contribute not only to food production but also to the
improvement of water quality and the environment.

(e) Water security

Medium- to long-term measures include serious cooperation with the Nile basin
countries to realize concrete win-win projects, such as those which provide more
yield to the Nile waters, more hydropower, and more food for all, without affecting
the existing uses in downstream countries such as Egypt.

(f) Institutional water reforms

A paradigm shift is needed in the way water is managed. Treated wastewater will
need to be considered the renewable water resource for the future of agriculture
(AbuZeid 2008). As wastewater increasingly becomes an important source, the
domestic water and wastewater responsibilities (currently under the Ministry of
Housing) may need to be brought together with the Water Resources planning
responsibilities (currently under the Ministry of Water Resources and Irrigation).
Every drop of water will need to be accounted for and measured, because “what is
not measured cannot be managed” (AbuZeid 2009). Water should not be bought or
sold as an economic good, but a cost-recovery model needs to be in place where the
social, economic, and environmental value of water is considered. Water consump-
tion and use needs to be measured. A mechanism for water equity needs to be estab-
lished to avoid water conflicts and to ensure social cohesion. A model for equity
needs to be established to define which sectors are to receive what portions of water,
and how the rights of future generations (especially in regard to groundwater) are
factored into such a model. One must also factor into the model ways of achieving
equity among sectors and within sectors, and especially to ensure affordability for
low-income sectors of the society through targeted subsidies or cross-subsidies.
Partial or full “Volumetric Cost Recovery” (AbuZeid and EIRawady 2008) of water
delivery services in all development sectors will need to be an acceptable practice in
Egypt. Partial volumetric cost recovery which entails a subsidized payment for the
service of providing water for municipal and even for irrigation use in volumetric
terms will provide a sense of ownership and reduce over usage and wastage while
recovering part of the costs. Water use tariffs to recover the costs of operation and
maintenance as a function of the volume of water consumed are a socially sensitive
and cost-effective tool for water efficiency, even if these tariffs are partially subsi-
dized. However, this requires a strong metering and monitoring program for indi-
vidual households and farmers, which is sometimes a challenge due to the vast
number of apartment buildings and small holdings of farm land.
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(g) Quick wins

Quick win measures for Egypt as it moves into a highly competitive market and
into a green growth economy should include flagship programs for water awareness
and policy advocacy, on issues such as irrigation efficiency improvement, wastewa-
ter reuse and recycling, domestic water demand management, water legislative
reform, and enforcement.

Modification of the building codes is needed to enforce the use of water saving
devices in new developments and retrofit these in older ones. Proper water account-
ing is needed, where water meters and other appropriate measuring devices are
installed, and where water consumption is recorded and transparently communi-
cated to the officials and to the consumers in all sectors. An Integrated Water
Resources Management (IWRM) law needs to be formulated to encompass all scat-
tered water-related legislations that may be contradicting. Water users associations
need to be legally recognized and given an official role and mandate. The private
sector’s role in the water sector needs to be clearly defined and legally accepted.
Continuous capacity building programs and investment in human resources in the
water sector are needed.

A water-efficient Egypt by 2030 can increase the quantity and quality of water
available for its people and for future economic growth by a mix of policies includ-
ing water demand management and conservation, advanced use of non-conventional
water resources especially treated wastewater, and desalinated water (when appro-
priate), implementation of the fit-for-use water allocation policy among sectors and
regions, enforcement of a strong water accounting and monitoring system, and joint
development of new Nile water resources in cooperation with the Nile basin coun-
tries, especially South Sudan, North Sudan, and Ethiopia.

These quick win policies are a mix of short-term actions and long-term initia-
tives that can start as soon as possible and continue throughout the next decade to
ensure that the “Gift of the Nile” remains the gift that keeps on giving.
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Chapter 4
Iran’s Water Policy

Farhad Yazdandoost

Abstract Iranians have traditionally been harnessing water resources ingeniously
and efficiently throughout their rich history; however, over the last four decades, the
rapid pace of development, demographic expansions, overurbanization, disintegrated
large agricultural expansions, and perhaps most importantly climate change and varia-
tion have taken their toll on a barely stable water resources supply/demand chain. As
such, the country is now facing a water deficit in general and moderate to severe scar-
city in many of its water-related development and mainstream operations.

Keywords Iran - Water resources - Water policy

4.1 Introduction

Iran is located in the west of Asia and covers an area of about 1.648 million km?.
Iranis bordered on the north by Armenia, Azerbaijan, Caspian Sea, and Turkmenistan;
on the east by Afghanistan and Pakistan; on the south by the Oman Sea, the Strait of
Hormuz, and the Persian Gulf; and on the west by Iraq and Turkey (Fig. 4.1).
Climatologically, Iran is situated in the arid and semiarid regions of the world. Of
the total area, 13% has a cold and mountainous weather, 14% has a moderate
climate, and the remaining 73% is covered by dry weather.

The population of the country is estimated to be 79.11 million for the year 2015
with a population growth rate of 1.2%. Figure 4.2 shows the trend of population
growth over the last century to date. There are higher concentrations of people in the
north and the west. Tehran is the capital and the largest city. Other large cities are
Mashhad, Tabriz, Esfahan, and Shiraz. The central parts of the country that are cov-
ered by deserts and salinas are rather uninhabited.
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Fig. 4.1 Geographical situation of Islamic Republic of Iran
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Fig. 4.2 Population growth over the last century. (Source: Iran’s National Statistical Centre)

4.2 Water Trends

Iran is a mountainous country that is covered by mountains in more than 57% of
its parts. Alborz and Zagross mountain ranges are the dominant features of the
country with respect to water resources. Numerous plains and valleys spread in
the spaces between the highlands through which several permanent and seasonal
rivers flow.
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There are some closed basins among main mountain ranges such as Lake Urmia
(The largest natural, permanent lake in Iran), Arak Desert, Tashk and Bakhtegan
Lakes, and Maharlu Lake.

Iran consists of six main hydrological catchments as follows:

— Caspian Sea Catchment, which covers northern part of Azerbaijan Province,
northern slopes of Alborz, and some eastern and northern parts of Zagros slopes.
All rivers in this region flow into Caspian Sea.

— Persian Gulf and Oman Sea Catchment covers Zagros in some main parts of its
west and southwest heights and slopes.

— Lake Urmia Catchment, which covers the northern slopes of Zagros and eastern
slopes of border mountains between Iran and Turkey as well as southern and
western slopes of Mt. Sahand. All rivers in this area flow into Lake Urmia.

— Central Catchment, which covers all regions with flowing waters into central
lakes, swamps, salinas, and deserts.

— North-eastern catchment named Gharaghoum Catchment and eastern catchment
named Meshkil & Hamoun Catchment, which consist of those regions where
water flow into border swamps and salinas and into Iran—Afghanistan and Iran—
Pakistan borderlands.

The six main hydrological catchments of Iran are shown in Fig. 4.3.
Temporal and spatial distribution of precipitation in Iran is volatile, as 90% of
total precipitation occurs in cold and humid seasons and in northern and western
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parts of the country and only 10% occurs in warm and dry seasons and in central,
southern, and eastern parts. About 52% of precipitation occurs in 25% of the area of
the country; hence, several parts of the country will meet lack of water resources
and water crisis in early future.

The average annual precipitation varies from 50 mm in central, southern, and
eastern parts to 1500 mm in the western and northern parts of Iran. In other words,
the average annual precipitation in 6% of the area of the country (eastern and central
parts) is less than 50 mm, in 45% of the area (southern, eastern, and central parts) is
less than 200 mm, in 40% of the area is 200-500 mm, in 8% of the area (northern
and western parts) is 500—1000 mm, and in 1% of the area (north western coasts of
Caspian Sea) is more than 1000 mm. Figure 4.4 shows the renewable water resources
of the country.

Rainfall in Iran is highly seasonal, with a rainy season between October and
March, leaving the land parched for the remainder of the year. Inmense seasonal
variations in flow characterize Iran’s rivers. For example, the Karun River in
Khuzestan carries water during periods of maximum flow that is ten times the
amount borne in dry periods. In numerous localities, there may be no precipitation
until sudden storms, accompanied by heavy rains, dumping almost the entire year’s
rainfall in a few days.

Water balance of the country according to 30 years of data shows that the average
annual precipitation is 250 mm. Thirty percent of the precipitation occurs in the
form of snow and the rest in the form of rain.
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Concerning the extent of the country, the average amount of annual precipi-
tation is 405 billion cubic meters (BCM). A total of 282 billion cubic meters of
it is lost as evapotranspiration, where 115 billion cubic meters is believed to be
the share of direct evaporation. The surface flow stands at 78 billion cubic
meters in the overall balance. Thirty-two billion cubic meters of infiltrated
water recharges the groundwater resources and 13 billion cubic meters of water
joins the groundwater from undersurface flows. So, the amount of renewable
water is about 123 billion cubic meters per year, which is 30% of total precipi-
tation (Yazdandoost 2016).

4.3 Agricultural Water

4.3.1 Surface Water

Iran is a country of contrasts with less than one-third of area suited for farmland,
but because of poor soil and lack of adequate water distribution in many areas,
most of it is uncultivated. Just 12% of the total land area is under cultivation and
roughly one-third of the cultivated area is irrigated; the rest is devoted to dryland
farming. Some 92% of agroproducts depend on irrigation. The western and north-
western portions of the country have the most fertile soils. Three percent of the
total land area is used for grazing and small fodder production. Most of the grazing
is done on mostly semidry rangeland in mountain areas and on areas surrounding
the large deserts (“Dasht’s”) of Central Iran. The nonagricultural surface repre-
sents 53% of the total area with nearly 39% of the country not suited for agricul-
tural purposes, 7% is covered by woodlands, and 7% is covered by urban
areas (Karamidehkordi 2010). Table 4.1 shows consumption of water (with about
43% form groundwater) in the agriculture sector since 1963 up to 2015 in compari-
son with the population growth.

At the end of the twentieth century, agricultural activities accounted for about
one-fifth of Iran’s gross domestic product (GDP) and employed a comparable
proportion of the workforce. Most farms are small, less than 10 hectares, and are not
economically viable, which has contributed to the wide-scale migration to cities. In
addition to water scarcity and areas of poor soil, seed is of low quality and farming
techniques are antiquated. All these factors have contributed to low crop yields and
poverty in rural areas (MoJA IR Iran 2014). In 2005, some 13 million hectares of
land was under cultivation, of which 50.45% was allocated to irrigate farming. As
of 2013, the amount of cultivated land that is irrigated increased to 8 million
hectares, while a large portion remains rain-fed.
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4.3.2 Groundwater

The internal renewable water resources are estimated at 123 billion cubic meters
(BCM)/year of which some 33.5 BCM/year is the share of groundwater (MoE IR
Iran 2016). It is estimated that groundwater resources provide more than 43% of
agricultural demand. The groundwater abstraction is 63.8 BCM annually, which
implies that nationally there is overexploitation of groundwater by 5.6 BCM,
given the total infiltration of about 58 BCM, including returns from water con-
sumptions. Groundwater abstraction (through wells, qanats, and springs) varied
from less than 20 BCM annually in the early 1970s to more than 64 BCM in 2008
(Table 4.2). The number of wells during this period increased fivefold, from just
over 9000 to almost 45,000 with Qanats number at about 34,000 and springs
56,000. Most of the overexploitation occurs in the central basins where less sur-
face water is available. It is estimated that groundwater is the source of about 62%
of all irrigated areas.

Although the national average long-term fall in the groundwater table has been
about 0.5 m/year over the last decade, but more recent falls are greater than those
presented in Table 4.2, indicating an even more severe condition. To avoid further
groundwater depletion, some 210 of the 609 plains identified for further study are
now heavily restricted in terms of withdrawal where well construction is not allowed
in order to aid aquifers’ recovery. The total area of aquifer under this management
condition is 15,485 km? where the annual average depletion rate is 0.5 m and where
the overabstraction totals some 4700 MCM/year. This estimate is greater than the
depletion suggested in the FAO (2009) report and is provided by the Ministry of
Energy (2016). Despite stringent controls, the agricultural sector is exerting
increasing groundwater demands.

Table 4.2 Annual groundwater abstraction in the six major basins (MCM) in 2008

Average fluctuation in water
Basin Wells | Qanats | Springs | Total | table (m)

Khazar 4390 | 450 3000 | 7830 —1.58/-0.34

Persian Gulf and Gulf of | 10,080 | 1060 | 15,240 | 26,380  —1.69/—0.44
Oman

Lake Urmia 1970 230 120 | 2320 -0.96/-0.25
Markazi 25,930 | 5790 2470 | 34,180 | —0.96/-0.57
Hamoon 800 | 400 60 1260 | —0.25/-0.31
Sarakhs 1730 | 290 350 | 2360 —0.16/—0.00

Total 44,890 | 8230 | 21,240 | 74,350
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4.3.3 Legal Framework
4.3.3.1 Laws Governing Water Use in Agriculture

According to Iranian law, all water bodies are public property. The first water law
after the revolution in the Islamic Republic of Iran was approved in 1982. Based on
this law, allocating and issuing permits to use the water for domestic, agricultural,
and industrial purposes are the responsibility of the Ministry of Energy (MoE). The
Ministry of Agriculture (MoJA) is appointed to distribute water for agriculture
among farmers and collect water fees. Numerous Water Users Associations have
been established to assist with the public—private participation in this respect.
Challenges with water resources management are exacerbated in this sector because
of ownership issues, as traditionally land rights are confused with the embodied
water rights.

4.3.3.2 Powers of Government Authorities in Charge of Administering
Water in Agriculture

Based on Iranian law, water bodies (rivers, lakes, seas, etc.) are public property, and
the government is responsible for their management. Article 1 of the Nationalization
of Water Resources Act indicates that “All waters running in rivers, natural streams,
valleys, brooks, or in any other natural courses, either surface or underground, as
well as flood, sewage and drainage waters, and those of lakes, marshes, natural
ponds, springs, mineral waters, and underground water resources are considered as
national wealth and belong to the public, and the responsibility for the safeguarding
and utilization of this national wealth and the establishment and management of
water resources development establishments are charged to the Ministry of Water
and Power.”

Traditionally, the provision of water has been the responsibility of the govern-
ment. As far as groundwater is concerned, the private sector invests in drilling wells,
which are then operated and managed by farmers. In 1943, Iran set up an independent
irrigation institute, whose function is to supervise and carry out all irrigation
projects. It has the right to collect fees from the allocation of water and form
societies through which private owners can participate in its work. In recent years
there has been a large increase in private-sector financing of water projects,
especially irrigation and drainage systems. Increased awareness of the limitations of
natural resources has played an important role in adopting appropriate policies and
strategies. Some of the current priorities are as follows: establishing a comprehensive
management system over the whole-water cycle according to the principles of
sustainable land and water development in river basins; developing water resources
within the framework of national plans and comprehensive river basin plans;
integrating water resources development, exploitation, and protection plans with
other national and regional plans; promoting agricultural water productivity while
remaining attentive to the economic, security, and political concerns related to the
harvesting and extraction, supplying, storage, and consumption of water; ensuring
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that agricultural water resources are used not only efficiently but in a socially just
manner; and promoting public awareness about limited natural resources.

4.3.3.3 Requirements for Licenses to Use Water

Based on Iranian law, the use of water resources requires obtaining a water use per-
mit. No one is allowed to use water for any other purposes than what has been
mentioned in the permit, nor is the permit transferable to others. A water use permit
is applicable solely to the piece of land for which it has been issued, unless the
government in the region decides otherwise and/or the use of the water is determined
to be harmful or uneconomical. Since the early 2000s, renewed emphasis on
integrated management of water resources has been witnessed, on the basis of which
a new comprehensive water act and water management system are being developed
(MoE 2016).

4.3.3.4 Providing Water for Agriculture and Settling Water Disputes

Groundwater is one of the most important water resources of Iran. One of the best
methods of supplying water is digging ganats (subterranean canals), a practice that
researchers consider was developed by Iranians about three thousand years ago. It
must be noted that despite advancements in science and technology, there are still
lessons to be learned from approaches deployed by our ancestors in harnessing
water resources and observing natural harmony. This is clearly true with the case of
management of limited water resources in arid—semiarid regions of the world where
sustainable development was achieved in different historic periods in spite of
challenging natural hardships.

In regard to surface water, any disputes over priority of use, quality, and quantity
of water, as well as conflicts that cause delays in supplying, distributing, and
consuming water should be settled in an arbitration committee by the water masters
and chief water masters. However, if the disputes continue even after arbitration, the
director of the region or the manager of the district, as the case may be, should
intervene and investigate the matter and then give his recommendation.

Utilization of the groundwater resources through the drilling of any type of well
or ganat anywhere in the country should be carried out with the permission of the
Ministry of Energy, except in those cases where the drilling of such wells results in
the depletion or drying up of the water in an adjacent well and/or ganat.

4.3.3.5 Ownership of Water Sources

Based on the Nationalization of Water Resources Act (1968), the development of
water resources was to be supervised and controlled by the Ministry of Water and
Power. Under the traditional irrigation systems, farmers receive their share of water
based on their water rights, usually in proportion to the land area. For surface water,
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this right to water use is usually measured on the basis of the water delivery time.
The water rights are attached to the land, and when the land is sold, the water rights
are also transferred to the new owner. Eventually, based on the Civil Code of Iran,
groundwater is generally regarded as private property and thus may be traded
between farmers. Wells can be sold with or without the land. Qanats have shared
ownerships. Those who have built a qanat or participate in its maintenance
(rehabilitation and retrofitting) are entitled to partly use its water.

4.3.4 Reuse of Treated Wastewater

It is estimated that only 9% of wastewater is treated in Iran and treated wastewater
provide about 2% of agricultural demand (MoE 2016). Secondary treatment is
widely used for water demands by the municipalities.

4.3.5 Pricing

The average water productivity of agriculture (crops and orchards) is 0.7 kg per
cubic meter (MoJA). Increasing the economic value of water is one of the major
objectives in the Economic Development Programs of Iran. Based on the current
law (passed in 1982), the price for regulated surface water is between 1% and 3% of
the value of cultivated crops (Iran National Survey Organisation 2016). The water
pumped from groundwater resources must be in accordance with the crop water
requirement and proposed cropping pattern in each region. In this case, the price for
groundwater is 0.25-1.00% of the commercial value of the crop yield. Lack of
proper water pricing for agricultural purposes is one of the major obstacles for
sustainable development.

4.3.6 Irrigation Efficiency

Modern agriculture has had a slow but steady growth in Iran, but a common percep-
tion is that irrigation water is wasted considerably in Iran. Studies have shown that
the overall irrigation efficiency in Iran ranges from 33% to 37%, which is lower than
average worldwide irrigation efficiency (MoJA 2014).

The Iranian Agricultural Engineering Research Institute (IAERI) conducted a
research project on the on-farm water application efficiency for different crops
(MoJA). The results obtained from field experiments in different provinces showed
that the application efficiency depends on farm management, method of irrigation,
growth stage, and type of crop, and it varied from 24.7% to 55.7%. Considering the
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conveyance efficiency in the target area of the research study, the overall irrigation
efficiency varied between 15% and 36%. Considering overall irrigation efficiencies
in different provinces and different published reports and research studies, the
irrigation efficiency in the country is estimated to be 35%, which is very low
compared to developing countries (45%) and developed countries (60%).

Half of the fully irrigated areas are equipped with modern irrigation systems and
operated by governmental organizations (MoJA). Irrigation efficiency in such
systems is very low and is measured at 20-30%. Irrigation efficiency may be so low
due to subsidized water released from dams, there being no incentive for farmers to
save water. The other half of fully irrigated areas are operated by the private sector,
and the water is supplied from groundwater resources. In this case, the irrigation
efficiency is also rather low and has been measured to be about 35%. The rest of the
irrigated farms in Iran, which are under severe to moderate water stress, belong to
small farm holders who do not save water, but their irrigation efficiency is quite
high. Irrigation efficiency in these farms is estimated to be 55-65%. The reason for
this may be due mainly to reduced irrigation, which they usually practice. These
farmers have enough land, and the area under cultivation is much greater than the
water available to them. They usually receive more benefit from their extensive
farming with reduced irrigation in comparison with those who practice intensive
farming and full irrigation.

4.4 Urban Water

4.4.1 Sources of Supply

Principal uses are categorized in different sectors in the country. Table 4.3 shows
consumption changes in the urban water sector since 1963 up to 2015 in comparison
with the population growth. It is estimated that surface water resources provide
more than 60% of urban demand and groundwater resources provide more than
39% of it.

Similar to the agriculture sector, the urban water is also heavily subsidized by the
government. It is estimated that the domestic water supply, with a national coverage
of 99.4%, is charged at a much lower value than the actual cost of provision. Usage
may stand at staggering figures of about 300 1 per day per capita in some major
cities and in particular in Tehran, the capital city. The government has recently
focused on the problem of water scarcity by setting up a national task force for
adaptation with water scarcity, whereby consumption/demand management is given
the highest priority. Highest ranking officials from different departments form the
national task force, while provincial authorities concentrate on allocation issues
between the main users of water resources locally. Rearrangements and agreements
on allocations between different sectors are reached on the basis of operational
temporal and spatial needs and requirements.
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4.4.2 Drought Management

Planning and management of water in water distribution, quality, use, quotas, and
rationing are practical methods to mitigate the effects of drought. An important
issue regarding drought risk management is the “Agricultural Product Insurance
Fund.” In order to support vulnerable groups, especially farmers, extended loan
reimbursement deadlines are considered by the banks. The mapping of areas at risk
of drought, assessment of environmental resources (biodiversity) in areas coping
with mid- and long-term drought (periods of 10-30 years), and provision of
ecosystem sensitivity maps are drought preparedness strategies in emergency
situations. Because of repeated droughts, the government implemented an aid and
rescue program in 2003. The program included leadership and guidance, public
training against natural disasters, duties of various institutions during crisis, and
provision of mass media mapping; in addition, financial resources and statutory
support during natural disasters were also considered. The National Water Programs
focus on drought prevention and alleviation. Emergency interventions are introduced
and aid measures include provision of agricultural inputs, small and medium funds,
food subsidy, and forage.

4.4.3 Climate Change

The change of climate will cause a change in the hydrologic cycle. The change in
the hydrologic cycle is likely to have a significant impact on water resources. There
could be considerable changes in river flows, especially in arid and semiarid regions,
thus increasing the risks in planning new projects (for instance, hydropower
projects). Analysis of more than 30 years’ data obtained from meteorological and
hydrometrical stations in Iran indicates that out of 143 meteorological stations, 136
show undesirable climatic changes having a tendency towards arid climate, and out
of 992 hydrometric stations, 36 show a decrease in normal discharge and an increase
in the number of observed floods, which is the indicator of arid regions. During the
recent years, the increase in Caspian Sea water-level elevation has inundated coastal
areas. In the past 30 years (1985-2015), the temperature over Iran has increased
about 0.6 °C on the average, and untimely snow melting and the decrease in
precipitation have been observed generally. During the recent years, an increase in
the frequency of destructive floods and droughts has also been recorded in
hydrometeorological data. Research on the global warming effects on hydrology
and water resources in Iran has been carried out in several rivers and lake basins by
using historical hydrometeorological data and runoff models, together with global
warming scenarios. The research has been carried out and comprehensive assessment
work of global warming impact has been conducted to date. The main results
obtained so far are:
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— Based on different climate change scenarios, as the temperature rises, evapo-
transpiration will increase in most river basins throughout the year. A 2-6 °C
increase in the temperature will augment the annual evapotranspiration by
6—12% in the six catchments throughout the country and decrease the annual
runoff within the range of 1-5%.

— The modeled runoff distribution shows a significant increase in peak flood flow
during the winter and a decrease in mean river discharge.

— Global warming will reduce the snowfall in winter with a significant change in
seasonal pattern of river flow such as a decrease in the snowmelt-generated
spring flow. This change affects various current water uses and the operation of
existing facilities of water resources management.

4.4.4 Water Quality

Inadequate management of wastewater, wastes, and return water is one of the most
important factors threatening the environment and the quality of water resources in
the country. There are many places (especially big cities) where due to lack of
wastewater network systems and also overconsumption, the pollution problem
restricts the available water resources. Table 4.4 shows the main indices for the
pollution of national water resources for the year 2001 and the present status indi-
cating a rapidly deteriorating condition (MoE 2016).

4.4.5 Desalination

The Iranian government envisages massive investments in seawater desalination
and in the required water conveyance infrastructure, mainly from the Southern
shores of the country. Initially, desalination plants are to be built to supply coastal
cities, while at the second stage, cities in the central plateau are to be served as well.
The plants and pipelines are expected to be financed by the private sector under
Build-Own-Operate (BOO) Contracts where the government pays annual fees for
the water produced. Such contracts for desalination plants already exist on a small
scale with Iranian companies and are expected to be extended to larger contracts

Table 4.4 Main indices for the pollution of national water resources

Average annual
Indicator Year 2001 (BCM) Present status (BCM) growth (%)
Urban and industrial 3 8 4
wastewater
Total wastewater 29 40 1.3
and return water
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with international companies. The power for the desalination plants is expected to
be provided, at least partly, by a “small” nuclear power plant. At some stage, the
authorities claimed that 45 million people in 17 provinces would be the target for
the scheme through 50 desalination plants, without specifying the costs or funding
sources and/or the environmental implications. To this one may add the huge
potentials for desalination of sizable brackish water resources inland.

4.4.6 Water and Wastewater Treatment

Treatment for drinking water production involves the removal of contaminants from
raw water to produce water that is pure enough for human consumption without any
short-term or long-term risk of any adverse health effects. Substances that are
removed during the process of drinking water treatment include suspended solids,
bacteria, algae, viruses, fungi, and minerals such as iron and manganese. The
processes involved in removing the contaminants include physical processes such
as settling and filtration, chemical processes such as disinfection and coagulation,
and biological processes such as slow sand filtration. All these processes are
managed and mastered at water authorities in Iran, where currently 190 water
treatment plants spread throughout the country are in operation with five major ones
in Tehran catering for a population of some 12 million people.

Treated wastewater is not widely reused in the urban sector, perhaps more
because of cultural impediments and lack of acceptance by the general public.
Wastewater is, however, extensively treated more often than not, locally. In recent
years the municipalities have adopted the use of treated wastewater for urban
services such as green development and maintenance.

4.4.7 Urban Water Pricing

The price of drinking water in Iran is very low compared to many European coun-
tries. Despite attempts to normalize drinking water prices steadily during various
national development plans, public welfare considerations and external pressures,
lately sanctions, has hindered efforts on this front. Minimum tariffs are observed,
hardly covering the cost of water distribution.

4.4.8 Public/Private Sector Partnership and Water Utility
Management

Unlike the energy sector, perceived to be more related to the industrial perspective,
the urban water and wastewater sector is generally considered to be part of the
public services and heavily influenced by government budgeting and planning
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programs. This has greatly hindered private sector involvement as encouragements
and incentives have been limited. Efforts are being made by the authorities to define
and design public/private partnerships for water utility management at local scale
(MoE 2016).

4.5 Water and the Environment

Allocations on environmental flows are generally planned at all study levels of
infrastructural developments. Unfortunately more often than not they are not fully
observed and adhered to, given the harsh conditions prevailing, socially and
economically, as a result of severe water scarcity. Immediate and ad hoc measures
are usually adopted for lakes and wetlands during drought periods. This is primarily
achieved by managing outflows from water-regulating bodies such as upstream
reservoir dams and restricting water abstractions for agricultural/industrial use
marginally.

4.5.1 Water Fauna and Flora

Since Iran enjoys a variety of climate patterns with the Caspian Sea in the North, the
Persian Gulf, and the Sea of Oman in the South plus two huge mountain ranges
encompassing a vast Sahara, the diversity of fauna and flora in the land is large and
somewhat unique. The green coverage in the north of the country is steady and
dense. The total forest area in the north is estimated to be 1.8 million hectares. The
species variability is quite wide in this region, ranging from variety of vertebrates to
general/special invertebrates. The Caspian Sea alone is home to more than 850
variety of species with the Sturgeon as the shining jewel, producing one of the best
Caviar in the world.

The mountainous region of Iran has its unique fauna and flora with sparse forest
land with more than 10 million hectares of Oak forests. Again the species variety in
this region is quite varied.

The desert zone has a unique biodiversity and the communities inhabiting the
perimeters of the great central deserts of Iran are among some of the most ancient
and rich civilizations in the world mastering the art of harnessing the harsh environ-
ment throughout their long history. Isfahan and Shiraz are among the famous cities
in Iran’s central plateau, which have shown great resiliency in preserving the fauna
and flora in the face of their historical development. The adverse effects of rapid
pace of development alongside the looming impacts of climate change have added
to the worries of instability and endanger of the fauna and flora in the country. The
annual Red List published by the IUCN indicates the situation in various categories
of critical, vulnerable, and in danger of extinction. Table 4.5 shows a sample [UCN
survey for vertebrates in Iran.
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Table 4.5 The situation of vertebrate species of Iran based on IUCN’s (International Union for
Conservation of Nature) Red List, 2009

Percentage | Number Percentage
Number of of of Number of | of
Type of | species Number of endangered | species |endangered | endangered
vertebrate | worldwide | endangered species | worldwide |inIran | inIran in Iran
Mammal 5488 1141 21 194 17 8.4
Bird 9990 1222 12 521 20 3.8
Crawling 8734 423 5 216 9 4.2
Amphibia | 6347 1905 30 20 4 20
Fish 30,700 1375 4 180 28 4.5
Total 61,259 5966 9.7 1131 78 6.8

4.6 Energy-Water Nexus

Water and energy are coupled in intimate ways. Many of our technical processes of
harnessing, extracting, and producing energy utilize water. Similarly, water
extraction, treatment, distribution, and disposal processes consume energy. This
interdependency, often referred to as the “water—energy nexus,” has been increasingly
highlighted as an important issue for future planning and strategic policy
considerations. Historically, the per capita water resources in many countries were
abundant and the economic sensitivities to variations in natural systems were low
(or at least not well understood). Water and energy systems were largely treated
independently. In recent years, however, with rapid population growth, and
increasing awareness of impending (potentially significant) changes in regional
climate and water cycle, there has been a growing need for integrating the planning
and design of energy and water systems (Webber 2008). Iran is adopting this
approach steadily and primarily in academic and research institutions. Further
capacity development on the subjectis being sought by respective government bodies.

For energy availability and consumption, the electricity generation and con-
sumption and oil production and consumption were considered. Iran has sufficient
(in fact surplus) capacity to meet its own electrical power needs. This is partly due
to the fact that consumption is not constant over time, and different seasons and
times of the day require larger installed capacity. Data on planned capacity indicate
that over the next 5 years electric capacity will increase by 31% on average
(MoE 2016).

In order to appreciate the mutual dependencies of water and energy systems in
Iran, water consumption in energy production and energy consumption in water
systems may be quantified by evaluation of the water intensity in energy production
and energy intensity in the water value chain. The high dependence of the installed
electric capacity on freshwater could constrain electricity production if freshwater
levels significantly decrease because of climate change. From a resource standpoint
there is wide variation in supplies of freshwater and energy resources. There are,
however, some common trends in Iran, such as increasing urbanization, and
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decreasing share of agriculture in national GDPs. These trends can have important
consequences for water (and indirectly energy) demands.

In Iran, the main segments of water use along the energy value chain are fossil
fuel extraction and refining and electricity generation. Water consumption in oil
extraction is much lower than what is consumed through evaporation in cooling
processes in power plants. Iran is one of the MENA region countries which are large
producers of oil and petroleum products, so the collective effects on water
consumption can be significant (Siddiqi and Laura Diaz 2011).

4.7 Special Issues

Iran has shared waters and boundary rivers with all of its neighbors. Iran has all kind
of transboundary surface and groundwater. Some transboundary rivers flow to Iran;
for example, Aras Transboundary River flow enters to North West of Iran from
Caucasus Transboundary Basin. Harirud and Hirmand (Helmand) Transboundary
Rivers enter to eastern parts of Iran from Afghanistan.

4.7.1 Conflicts, Negotiations, and Agreements
on Shared Water

Iran and its neighbors have several transboundary rivers and shared wetlands and for
which many agreements and protocols are in place to help them avoid disputes and
also provide new space for more cooperation. Figure 4.5 depicts transboundary
river basins of Iran.
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Table 4.6 Iran’s important transboundary rivers

In/ | Country’s position in transboundary basins
River out | Upstream Downstream | Boundary river Treaty
Aras In Turkey, Armenia | Iran, Iran, Armenia, Yes
Azerbaijan Azerbaijan
Sari Su and Ghare Su Turkey Iran - Yes
Harirud - - Iran — Turkmenistan | Yes
Hirmand (Helmand) Afghanistan Iran - Yes
Astarachai Out |— - Iran — Azerbaijan Yes
Atrak Iran, Turkmenistan | Iran — Turkmenistan | Yes
Turkmenistan

Nihing Iran Pakistan - No
Northern Khorasan Iran Turkmenistan | — Yes
Rivers

Western Boundary Iran Iraq Iran — Iraq Yes
Rivers

Table prepared by Transboundary Rivers and Shared Water Resources Bureau

Table 4.6 shows some of the most important Iranian transboundary rivers on
most of which there are some treaties, agreements, and protocols between Iran and
neighboring countries on issues pertaining to water rights, hydropower, navigation,
water quality, and so on.

Iran and neighboring countries have wide ranges of cooperation with legal, insti-
tutional, technical, and management dimensions and also have joint monitoring
committees for discharge measurements and river pollution, common water works,
and so on.

Iran and neighboring countries have experienced many types of cooperation and
challenges. For example, construction of Aras Dam over transboundary Aras River
(between Iran and Azerbaijan (Former Soviet Union)), Khoda Afarin Dam over
Aras Transboundary River (between Iran and Azerbaijan), or Doosti (friendship)
Dam over Harirud Transboudary River (between Iran and Turkmenistan) shows the
institutional, technical, and management capacities of Iran and neighboring
countries for development of benefits sharing in their transboundary rivers and also
avoiding new challenges or disputes in the transboundary basins.

Despite the improvement on transboundary waters cooperation, some important
challenges still remain. Table 4.7 shows some of these challenges between Iran and
each neighboring country.

Iran has traditionally engaged in cooperation with international bodies, and some
of the most recent ones are listed in Table 4.8.
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Table 4.7 Challenges in transboundary waters between Iran and neighbors

F. Yazdandoost

Country Challenges

Afghanistan

Weak water resources management in the Helmand (Hirmand) basin

required waters

Development of diversion dams and canals without attention to downstream

Desiccation of Hamoon wetlands

basin

Development of sand storms and wind erosion in lower Helmand (Hirmand)

Opium cultivation

Afghanistan, and Turkmenistan

Lack of agreements on Transboundary Harirud River basin between Iran,

Low water efficiency in the agricultural sector

Armenia Aras River pollution
Copper-mining factories and tailing dams discharge to Aras River
Measurement stations
Azerbaijan | Aras River flood control measures resulting in bank erosions on the Iranian side
Iraq Demise of Mesopotamia marshes due to GAP project in Turkey, and instigating
dust storms in western and central parts of Iran
Lack of agreements on Transboundary Aquifers
Low water efficiency in agriculture sector
Pakistan Lack of agreements on Nihing Transboundary River basin and Mashkil
Transboundary Aquifer
Turkey Lacking any agreement for transboundary Aras River

Turkmenistan | Need for reconstruction of Qare Qum Canal for water-loss prevention

Weak water resources management

Low water efficiency in agriculture sector

Table 4.8 Iran and international organizations cooperation on transboundary waters since 2005

International Year of
Title of cooperation organizations cooperation
Rehabilitation of Hamoon Transboundary Wetland and UNEP, UNDP, 2005-2007
its unique lakes shared between Iran and Afghanistan at and GEF
the downstream of Helmand (Hirmand) River in Sistan
Delta for implementation of IWRM in the Helmand
(Hirmand Transboundary Basin)
Reduction of Aras Transboundary River Degradation UNDP and GEF 2005-2007
Making the most of Afghanistan’s river basins EWI 2009-2010
opportunities for regional cooperation
Second assessment of transboundary rivers, lakes, UNECE 2009-2012
and groundwaters (as focal point of Caucasus and
Central Asia)
ET (Euphrates and Tigris) benefit sharing project SIWI 2010-2012
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4.8 Conclusions

Iran, today, is facing a water deficit in general and moderate to severe scarcity in
many of its water-related development and maintenance operations. Precipitation
has traditionally been low and in average about one third of the global average
precipitation with an uneven spatial and temporal distribution. The country is
located in the arid and semiarid regions of the world and although Iranians have
been traditionally harnessing water resources ingeniously and efficiently, over the
last four decades, the rapid pace of development, demographic expansions and
population growth, urbanization, disintegrated large agricultural expansions,
climate change and variation, and perhaps most importantly mismanagement of
water resources have taken their toll on a barely stable water resources supply/
demand chain. To these challenges, one must add the ensuing environmental
implications and direct impacts on water quality issues. Social, economic, and
political complications may stem from the worsening water scarcity scenarios. For
its multifaceted nature and multisectoral role, the need has arisen for a paradigm
shift in water resources planning and management. For this, perhaps institutional
frameworks should be redesigned to accommodate as much public participation and
capacity development at all levels should rise to the top of the agenda. A good deal
of research is being conducted at research and academic institutions; however, a
concerted effort is required to integrate actions based on pragmatic visions and
perspectives.
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Chapter 5
Water Policy in Jordan

Tala Qtaishat

Abstract Jordan’s water resources are estimated at a long-term average value of
8191 MCM/year. Groundwater accounts for about 61% of water supply. Water scar-
city threatens Jordan’s development. About 93.5% of the country receives less than
200 mm of rainfall, and only 0.7% of the country has annual precipitation of more
than 500 mm. Drought-occurrence periods are one of the most serious factors affect-
ing water supply. The quality of treated effluent allowed to be discharged into
Wadies follows Jordanian Standards. Exploitation of the aquifers increases the
salinity level. One of the main weak institutional performances in Jordan’s water
sector is the overlapping responsibilities between the Ministry of Water and
Irrigation (MWI), with Water Authority of Jordan (WAJ), and Jordan Rift Valley
Authority (JRVA). Renewable water supply currently only meets about half of total
water consumption. This is caused by unsustainable groundwater extraction, includ-
ing thousands of illegal private wells. Despite the huge investments in the water
sector programmed through the year 2025 the future food and water security is
under threat unless the government strategy is fully implemented. The water deficit
will grow from about 160 Mm? in 2015 to 490 Mm?® by 2025. Without new water
sources, only 90 m? per capita per year will be available by 2025. The Disi water
conveyance project and the Red Sea-Dead Sea Canal will help increase the supply,
but will not be sufficient to satisfy long-term demand. A combination of reduced
demand and rationing distribution programs for domestic uses as well as the re-use
of wastewater flows for irrigated agriculture will likely help bridge the gap.
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5.1 Introduction

Jordan is an arid to semi-arid country with total population of 9.5 million; the num-
ber of Jordanians is around 6.6 million while the number of non-Jordanians who
reside in the country is around 2.9 million, representing 30.6% of the overall popu-
lation (Department of Statistics [DOS] 2017). The country has a total land area of
88,780 km?; about one-third is dry land while the other two-thirds are irrigated land
(World Bank 2016). Jordan is considered to be a water-poor country due to the
water-supply shortage. Water scarcity threatens Jordan’s development. Precipitation
is very low, and it ranges from 30 to 600 mm annually. About 93.5% of the country
has less than 200 mm of rainfall, and only 0.7% of the country has annual precipita-
tion of more than 500 mm (UNESCO 2012). The variable and low rainfall with the
high evaporation rate and droughts all contribute to low water-resource reliability
and availability.

Jordan’s water resources depend mainly on rainfall which is estimated at a long-
term average value of 8191 MCM/year (MWI 2015a). Groundwater accounts for
about 54% of Jordan’s water supply; this water comes from 12 groundwater basins
(Fig. 5.1). Jordan’s groundwater is of two types, renewable and fossil. The latter
constitutes 5% of the total groundwater storage. The safe-yield abstraction quantity
from renewable groundwater is 275 MCM annually (MWI 2015a). For the fossil-
water quantities, the safe-yield abstraction from groundwater for 50 years is about
143 MCM annually (MWI 2015a). The pumping for renewable groundwater was
about 160 MCM in 2015 (MWI 2015a). The groundwater’s quality varies from one
aquifer to another; salinity ranges from 170 to 3000 ppm (Hussein et al. 2005).

Surface-water resources have two principal parts: base flow and flood flow. Base
flow is derived from groundwater drainage through springs. Surface water is about
37% of the total water supply and develops through 15 water basins which are dis-
tributed across the country (Fig. 5.2). The main surface resource is the Yarmouk
Basin in the north which contributes almost 50% of Jordan’s base- and flood-flow
waters (Al-Ansari et al 2014). In 2015, the actual supply of surface water was
730 MCM/year (MWI 2015a). Other water-supply sources are brackish water and
treated wastewater. In 2015, the treated wastewater was 147 MCM/year
(MWI 2015a).

The per-capita water availability dropped from 3600 m® in 1946 to 145 m® in
2008 (UNESCO 2012).

5.2 Administrative, Legal, and Institutional Aspects
of the Water Sector

In terms of water governance, the Ministry of Water and Irrigation (MWI) is respon-
sible for the overall strategic direction and planning; the MWI works with the Water
Authority of Jordan (WAJ) and the Jordan Valley Authority (JVA) (Fig. 5.3). The
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Fig. 5.1 Groundwater basins in Jordan. (Source: Al-Ansari et al. 2014)

National Water Strategy has been created to manage the water sector and to ensure
optimal service levels. The National Water Strategy (2016-2025) is part of the
MWT’s plan which explores the need for more development of water legislation,
including the need for a comprehensive water law and moving toward realizing
humans’ rights to water and sanitation while recognizing these rights and their
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Fig. 5.2 Jordan’s surface-water basins. (Source: Al-Ansari et al. 2014)

standard content for all. The strategy’s key areas are as follows: (i) Integrated Water
Resources Management (IWRM); (ii) water, sewage, and sanitation services; (iii)
water for irrigation, energy, and other uses; (iv) institutional reform; and (v) sector
information management and monitoring. The strategy also addresses the issues
related to climate-change adaptation, transboundary/shared water resources, public/
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Ministry of Water and Irrigation (MWI)
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(WAJ)
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Fig. 5.3 The Different Institutions’ interactions and hierarchy in water sector in Jordan. (Source:
MWI 2016¢)

private partnerships, and the water’s economic dimensions. Within the timeframe
for this strategy, the MWI aims to adopt a sector-wide, integrated water-resource
planning and management approach; develop sector policies and legislation to
enhance performance, equitable service provision, and optimization of available
resources; initiate institutional reforms to restructure sector management; enhance
fiscal discipline for cost recovery; improve internal efficiencies for sector coordina-
tion and management; and build technical capacity (MWI 2016a).
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Institutional reform is set for greater efficiency and effectiveness, and improve
inter-sectoral linkages to generate greater synergy and impact on the health and
economic wellbeing of all Jordanians, where each operating agency/unit that is part
of MWI would have a clear purpose and incentives to perform effectively and effi-
ciently; these actions are aimed to restructure sector management, enhance fiscal
discipline in cost recovery, improve internal efficiencies in sector coordination and
management, and build technical capacity.

5.3 Agricultural Water

Agriculture is currently the largest water user. While farmers irrigate less than 10%
of the total agriculture land, the agricultural water is estimated to be 700 MCM
(Fig. 5.4). The agricultural sector contributed about 3—-4% to the gross domestic
product (GDP) in 2013 (MWI 2016a, b). The Jordan 2025 vision calls for an
increased agriculture GDP share. Although agriculture comprises a relatively small
share of the GDP, it provides most of the agricultural production and offers the high
percentage of direct agricultural jobs. Cropping patterns, water-reallocation poli-
cies, and different irrigation technologies will be adopted by 2025, resulting in yield
gains and water savings. Figure 5.4 provides an overview of the agricultural sector’s
water use in Jordan.

In 2015, there were 52 private desalination plants operated by farmers to desali-
nate brackish water for irrigation purposes and desalinate about 10 MCM annually.
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Fig. 5.4 Water use for the Agricultural Sector (2015b). (Source: Adapted from the Ministry of
Water and Irrigation MWI 2015b)
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Brackish water with salinity between 2000 and 8000 ppm is pumped from wells at
depths between 100 and 150 m. The facilities are generally in operation 24 h/d in
summer and 8 h/d in winter. The only energy source used to run the plants is elec-
tric power.

The surface, groundwater, and wastewater are located in this section because the
discussion covers only their use in agriculture, since agriculture is main user of
available water in Jordan.

5.3.1 Surface Water

Surface water provides about 27.2% of Jordan total water supply. Jordan developed
surface-water resources where they produced about 259 MCM in 2014 and are pro-
jected to be about 329 MCM by 2025 mainly through water harvesting by building
small dams on the Wadies (MWI 20164, b). The Jordan and Yarmouk Rivers, major
sources of surface water, now provide less than 25% of the shared water that flows
in the Yarmouk River Basin, amounting to about one-third of the proposed share to
distribute water among the riparian countries (MWI 20164, b). Rainfall is seasonal,
localized, and unpredictable. High evapotranspiration rates diminish the available
water’s value.

5.3.2 Groundwater

Groundwater contributes about 59.6% of the total water supply. Out of the 12 major
groundwater basins, 6 are over-extracted; 4 are at capacity; and 2 are underexploited
(MWI 20164, b). Increasing the overall water extraction to meet national needs car-
ries a high cost; Jordan is now accessing nonrenewable water resources from fossil-
ized deep-water aquifers. Groundwater from the nonrenewable Disi Aquifer (about
100 MCM/in year 2015) contributes to Jordan’s water supply for domestic and agri-
cultural needs (MWI 20164, b).

Jordan’s groundwater is in renewable and nonrenewable forms in 12 distinct
basins. The installed pumps are capable of extracting more water than the safe yield
for each basin. There are 11 renewable groundwater reservoirs in the country. Their
sustainable yields vary from one aquifer to another, and their combined yield is
275 MCM per year. The average annual abstraction from all basins exceeds the
renewable recharge average and currently stands at 159% of that average (MWI
20164, b). Decisions were made to treat the situation. These measures include: (1)
The agricultural sector’s share of groundwater resources shall be capped in favor of
other sectors with higher economic return per cubic meter. (2) Treated wastewater
of quality meeting national standards and complying with public health require-
ments shall be increasingly used to replace fresh water resources. (3) The govern-
ment could close the wells in owned lands after compensating their owners’ water
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rights or land value in a buy-back scheme. (4) Legislations pertaining to groundwa-
ter management are enforced equally on all well-owners. Strict measures that deter
future violations shall be designed and enforced. (5) Groundwater management
action plans developed for Azraq Basin and Yarmouk Basin, with the participation
of the local community and water users, as well as the one in the Jordan Valley, shall
be implemented.

There are extensive nonrenewable reservoirs in the sandstone formations. These
reservoirs’ water quality varies and is known to be fresh in the Disi-Mudawwara
area. Using fresh fossil water from the nonrenewable reservoir in Disi-Mudawwara
started in the early 1980s for municipal and industrial purposes in the city of Aqaba.
This was followed by utilizing the same aquifer (Disi) for agricultural purposes.
Future use of this aquifer is earmarked for the city of Amman’s municipal purposes,
and pumping for agricultural purposes is being reduced (MWI 2016a, b).

5.3.3 Treated Wastewater

Treated wastewater generated in Amman and Zarqa is a main water resource in the
Jordan Valley. It is treated at As Samra Wastewater Treatment Plant (WWTP) in
Zarqa governorate and discharged to Zarqa River, which ends in KTD. The flow
from the As Samra WWTP to Zarqa River increased from about 61 MCM in 2007
to about 106 MCM in 2015 (MWI 20164, b). The treated wastewater constituted
about 13.2% of water supplied in Jordan in 2015.

The Water authority of Jordan (WAJ) operates 31 wastewater facilities, serving
about 6.7 million people. The highest coverage of the wastewater stations is in
Amman governorate (about 84% of the population), Aqaba (about 72%), and Jerash
(about 69%), while the lowest covering rates are Tafilah (about 31% of its popula-
tion), Karak (about 20%), and Mafraq (about 8%) (International Resources Group
(IRG) 2013). Most of the WWTPs are applying the activated sludge system as stan-
dard treatment process. There are some challenges regarding operation and mainte-
nance (O&M) of wastewater treatment plants; they include lack of professional
expertise in WWTP process control, inadequate O&M budgets, and lack of
performance-based bonus/malus schemes and at the end an effective monitoring
system to control and steer the WWTP operations in real-time mode (MWI 2016c¢).

5.3.3.1 Aquifer Depletion

Modern technology to access groundwater was introduced to Jordan in the late
1950s; legislation to regulate the exploitation of groundwater resources and to have
it supervised by the government was introduced in 2002. The difference between
the amount of renewable water and the amount extracted slowly led to depletion and
salinization of the country’s groundwater resources (El-Naqa and Al-Shayeb 2009).
The depletion of groundwater aquifers was declared by the MWI’s 1998 National
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Groundwater Management Policy as the major problem facing Jordan’s water sec-
tor. The MWI established a law that prohibited drilling new wells in most parts of
the country where aquifers are afflicted by depletion and quality degradation.

The policy set specific objectives and principles for groundwater use and man-
agement. The groundwater management policy addressed the management of
groundwater resources, covering development, protection, and reducing abstraction
from each renewable aquifer to sustainable rates. Other measures included continu-
ous enhancement of the groundwater quantity and quality monitoring networks,
substitution of fresh groundwater with marginal water in agriculture (brackish,
treated wastewater), and adopting strategies for the reduction of groundwater
abstractions, to reach the safe-yield levels of 275 MCM/year by the year 2020
within the scope of Water Master Planning, which is the authorized source for data
on water monitoring, management, and planning for external users like research
institutions or international donors.

Table 5.1 summarizes the measures of groundwater management in Jordan under
four levels: reducing groundwater consumption, promoting recharge and retaining
groundwater, and regulating groundwater development.

5.3.3.2 Property Rights

The following rules were set by the groundwater policy implemented by MWI to
institutionalize the priorities of water allocation: (1) Priority of allocation of ground-
water shall be given to municipal and industrial uses, to educational institutes and to
tourism. These purposes are deemed to have the higher returns in economic and
social terms. (2) Priority shall also be given to the sustainability of existing irrigated
agriculture where high capital investment had been made. In particular, plantations
irrigated from groundwater shall continue to receive an amount sufficient for their
sustainability with the use of advanced irrigation methods. (3) Expropriation of use
rights arising from legal use of groundwater or of water rights established on springs
rising from groundwater reservoirs shall not be made without clear higher priority
need and against fair compensation. (4) Priority shall be given to the use in irrigated
agriculture of the reservoirs whose water quality does not qualify them for use in
municipal and industrial purposes. (5) Priority for use in agriculture shall also be
given to the cases where supplementary irrigation from the groundwater reservoir is
possible. (6) A contingency plan shall be made and updated for the purpose of allo-
cating the water from privately operated wells for use in the municipal networks
(MWI2017).

In the Jordan Basin, the magnitude and frequency of conflict increase during
periods of drought. During the drought of 1998-99, Israeli and Jordanian members
of the JWC brokered a temporary arrangement to modify allocations to reflect water
availability, thus resolving the conflict. While the absence of a drought provision in
the Treaty of 1994 left Jordan and Israel vulnerable to conflict, the treaty did estab-
lish the Jordan Water Committee to resolve conflicts without making permanent
amendments to the original agreement (Odom and Wolf 2011).
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Table 5.1 Measures of groundwater management in Jordan

Level Features

Reducing groundwater consumption | Promoting higher water productivity in agriculture:

Changing cropping pattern, varieties, and agronomic
practices

Micro-irrigation and root-zone irrigation

Improved water conveyance

Increasing water-holding capacity of soil

Reducing waste in processing and marketing

Reducing urban groundwater use

Leakage detection

Reducing domestic water loss and use

Urban landscaping

Use of economic incentives

User fees

Pricing of energy supplies

Redirecting subsidies from water-intensive crops

Water-efficiency incentives

Smart-card-controlled abstraction and quotas
Promoting recharge and retention of | Interception and retaining surface runoff and floods
groundwater Field bunding and terracing

Contour buds and gullis

Seepage wells and maintaining natural pits

Injection wells

Water harvesting from roads

Recharge bonds, dams, and sand dams

Flood water retention

Improved infiltration capacity of land surface

Permeable urban surface

Penetration of day Layers

Increasing infiltration by burrowing action of animals

Sand dams

Retaining surface flows

Gully plugging of drainage canals
Subsurface dams

Conjunctive management of surface water and
groundwater

Adjusting surface water delivery to recharge and reuse
potential

Storage of seasonal excess water

(continued)
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Table 5.1 (continued)

Level Features
Regulating groundwater Promoting self-regulation
development Enabling laws

Developing and applying local rules

Participatory monitoring and assessment

Joint crop planning

Local investment in recharge

Well licensing and well regulation
Geographic bans

Licensing of drilling rigs

Tracking of drilling rigs

Source: Smith et al. (2016)

5.3.4 Reuse of Treated Wastewater
5.3.4.1 Food Safety/Vegetables/Heavy Metals

When using treated wastewater, food safety is considered an important issue in
Jordan because it affects the fruits-and-vegetables export sector. In 1990, the Gulf
Cooperative Council States (GCC) stopped importing fruits and vegetables because
the crops were irrigated by blended fresh water with treated wastewater (Albakkar
2014). Wastewater in Jordan is considered as a main source of irrigation. Crops
irrigated with wastewater or blended water are monitored in Jordan. Water quality
monitoring in Jordan is covered by the following intuitions: Royal Scientific soci-
ety, Water authority of Jordan, Jordan Valley Authority, Ministry of Water and
Irrigation, Ministry of Environment, Ministry of Health, Meyahouna, Aqaba Water
Authority, and North Governorates water Agency (Saidam 2009). The monitoring is
conducted through continuous, automated, on-site sampling and analysis, data
acquisition, storage and dissemination in one system in real time. As for fruits and
vegetables ready for export, they are inspected for chemical residues in specialized
laboratory in the Ministry of Agriculture.

The government role in this sector is regulatory and supervisory while encourag-
ing the private operation and maintenance of utilities. The wastewater-treatment
plant owners’ responsibility is to consider the conformity of the standards with the
end user. Jordan follows ISO and GlobalGap standards to monitor use of treated
wastewater for fresh fruits and vegetables (Seder and Abdel-Jabbar 2011). In con-
trast, toxic-material discharge to sewers and sludge use are regulated in Jordan by
MWI. The successful utilization of recycled water within Jordan has been made
possible by the development and evolution of a sound legislative and legal founda-
tion. There are several sets of standards that have paved the way Jordanian Standards
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JS893/95, JS202/91, JS 1145/96, WAIJ’s regulations for the quality of industrial
wastewater to be connected to the collection system, and WAJ’s specifications for
sewerage works, have been, thus far, the benchmarks against which plans and speci-
fications of treatment plants and wastewater reuse were evaluated. They were estab-
lished to bring about relative uniformity throughout the country. However, there is a
risk in using industrial wastewater which comes from inadequate industrial and
municipal wastewater-treatment capacities, and the industrial plants are built near or
immediately upstream from potable water supplies (Haddadin and Tarawneh 2007).

5.3.5 Pricing

Appropriate water pricing can be used for optimizing cropping patterns and water
distribution, which can also substantially increase production and yields (Table 5.1).

5.4 Agricultural Production

5.4.1 Cost Recovery/Maintenance of the Irrigation Schemes

Jordan’s water subsidy is considered to be high because the irrigation water price
level is much lower than the total cost recovery which covers the direct and financ-
ing costs (USAID 2012). Analyzing the cost of Jordan’s irrigation water shows the
need for significant price increases to strengthen its financial sustainability.
Depending on the level of cost recovery, the minimum price increase that is required
for irrigation water could be very large. If the government wants to pursue its objec-
tive, as stated in the Government of Jordan’s Water Strategy (2009b), that deprecia-
tion should also be covered, the irrigation-water price would have to be increased to
between JD 0.132 and JD 0.215 per cubic meter, depending on whether billing and
collection inefficiencies improve (Van Den Berg et al. 2016). In 2012, the Cabinet
of Ministers approved a new pricing policy on irrigation water — even on amounts
already granted in existing licenses — with a block price system, where charges
increase in relation to the amounts of water extracted (Table 5.2).

Table 5.2 Volumetric prices of water abstracted from replacement wells

Water quantity, (m?)/a Water price, JD/ (m?) Water price, US$ /(m?)
1. 0-75 thousand Free Free

2. 75-200 thousand 10 Fils/m? 0.0141

3. > 200 thousand 100 Fils/m? 0.141

Source: Al-Karablieh and Salman (2016)
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5.4.2 Institution Setting of Irrigation Organizations
and Farmers’ Participation

Recognizing the difficulty of managing farm-level irrigation in Jordan, the govern-
ment started forming water user associations (WUAs) since 2001 (USAID 2013).
Most WUAs are legally registered as independent cooperatives, and they work
under government control.

WUAS in the Jordan Valley are classified into three progressive levels in terms of
their status: (1) Water councils: They are based on the traditional mechanism of
problem solving. Water councils are recognized by the JVA. Each council would
have 15-20 elected farmers chosen through prior informal discussion with the con-
cerned farmers. The government is represented through the sub-governor (Al
Mutassarif) in the water council. Thus, the council has an executive power. Al
Mutassarif may even chair the council. (2) Water user committees: They are also
based on or similar to the traditional form of farmers’ management that existed
before the formation of JVA. A water user associations committee is a group of
representatives of farmers elected by the farmers in a general assembly after several
informal meetings. Although the associations have no legal status as such, they are
recognized by JVA; normally, a letter is issued by the JVA secretary general in this
respect. (3) Water user cooperatives: They are the type of associations that have a
legal status. Cooperatives follow the Cooperation Law No. 18/1997 and thus they
are affiliated to the Jordan Cooperative Corporation (JCC). Cooperatives have their
internal regulatory system that specifies the objectives, capital, membership proce-
dure, and financial and administrative issues.

Farmers’ participation resulted in direct savings of water resources. A good
example is given in Al Kafrein area, where the community was able to optimize the
irrigation scheme, reduce leakages and illegal connections to the network, and thus
reduce the water released from the dam to the network from 12,000 to 6000 m?/day.
This was achieved only in 2 months after handing over the water distribution task to
the WUA. The WUA of Al Kafrein also pointed that the proper management of
water enabled them to withstand and manage their farms even with less amount of
water in the dry seasons.

5.4.3 Irrigation Efficiency
5.4.3.1 Technology Adoption/Subsidy and Other Policies

Irrigation-water efficiency in the Jordan Rift Valley is around 65% while on-farm
irrigation efficiency in the highland where drip irrigation from groundwater is uti-
lized is around 85%. The center-pivot system’s performance is between 76% and
84% (Shatnawi et al. 2005). Irrigation efficiency in the Al’ Azraq area is around 75%
for sprinkler and 85% for drip irrigation (Abu-Awwad and Blair 2013).
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5.4.3.2 State-of-the-Art Technology/Smart Irrigation and Innovations

In 2010, the SMART II project was initiated in the Lower Jordan Valley for three
countries: Jordan, Palestine, and Israel. The project aimed to develop the Integrated
Water Resource Management (IWRM) concept to ensure optimized and sustainable
use for all the region’s water resources in addition to achieving socioeconomic con-
ditions that satisfy the demands of society’s diverging groups. The overall goal of
IWRM is to ensure that national water-resource management is based on the prin-
ciples of sustainable use, economic efficiency, social equity, and environmental and
ecological sustainabilities.

There are several methods that farmers use to irrigate their lands in the Jordan
Valley. Farmers’ choices of irrigation technique depend on the kind of crops they
grow, their financial reality, and the information they have access to. In the Jordan
Valley, 68% of the farmers use drip irrigation, 30% use surface irrigation, and 2%
use sprinklers. It is estimated that water savings through optimization of irrigation
could reach almost 40 MCM/year by the year 2020 at a cost of 0.5 US$/m? (Klinger
et al. 2012).

5.4.3.3 Research

A large amount of research covering different aspects of the water demand was
conducted for Jordan’s water sector (Al-Ansari et al. 2014; Hjazi 2010; Arabiyat
2005). The Water Demand Management Program ensures further reduction in water
use, reduces water losses through the distribution supply net, and prevents pollution.
In addition, it helps minimize water disposal in nature, makes efficient use of avail-
able water resources, plans for future new water resources prudently, and finally
imposes a real cost for water supply that would be acceptable. In addition to the
above, public awareness program is to be put in action. Such a program should be
used in schools as well as the media. The public is to be aware of the problem and
how they can assist with overcoming the water shortage crisis (Al-Ansari et al. 2014).

Another study found that there are a variety of water-use efficiency programs
that can be implemented. However, the cost of these programs is usually the major
factor that influences the implementation. Past and ongoing experience on WDM
programs indicates that strong emphasis should be devoted to retrofitting programs
such as aerators and showerheads. The analysis shows that they are most cost effec-
tive in the residential sector, government buildings, mosques, and schools. A WDM
Code for new buildings should be in place and enforced (Hjazi 2010).

Field studies using groundwater for irrigation showed that water-pricing policies
based on volumetric charges could have little impact on water consumption as water
demand is inelastic. Irrigation water consumption has decreased significantly only
when water prices have exceeded the 0.5 US$/m? (Arabiyat 2005).
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Relative Growth of water for agriculture and
agriultural output 1987-2014 (1987 = 100%)
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Fig. 5.5 Relative growth of water for agriculture and agricultural output in Jordan during 1987—
2014. (Source: Namrouqa 2017a, b)

The Jordan Water Authorities are in the process of increasing the water supply by
implementing the Red-Dead Sea canal which will provide desalinized water for
agriculture and drinking water. A feasibility study found that this project is finan-
cially viable (Blogger 2012).

5.4.4 Food Security vs Virtual Water/Food Imports

The agricultural sector’s water use constitutes about 64% of the water demand in
Jordan; thus, food security and water are strongly linked (Fig. 5.5).

From Fig. 5.5 it is noticed that agricultural output had increased during
2005-2014, while the water allocation to agriculture had decreased. This was due to
the water conservation policies implemented during the same period.

Jordan has established trade and economic agreements both at regional and bilat-
eral levels with around 86 countries from all over the world (specifically, 19 agree-
ments are with Arab countries and 67 with non-Arab countries). To mention are
hereby the Greater Arab Free Trade Agreement (GAFTA); the Agadir Agreement,
which is creating a free trade area between Jordan, Egypt, Tunisia, and Morocco;
the Jordan-United States Free Trade Agreement, which entered into force in 2001;
the Euro-Jordanian Association Agreement of 2002; and the FTAs with Singapore,
Canada, and Turkey.

Jordan’s agricultural and food exports are mainly focused on neighboring coun-
tries. Jordan’s major agricultural exports are fresh fruits and vegetables, processed
meat, food preparations, and live sheep (Tables 5.3 and 5.4).
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Table 5.3 Virtual water import (VWI) per major trade partner (Million m*/year) 1996-2005

Green | Blue Gray | Total

County VWI VWI VWI | VWI Major products

USA 697 88 123 908 Wheat — 66%, maize — 16%, rice — 8%

Syria 626 92 122 840 Barley — 78%, animal products — 4%

Argentina 641 11 31 683 Wheat — 25%, maize — 38%, soybean — 35%

India 434 35 29 498 Animal products — 40%, soybean — 34%,
coffee — 7%, wheat — 6%, cotton — 4%

Iraq 172 222 156 550 Barley — 69%, industrial products — 29%

Malaysia 319 0.5 14 333 Oil palm - 97%

Indonesia | 238 0.1 17 255 Oil palm — 88%

China 133 22 83 239 Cotton — 71%, industrial products — 14%,
animal products — 6%

Turkey 172 21 25 218 Wheat — 41%, barley — 29%, chickpeas —
13%, cotton — 7%

Ukraine 173 4 30 208 Barley — 60%, sunflower seed — 16%,
industrial products — 14%, wheat — 9%

Australia 93 41 3 138 Animal products — 53%, rice — 32%,
barley — 12%

Total 3698 536.6 633 4870

Source: Hoekstra and Mekonnen (2012)

Table 5.4 Value of main exports during 1995-2013 (1000 US$)

Year
Product 1995 2000 2005 2011 2013
Total merchandise trade 1,772,340 | 1,899,000 |4,301,419 8,006,449 |7,910,716
Fruit + vegetables 99,847 105,544 273,247 590,955 724,703
Oranges + tang + clem 9016 3995 6737 12,304 50,393
Oranges 3728 1891 2859 5337 6674
Grapes fresh 1196 1161 2521 1988 1702
Olives 0 10 4500 5200 15,038
Olives preserved 493 372 2071 5555 6770
Lettuce and chicory 1987 4426 7340 7154 11,447
Potatoes 5596 2413 7200 3943 9180
Tomatoes 24,745 34,262 105,707 224,847 316,321
Poultry meat 5383 448 5622 30,178 41,815
Eggs in the shell 3095 5761 4369 10,172 5954

Source: FAOSTAT (2017)
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5.4.5 Water Salinity and Other Pollution Problems (Nutrients
and Manure)

Over-pumping the underground reservoirs increases the salinity level, such as in the
North Badia and Jordan Valleys. Over-drafting the surface reservoirs, such as in the
Azraq Oasis, and dumping wastewater from the Khirbit Al-Samra treatment plant
polluted the Amman-Zarqa Basin. Saline and brackish water resources are available
in many places in the country, especially in the South Jordan Valley (Permaculture
Research Institute 2005).

5.5 Urban Water

Investments in municipal networks in Jordan remain inadequate. Although the level
of services in the water supply in Jordan is fairly high, with service to 97% of the
population in the urban areas and 83% in the rural areas, distribution systems are
still far from optimal and efficiencies are still low. The unaccounted-for water in the
municipal networks was estimated to be 55% of the quantity supplied in 1995. In
2004, over 50% of the water entering the city’s distribution system was effectively
unaccounted for, with half of this being lost by leakage and the rest due to poor
administration and inadequate billing. Although the losses in the urban water supply
networks have become a growing concern, water companies have budgetary and
other constraints that hinder addressing the problem. According to Trojan and
Morais (2012), problems encountered in the maintenance and management of the
water-supply systems are indicated by the lack of decision support models that give
a manager an overview of the system.

Households pay progressive drinking water and wastewater tariffs. Households
are charged for water utility services based on an increasing block tariff, which
provides incentives to save water. The polluter pays principle is enforced via sewage
charges added to the water bill. Since the sewage charge increases the total water
and wastewater bill, it also functions as an incentive to reduce water consumption
(MWI 2016b) (Table 5.5).

Table 5.5 Urban water price in Amman in 2016

Consumption per month in US$/m?

Water quantity, (m?®)/month 15 m? 50 m? 100 m?
Price 0.78 2.98 3.06
Fixed charge 0.45 1.13 0.57
Variable charge 0.22 1.44 2.07
Other charges

VAT 0.11 0.41 0.42
Total 1.56 5.96 6.12

Source: WAJ Amman, Jordan, 2016
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The level and design of water and wastewater tariffs paid by households could not
be further improved to approach cost-recovery levels and provide additional incen-
tives to save water. Since households receive an intermittent water supply, their con-
sumption is already limited by the capacity of residential water-storage tanks. The
current progressive tariffs were linked to consumption per person. There would be an
opportunity to introduce a tariff structure with more targeted incentives to save water.
A prerequisite for such a measure is the availability (or development) of good house-
hold records on the number of inhabitants/family. There is also an economic barrier
related to the affordability of more expensive water. Any change in tariff levels
should therefore be gradual and should respect the economic status of households.

Most policymakers in Jordan agree that water for human consumption, including
drinking, cooking, bathing, and cleaning, should be given priority over other uses
(Qtaishat 2013).

About 48% of the total water resources are used in the industrial and domestic
sectors: 4% and 44%, respectively (MWI 2016a, b). Water-reallocation strategies,
such as changing the cropping patterns and moving away from crops where the
product value per unit of water is relatively low, could improve the overall economy.
Water reallocation could have a substantial effect on the municipal and industrial
sectors and might lead to an increased GDP for the region, creating jobs in the
industrial sector (Qtaishat 2013). A small water reallocation (5%) from agriculture
could dramatically increase the water available for other sectors, particularly the
municipal sector. Reallocation will be based on the following conditions (MWI
20164, b): Each governorate shall retain its available water for its sole needs, unless
there is severe shortage in other governorates; in this case, it will be transferred to
the geographically nearest governorate and to the governorate of highest need, with
due consideration to sustainability, long-term feasibility, availability of infrastruc-
ture. Shared water resources shall be allocated to the governorate of the highest
need and geographically closest, and which can technically receive the water.
Supplied water shall be increased to achieve the target shares by the reduction ratios
in Non-Renewable Water (NRW). Availability of water infrastructure shall be
insured during the reallocation process. Plans shall be made for infrastructures to
meet the long-term needs and/or the structure life time.

Among the options for water-supply augmentation are desalinating saline
groundwater, brackish drainage water, and seawater. In Jordan, desalination is
receiving considerable attention from scientists, resource planners, policymakers,
and other stakeholders. In 2010, desalination provided 30 MCM of water in Jordan,
and by 2030, desalination is projected to provide about 170 MCM of water
(Al-Mutaz 2005; El-Sadek 2010; World Bank 2007; United Nations 2010). Several
brackish springs have been identified in various parts of the country. Estimates of
stored volumes of brackish groundwater for the major aquifers suggest immense
resources, but not all of these quantities will be feasible for utilization.

Currently, there are 44 public desalination plants and an additional 10 under
construction that desalinate about 80 MCM annually. All these plants are run or will
be run by WAJ to treat saline water for drinking water supply (Al-Karablieh and
Salman 2016). Currently, desalination is primarily used for the industrial and
tourism sectors because of the high cost of seawater desalination. Utilizing desali-
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nation for other purposes (agriculture and municipal) will depend on technological
improvements that result in reduced overall and marginal costs (Qtaishat 2012).

The desalination process that will be implemented for the Dead-Red Sea canal is
hydropower generation and reverse osmosis desalination facility with a capacity of
850 MCM/year. The estimated cost for desalinization in this process was at US$
0.46, out of which US$ 0.23 was for electricity, US$ 0.03 for membranes, US$ 0.10
for labor, US$ 0.07 for chemicals, and US$ 0.03 for parts (Ornwipa and Rodriguez
2008). On the other hand, the desalination cost for brackish water was estimated at
US$ 0.33 for large plants and US$0.48 for small plants (Qtaishat et al. 2016).

In Jordan, water reuse is an existing tool to manage scarce water resources. Over
time, wastewater reuse has changed from simply irrigating field crops with untreated
wastewater to a sophisticated reclamation process for agricultural, industrial, and
domestic reuse (Durham et al. 2005). The most practical solution for water scarcity
is reusing domestic wastewater for some non-potable municipal purposes, such as
flushing toilets, irrigating green spaces, and agriculture. Reusing wastewater is
cheaper than developing new water supplies and protects existing sources of valu-
able fresh water from overexploitation (Faruqui 2002). The As-Samra plant is the
largest wastewater treatment plant in Jordan, and it can treat about 75% of the
267,000 m*/day (Ammary 2007). The government buys water from the As-Samra
plant for approximately $1.10/m? for irrigation in the Jordan Valley farms (Al-Zu ‘bi
2007). It should be noticed that this cost is higher than desalinization of brackish
water. The effluent Biochemical Oxygen Demand (BODS), Chemical Oxygen
Demand (COD), and Total suspended solids (TSS) from As-Samra WWTP com-
plies with Jordanian standards for reclaimed wastewater discharge to streams,
groundwater recharge, irrigation parks, reuse for irrigation of cocked vegetables,
fruits, and trees, and for reclaimed wastewater reuse for fodder crops (Myszograj
and Qteishat 2011).

The investment and operation costs for wastewater treatment and reuse are high.
However, treated wastewater is increasingly being used for agricultural irrigation.
Many efforts, such as increasing awareness and information campaigns, are needed
to encourage participatory approaches by the farmers.

5.6 Water and Ecosystems

There are two components of ecosystems: (a) biotic components: plants, animals,
fish, and parasites and (b) abiotic components: water resources, soil, and climate.
Ecosystem regulations, maintenance, and provision are directly affected by the hab-
itat quality and the water quality. A study showed the existence of high pressure on
natural habitats in the northern region of the Jordan Valley. In this area, agriculture
and industry are the main activities (El-Habbab 2013).

Jordan established several groundwater protection zones, out of which was Wadi
Shuaib ecosystem. An economic evaluation of the Wadi Shuaib ecosystem found
that it is important to implement groundwater protection zones; the main benefits
from these practices are to protect drinking water and the ecosystem as well as to
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Table 5.6 Tariff structure for wastewater in Amman in 2016

Consumption per month in US$/m?

Wastewater quantity (m?) 15 m? 50 m? 100 m?
Price 0.15 0.99 1.40
Fixed charge 0.02 0.01 0.00
Variable charge 0.11 0.85 1.20
Other charges

VAT 0.02 0.14 0.19
Total 0.3 1.99 2.79

Source: Tariff reference date: 1 Jan 2016, WAJ Amman, Jordan, 2016

Table 5.7 Zoning scheme for groundwater protection zones

Zone | Size Land-use restrictions

Zone | Springs: 50 m upstream, 15 m Fenced off; access only for personnel of water

1 lateral, 10 m downstream works and management and control agency
Wells: 25 m upstream, 15 m lateral | (government purchases property)
and downstream

Zone | 50-day line; but: maximum of 2 km | Existing settlements and organic permitted; new

1T in upstream and 50-150 m in development only with permission granted by
downstream directions in karst areas: | licensing committee; existing land uses which
areas classified as highly and very generate waste and sewage water that may
highly vulnerable (groundwater negatively affect the environment have to apply
vulnerability map); but: maximum of | rules of best management practice (BMP), which
2 km in upstream and 50-150 min | will be issued by the government; construction of
downstream directions wastewater collection and treatment systems in

this zone will be given priority
Zone | Entire contribution zone All types of land use are permitted if they are
11 conducted in accordance with the rules of best

management practice

Source: El-Naqa and Al-Shayeb (2009)

prevent water-quality-related health problems. Some costs are the implementation
and operational costs of the groundwater-protection zones (Zones 1, 2, and 3) while
the main costs are for rehabilitating the existing sewer system and/or connecting the
unconnected houses in Zones 2 and 3 (Tables 5.6 and 5.7) (ElI-Habbab 2013).

5.6.1 Brine Disposal

The Red-Dead Sea project will be applied through three phases: (a) water transfer
from the Red Sea to the Dead Sea, (b) hydropower generation and a reverse-osmosis
desalination facility (capacity of 850 MCM/year), in addition to 30 MCM of desali-
nized water in other project, and (c) freshwater transmission system.
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The quantity of brine and seawater from this project will be about 110-220 MCM/
year. The water will be discharged to the Dead Sea through a pipeline of 56-km
length (Rabadi 2015). On the other hand, there are considerable quantities of brack-
ish groundwater in some basins, mainly in the central Jordan Valley and the Zarqa
Aquifer in the Hisban and Kafrein areas.

5.7 Water-Energy Nexus

As a result of scarce surface-water resources, hydropower is limited through the
King Talal Dam, which has a capacity of 5 MW, and the Aqaba thermal power sta-
tion, which also has a capacity of 5 MW.

Electrical power generation in Jordan relies predominantly on fossil fuels with
significant impact on the environment through harmful greenhouse gases (GHG)
such as CO, and NO,. Today, photovoltaic technology can produce solar power at a
fixed rate of 0.05-0.08 JOD/kWh calculated for a 20-year project. This rate is lower
than the cost of power produced with conventional methods. Photovoltaic power
supply system represents an opportunity for the water sector to significantly decrease
operational expenses and to mitigate the effects of energy price volatility, which
largely depend on fluctuating fossil fuel prices. The water sector involves an energy-
extensive operation by deploying large water pumping, boosting, treatment, and dis-
tribution facilities. The power requirements only for water pumping in 2014
amounted to about 15% of the total power production of Jordan with a total amount
of 1592 GWh. The specific energy consumption for the same year was 7.51 kWh/m?
(billed) for the Water Authority of Jordan (WAJ), mainly for municipal water supply
and wastewater, and 0.274 kWh/m? (billed) for the Jordan Valley Authority (JVA),
mainly for irrigation and industrial use in the Jordan Valley. The weighted average
consumption for the public-sector water facilities is 4.31 kWh/m? (MWI 2016a, b).

The water sector, among all other power-consuming sectors in the country, will
directly benefit from the implementation of the national energy strategy, which
states that renewable energy shall contribute with a rate of 7% to the overall energy
mix by 2015 and 10% by 2020. The introduction of renewable energy technologies
into the water sector shall lead to the following results: (ibid)

e Supply of power at stable and low rates leading to reducing energy prices
volatility

* Reduction of the sector dependence on fossil fuels

* Reduction of water-pumping costs

* Enabling long-term planning of water supply

* Reducing CO, emissions making it a high ecological value option, too.
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5.8 Special Issues

Many water resources are transboundary and, as such, especially in semi-arid
regions such as Jordan, are a basis for conflict. Wolf (1996) showed that most past
attempts — from the early 1950s to 1991 — to resolve water issues in the Nile, Tigris-
Euphrates, and Jordan Basins without considering socio-political implications
failed. Political and water-scarcity issues cannot be addressed in isolation.

Many policymakers consider water shortages to be an intractable problem with
multi-dimensional conflicts between countries on Jordan’s borders. Many actions,
such as water-management treaties, are taken to resolve the conflicts about using
water from major rivers in the area.

Jordan has concluded two bilateral water agreements with Israel and Syria to
manage shared water resources in the Jordan basin. Jordan has not benefited much
from either. This is in part due to its weak strategic position against more powerful
interlocutors and Jordan’s little success in implementing many of the provisions of
the agreements. The Peace Treaty of 1994 between Jordan and Israel calls for desal-
ination projects on the Lower Jordan River but these 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 either (Haddadin 2006). Jordan also
claims that it 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 on the Yarmouk River. The latter has an annual gross flow of 110 MCM
and a capacity to generate 18,800 kWh of power (MWI 2009a). However, because
of excessive depletion of the Yarmouk’s surface and groundwater, 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 (Namrouqga 2010). 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; MWI 2007), leading to significant reductions in
base flow along the Jordanian/Syrian border (Haddadin 2006; MWI 2007). Base
flow is estimated to have dropped to 2 cubic meters per second in 2000, and to 0.9
cubic meter per second in 2008, compared to 5-7 cubic meters per second in the
1950s (Haddadin 2006; Ministry of Water and Irrigation, Jordan 2007;
Namrouqa 2010).

The Jordan River Basin is one of the main sources of conflict in the Middle East
region. It is shared by three countries: Jordan, Palestine, and Israel. One suggested
solution for the conflict is to trade water according to market mechanism, but this
procedure has serious problems because property rights are weakly defined and
because of distrust between the parties leads to inefficient and environmentally
damaging outcomes. To solve this problem, water-use rules are suggested to prevent
over-extraction by some partners (Luterbacher and Wiegandt 2002).
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5.8.1 Regional and International Water Issues

The Jordan River system and associated aquifers are important sources for Jordan
and Israel. The Upper Jordan River is fed by three sources — the Dan, the Hasbani,
and the Banias, which empty their water in the Sea of Galilee. Yarmoouk River,
which has its source from Syria, is considered one of the boundaries between Jordan
Israel and Syria; it empties its water in Jordan Valley near north (Adasyah
Black 2010).

The majority of water resources in Jordan, such as the Disi aquifer and major
rivers, are shared, originating outside the Kingdom. Transboundary water coopera-
tion on the Jordan River Basin between Jordan and Israel scored 56.67 under the
Water Cooperation Quotient (WCQ) 2017 that quantifies the quality of cooperation
within transboundary river basins on a global basis, which means that the two coun-
tries have a relatively peaceful and stable relationship with each other in this respect.
But in the case of the Yarmouk River Basin, the WCQ 2017 explained that since
2011, Syria has been unable to attend to its transboundary water relations due to the
protracted armed conflict, indicating that any two countries not engaged in active
water cooperation “do not necessarily go to war” (Namrouqa 2017a, b).

5.9 Other Issues

Social, Equity, and Institutional Performance One of the main, weak institu-
tional performances in Jordan’s water sector is the overlapping responsibilities for
the Ministry of Water and Irrigation (MWI) as well as the government-owned Water
Authority of Jordan (WAJ) and Jordan Valley Authority (JVA). The MWI has no
responsibility for the water supply while the WAJ has both supply and retail roles
which hinder water management in the country. The JVA is responsible for carrying
out the socioeconomic development for Jordan’s side of the Jordan Valley and is
responsible for land distribution in the Jordan Valley. Another institutional problem
for Jordan’s water sector is the lack of agreement about using multiple data sources
and over-staffed institutions (Yorke 2016).

In this respect, it is recommended to achieve the following activities
(USAID 2017):

Strengthening and consolidating authority for water planning and management to
address the over-extraction of groundwater improve sector planning and ensure
better quality of data used in decision making. Solutions include capacity build-
ing, policy reform, process improvements, legal reforms, and institutional
restructuring;
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Reorganizing WAJ to focus on its core mandate (sector investment and bulk water
source development/supply) to improve operational efficiency and better plan for
future water supply and wastewater service needs;

Focusing on capacity to manage new national water supplies and removing institu-
tional conflicts of interest between bulk water supply, utility oversight, and retail
service delivery;

Strengthening utility management to support service improvement, further corpora-
tization, and management/fiscal/operational independence; Improving water
utility regulation to enhance the monitoring of utilities’ financial and technical
performance;

Strengthening water-user associations and the Jordan Valley Authority to further
separate bulk and retail water management to improve irrigation water manage-
ment and services across the Jordan Valley;

Conducting technical studies to provide analysis for better policy and water man-
agement decision making.

The National Water Strategy 2016-2025 was established to revise the institu-
tional and legal frameworks in order to enhance the workable management activities
for Jordan’s water sector. Moreover, the strategy’s main actions are: (a) including
provisions for climate change; (b) focusing on water economics and financing; (c)
ensuring the sustainability of overexploited groundwater resources; (d) adopting
new technologies and available techniques, such as decentralized wastewater man-
agement; and (e) reusing treated wastewater (MWI 20164, b).

The Millennium Challenge Corporation (MCC) was established in Jordan to
increase the supply of fresh water for homes and businesses in the Zarqa Governorate,
aiming to improve economic growth and the quality of life through three interre-
lated projects: (a) modernizing the water-supply infrastructure to improve the fresh-
water delivery efficiency in the city, (b) developing the sewerage in the project area
to increase the wastewater-collection volume, and (c) enhancing the As-Samra
wastewater treatment plant’s capacity to provide treated wastewater to farms
(Millennium Challenge Corporation 2010).

5.10 Conclusions

Jordan’s water resources, both surface water and groundwater, mainly depend on
rainfall. Groundwater from 12 groundwater basins accounts for about 54% of
Jordan’s water supply. Surface-water resources in Jordan have two principal parts:
base flow and flood flow. Base flow is derived from groundwater drainage through
springs. Surface water forms about 37% of the total water supply which is devel-
oped through 15 water basins that are distributed across the country.

Jordan is a water-poor country. Water scarcity threatens Jordan’s development.
Only 0.7% of the country has annual precipitation of more than 500 mm. The vari-
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able and low rainfall amounts with the high evaporation rate and droughts all con-
tribute to low water-resource reliability and availability.

On the supply side, Jordan should improve water-supply and wastewater treat-
ment infrastructure. Introduce affordable technologies for utilities, communities,
and households to reduce water losses, private sector participation in infrastructure
investments, reduce water losses, strengthen water sector institutions and policies,
and encourage best commercial practices in water utilities. The Red Sea-Dead Sea
(RSDS) Phase II project, which will be implemented in the near future, is conceived
to address the challenges associated with the Dead Sea’s declining water level and
Jordan’s ongoing water crisis.

On the demand side, MWI is encouraging the installation of Water Saving
Devices (WSD) through the introduction and enforcement of a revised building
code for new buildings. Retrofitting of existing buildings has been piloted in two
areas through sponsorships.

A great deal of research covering different aspects of water demand was con-
ducted for Jordan’s water sector. On the supply side, because Jordan is characterized
by limited water resources, Jordan has to emphasize water-resource management to
meet the increased demand.

Jordan’s current water policy requires a strong redirection toward water demand
management. Actual implementation of the plans in the national water strategy
(against existing oppositions) would be a first step. However, more attention should
be paid to reducing water demand by changing the consumption pattern of Jordanian
consumers. Moreover, unsustainable exploitation of the fossil Disi aquifer should
soon be halted and planned desalination projects require careful consideration
regarding the sustainability of their energy supply. Moreover, water policy encour-
ages water harvesting, conserving, and protecting resources, while the water substi-
tution and reuse policy proposes the reuse of treated wastewater in irrigation in
order to enable the freeing of fresh water for municipal uses.

In irrigation it is recommended to consider water-saving technologies, replace-
ment of groundwater with treated wastewater for farms located not far away from
the existing or planned wastewater plants.
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Chapter 6 )
Oman Water Policy b

Slim Zekri

Abstract Oman is a country under severe water stress. Currently Oman produces
around 1 Mm?/day of desalinated seawater for urban purposes to expand supply.
This policy was partially imposed by the irregularity of rain and the concentration
of the population on the coastal areas. Most of the conventional water resources are
in the form of groundwater and are used in the agricultural sector. Abstractions from
wells are subject to licenses. But licenses so far do not carry any limits. The result
is a race for water with overabstractions in the coastal areas causing seawater intru-
sion and damage to the aquifers. The government is planning to introduce progres-
sively water quotas to farmers and monitoring through smart meters and online
system. Large volumes of tertiary treated wastewater are produced daily and are
only partially reused for landscaping. There is a mismatch between the willingness
of farmers to pay for treated wastewater and the price set by the public authority
leading to a limited demand. The actual context of free and unlimited access to
groundwater does not encourage to shift the demand toward high-quality treated
wastewater. Plans are being considered for recharging some of the aquifers with the
treated wastewater. Irrigation efficiency improvements have been observed mainly
for vegetable producers where the adoption of irrigation technology resulted in
higher revenues and lower labor costs. Urban water prices are at 1/3 of their costs
discouraging water saving and adoption of water saving/recycling devices at homes
or industries. Urban water security is being addressed by aquifer storage and recov-
ery techniques using excess winter desalinated water.
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6.1 Introduction

The rapid population increase and the extremely harsh climate conditions character-
ized by an erratic precipitation, high temperatures, and high evaporation rates are
among the major factors that affect the water sector in Oman. The population
reached 4.4 million in 2016 with expatriates representing 45% of the total popula-
tion. On average, the population grew at 5.6% in 2016. The growth rate of expatri-
ates reached 9.1% the same year. The local population growth rate is still on the
high side with 3.5% (NCSI 2017). Furthermore, rural migration, concentration of
the population in the coastal cities, and the economic growth exacerbate the pres-
sure on urban water systems.

The annual average precipitation in the coastal areas of Oman is around 100 mm/
year. Evapotranspiration is estimated at 2000 mm a year, exceeding average rainfall
by 20 times. In the mountain areas, where most of the recharge of aquifers comes
from, rainfall reaches 250 mm/year. The mountains are rocky with fractures allow-
ing rainfall to penetrate in the aquifers while the surface flows and run-off recharge
the coastal aquifers directly through the Wadis’ beds and through recharge dams.
The conventional water resources represent 87% of the nation’s water resources
whereas nonconventional water resources including desalinated water and treated
wastewater represent nearly 13%. Groundwater represents 94% of the conventional
water sources (MRMWR 2013). Given the rainfall irregularity and the mismatch of
the locations of aquifers and cities, most of the urban water is thus supplied by
desalination plants. This has been facilitated so far by the availability of gas and oil
resources for desalination purposes. While the urban water falls under the responsi-
bility of the Public Authority for Electricity and Water, the agricultural water falls
under the responsibility of the Ministry of Regional Municipalities and Water
Resources (MRMWR) and the Ministry of Agriculture and Fisheries Wealth (MAF).
Agriculture is the highest user of the conventional water in the country to produce
mainly dates, forage crops, and vegetables. The country depends heavily on imports
for food and will remain so in the future given the small annually renewed water
resource, estimated at an average 1300 Mm?/year. Water policy in Oman is predomi-
nantly under the command and control approach. Historically, however, water gov-
ernance was initially decentralized and community based with Aflaj as a millenarian
successful example of community water management. The current trends of water
policy show a trend of swinging back to the allocation of water rights, learning from
the Aflaj long lived experience.

6.2 Administrative, Legal, and Institutional Aspects
of the Water Sector

Several administrations are involved in the regulation and management of water
resources in Oman. These entities have evolved over time and the current picture is
as follows. For the conventional water resources, the two main bodies are the
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MRMWR and the MAF. The MRMWR is in charge of: development of policies
plans and programs necessary for the water sector; mMonitoring, evaluation, and
development of water resources to achieve a balance between water uses and renew-
able resources; conservation of water resources from depletion and the rationaliza-
tion of water consumption in coordination with the concerned authorities.

The MAF is responsible for the use of water for irrigation purposes only. MAF
provides farmers with extension services, advice on crop mix, and subsidies to
adopt modern irrigation systems at farm level. The MAF plans for innovation in the
traditional Aflaj irrigation systems and undertakes pilot studies for reforms.
Irrigation water user associations are numerous and quite spread in the whole coun-
try. These associations are called Aflaj. They have their own water regulations and
management rules. The Ministry of Environment and Climate Affairs is the third
ministry with responsibilities on water. It has the responsibilities of developing and
delivering policies and plans for protecting the environment, controlling pollution
and nature conservation, and climatic affairs. The majority of its activities focus on
developing legal and regulatory standards and permitting and controlling proce-
dures for protecting the environment from different activities, including discharges
into and abstractions from water and air emissions from water production processes.
Both the Ministry of Environment and Climate Affairs and the MRMWR are
responsible for protecting the water resources from pollution, and it is not always
clear where the role of one ministry ends and the other begins.

Most of the water for urban uses is nonconventional water. The urban fresh water
sector is governed mainly by the Public Authority of Electricity and Water (PAEW)
and the Oman Power and Water Procurement Company (OPWP). These two public
agencies are responsible for the planning, finance, procurement, and supply of
desalinated water in the whole country. Both public and private desalination plants
are under the umbrella of the PAEW. The PAEW is responsible for the pricing of
urban water. The Oman Power and Water Procurement Company (OPWP) is a
government-owned holding company under the umbrella of the Ministry of Finance.
The OPWP is in charge of ensuring supply of bulk desalinated water to the
PAEW. The OPWP is in command of planning and contracting the private sector
companies producing desalinated water.

The treated wastewater is taken care of by two semipublic companies. Oman
Wastewater Company (Haya) is the Sultanate’s largest state-owned company in
charge of building and operating the wastewater network and sewage treatment
plants in ten Governorates of the country. The Salalah Wastewater Company has the
same role as Haya but limited to the southern part of the country and in the
Governorate of Salalah only. Both companies are in charge of extending the collec-
tion network, treatment, and distribution of the treated wastewater.

Oman Water Society (OWS) is a nonprofitable nongovernmental organization. It
gathers professionals with interest in the water sector as a whole with an integrated
perspective. OWS organizes workshops and seminars to raise awareness about the
challenges facing the water sector and is a platform for the exchange of ideas and
technology advances among experts and the public in general.
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The water sector regulations in Oman are in the form of Royal Decrees and
Ministerial Decisions. A number of Royal Decrees and Ministerial Decisions were
issued to protect, conserve, and improve the management of the water resources.
The most salient laws are reported below. The Royal Decree 82/1988 is considered
the most important piece of legislation on water resources. The Royal Decree
82/1988 considered for the first time water as a national resource. It is a sort of
nationalization of the resource giving full right and power to the government to
make decisions and choices on the water sector. It states that “...the water of the
Sultanate of Oman is a national resource to be used according to the restrictions
made by the government and organizing its optimum utilization in the interest of the
state based on comprehensive development plans.” In 1989, the government issued
the Royal Decree 72/89 encouraging the adoption of modern irrigation systems to
rationalize water use, stressing the need to increase crop yields, and enhancing the
quality of the products. The decree allowed the government to provide a fund to
subsidize the cost of modern irrigation systems as an incentive for farmers to speed
up the adoption process. The same decree is still in use for the incentives.

Given that 94% of the natural water resources are in aquifers, the Royal Decree
29/2000 is a Water Resources Protection Act that emphasizes the regulations of
wells and Aflaj, permits, and maintenance and regulates desalination units on wells.
The Royal Decree 114/2001 on environment conservation and prevention of pollu-
tion regulates the disposal of solid and hazardous waste, pollution control, and the
release of permits for dumping untreated wastewater. Royal Decree 115/2001 refers
to organizing the disposal of liquid and solid waste products. In 2001, a series of
Ministerial Decisions established water supply well field protection zones in several
regions of the Sultanate.

6.3 Agricultural Water

All agricultural activities depend totally on irrigation, except the range lands that
partially feed some of the animals. Currently 83% of the conventional water
resources are used for agricultural purposes (MRMWR 2013). Most of the water is
used to produce dates and fodder crops. Seventy nine percent of the cropped area is
allocated to four crops: date palms, Rhodes grass, alfalfa, and banana (see Fig. 6.1).
Not only these crops have the highest water requirement per hectare, they have also
the lowest net return per cubic meter (FAO 2008). The reasons why farmers are
producing these crops are that water is free and farmers pay the cost of pumping
only. The only limitation for pumping is the well’s yield. As for forages, the crops
are easy to produce with automatic irrigation, are risk free in terms of yield vari-
ability, and market is secured both locally and export for neighbor country. The date
palms constitute a traditional crop and are a low input activity. On the opposite, high
value crops such as vegetables, which require far less water for their production, are
risky in terms of both yield and price variability and are input intensive. Joseph
(2017) estimated the virtual water export from dates and alfalfa to be 40 and
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m3/ha assuming Sprinkler/bubbler irrigation system at 70% efficiency
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Fig. 6.1 Water consumption in m*ha assuming Sprinkler/bubbler irrigation system at 70% effi-
ciency. (Source: Self elaboration)

19 Mm?/year, respectively. The net sale for dates was 0.107 OR/m? for the whole
chain and for alfalfa it was 0.185 OR/m?. Changes to farm management and export
policies are required to contribute to the reduction of the water deficit.

The agricultural water is supplied through two main systems in which traditional
Aflaj account for 32% of total groundwater while the remaining amount is pumped
from private wells (MRMWR 2008). The total demand for agricultural water has
increased annually at a rate of 3.3% during the period 2000-2011. As a conse-
quence, groundwater deficit increased from 285 million m?® in 1990 to 316 million
m?® in 2011 with alarming levels of seawater intrusion in the coastal aquifers
(MRMWR 2013). Master water plans since 2005 recommended the management of
groundwater resources to control saline water intrusion as an absolute priority for
the country. Agricultural water demand is not evenly distributed. The largest vol-
umes of agriculture water are abstracted from the Batinah coastal aquifers with an
estimated demand of 730 million m? in 2011 representing 36% of the total demand
in the country. The agricultural area in the Batinah region is the largest and esti-
mated at 73,626 Feddan (acres) covering 53% of the total cropped area in the
Sultanate (MAF 2013). Al Dakhlia region is the second highest region in water
demand with an estimated volume of 267 million m®.
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Table 6.1 Oman’s water administration

Organization Subsector Responsibilities
Ministry of Regional Municipalities Water resources | Regulation
and Water Resource (MRMWR) Water resources management

Water resources assessment

Water resources development

Ministry of Agriculture and Fisheries | Irrigation water | Irrigation water management
(MAF)

The Ministry of Environment and Water quality Legal and regulatory standards
Climate Affairs and discharge

Public Authority of Electricity and Urban fresh Regulator for the urban water sector
Water (PAEW) (under Ministry of water Direct water service provider
Finance)

Urban water supply and
management to users

Oman Power and Water Procurement | Desalinated Ensures bulk supply of desalinated

Company (OPWP) (under Ministry of | water water to the PAEW

Finance) Planning and contracting new
capacity from the private sector
companies

Falaj organizations (Water users Community Falaj water allocation

Associations) Falaj protection

Falaj maintenance

Falaj water distribution

Oman Wastewater Company (Haya) Wastewater Collection, treatment, and reuse of
treated water
Salalah Wastewater Company Wastewater Collection, treatment, and reuse of
treated water
Oman Water Society Community Water conservation
water use

The total balance and distribution of water among Oman’s regions are shown in
Table 6.1, which shows the available conventional water resources supply and the
total demand. The average available amount of groundwater in Oman is estimated
at 1465 million m? annually, while the total demand is estimated at 1781 million m>.
The net water balance is consequently a deficit of 316 million m?* that comes in the
form of seawater intrusion. In general, 50% of Oman’s regions have a positive water
balance. The other six governorates have a negative balance. The last row shows that
less than 10% of the rainwater is captured into aquifers, despite the government’s
efforts of building recharge dams (Table 6.2).

The excessive abstraction of groundwater causes quality degradation, financial
losses, and threatens sustainability of the aquifer usage in the future. Groundwater
deficit or aquifer depletion has been triggered by the land distribution program, the
introduction of diesel pumps, and provision of rural areas with electricity since the
late 1980s.

The Oman National Water Resources Master Plan in 1991 (NWRMP) called for
the reduction of 215 million m? in the abstraction of groundwater. The NWRMP
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Table 6.2 Water balance per governorate in million m*

The volume of Groundwater Groundwater Excess/
Region rainfall recharge uses deficit
Musandum 333 57 31 26
Al Batinah 1243 280 535 —256
North
Al Batinah 329 104 195 -91
South
Muscat 518 56 80 24
Al Burymi 569 92 67 25
Al Dhahirah 1423 108 250 —142
Al Dakhliyah 4627 219 267 =57
Shargiah North 1136 122 177 =55
Sharqiah south 296 75 27 48
Masira 43 10.9 5.7 5.2
Al Wusta 1894 97.1 2.5 93.6
Dhofar 2390 244 133 111
Total 15,841 1465 1781 =316

Source: The Ministry of Regional Municipalities and Water Resources (2013)

recommended the adoption of modern irrigation systems, cropping of winter vege-
tables instead of date palm trees, implementation of suitable tariff system for all
other purposes excluding the agricultural sector, and the reuse of treated wastewater
for municipal irrigation and landscaping. The recommendations have been only par-
tially implemented. For example, the modern irrigation system is currently covering
around only 39% of all cropped areas given the limited funds for subsidies. Most
landscape irrigation is undertaken using treated wastewater. Date palm and forage
crops, requiring high volumes of water, are still the dominant crops. Finally, the
most important recommendation regarding the monitoring of groundwater abstrac-
tion has not yet been implemented due to technical problems and reluctance to face
the farmers with abstraction quotas. The MRMWR preference was to act on the
supply side with the construction of 43 recharge and flood protection dams. Most of
these dams are located along the Batinah coastal area and were designed to control
floods and reduce seawater intrusion. The average captured volume that recharged
the aquifers, during the period 1990-2010, was 50 million m>.

6.3.1 Aquifer Depletion

Farmers are extracting much more water than is renewed each year. As a conse-
quence, some 144 Mm? of seawater are flowing into Oman’s aquifers each year. Up
to now, 23,000 feddan of farmland have become too salty and have been abandoned
(MAF 2012). If the current groundwater overabstraction continues, the aquifers will
become increasingly salinized and the groundwater will be impaired.
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One important step toward groundwater monitoring was undertaken in 1992
through the national well inventory project. The inventory allowed locating all the
wells with their respective GPS coordinates, the installed pumps’ type and horse
power and abstraction purpose. The data base was used to estimate the total ground-
water abstraction. The second step was the issuing of the Ministerial Decree that for
the first time introduced the possibility of groundwater monitoring through indi-
vidual quotas. The MD 264/2000 article (21.A) states that “The Ministry shall
determine the quantity of water to be taken from each well”. Even though the well
inventory did not lead to measures to control abstraction, it had the merit to bring
under strict monitoring the wells’ deepening, the creation of new wells, or the
replacement of existing wells. No new wells are allowed for agricultural uses unless
to protect and preserve existing plantations or as a support for dried up Aflaj.
However, new wells are allowed for municipal uses, petroleum, industrial, and tour-
istic uses. This is an indicator that the new wells and water are allocated implicitly
to high value uses. The sustained demand on new licenses is an indicator of the
increased scarcity of groundwater as well as a proof of the negative impact of
drought periods on the users. The licenses issued reached a peak during 2004 with
7129 licenses issued. This peak coincided with the low runoff in 2003 and 2004 (see
Fig. 6.2). Thus, the demand for licenses depends on the drought periods and their
duration. Every drought period is accompanied by new demands for wells’ licenses.

The increase of abstraction affected the traditional Aflaj irrigation systems. Since
1990, the MRMWR counted some 1000 dried-up Falaj, out of a total of 4000. To
mitigate the degradation of Aflaj the MRMWR supported 669 projects allowing
farmer communities to dig new wells in order to maintain life in the rural areas. A
study of a sample of 33 dried-up Falaj shows that the resulting impact was the loss
of agriculture income, deterioration of lifestyle, and changes in land value. Around
16% of the families living around Falaj were obliged to relocate as result of the dry-
up. The total losses at the national level related to Aflaj dry-up were estimated to
59 million Omani Rials per year (Zekri et al. 2012). The lack of implementation of
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Fig. 6.2 Wells licenses issued by the MRMWR during the period 2000-2010 all over the Sultanate.
(Source: The Ministry of Regional Municipalities and Water Resource 2013)
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the law protecting the Aflaj (3.5 km exclusive protection zone around the mother
well), which prohibits digging wells in the vicinity of Aflaj, is one of the main
causes for the drawdown of the water table and hence the dry up of Afla;j.

Zekri et al. (2017) tested smart water meters on a pilot study that included 40
farmers and estimated the potential benefits of monitoring groundwater. The advan-
tage of the smart water meters is that they have no moving parts and are monitored
online. Optimization of abstraction over the next 70 years showed that a proper
management of the groundwater requires a reduction of abstraction by 20% and
changes in the crop mix that will improve the salinity of the aquifer in the long run
compared to the current status and farmers’ maximize profit. The recent sustainable
agricultural and rural development strategy 2040 proposed to start the introduction
of water metering in a large-scale area of 8000 farmers for a bigger test before gen-
eralization (FAO-MAF 2016).

6.3.2 Water Rights

Even though the Royal Decree 82/1988 considered water as a national resource, it
excluded the Aflaj systems, which are still governed by the traditional water laws
and rights. In Aflaj, users have access to irrigation water only if they own/rent a
water right, while all community members have open access to Falaj water for
domestic purposes. The traditional law protects the water rights for production pur-
poses and protects the basic human needs for water. In small villages, domestic
demand is often relatively negligible compared to agricultural water demand. The
community members are allowed water for domestic purposes from the main chan-
nels but without connecting the houses by a network of pipes to avoid excessive use
of water. This is a way of making access to domestic water costly to encourage
water saving. The traditional laws reflect a vision of water rights based on both
equitability and efficiency. Furthermore, public baths built on the Falaj sides are
available for free for all users. The graywater flows from these baths are returned to
the irrigation channel. This shows an advanced water management system totally
adapted to the dry conditions of the country devised several hundred years ago.

The water rights in Aflaj are private, common, or quasi-public. Most of the water
rights are private (88%), licensed, and can be traded. The common water rights are
owned by the Falaj community. They are rented through lease auctions and the rent
insures a sustainable management through the provision of continuous monetary
flows for maintenance and operation. The last category is the quasi-public water
rights that are owned by charity entities. This category of water rights is leased in
short-period markets and the revenue is used to support social organizations. The
common and quasi-public water rights represent 6% each (Zekri and
Al-Marshudi 2008).

Water rights in Aflaj are millenarian and are characterized by separation from
land, privacy, proportionality, seniority, and transferability. These characteristics
fluidize the exchange of the rights freely among farmers. Water rights privacy has
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similar legal sides to any other private asset and it is recognized at the national level.
The water rights are in the form of timeshare of the resource flow reflecting the
principle of sharing existing supplies and shortages according to the water flow rate,
allowing handling the uncertainty of water flow. The structural design of the Falaj’s
main channels grants the priority to use water for domestic purposes. The total
dependence of domestic users on Falaj flow boosts the volunteering of community
members to restore the water flow if interrupted in case of collapse of the channels.
This contributes to the sustainability of the system by speeding up the repair and
cuts labor costs in cases of big repairs since it is a win-win option. Users get the
domestic water for free but they need to give hand to restore the system when-
ever needed.

The law maintained the existing seniority right through an exclusive zone sur-
rounding the mother well to protect the Falaj ownership, since the aquifer source of
groundwater is the same for both the Falaj and the wells. The system’s sustainability
depends extremely on the implementation of the seniority principle and groundwa-
ter abstraction regulation.

6.3.3 Reuse of Treated Wastewater

Haya Water is a semiprivate wastewater treatment company established in 2002. In
2014, the Omani Government assigned to Haya Water the responsibility of the
development, execution, and management of wastewater facilities in the country,
except the Governorate of Dhofar. Haya Water currently operates 57 sewage treat-
ment plants at 44 different locations. Previously, Haya was responsible only for
wastewater in Muscat and the MRMWR was in charge of the plants outside Muscat.
Currently, the plants operated by Haya produce around 550,000 m?*/day of treated
wastewater, and this volume is expected to increase to 660,000 m*/day by 2020 as
the number of connected houses to sewage network increases (Haya 2018).

In Muscat city, the amount of tertiary treated wastewater produced in 2017
reached 60 Mm?, out of which 31 Mm?* were recycled. Muscat Municipality buys
68% of the volume at a price of 0.100 OR/m? and uses it to irrigate public land-
scapes. So far citizens do not pay any municipal tax and Muscat Municipality is
funded from the central government budget. This hinders the sustainable use of
treated wastewater in the future given that the governmental funds depend heavily
on nonrenewable oil income. The remaining uses are for industrial purposes or golf
courses with varying prices. The agricultural uses of treated wastewater are negli-
gible given the high price asked by Haya, far higher than the farmers’ willingness to
pay. The result is that 30 Mm?® of high-quality tertiary treated wastewater end up in
the sea while the country is under absolute water scarcity and a huge water deficit.

Zekri et al. (2016) estimated at 0.111 OR/m? the average farmers’ willingness to
pay for treated wastewater for irrigation. The study included both hobby and com-
mercial farmers. Commercial farmers are willing to pay less than the average with
0.087 OR/m?. Haya Water Company is demanding a price of 0.220 OR/m?, which
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most of the farmers cannot afford as it is higher than their marginal benefit. Besides,
treated wastewater is currently far more expensive than the groundwater open access
resource, the cost of abstraction of which ranges between 0.005 and 0.023 OR/m?.
Under such conditions, the treated wastewater demand for agricultural purposes
will be restricted only to hobby farmers who have seen their groundwater badly
salinized.

On the other hand, households are charged an average price of 0.154 OR/m? far
below the cost of treatment estimated at around 0.800 OR/m? for the city of Muscat.
Haya owns the treated wastewater and sells part of it to cover partially the costs
(19%). The difference between cost and revenue is covered by public subsidy esti-
mated at 60% of the cost (Zekri et al. 2016).

Several policy changes are required to avoid the wasteful disposal of tertiary
treated wastewater into the sea: (1) households and users should pay the full cost of
the treatment, (2) groundwater quotas should be allocated to each user, (3) treated
wastewater price should take into account the farmers’ willingness to pay, and (4)
considering artificial aquifers’ recharge, using treated wastewater, similarly to the
public investments in recharge dams. During the period 1990-2010 all the recharge
dams allowed to capture variable quantities ranging from 122 Mm? in 2007 to
3.2 Mm? in 2008 with an average of 50 Mm?/year. Aquifer storage and recovery of
treated wastewater is independent from rainfall variability and produces reliable
volumes annually (Al-Maktoumi et al. 2016). Recharge using treated wastewater
might be less costly than the recharge via dams estimated at 0.300 OR/m?, depend-
ing on the distance between the source and the aquifer. This will entail allocating
certain aquifers to agricultural uses exclusively given the quality of injection water.
El-Rawy et al. (2018) evaluated the impact of managed aquifer recharge using
treated wastewater in a coastal aquifer. They found that Net Benefit Investment
Ratio can reach up to 3.18 if the injection takes place within a limit of 1 km from
the water source.

6.3.4 Pricing

Groundwater is mainly extracted through Aflaj and wells. Groundwater is a free
access resource in Oman. Farmers based on individual wells pay only the cost of the
wells, pumps, and electricity for abstraction. In Aflaj, water markets among farmers
prevail. Marginal prices of water in Aflaj vary from year to year, between seasons,
and among Aflaj. Zekri et al. (2006) reported marginal prices in the range of
0.005-0.025 OR/m’.

Domestic water prices are in the form of two block tariff (0.440 OR/m? for con-
sumption of less than 23 m*/month and 0.550 OR/m? above). These prices have not
changed since the year 1980, even though the second block was instituted in year
2000. Prices are uniform through all the country. Most urban water is desalinated
seawater. According to the Public Authority for Electricity and Water (2016), the
subsidy covers 2/3 of the water cost and is estimated at OR 186 million/year. Prices
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for commercial and governmental uses have been revised in 2016 and established at
0.780 OR/m? as one block tariff. The prices of water are still far below the average
cost of production plus distribution estimated at 1.550 OR/m?. The low prices to
domestic and industrial users do not encourage users to save water or adopt water
saving/recycling technologies. In fact, domestic water consumption in Oman is on
the high side with 200 L/cap/day. Kotagama et al. (2016) found that the price elas-
ticity of water for residents in villas is high and is —2.10 due to the outdoor uses.
The authors highlighted the possibility of managing water demand in Muscat
through modifying the price of water and reforming subsidies for domestic users.
The protection of vulnerable sectors in the community is the main argument of
keeping the domestic water and electricity prices at a low level (PAEW 2016). There
are several international experiences where prices have been increased without hurt-
ing the low income households. Even the Omani experience of fuel price increases
is a successful one that could be mimicked for the water sector. Since 2018, users
are paying the full cost of fuel with a protection of the low income households, earn-
ing less than 600 OR/month. The subsidy is allocated using an electronic card to
access fuel up to 200 L/month at a subsidized price. The fuel subsidy is now tar-
geted exclusively to the low income households. Furthermore, Oman has also
started a price policy reform in the electricity sector for large users. The new price
scheme is Cost-Reflective Tariff intended to reduce the high-cost peak generation
and additional investment for network. On the same line, there has been an increase
in the price of water sold to both governmental and commercial sectors in 2016 as
an initial step of performing the full cost recovery from both sectors. Introducing
new pricing methods such as the uniform price with rebate or the more detailed
method of the allocation-based pricing that takes into account the family size and
the outdoor uses (Baerenklau et al. 2014) can help avoid the reform rejection by low
income users.

6.3.5 Irrigation Efficiency

Wichelns (2014) affirms that “In cases in which water is limiting, relative to land,
the profit-maximizing solution will be the same as that which maximizes the average
productivity of water.” Surface or flood irrigation is the dominant irrigation system
in Oman. The adoption of modern irrigation systems (sprinkler, drip, bubbler)
increased from 6% in 1993 to 39.2% in 2013 as shown in Table 6.3. Despite the
increased use of modern irrigation system, the abstraction from the aquifers has not
been reduced. The main reason for this is the fact that groundwater is an open access
resource and farmers pay only the cost of abstraction. The last column of Table 6.3
shows that the cropped area observed an increase of 16% during the period
2005-2013. In general, farmers who introduce modern irrigation systems tend to
extend their cropped areas and/or further intensify the existing activities. The result
is an improvement of water use efficiency without any water saving at the aquifer
level. Farmers abstract water until the marginal cost of abstraction is equal to the
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Table 6.3 Evolution of the area covered by MIS during the period 1992-2013 in Feddan

Total
crops 9% cropped | Total
Field | Forage | under area using | cropped
Plantations | Vegetables | crops | crops MIS MIS area

Agr. Census | 2440 1776 291 4326 8833 6.00 146,515
1992/1993
Agr. Census | 5368 6384 1179 16,098 |29,030 20.70 140,118
2004/2005
Agr. Census | 11,913 22,286 2823 126,902 | 63,925 39.20 163,045
2012/2013
Rate of 120% 259% 305% |272% | 229% —4%
change
1992/2005
Rate of 122% 249% 139% | 67% 120% 16%
change
2006/2013

Source: Agricultural Census 1992-93, MAF 2004, and 2012-2013

marginal benefit subject to the well daily yield. This is further aggravated by the fact
that the abstraction cost is also artificially low given the 2/3 subsidy of electricity
prices. Since aquifers are an open access resource, farmers have no incentives to
save water. They are rather interested in increasing production to maximize profit.
There is no warranty that the saved volume of water will remain available to them
given the absence of ownership, the absence of a pricing scheme, and low abstrac-
tion cost. Farmers equipped with modern irrigation systems tend to crop the area
irrigated even in summer, which is only possible, under a hot climate, with a modern
irrigation system given the very high summer temperatures. The data shown here is
evidence that the investment in modern irrigation systems alone is not sufficient to
stop the over-abstraction of groundwater. A proper monitoring of groundwater
abstraction via the allocation of water quotas should be put in place to ensure the
sustainability of agriculture in the future. Only after allocation of quotas can the
modern irrigation systems lead to tangible water saving. The attribution of subsidy
for the adoption of modern irrigation systems, thus, should be linked to real water
saving if monitoring of the aquifers is implemented.

6.3.6 Research

The main research in the water sector is undertaken in Sultan Qaboos University
and the research center under MAF with either internal funding or national funding
from The Research Center, MAF, and MRMWR. Very limited and sporadic interna-
tional funding through the Network of Water Research Centers was obtained. The
main areas of research are on groundwater hydrogeology, groundwater manage-
ment and governance, treated wastewater technology and reuse, irrigation technol-
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ogy, and efficiency. Some intents of research on smart irrigation have been observed
but still not in the phase of transfer to the farm level. More applied research to the
needs of the sector should be funded to help devise optimal solutions to the chal-
lenges faced by the water sector. Continuity of funding is a major requirement to
bring both institutional and technological innovations.

6.3.7 Food Security Versus Virtual Water/Food Imports

The increase of groundwater salinity and depletion of aquifers are the major threats
to the agricultural production (Zekri 2008, 2009; MAF 2012). The cropping pattern
in Oman is shown in Fig. 6.3. Fruit trees such as dates, banana, lime, and mango
cover about 53% of the total cropped area. Date palms occupy 80% of the area
under fruit trees. More than 95% of the fruit trees are of local varieties with poor
quality and low yield. Current cereal production is very limited for a niche market.
Most vegetables are consumed locally. Export of vegetables is limited to the United
Arab Emirates or to a niche market in Japan by a few large vegetable producing
companies. Oman meets 80% of its food demand by import, with 100% of rice and
95% of wheat imported (FAO 2016) and achieved 78% self-sufficiency in vegeta-
bles and 42% in fruits. Figure 6.4 shows the rate of self-sufficiency for 2016. The
Sultanate is expected to depend more on imports in the future as the water resources
are getting scarcer and the population is increasing at a high rate.

6.3.8 Water Salinity/Other Pollution Problems

Groundwater pollutants can be classified as chemical and biological pollutants. The
most known biological pollutant is the Coliform bacteria, which is attributed to
animal and human waste. Several aquifers used for domestic purposes in remote
rural areas are affected by biological pollutants due to the unsafe use of sceptic
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_ 13%
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54%
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25%

Fig. 6.3 Cropping Pattern. (Source: MAF 2013)
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Fig. 6.4 Self-sufficiency ratio of major agricultural products. (Source: FAO 2016)

tanks. Organic pollutants are those related to hydrocarbon chemicals. Oil compa-
nies are required to treat all the oil-produced water before injecting it to the ground
again or disposing on the surface. The use of fertilizers and pesticides by farmers
percolates and reaches groundwater. However, the main source of pollution of
coastal aquifers in Oman is the seawater intrusion.

6.4 Urban Water

The two main sources of urban water in Oman are the desalination water provided
by large desalination plants and covers 80% of total needs of potable water and
public wells, which are connected to the main transmission system network and
cover 15%. Other wells such as single or small groups of wells supply water for the
scattered houses particularly in rural areas. The remaining 5% of total potable water
is covered by small desalination plants and small local distribution network system
(PAEW 2016). Currently Oman produces around 1 Mm?/day of desalinated seawater.

To cover the increased demand of water the government relies on a supply policy
based on increasing the number of the large desalination plants or expanding the
capacity of existing ones. Earlier the small desalination plants were owned by the
Public Authority for Electricity and Water and the electricity was produced at the
same site. Recently the Public Authority for Electricity and Water adopted a new
policy of “Build Own Operate” in which the desalinated water is purchased from
the private sector, which resulted in substantial savings (PAEW 2016). The ground-
water extracted from wells is used during peak demand periods and covers 15% of
the total water in the large transmission networks (PAEW 2016).
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The fundamental element to improve the efficiency of the distribution system is
the control of the 30% unaccounted for water or nonrevenue water. Water enters the
system from several sources, wells and desalination plants, and is then transferred
and distributed through pipe network. Recently, the PAEW installed pressure miti-
gation valves to regulate the pressure in the network expecting substantial reduction
in the leakages.

One major problem related to urban water in countries heavily dependent on
desalination is water security. Desalination plants are exposed to risks when seawa-
ter intake is polluted by harmful algae bloom, oil spills, or by mechanical failures.
One of the options to improve water security is to inject desalinated water in excess
of supply during winter low demand periods in close by aquifers. Zekri et al. (2019)
estimated that up to 8.4 Mm?¥/year of excess winter water can be stored and would
serve for emergency as well as pick demand period. The expected potential net
benefit of storage and recovery is around $ 17.80 million/year.

6.5 Water and the Environment

The availability of fresh water relies on the function of healthy ecosystems while
water balance through water cycle is essential to achieving sustainable water man-
agement. Oman produces 4% of the global seawater desalination capacity
(Lattemann and Hooepner 2008). The desalination of seawater provides socioeco-
nomic and environmental benefits by supplying unlimited and sustained high-
quality potable water, but at the same time, multiple concerns arise as a result of the
disposal of the concentrate and chemicals. The discharge of these chemicals and
reject brine can lead to water quality degradation, affect the marine system, and
increase air pollution through greenhouse gas emissions. Therefore, an integrated
management on a regional scale is a necessity to regulate the use of water resources
and the various desalination technologies in a sustainable way.

The Ministerial Decision 159/2005 regulates the discharges of reject brine from
coastal desalination plants (MRMEWR 2005). Oman has adopted different types
of brine discharge, including nonenvironmentally friendly methods such as dis-
charge to infiltration manhole units and surface discharge or lined and unlined
evaporation ponds. Desalination plants, which are mainly located in coastal areas,
rely on discharging brine to the ocean. The maximum capacity of marine outfall
system is estimated at 122,000 m*/h in order to mix discharge brine with the cool-
ing water from the power generation plants. The brine is usually disposed of with
outfall pipes in the sea of a length ranging between 650 and 1200 m. In some of
the plants, multiport diffusers are installed as an engineering solution to rapidly
dilute the discharged brine (Al-Barwani and Purnama 2011; Purnama 2011). In
general, the temperature and concentration of brine are within the Omani regula-
tions and regulatory mixing zone of 150 m radius from the outfall, which is below
the maximum permissible limits set (above the surroundings by 1 °C and 2 ppt)
(Bleninger and Jirka 2010). However, some damage to large coral reef areas at the
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bottom of the sea, which was close to the outflow, is observed in Sur where brine
disposal is undertaken through an open sea pipe near to the shoreline
(Bashitialshaaer 2016).

6.6 Energy—Water Nexus

Water and energy are intimately linked. So far, fossil fuels (natural gas and oil) are
the unique source of energy for desalination and water operations in Oman as well
as groundwater abstraction and irrigation. While depending on fossil fuel to operate
the desalination plants, a loss of opportunity for revenue from exporting hydrocar-
bon fuel is observed. The analysis of natural gas used between 2000 and 2011 shows
that power and water production uses almost 1/5 of the total uses as shown in
Fig. 6.5.

The Ministry of Oil and Gas provides natural gas for power generation and asso-
ciated water production. The introduction of new efficient power plants enhanced
the efficiency of natural gas use for water and power production. As a result, the
annual amount of gas utilized has decreased at a rate of 4.8% during the period
2010-2016 (OPWP 2016) while the volumes of desalinated water kept increasing,
as shown in Figs. 6.6 and 6.7. This is a good indicator of a better management of the
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Fig. 6.5 Analysis of natural gas use in Oman 2000-2011. (Source: IRENA 2014)
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Fig. 6.6 Gas consumption for energy production decrease from 2010 to 2016. (Source: OPWP
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Fig. 6.7 Freshwater purchased by the PAEW from 2010 to 2016. (Source: OPWP annual report
2016)

nonrenewable resources. Oman’s natural gas recoverable reserves are estimated at
20 years according to the World Energy Council. Oman is currently a net exporter
of natural gas. However, given the increased domestic demand, the country decided
to divert gas exports back toward domestic consumption by 2024 (https://www.
worldenergy.org/data/resources/country/oman/gas/, 2018).
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The move toward the use of renewable energy for water and energy production
is on the agenda. Even though Oman meets substantial challenges related to water
and energy security it can still use the current wealth of fossil fuels to move forward
the essential transitions to assure long-term security of water, energy, and food.
Oman plans to reach 10% of its energy from renewable energy by 2020 (IRENA
2015). OPWP expects solar energy projects to supplement hydrocarbon fuel genera-
tion in the near future. In the short run, nonrenewable energy is the only source to
develop new capacity of power and desalination to meet the peak demand
(International Water Summit 2018). It is expected that the introduction of renewable
sources of energy will allow a potential reduction of 8% in water use for power
generation in Oman by 2030 (IRENA 2015).

6.7 Conclusions

A collective of governmental and nongovernmental administrations are responsible
for regulating the water sector in Oman, with each organization being liable for
specific tasks. Although the responsibilities are scattered among these entities, often
the concerned organizations are consulted and their members are called to sit in
committees and participate in the decision-making process. The expected further
development of E-government will provide better access and exchange of informa-
tion among ministries and organizations, which will likely result in improved coor-
dination and sounder decisions. However, given the “private” type of management
of some of the water utilities (PAEW, Haya) involved in the sector, often each orga-
nization is looking for its own interest that does not necessarily coincide with the
national interest and the economic benefit rather than the financial benefit.

Oman as an arid country faces real water challenges given that already the cur-
rent demand exceeds the supply. The agricultural sector depends totally on ground-
water, while natural groundwater recharge rate is very low. The excessive
uncontrolled abstraction of groundwater threatens the future generations and causes
groundwater salinization through the intrusion of seawater. Around 83% of ground-
water is used for crop irrigation. Salinity and water scarcity are the major threats for
the agricultural sector. Oman has achieved 78% self-sufficiency in vegetables and
42% in fruits and meets 80% of its food demands by import. The Sultanate’s depen-
dence on food imports is expected to increase considerably in the future, given the
high population growth (due partly to immigration) and the very limited water
resources that do not allow any expansion in irrigation. However, irrigation
efficiency and better farmers’ organization can increase the rates of self-sufficiency
in vegetables and food balance.

The traditional Aflaj systems play a significant role in irrigation efficiency. The
water turn depends on timeshare formal water rights. The active millenarian water
markets in Aflaj organize the transfer of water to the users who are willing to pay
higher prices than others and thus efficiency is guaranteed. In times of drought the
markets allow the plantations to be given priority while producers of other annual
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crops get compensated partially through the market if they sell their water shares.
With the presence of the traditional water markets, drought periods are managed
smoothly and without conflicts. Besides, the horizontal channels of Aflaj do not put
any stress on the aquifers and thus farmers accommodate with the renewable part of
the groundwater.

Treated wastewater can become an alternative source for irrigation if the required
policy changes of groundwater quota allocation, cost recovery of the treatment, and
establishment are implemented.

Desalination plants provide most of the water for urban purposes. The main con-
cern related to desalination is the high cost of freshwater production and the dis-
posal of brine by an environmentally friendly method. Desalinated water supply is
expected to increase to cover the rapid increase in urban demand. All desalination
plants in Oman are operated using natural gas. Currently, water desalination and
power generation use around 20% of total natural gas. In the long run, the authori-
ties are planning for solar energy projects to supplement hydrocarbon fuel
generation.

To face the challenges, several reforms are needed and are multifaceted. The top
10 required reforms are (1) to allocate groundwater quotas by user capitalizing from
the traditional Falaj knowledge; (2) to professionalize the agricultural sector by
requiring qualifications for the expatriate workers in line with what is applied in the
health sector; (3) to open up international markets for Omani vegetables that are
produced during the winter season; (4) to improve the irrigation efficiency at farm
level and explore the introduction of smart irrigation; (5) to encourage the produc-
tion of vegetables instead of the high water demanding crops such as forage and
dates, which can be achieved by banning the production of forages at least in the
coastal areas; (6) to stop export of forages and dates from Oman, which will allow
saving 60 Mm?¥/year; (7) to improve urban water security by storing excess desali-
nated water for emergency and peak demand periods; (8) to increase domestic water
prices to reduce waste and encourage water saving technologies and reuse of gray-
water for outdoor purposes; (9) to achieve cost recovery of treated wastewater; and
(10) to recharge some of the aquifers with treated wastewater instead of losing to
the sea.
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Water Resources in the Kingdom of Saudi
Arabia: Challenges and Strategies

for Improvement
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Mirza Barjees Baig, Yahya Alotibi, Gary S. Straquadine, and Abed Alataway

Abstract Saudi Arabia is an arid country that lacks permanent water-bodies. Saudi
Arabia relies on its oil resources to operate its desalination plants to supply potable
water. Paradoxically, it has the third highest per capita fresh-water consumption in
the world, despite being one of the world’s driest countries. Extensive agricultural
programs almost depleted the nonrenewable groundwater and deteriorated water
quality. The rates of water being used by the urban population and the agricultural
sector for producing crops appear to be wasteful (MEWA 2018). Efforts have been
made to develop an extensive but efficient water transmission system. The water
sector’s infrastructure is outdated and, in some areas, deteriorating. It is estimated
that an average of 20% of distributed water remains unaccounted. The Saudi
Government has streamlined the water sector’s regulatory regime through imple-
mentation of a strategic water policy. Through its water policy, it is looking at the
most efficient ways to produce and regulate water. No country can be expected to try
every possible solution, but in Saudi Arabia, no single solution would be adequate
to address this complex issue. However, the most important step would be to bring
behavior change in the society to use water economically and wisely by adopting
water conservation practices.
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7.1 Introduction

The Kingdom of Saudi Arabia (KSA), covering an area of 2.25 million km? with
limited fresh water supplies, is an arid and water-deficit country. It lacks perennial
rivers or permanent water bodies. Characterized by low rainfall and high evapora-
tion rates, KSA is one of the driest areas of the world. Due to the discovery of fossil-
fuel reserves, KSA has witnessed remarkable economic development in the past
four-decades resulting in elevated living standards of its citizens. Increasingly, KSA
has experienced increased population and mass-scale migration to the urban areas
in search of better opportunities. The population of Saudi Arabia increased from
about 4 million in 1960 to about 32.5 million in 2018. With the present population,
KSA is the 41st most populous country in the world (General Authority for Statistics
2016). The population is expected to reach 34.4 million by 2020 and it is predicted
to grow by 77% to more than 56 million by 2050 (Rambo et al. 2017; Central
Statistics Agency Statistics 2017). These developments have placed extraordinary
pressure and increased demand on the country’s limited water resources. In order to
meet the needs of its citizens, the limited natural renewable water resources in the
country have been heavily overexploited. Aquifers are the only source of natural
water in the country. The per capita average daily use of water in Saudi Arabia has
been increasing since 2009 when it hit 227 1/day and recorded a gradual increase to
touch 270 I/day in 2016 — the 3rd highest in the world (GASK 2016).

In the 1980s, the Kingdom started its very ambitious agricultural program to
realize self-sufficiency to meet its food requirements. The goals were successfully
achieved and the kingdom witnessed self-sufficiency in many food commodities
and became the 6th largest wheat exporter at the expense of its water resources.
Extensive groundwater extractions from the nonrenewable aquifers for the last few
decades resulted in substantial declines in groundwater levels and deterioration of
groundwater quality. Behaviors such as liberal water use, careless water supply
management, unchecked population growth, and irresponsible agricultural policies
developed an unsustainable culture of water usage in Saudi Arabia (Lippman 2014).
Urbanization, rising living standards, a continued influx of expatriates, expansion of
agriculture and development of new housing, shopping malls, etc. have also taxed
water resources (FAO 1997, 2009; Baig and Straquadine 2014).

The Kingdom has a limited reserve of nonrenewable groundwater as well as low
recharge rates (National Water Strategy 2016). Despite the fact that renewable water
sources in Saudi Arabia are very limited, KSA consumes nearly 7 billion cubic
meters of water daily, 60% of which is desalinated. Of this, 40% comes from public
desalination stations and 20% from stations operated by private sector
(Al-Suhaimy 2013).

Presently, the water sector of the Kingdom is facing several challenges that
threaten water and food security, energy security, and development as a whole. Fuel
subsidies and desalinated water deplete the energy resources along with consequent
environmental cost, low water tariffs, and the increased leakage of water supply
network. All of these factors increased the cost of drinking water, the cost of safe
disposal of wastewater, the pressure on desalination plants and sewage treatment
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plants, as well as air pollution from desalination plants (The State of the Environment
2017). The scarcity of renewable water resources and the ever-increasing water
demand by the society and various economic sectors are the major challenges faced
by KSA to realize sustainable development.

The purpose of this chapter is to review the present status of water resources and
provide information on demand, supply, and policies. The chapter identifies prob-
lems and challenges, and suggests initiatives and measures to improve the sustain-
ability of water resources of the Kingdom.

7.2 An Overview of the Water Resources in the Kingdom

With a semi-arid environment, the Kingdom is exposed to temperature variability, low
annual rainfall, no natural perennial flow, and limited groundwater reserves
(Chowdhury and Al-Zahrani 2013). Saudi Arabia has no permanent lakes, perennial
surface watercourses, or rivers. The KSA experiences high evaporation rates and on an
average less than 100 mm annual rainfall, which limits the availability of surface water
sources and supplies. Due to limited rainfall and excessive consumption, the major
groundwater aquifers are being depleted. Total fresh water produced in Saudi Arabia
increased from 17.5 million cubic meters in 2010 to about 24 million cubic meters in
2016. Despite the increase of desalinated water, the percentages by different sources
(i.e., surface (1%), groundwater (91%); desalination (8%), and wastewater treatment
(1%)) remained about the same from 2010 to 2016 (GSA 2018). Water produced from
various resources with their share in the Kingdom is depicted in Fig. 7.1.

Water resources in the Kingdom are placed in two groups. Traditional sources
include renewable surface water and renewable and nonrenewable groundwater, and
nontraditional water sources include desalinated and treated wastewater. The four
main water resources in Saudi Arabia are as follows: surface water, groundwater
(nonrenewable groundwater from the deep fossil aquifers and renewable groundwa-
ter from shallow alluvial), desalinated water, and reclaimed wastewater (treated).

Fig. 7.1 Water resources 4.6%
with their share in the
Kingdom. (Source: Global
water Market 2017:
Meeting the world’s water
and wastewater needs until
2020. Volume 4: Middle
East and Africa, Saudi
Arabia)
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@ Treated waste water
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7.2.1 Surface Water and Runoff Collection in Dams

Surface water provides 10% of water supply, mainly in the western and southwest-
ern regions of the Kingdom. Rains are not frequent but intense; intermittent flash
floods (Wadis) and random flooding due to rains generate surface water. Water col-
lected through rainfall (surface water) is stored in dams (World Bank 2005) and is
also often used for drinking purposes. Dams trap surface water runoff during rain-
storms, occurring in the coastal areas and southwest highlands. Surface water is
replenished by the flash floods, experienced from November to April (Lovelle
2015). The Kingdom has taken initiatives like construction of new dams and devel-
opment of a Rainwater Harvesting (RWH) System. The largest quantity of runoff
(about 60%) from rainfall occurs in the southwestern region of the Kingdom.
According to experts, this water could be collected, stored, and transported to other
parts of the country through new and existing pipelines (Chowdary and
Alzahrani 2012).

Runoff quantity and duration are temporarily and spatially varied depending
upon the rainfall pattern and distribution. In 2013, an estimated volume of 0.6 bil-
lion m? was captured from intermittent flash floods by the 260 irrigation dams (Ouda
2013a). In 2015, approximately 1.4 billion cubic meters (BCM)/year of runoff were
collected by 302 dams (Chowdhary and Al-Zahrani 2015). In 2016, there were 449
dams to collect, store, and recharge runoff and to control flash floods (MEWA 2017,
Tarawneh and Chowdhury 2018). According to the most recent estimates reported
by the National Water Strategy (2016), total reserves of usable water from dams are
about 1.6 billion cubic meters annually. About 73% of the total usable water comes
from dams in Asir, Makkah, and Jazan. These areas contain an abundance of renew-
able groundwater and surface water due to their topography and nonporous rocky
nature at the Arabian Shield (National Water Strategy 2016). The Kingdom cur-
rently has 535 operational dams, with a storage capacity of over 2 billion cubic
meters and more dams are under construction to enhance water storage and drinking
water resources (Argaam 2018).

7.2.2 Groundwater Resources

Groundwater comes from two sources. The first source is nonrenewable groundwa-
ter from the deep fossil aquifers. The second source is renewable groundwater from
shallow alluvial aquifers. Combined groundwater sources accounts for 40% of sup-
ply. Groundwater is available in the KSA from the shallow renewable and nonre-
newable groundwater aquifers to use for different proposes (The State of the
Environment 2017). Groundwater resources are the prime source of available water
in the Kingdom. More than 80-90% of the national water use is satisfied from
groundwater which is pumped from local aquifers (Al-Salamah et al. 2011). The
groundwater is stored in several aquifers in Saudi Arabia with minimum annual
recharge. It is estimated that the total groundwater storage in the Arabian Peninsula
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is 80,000 km?® (Abderrahman and Rasheeduddin 2001) and the total groundwater
reserve in Saudi Arabia is estimated to be 2259 billion cubic meters (Abderrahman
and Al-Harazin 2008).

7.2.2.1 Nonrenewable Groundwater Resources in the Arabian Shield

The Kingdom has a reserve of nonrenewable groundwater that spreads across a
range of layers. Water and groundwater are collected in more than 20 primary and
secondary aquifers prevailing in many areas of the Kingdom. All basic aquifers are
located on the Arab shelf; the Arabian Shield contains many primary or secondary
aquifers because of its nonporous rocky nature (National Water Strategy 2016).
Nonrenewable groundwater sources, shallow alluvial and deep rock aquifers are the
two paramount sources of groundwater. The deep rock aquifers are sedimentary in
origin and hold “fossil” water (DeNicola et al. 2015).

The groundwater in the deep sandstone aquifers is nonrenewable or “fossil”
water. This type of water was formed approximately 10-32 thousand years ago and
extends over thousands of square kilometers with poor natural recharge through
upland and foothill zones where the rocks have surface outcrops (Chowdhury and
Al-Zahrani 2015). Tarawneh and Chaudhry (2018) report that the fossil water is
available in the sand and limestone formations at the depth from 150 to 1500 m.
Nonrenewable groundwater reserves were estimated at 259.1-76.6 billion cubic
meters. In contrast, the statistics of Ministry of Environment, Water and Agriculture,
(2018) disclose that the nonrenewable groundwater reserves of the Kingdom are
estimated at 2360 billion cubic meters. Out of this total, about 1180 billion cubic
meters can be extracted. These nonrenewable groundwater reserves are capable of
producing 20.6 billion cubic meters annually, covering 90% of agricultural produc-
tion while covering about 35% of municipal needs and 6% of industrial needs.

Locations of the aquifers in the Arabian Shield have been indicated in the map
presented in Fig. 7.2.

However, the rates of extraction from renewable groundwater resources (i.e.,
shallow aquifers) are higher than the recharge and are getting depleted. It has been
estimated that at the current rate of withdrawal, these water supplies will be gone in
less than 50 years (Drewes et al. 2012). Most of the water extracted was pumped out
of fossil water in the Kingdom. This sort of heavy extraction of water from fossil
aquifers poses a serious threat to the security of nonrenewable water resources
(Lovelle 2015).

7.2.2.2 Renewable Groundwater Resources

Renewable groundwater is found in the shallow and deep layers and surface water
in the valleys in the Kingdom. According to preliminary estimates, renewable
groundwater is currently estimated at 2.8 billion cubic meters annually in the
Arabian Shield area (National Water Strategy 2016). However, the rates of extrac-
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Fig. 7.2 Locations of the aquifers in the Arabian Shield

tion from renewable groundwater resources (i.e., shallow aquifers) are higher than
the recharge and are getting depleted. In a recent study conducted for the Gulf
Cooperation Council, it was revealed that KSA consumes between 10 and 39 times
the amount of renewable water available, depleting its aquifers at a much faster rates
than they can be replenished by rainfall.

7.2.3 Desalination Plants

Desalinated water produced by 35 desalination plants provides 50% of the drinking
water. The share of desalinated water to the total fresh-water resources ranged from
7-9% during the period 2010-2017 (General Authority for Statistics 2018). In the
absence of the perennial rivers and other permanent water bodies and due to the
rapidly depleting underground water resources, water produced by the desalination
plants seems to be the best, most valid, and the right strategic option to make the
drinking water available and meet growing domestic water demand in the country
(Al-Ibrahim 2013; Ouda 2014a). The KSA is the largest desalinated water producer
in the world and it currently produces about one-fifth of the world’s total. The KSA
government considers seawater desalination as the strategic option to alleviate the
water scarcity problem, and to meet the country’s ever-growing domestic water
demand (Ouda 2014a).


http://fanack.com/en/countries/saudi-arabia/basic-facts/geography-and-climate/natural-resources/
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Table 7.1 Water produced (thousands of cubic meters) by desalination plants for years
(2012-2016)

Plants 2012 2013 2014 2015 2016

Al-Jubail 380,990 388,028 388,614 378,256 308,655
Al-Khobar 144,514 129,703 119,514 128,260 114,057
Ras-Alkhair — — 55,169 197,463 256,963
Yambu 122,765 136,185 140,629 132,686 124,369
Jaddah 132,226 163,639 189,200 196,830 174,309
Al-Khafii 8023 8032 8120 8058 6906
Al-Shuibah 170,274 176,699 182,870 193,422 150,544
Al-Shoqiq 15,134 28,576 30,746 31,489 27,627
Others 23,307 24,297 25,102 25,698 22,094
Total 997,233 1,055,159 1,139,964 1,292,162 1,185,524

Source: General Organization for Desalination; General Authority of Statistics, 2017

Saudi Arabia currently has 35 desalination plants located on the east and west
coast of the Kingdom. The latest data indicate that the total capacity of desalination
reached 6.28 million cubic meters per day in 2015. This capacity is expected to
increase to 7 million cubic meters per day by 2020. Water produced by various
desalination plants for the years 2012-2016 is depicted by Table 7.1.

The Saline Water Conversion Corporation (SWCC) increased desalination plants’
production capacity from about 200 million m*year in 1980 (Al-Zahrani and Baig
2011; MWE 2012; SWCC 2014) to about 1.18 billion m*/year in 2016 and 1.2 bil-
lion m*/year in 2017 (General Organization for Desalination; General Authority of
Statistics 2017). In order to make water available to the users, there are 2500 miles
of pipelines from these desalination plants across the kingdom (CDSI 2010).

The demands for water and electricity production are growing by 8% every year
(NACHET 2015). The consumption of desalinated water is increasing by about
14% annually. This is twice the growth in total domestic water consumption and six
times the population growth rate (Rambo et al. 2017). On average, it is twice as high
as the global average because it uses much more water than countries with larger
water resources (Nachet and Aoun 2015). However, the kingdom plans to double its
desalination capacity in the next decade (Rambo et al. 2017). The desalination pro-
cess requires high energy input. More than half of domestic oil consumption is
required to run the desalination plants (Rambo et al. 2017) and the present demand
rates suggest that this figure will reach 50% by 2030 (Al-Hussayen 2009).

In addition, the high costs and energy consumption linked with the desalination
process have impacted the desalination ability of the Kingdom; therefore, its water
security depends upon a stable oil supply (Lovelle 2015). With the key problem
identified, it is concluded that desalination is very expensive and may not be sus-
tainable on a long-term basis. It represents 10-20% of energy consumption in the
KSA (Rambo et al. 2017).

It has been noted that the cost per unit of water production is relatively high
because of high transport cost of pumping water from the coasts into the interior of
the Kingdom. Presently, desalination plants employ three types of techniques: (1)
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multi-stage flash distillation, (2) reverse osmosis, and (3) multiple distillations.
Multi-stage flash distillation technology is currently the predominant technology
being employed in the desalination plants in the Kingdom, accounting for 62% of
the total existing production capacity (National Water Strategy 2016).

Quoting the Minister of Environment, Water and Agriculture report (Al-Awsat
2018), “nine new water desalination plants using modern techniques on the Red Sea
coast would be built in the 2019-20 to improve the quality of water services.” With
the value of $533 million and equipped with the modern technologies, these plants
will have the capacity to produce a volume of 240,000 cubic meters per day. The
world’s biggest desalination plant in Ras Al Khair Industrial City, 75 km north-west
of Jubail, was built at a cost of $7.2bn. The plant has a daily production capacity of
1.025 million cubic meters of desalinated water and 2600 MW of electricity
(Arabian Business 2014b). Another giant desalination plant was built in Rabigh on
the Red Sea near Taif with a capacity of 600,000 cubic meters (158 million gallons)
of water a day upon its completion in 2018 (Arabian Business 2014a). The capital,
Riyadh, meets most of its water requirements from the desalinated water pumped
from the Arabian Gulf along 467 km into the city.

7.2.4 Treated Wastewater

Reclaimed wastewater (treated) provides one percent of the water supply. Treated
water is safe to be used for industrial processes, refrigeration, and agricultural pur-
poses. Treated water is an important resource in a struggling country of water scar-
city and should be taken into account in the supply system. The total amount of
treated wastewater reused throughout the Kingdom in 2015 was 0.61 million cubic
meters (MCM) per day; about 0.40 million m*/day is used in agriculture. On aver-
age, 17% of wastewater is reused (National Water Strategy 2016). The wastewater
collection system needs to be improved; coverage is still relatively low (60% by
2015). In addition, existing wastewater treatment plants operate at a high level of
use, resulting in reduced quality of treated water (National Water Strategy 2016).
The use of recycled wastewater lessens the dependence and reduces the pressures on
the fresh water resources. It also reduces the amount of treated and nontreated efflu-
ent into the environment. These effluents deposit organic and inorganic nutrients
(e.g., nitrogen and phosphate) into water systems, which can cause eutrophication
and algal blooms and severely degrade existing bodies of water (Toze 2004). Water
reuse and recycling are also viewed as a positive step toward climate change adapta-
tion and mitigation.

In 2012, an area of about nine thousand hectares of date palms and forage crops
near Riyadh was irrigated using about 146 MCM of treated wastewater. Wastewater
is also reused for irrigating landscape plants, trees, and grass in municipal parks in
several cities, such as Dhahran, Jeddah, Jubail, Riyadh, and Taif (Ouda 2014b). The
use of recycled wastewater in agriculture saves energy and reduces the cost of fresh-
water pumping, providing irrigation and reducing the water footprint of food pro-
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Fig. 7.3 TSE customer categories and uses. (Source: NWC 2018)

duction. It also can provide adequate nutrients and fertilizer for crops so that mining
for mineral fertilizers can be decreased. For example, it has been demonstrated that
reusing treated municipal wastewater for agricultural irrigation in Saudi Arabia pro-
vided adequate nutrients, lowered costs for irrigation and fertilization, and increased
yield and profit for wheat and alfalfa (Aljaloud 2010).

Saudi Arabia has established numerous centralized and decentralized wastewater
treatment plants. The system involves the collection of wastewater from individual
homes, home clusters, isolated communities, industries, and institutional facilities
(Tchobanoglous 1995). Recently, a new sewage treatment plant producing a tertiary
treated effluent with an average capacity of 400,000 m*/d and the maximum capac-
ity of 640,000 m?/d was built. The estimated total available supply of treated sewage
effluent (TSE) from the six largest cities exceeds 4.8 million m*/day (NWC 2018).
Customer categories and uses of TSE are presented in Fig. 7.3.

The Kingdom plans to provide water supply to all cities with a population of
more than 5000 people by 2025 (Drewes et al. 2012) and to invest US$23 billion
into sewage collection and treatment infrastructure (Kajenthira et al. 2012). A large
amount of treated wastewater was discharged to Hanifa Valley, which is located in
eastern Riyadh and extends beyond the city into the surrounding rural areas. The
vision for Hanifa Valley is to use treated wastewater to transform this urbanized val-
ley into a ribbon of naturalized parkland to promote the area as a safe, green, and
healthy environment. Moreover, this will connect the area with residential develop-
ment, farming, recreation, cultural activities, and tourism (Argaam 2018). In order
to address the water deficit, Saudi Arabia has started an increased utilization of
water recycling. Regarding the reuse of water, the KSA is one of the ten largest
consuming countries in the world. Looking forward, the country has aggressive
long-term goals of increasing water reuse to more than 65% by 2020 and more than
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90% by 2040, all by transforming more of its existing and planned wastewater treat-
ment assets into source water suppliers across all sectors (Chowdhury and Al-Zahrani
2013; Saudi Arabia Water Report Q4 2013; Al-Saud 2013; Scotney 2014; Enssle
and Freedman 2017).

The city of Riyadh has been very successful in using nearly 50% of its treated
wastewater (about 120 million m?). Treated wastewater is currently being used at vari-
ous industrial and commercial enterprises of the city, which has the potential to
expand in the future due to the high cost of desalinated water about USD 0.8/m?
(Ouda 2014a; Saline Water Conversion Corporation 2010, 2012). Treated wastewater
is drained through a canal 40 km south of the Al-Kharj area, where it is stored in a
pond and then filtrated through the sandy soil to groundwater. The expected growth in
wastewater collection and treatment services will produce more treated wastewater
(i.e., about 2.5 km*/y in 2035). The priority is expected to shift from the ongoing
major agricultural use to industrial use, with higher anticipated revenue. Use of
treated wastewater is projected to be greatest in the Riyadh, Makkah, Medina, and
Eastern Provinceregions, which are home to the KSA’s six largest cities (KAUST 201 1).

7.3 Domestic Water Pricing

Consumers in Saudi Arabia pay only 1% of government’s costs for producing desal-
inated water (Lovelle 2015). The introduction of a water pricing system will not
only help meet some production costs, but also increase the value of the water so
that consumers better manage this resource. Attaching a higher value to water could
lead to a change in behavior in Saudi Arabia, making the citizens adopt sustainable
water consumption (Lovelle 2015). The new tariffs and prices for water consump-
tion and sanitation services received in 2016 have been applied and are presented in
Table 7.2. For the first block, the price is US$0.027 for the first fifteen cubic meters,
US$0.04 for the second block for consumption less than 30 cubic meters, US$0.53
for the third block for demand less than 45 cubic meters, US$1.07 for the forth
block for consumption less than 60 cubic meters, and US$1.6 for the consumption
above 60 cubic meters. New tariffs and prices for the volume of water consumed
and sanitation serviced received have been implemented in 2016 and are presented
in Table 7.2.

Table 7.2 New tariffs for water and sanitation implemented in January 2016 in SAR

Quantity (m*/Month) Potable water Sanitary wastewater Total Invoice amount
Less than 15 0.10 0.05 0.15 2.25

16-30 1.00 0.50 1.50 22.50

31-45 3.00 1.50 4.50 67.50

46-60 4.00 2.00 6.00 90.00

Above 60 6.00 3.00 9.00 SAR 9/m?

Source: National Water Company (NWC 2017); Note: 1 US $ =3.75 SAR
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7.4 Prime Water User Groups and Their Demand
in the Kingdom

The International Monetary Fund (IMF) views Saudi Arabia “at risk” as an area for
having low water supply and with high demand placed upon the available resources
by its agricultural, municipal, and industrial sectors (IMF 2015). The prime con-
sumers in Saudi Arabia are agricultural, municipal, and industrial sectors and their
consumption rates are depicted in Fig. 7.4 and their demands for water are shown in
Fig. 7.5.
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Fig. 7.4 Water consumption by different sectors and various agricultural crops. (Source: Napoli
et al. 2016; Image Credit: KAPSARC 2016)
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meters/year) 2005-2015. (Source: Al-Subaiee 2018)
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7.4.1 Agricultural Sector

Being the most water-deficit country in the world, its water resources are unable to
further support its agricultural needs. In order to achieve food security, the agricul-
ture sector previously received prime importance in the national developmental
plans. In a recently published government report, it was noted the absence of tariffs
on groundwater for agricultural purposes and the lack of meters on wells led to a
quantitative and qualitative deterioration of groundwater and resulted in a threat to
the Kingdom’s water and food security.

The demand for water for agricultural purposes declined between 2005-2010
due to the phase-out of the wheat program announced by the Government of Saudi
Arabia. However, the volume of water consumption in the Kingdom for the period
2011-2015 by agricultural, industrial, and municipal sectors is presented in Fig 7.5,
and all sectors are increasing their water consumption.

In order to conserve nonrenewable fossil water resources, the Saudi government
adopted a rollback policy in 2008 to discourage domestic wheat production. It ratio-
nalized cereal crops and promoted the cultivation of high-return-value vegetables
and fruits (Ouda 2014a). The Kingdom stopped buying wheat from local farmers
since 2016 and in the future all wheat will be imported. However, the policy to stop
wheat farming did not work well and cessation of wheat farming moved farmers
toward alfalfa cultivation — a crop that consumes much more water than wheat. This
fact prompted the Saudi government in 2015 to stop the cultivation of green fodder
within 3 years (Khrais 2016). The farmers were allowed to keep fodder (alfalfa)
cultivation (that consumes three times more water than wheat) to supply feed to the
dairy industries. Yet, farmers are not allowed to grow fodder after 2019 due to the
complete phase-out of the program. However, another scientist (Ouda 2014a) is of
the opinion that the new policy resulted in prompt reduction in irrigation water
demand and the cultivated area of cereal crops. Some researchers report that areas
under cultivation decreased, whereas it increased according to the World Bank —
Global Economy Report (2018).

Grain imports for the 2017/18 marketing year are expected to reach 20.5 million
tons, an increase of almost 9% over the previous year and 3 million tons over the
5-year average. The import of barley and maize, mainly used for animal feed,
accounts for the bulk of grain imports and is expected to reach 8 million tons and
5 million tons, respectively. The government is encouraging the use of processed
foods instead of raw barley to reduce barley imports by 1.5 million tons by 2020.
Wheat imports are expected to remain high at 3.4 million tons, while rice imports
should remain stable at 1.2 million tons (GIEWS 2018).
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7.4.2  Domestic Water

The average per capita water use in the Kingdom was 266 | per day (96.8 cubic
meters per year) in 2017 compared to 270 1 per day (98.4 cubic meters per year) in
2016, recording a decline of 1.7% for the first time since 2013 (General Statistics
Authority 2018). The KSA has one of the world’s highest per capita water consump-
tion. The average water consumption per capita is estimated at 100-350 1 per day for
urban areas and between 15 and 20 1 for rural areas. Despite the desert landscape in
the Kingdom, nearly 97% of the population has access to drinking water, as stated
in the World Food Security Index 2015 (Lovelle 2015).

7.4.3 Industrial Water Use

The Kingdom experienced an increased water demand by its industrial sector from
56 to 713 MCM/year from 1980 to 2009 (Chowdhry and Al-Zahrani 2015). Due to
an impressive and rising growth of the industrial sector over the past several decades,
the water demand for the sector has increased at a rate of 7.5% per year. As Fig. 7.5
reveals, the sector consumed almost 1.0 BCM in 2015. It is predicted that industrial
water use would continue to grow by around 50% in the next 15 years. As the
Kingdom plans to diversify its economic base away from its dependence on oil and
natural gas, in turn the industrial and manufacturing sectors are attaining a promi-
nent place in the recently launched Vision 2030; the situation would further put
pressure on the water resources of the Kingdom (Stratfor 2017).

7.5 The Water Sector Faces Many Challenges (Table 7.3)

Table 7.3 An overview of the challenges facing the water sector in the Kingdom

Water scarcity and poor management efficiency and development, with high consumption of
the agricultural sector, which affected the sustainability of nonrenewable water resources

Increasing urban water consumption as a result of population and economic growth and
dependence on energy-intensive sources, placing economic and environmental burdens on the
sector

Low level of service and sector readiness for risk management due to scarcity of qualified
human capital and inadequate planning, operation, and customer service

Lack of financial management and poor work on the commercial bases in the sector, which
affects transparency and economic sustainability

Absence of institutional and regulatory reforms affecting the effectiveness of water sector
governance and its contribution to increasing the participation of the private sector in the
kingdom

Al-Subaiee 2018; Ministry of Environment, Water and Agriculture (MEWA) 2018
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7.6 Prime Constraints Faced by the Water Sector

7.6.1 Desalination Plants Have Significant Environmental
Costs

Despite the productive role and technological achievements of desalination plants in
producing drinking water, they come with significant environmental costs.
Desalination plants produce carbon emissions by burning fuel and diverting salt
from the process back to the sea. This has increased the temperature and salinity of
the Gulf, with the latter increasing nearly 2 percent in the last 20 years, having
adverse effects on marine life and the ecosystems. Increasing the salt content makes
future desalination difficult. Large-scale desalination has also increased carbon
dioxide emissions in the GCC, contributing to one of the world’s highest carbon
emissions per capita. In addition, desalinated seawater has some practical problems,
including the difficulty and cost of storage in large strategic reserves (Strategy & 2014).

The process of desalination significantly impacts the environment, including
damage to marine environments due to the release of brine and other chemicals into
the sea and air pollution due to high emissions of CO, and other harmful gases
(Almansouri and de Chatel 2016).

7.6.2 Price of Water

Mahmoud and Abdallah (2013) reported that the total cost for one cubic meter of
desalinized water is about SR 5.5-6.6 for delivery to the consumers. The price of
water for business is based on usage. The government’s aim is to reduce the subsi-
dies on water to offset the declining revenues of the Kingdom due to drop in the oil
prices. The government plans to bring behavior change in civil society and consum-
ers by making them realize how costly this natural resource is and how important it
is to conserve resources. The current price of water and wastewater for industrial
uses is SAR 6.0 [US$1.6] per cubic meter of water.

Tariffs set for urban water in the Kingdom do not encourage consumers to use
water wisely. It is realized that low tariffs could be a disincentive for its conserva-
tion. Ouda (2013a, b) states that the KSA water tariff system was heavily subsidized
by the government, as citizens were paying less than 5% of the water service cost.
Due to the low cost recovery and the rapidly increasing demand, water subsidies
pose a very severe stress on the country’s revenues. After carefully studying the pos-
sible outcomes and impacts on consumers, the Ministry of Water and Electricity has
adopted new tariff plans (with an increase of 50% for water and sanitation services
provided for government bodies and large industrial and commercial establish-
ments) to increase prices and improve sanitation services in all regions of the
Kingdom. The ultimate objective of the plan was to reduce the high water consump-
tion rates and rationalize its use.
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The Saudi government has taken action to actively reduce local water use with a
5-year plan to gradually increase water tariffs (Almansouri and de Chatel 2016).
The block tariff has been chosen to save the small and medium household consum-
ers from the price hikes. The block rate system is viewed (in principal) as an effi-
cient water demand management tool if it is well structured. The Minister of
Environment, Water and Agriculture stated that the present tariffs do not cover more
than 30-35% of the actual cost of the water pumped to households (Saudi Gazette
20164, b). On the other hand, an economic research think-tank at the Gulf Research
Center believes that since April 2016, water prices have climbed as much as 500%
for Saudi nationals (Arab News 2015; Arabian Business 2016). Currently, the water
tariffs in Saudi Arabia are one of the lowest in the world, ranging from US$ 0.06 to
US$ 0.10 per m*. However, the water prices are expected to rise, as the demand for
water increases in the near future.

7.6.3 Water Quality

Al-Omran et al. (2015) collected one hundred and eighty drinking water samples
from the main water network as well as underground and upper household tanks
from the five zones of Riyadh governorate including Riyadh. The water quality for
drinking with respect to chemical characteristics was found to be acceptable.
However, analyses revealed some microbial contamination. The study revealed that
most of the water zones had excellent quality and were quite safe for drinking (class
I) purposes. The remaining water zones were few, but their water was unsuitable for
drinking (class V) due to microbial contamination. Another study was conducted by
Alsawalha (2017) to determine the quality of domestic drinking water by collecting
40 water samples from the main water source of the public network in homes in
Jubail city. The study revealed that water samples were safe for drinking purposes
and were of high quality based on the standard specifications outlined by the World
Health Organization (WHO). A survey was made to assess the quality of 4255 well
samples collected from the seven regions of the Saudi Arabia. Water samples were
analyzed for total dissolved salts, nitrate, nitrite, ammonium, and fecal coliforms.
Results showed that human and animal wastes were the primary source of pollution
present in the water samples obtained from wells surveyed (El-din et al. 1994).

7.6.4 Water Losses Through Leakage Due to Old
and Broken Infrastructure

Saudi Arabia’s National Water Council reported that leakage reduction activities
have already resulted in significant cost savings. However, the Global Water
Intelligence estimated that 30% of desalinated water does not actually reach end
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customers and is lost to the environment during distribution (Global Water Market
2017). This results not only in wasted water and lost revenue, but also in unneces-
sary energy losses due to the energy required to desalinate and pump water that does
not make it to the customer. Due to the lack of procedures in place and low level of
knowledge on quantifying, it remains difficult to make the real estimates on the
overall volume of this “nonrevenue” water. In Riyadh, where there are meters, an
estimated 34% of the water is lost. The losses are split into 21% physical losses and
13% commercial losses due to incorrect measurements and illegal connections. In
addition, about 24% of water is not paid by the consumers (MEWA 2018).

7.6.5 Unaccounted for Water

It is estimated that 20% of distributed water is unaccounted for in Saudi Arabia, due
to outdated and in some cases deteriorating infrastructure (US-Saudi Arabian
Business Council 2009).

7.6.6 Climate Change

While Saudi Arabia is striving to improve food self-sufficiency, it faces serious chal-
lenges due to such factors as drought, a limited agricultural sector, scarce water
resources, and the serious impact of climate change (AFED 2014). Climate change
will have a heavy impact on water resources and farming systems in the future. A
simple change in temperature can have a significant impact on agriculture. The
Kingdom has experienced prolonged periods of drought and flooding due to climate
change. Climate change affects the frequency and intensity of extreme weather
events. The extreme precipitation differences with increasing floods affect the Arab
region. Severe floods affected Saudi Arabia and Yemen between 2008 and 2009,
with estimated economic losses of approximately $ 1300 million USD (EM-DAT,
www.emdat.be). Drought and climate change can have a significant impact on agri-
culture and the countryside in Saudi Arabia, with serious implications for food secu-
rity, rural-urban migration, and social stability (Darfaoui et al. 2010).

7.6.7 Low Irrigation Efficiency

In 2000, approximately 66% irrigation activities used modern irrigation technolo-
gies, while traditional surface irrigation represented 34%. Despite the high adoption
rates of modern irrigation technologies, inefficient use of water still prevails and can
be commonly noticed on farms (Lovelle 2015). The irrigation efficiency is 50% at
the present time (National Water Strategy 2016).
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7.6.8 Water and the Ecosystems and the Brine Disposal

Desalination is a water technology that is gaining increasing importance for address-
ing water needs, but it is costly and energy intensive and further strains the environ-
ment with brine disposal. The brine produced during the desalination process causes
damages to the local sea environment where the brine is discharged. In order for
desalination to be considered a sustainable water solution, both issues must be suc-
cessfully addressed (Xevgenos et al. 2016). According to studies, up to 800,000
cubic meters of brine is discharged into the Red Sea every day from the city of
Jeddah alone. Nutrients, chemicals, and other waste products are all contributing to
higher levels of pollution in the sea adjacent to the city. Such discharge is damaging
the coral reefs and reducing fish stock. The risk to the Red Sea ecosystem posed by
wastewater from Jeddah and other major industrial centers will increase in the com-
ing years as Saudi Arabia’s manufacturing expansion program gains pace (Oxford
Business Group 2013). In fact, in coastal desalination plants, water pollution is the
main problem. Desalination plants cause water pollution by disposing of hot brine,
which has both thermal and saline impacts on the seawater into which it is released.
Desalination raises the water temperature by about 9 °C. These plants have a serious
impact on marine life in the area of desalination and cause environmental damage.

7.7 The Kingdom’s New National Water Strategy

With the active involvement of all the stakeholders and the brainstorming of the
related ministries, water companies and the community representatives, the govern-
ment of Saudi Arabia has been able to put together a strategy that defines and identi-
fies the most practical, efficient ways to produce, provide, and regulate water
(Alturki 2015). A long-term national water strategy also appreciates the long-term
capital investments in water projects over the next decade (MEWA 2018). The water
strategy launched by the Ministry of Environment, Water and Agriculture comprises
the following salient features:

In order to know the exact number of wells and to regulate them, farmers would
be required to have authorization, and obtain a license for digging of wells from the
Ministry of Environment, Agriculture and Water. Efforts are also underway to
develop appropriate mechanisms to determine the shares for various uses of water.
The Ministry has devised and is promoting an integrated management system to
adequately utilize water resources economically and meet water demand. The
Ministry attaches great importance to the uplift and upgradation of its human
resources and to equip them with scientific and technical skills. Therefore, serious
efforts have been made to elevate their working abilities, capacities, and develop-
ment. Measures have also been taken to make water and sanitation services reliable
and to achieve the highest levels of efficiency. To keep the business in good stand-
ing, new water tariffs to incentivize rational use of water for all purposes and its
conservation have been successfully implemented since 2016.
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As public—private partnerships have been successful in many sectors and in many
parts of the world, KSA has also offered incentives and simplified procedures to
encourage the private sector to invest in partnership in the water sector. The Kingdom
highly encourages using and having greater reliance on renewable energy sources,
particularly solar energy, in the water sector and aims at setting higher goals in this
respect.

Treated water is gradually gaining acceptance both by the public and by the
Ministry. To realize this objective, specialized projects and water plants in the larger
cities have been constructed. This wastewater is made available through a network
of pipelines to farms in the villages and rural areas.

The Ministry has also adopted a strategy that aims to promote and diversify agri-
cultural production. Farmers are encouraged to cultivate crops with low water
requirements and employing water-saving technologies.

Although the Kingdom has adopted the rollback policy, farmers remain the
prime focus as they help ensure food security. The Ministry is helping them to use
advanced irrigation techniques such as drip and sprinkler systems to improve
irrigation efficiency in order to reduce pressure, enhance water-use efficiency, and
conserve water resources. The Ministry has mapped the major agricultural areas
identifying the crops and available water resources. Based on these maps, farmers
are required to shift some of the fodder and cereals areas to lower water requirement
crops. The Ministry has also constituted the Water Extension Centre to educate
farmers about more sustainable uses of water. Dedicated measures have been taken
to intensify the methods of rationalizing water uses for all purposes. Therefore, the
Ministry has made a strong commitment to achieve a fair balance between water
development resources and water consumption measures and uses.

Most of the water withdrawn comes from fossil water held in the deep aquifers
of the Kingdom. Some observers predict that such water resources may not last
more than 25 years (Mahmoud and Abdula 2013). The agricultural sector remains
the principal consumer of water resources in the Kingdom. The government wants
to regulate water at the farm level by installing water meters to assess farmers
according to the volume consumed in irrigating crops. Farmers in the past have
enjoyed generous subsidies and interest-free loans. Selling water and billing for the
water based on consumption rates would be controversial and the farmers may not
readily accept the change.

The Ministry has adopted nationwide campaigns to educate consumers and to
create public awareness on water conservation measures. Adopting a cost-recovery
approach in the provision of urban water and treatment services to reduce consump-
tion will lessen the financial and environmental burden on the Kingdom’s budget,
realize sustainable development, and ensure water and energy security (The State of
the Environment 2017). The expansion of treated wastewater reuse should go
through setting standards and adopting quality control measures to check its suit-
ability and reliability for safe use. Finally, flash floods generate huge amounts of
surface water. Any simple but effective rainwater harvesting (RWH) structure can
help improve the sustainability of the water supply in arid and semi-arid regions
(Almazroui et al. 2017).
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7.8 Energy—Water Nexus

Energy—water nexus refers to the relationship and interaction between energy and
water. Water is used to generate electricity and produce energy. In Saudi Arabia,
water is mainly used to generate energy for the cooling of thermal power plants and
for the extraction, transport, and processing of fuel. On the other hand, energy
remains essential in producing fresh desalinated water. It is used to power systems
that collect, transport, distribute, and treat water (World Energy Outlook 2014; The
Water-Energy Nexus 2016). Xylem (2014) considers energy generation the second
largest water consumer after agriculture in the KSA and such energy use is expected
to increase in the next 15-20 years. Water is used in power plants for electricity
production, especially for cooling. This has significant implications for global water
supply and environmental health in surface water bodies. The most common cool-
ing systems are cooling towers and single-stage cooling (Rambo et al. 2017).

7.9 Water Policy and Economic Considerations

According to the Saline Water Conversion Corporation (2014), the companies con-
sume an equivalent of 80 million barrels of oil a year. This high consumption
prompted and compelled the Saline Water Conversion Corporation to employ more
energy-efficient technologies. In the past, the reverse osmosis and thermal technolo-
gies were using the 70:30 ratios. In order to economize on costs and reduce energy
consumption, numerous plans for large reverse osmosis projects on both coasts have
been undertaken. The projects of Jeddah and Ras al-Khair were first examples in
this direction. SWCC plans to reduce the fuel consumption of desalination plants by
10% by 2018 (Al-monitor 2016). In addition, Saudi Arabia prefers the “combined
cycle power plants” technology for desalination plants so they produce electricity
and desalinated water.

With an increasing number of new desalination projects, the KSA is also looking
into trying new technologies. In January 2015, Advanced Water Technology (AWT),
anewly established company announced that it would develop the world’s first large
solar-powered desalination plant in association with a global technology company.
AWT is also establishing ties with the City of Science and Technology of King
Abdulaziz (KACST) and the King Abdullah University of Science and Technology.
Also, a new desalination plant has been built to deliver 60,000 cubic meters per day
to the city of Al Khafji in northeastern Saudi Arabia. The plant uses the RO tech-
nique and an associated 15 MW photovoltaic (PV) plant would be capable of meet-
ing all the energy needs of the installation. The use of renewable energy will also
reduce the operating costs of the plant. KACST predicts that this pilot project will
pave the way for a future in which desalinated water generated by renewable energy
will replace fossil-fueled desalination in the Kingdom. KACST would become the
owner of both the desalination facility and the photovoltaic plant in Al Khafji upon
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their completion. Plans to build a solar-powered plant to produce 300,000 m*/day on
the Red Sea coast are underway (Oxford Business Group 2017).

7.10 Conclusions and Recommendations

High population growth with increased per capita water consumption poses a threat
to the sustainable use of water resources. Generous subsidies on fuel and desali-
nated water are resulting in depletion of the energy resources, as 10-20% of the oil
reserves of the kingdom are being consumed by desalination plants. Factors like low
water prices and the increased leakage of the water supply network increase the cost
of drinking water, increase the pressure on desalination plants and sewage treatment
plants, as well as air pollution emissions from desalination plants (The State of the
Environment 2017). A consulting firm (Strategy& 2014) recommends that the KSA
achieve greater sustainability in its water sector by addressing three issues: exces-
sive water demand, inadequate water supplies, and ineffective institutional frame-
works. The water scarcity and its consumption by the society are sensitive issues. In
order to generate more revenues, the government was taking consumer-friendly
steps. The country needs a well-thought and planned water policy. However, a first
step would be to create awareness and bring behavior change among youth.

The KSA is making concerted efforts but it needs to move faster and intensify its
efforts. All the steps taken to realize the fair balance in demand and supply ensure
the sustainability of meager water resources, raise water prices, and revisit the
desalination water production by using renewable energy and by lowering produc-
tion cost, reducing CO, emissions, and disposing wastewater safely without harm-
ing the marine ecosystem. Actions to achieve sustainability in the water sector must
be implemented in an integrated manner because water has an impact on multiple
industries, from energy to agriculture and recreation. The reality is that KSA is
really in search of a more “Sustainable Water Culture.”
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Chapter 8 )
Water Policy in Tunisia b

Mohamed Salah Bachta and Jamel Ben Nasr

Abstract In Tunisia, climate varies from Mediterranean to arid and semi-arid.
Water resources are characterized by scarcity and a pronounced irregularity. The
water supply policy, with nearly 40% of agricultural investment in the 1980s,
allowed to develop an irrigated agriculture and to create an undeniable productive
potential. Despite the performances in irrigated agriculture, the water sector still
suffers from economic, social, ecological, and institutional problems. The scarcity
of water induced by the increasing demands of various economic sectors and cli-
mate change effects leads to the questioning of current allocations of the water
resources. Given the economic model adopted and the current governance, water
scarcity would be a major threat for sustainability.

Keywords Water demand - Scarcity - Climate change - Sustainability -
Governance

8.1 Introduction

Tunisia has a predominantly semi-arid climate. Two-thirds of the country is semi-
arid to arid. Both the climate and especially precipitation levels fluctuate greatly
throughout the year and from year to year. These extreme variations observed can
be seen in the form of droughts or floods, which can have serious consequences both
ecologically and economically, including soil impoverishment, overexploitation of
aquifers in the case of prolonged droughts, as well as variations in agricultural pro-
duction and therefore, farmers’ income.
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Fig. 8.1 Climatic and rainfall map of Tunisia. (Source: Hentati 2010)

To mitigate these fluctuations, the Tunisian government developed a policy aim-
ing to increase supply of water resources and create irrigated areas. The water
resources are estimated at 4.874 billion m*/year from which 2.7 billion m*/year are
surface water. The rate per capita, 385 m*/capita/year, shows that Tunisia has been
in a situation of absolute water scarcity since the 1990s. Moreover, the availability
of water, particularly surface water, has many regional disparities. Whereas in the
north, which makes up around 25% of the total area of the country, rain varies from
400 to 1500 mm, approximately 60% of the country receives less than 200 mm a
year (Fig. 8.1).

These variations necessitated the creation of a large infrastructure of surface
water reservoirs in order to transfer water to areas with water scarcity, in particular,
the coastline.

By the end of 2014, infrastructure included 33 dams with a total cumulative stor-
age capacity of 2.237 Km?, 253 hill dams with a total capacity of 266 million m?,
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and 902 hilly lakes with a total capacity of 93 million m®. This hydraulic infrastruc-
ture was developed during the pre-revolution (before 2011) sociopolitical context,
with a strong State and a submissive society. Three Master Plans were developed
and led to an inventory of water resources and the identification of uses. The legisla-
tion in the form of the water code of 1975 authorized the State to manage the water
resources (assignment, transfer, and pricing). An omnipresent Administration was
in charge of managing the infrastructure in place. This Administration exercised a
discretionary power; consequently, all decisions were imposed via a top-down
mechanism. In this natural and sociopolitical context, irrigated agriculture was
designed and implemented. This technical and sociopolitical arrangement, however,
suffers from many failings and seems to have reached its limit.

8.2 Legal and Institutional Aspects of the Water Sector

The analysis of the Tunisian water policies shows that the institutional framework
of water management has undergone significant transformations. These transforma-
tions can be summed up in three decisive periods: The period of colonization
(1881-1956) during which we note the deconstruction of the ancestral system of
collective management and the establishment of a new system reflecting the despo-
tism of the colonial authorities. The second period extends from the year of inde-
pendence (1956) till the late 1980s (1989), and the nationalization of water resources
through the creation of the development boards and the promulgation of the water
code are the main features of this period. The third period runs from 1989 until the
2011 revolution, starting the water management transfer to the stakeholders in 1989
and the genesis of a series of emergence of new organizations and dismantling of
the public ones. This development illustrates the progressive disengagement of the
State in favor of a “collective” management of water resources.

The establishment by the colonial authority was marked by a process of central-
ization of natural resources, particularly water resources. An operation of destruc-
tion and destabilization of the traditional system of governance has begun to
gradually install traditional management methods marked by the expropriation of
local populations in favor of a despotic colonial administration. A despotic colonial
system gradually replaced local institutions. New instruments have been created
and imposed. The first decree sealing the centralization of water resources was pro-
mulgated in 1885. Legal forms of irrigation water management institutions have
increased ranging from trade union associations of owners of oases created between
1912 and 1920 in southern Tunisia to special associations of hydraulic interest insti-
tuted in 1933 whose powers are similar to those of AIC which appeared in 1936. We
also note the unification of regulatory texts. Nevertheless, these imposed institu-
tional transformations clashed with disengagement and almost total rejection of the
local population.

In the aftermath of independence, the Tunisian State relied on the establishment
of development offices as an instrument for the management of the irrigated areas
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and supervision of farmers. The first office, the office development of the Medjerda
Valley, (OMV) was established in 1958. It is in the mid-1970s that the water policy
was most clearly defined with strong objectives for resource mobilization and allo-
cation. This period was marked by the promulgation of the Water Code in 1975
(Law No. 75-16 of March 31, 1975) by the development and implementation of
master plans and by the establishment of irrigation development boards in the main
regions of the country. The promulgated Water Code clearly and definitively estab-
lished the ownership of all water resources, transforming old property rights into
use rights. Resource allocation priorities are set by the State through the Master
Plans aimed at the precise identification of available resources and to plan their
mobilization and allocation among the different uses in the three main regions of the
country: the north, central, and south.

Since 1975, the management of the public hydraulic domain (DPH) was put
under the auspices of the Ministry of Agriculture. Several technical departments
were established, the most important of which are (i) the Directorate General of
Water Resources (DGRE), which ensures the day-to-day management; (ii) the
General Directorate of Dams and Large Hydraulic Operations (DGBGTH) for the
feasibility and construction of dams, the exploitation of dams, and the development
of large irrigated areas; (iii) the General Direction of the Rural Engineering and the
management of water resources (DGGREE) for the implementation of the policy of
development of irrigated areas, drinking water supply in rural areas, and the promo-
tion of the water saving and associative management of water systems. This system
is complemented by the Office of Hydraulic Planning attached to the Minister’s
cabinet, in charge of inventories of water resources and uses, as well as the planning
and scheduling of water allocations (Fig. 8.2).

The Development Offices are regional establishments whose mission is the man-
agement of hydraulic equipment and the supervision of irrigators. External demands
by international donors have forced the Political System (SP) to change the approach
to undertake water management through market mechanisms or collective actions at
the level of irrigator communities. The development offices in charge of irrigated
areas were dissolved and user associations (AIC) were created from scratch. Thus,
since 1990, management has been entrusted to “AIC”, which were later transformed
into “GIC” collective interest groups and then into “GDAP” Agricultural
Development and Fishing Groups (Law 99-43 of May 14, 1999 as well as Law N °
2004-24 of 15.03.2004) (Al Atiri 2006).

Wanting to keep control of water resources, the state has triply dominated the
associations created (financially, technically, and politically). In these circum-
stances, the sustainability of these associations in terms of financial, political, and
social issues seems problematic. The consequences of this institutional mechanism
on resources are obvious: overexploitation and poor maintenance of equip-
ment (Bachta et al. 2001).

The analysis of these institutional transformations and their impact on the perfor-
mance of the management and exploitation of water resources has been the subject
of several research projects conducted in Tunisia. The first approach considers the
institutional mechanisms as major determinants of the action of the actors and giv-
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Fig. 8.2 Main actors of water management in Tunisia. (Source: Self-elaboration)

ing the absolute power to the organizational structure. The performance of the man-
agers is considered as an endogenous variable. According to this methodological
approach, Mokrani (2012) explains that the water allocation rule and the number of
irrigators have proved to have an important explanatory power of the recovery rates
recorded by the groups (GDAP) investigated. The second approach admits that the
actors have the latitude to influence the structures in place and therefore enjoy a
certain freedom in their choices (Ben Nasr 2015; Rekik and Bachta 2016). Ben Nasr
and Bachta (2016) have shown that a greater involvement of farmers in the selection
of the members of the management committees of these GDAPs and their participa-
tion on the definition of rules to adopt are likely to improve the performance of
the GDAPs.
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8.3 Agricultural Water

In Tunisia, two major types of farms are observed, the rain-fed and the irrigated
ones. Under various incentives (economic, financial, and institutional) developed
within the framework of agricultural policy, these two types of farming have
achieved great advances. The irrigated area went from 62,000 ha in the 1960s to
450,000 ha in 2014. Rain-fed farms, in particular those in the central and southern
regions, also expanded considerably, particularly the plantation of olive and almond
trees. It should be noted that this type of farming is totally dependent on climatic
conditions, drought in particular.

The undertaken investments resulted in an undeniable economic growth. The
average annual growth rate of the agricultural gross domestic product was estimated
at 3.5%. The irrigated farming system contributed 40% to the agricultural GDP on
average and the value of agricultural production has seen significant interannual
fluctuations (Hamdane and Bachta 2015). Despite the development of the other sec-
tors of the economy, agriculture still represents a relatively significant part of the
GDP with 11% on average. It is important to note that this performance required
heavy investments in water reservoirs which are predominantly used for agricultural
purposes.

8.3.1 Mobilization of Water Resources

A strategy of water supply was implemented and great efforts of surface waters stor-
age marked the decades of 1970s and 1980s with the construction of large dams.
During the following decade (1990s), small and medium-sized reservoirs repre-
sented the main public water investments. The objective was to reach control of
95% of surface water and groundwater resources. Table 8.1 shows that such a rate
has been achieved for the surface water resources. Currently, Tunisia has 33 dams
with a total capacity of 2.242 billion m?, 253 small dams, and 837 hill lakes. Nearly
half of the water resources are stored in large dams, 5% comes from small dams and
mountain lakes, and the rest is from aquifers (ITES 2014).

In Tunisia, surface water is distributed among the three main regions of the coun-
try, as follows: Ninety percent is available in the north with 2190 million m? per year
of which 1796 million m? is of high quality with salinity lower than 1.5 g/l. The
center is with 320 million m?* including 153 million m?® with a salinity less than
1.5 g/1. The southern part of the country is with 120 million m? per year including
5 million m? with a salinity of less than 1.5 g/1.

Groundwater resources represent nearly 44% of all of the total water resources.
The deep aquifers have the largest storage capacity. Their exploitation is reserved to
the public authorities. Private entities can reach it only after obtaining proper autho-
rization. However, illicit drillings abstracting these resources can be seen. On the
other hand, no authorization is required to access aquifers, and thus, they are much
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Table 8.1 Changes in surface water captured in Millions m?

Potential available water resources | Actual reservoirs capacity
1990 2000 |2005 |2010 |2015

Large dams | 2170 1170 1688 | 1927 2080 |2170
Hill dams 195 5 125 160 190 195
Hilly Lakes 135 7 38 62 88 94
Total 2500 1182 | 1851 |2149 |2358 2459
Rate of surface water captured 44 69 80 87 93
Source DGRE (2015)
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Fig. 8.3 Water resources in Mm?®. (DGRE 2015)

demanded. However, illegal drillings that capture these resources are observable.
These practices are reported in the central (Kairouan) and southern (Kebili)
regions — regions where water resources are the most in demand. In the region of
Kairouan, the farmers manage to circumvent the prohibition texts by proceeding
with deepening of their surface wells. In Kebili, local societies still have a certain
capacity for organization, which gives them opportunities to collectively carry out
locally determined actions such as extensions of palm plantations.

In parallel with the increase in the volumes of water withdrawn, the number of
wells has steadily increased, reaching in 2010 more than 130,000 surface wells and
9300 deep wells (Hamdane 2014).

Figure 8.3 shows the evolution of the mobilization of all the exploited water
resources.

Some 30 deep aquifers are overabstracted with a rate of abstraction 1.68 and a
volume estimated at 315 Mm? (World Bank, cited by Elloumi 2016). For the shal-
low aquifers, the volume abstracted was estimated in 2005 to be 548 Mm?® while the
renewable volume is about 355 Mm?. Thus, the deficit is estimate at 193 Mm?>”
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(Hamdane, cited by Elloumi 2016). The overabstraction resulted in the degradation
of the quality of the water, in particular an increase of salinity, as well as on the
drawdown of the level of water table, pushing the farmers to deepen their well and
complicating the sustainable management of the resource. As a response, the
response from the government was a supply side policy by starting a strategy to
recharge some of the aquifers with volumes varying between 30 and 70 Mm?
per year.

8.3.2 Reuse of Treated Wastewater

The nonconventional water resources are limited mostly to treated wastewater and
are estimated at approximately 232 Mm?® in 2012 representing 5% of the total
resources. It is estimated that wastewater in 2030 will reach 300 Mm? per year
(ITES 2011). Sewage discharges are increasingly bulky and numerous, resulting in
a more complex pollution to the receiving bodies, making them increasingly vulner-
able. This pollution seriously threatens groundwater and surface water resources as
well as beaches and other water environments.

As shown in Fig. 8.4 below, wastewater has not been the source of such a
development.

From this figure, it can be seen that the agricultural use of treated wastewater
remained, overall, below forecasts. The quality of the treatments and the constraints
imposed by the law limiting the crop mix to be practiced are the variables put for-
ward by the farmers to explain this underutilization. The reuse of the wastewater is
more significant in the regions of the south and the center (Sfax and Mahdia) where
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Fig. 8.4 Evolution of the irrigated areas by irrigation sources. (ITES 2011)
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the cultural choices of farmers, olive trees, and forage crops correspond to the crops
allowed by the legislation in place. To these variables should be added the absence
of other alternative water resources which are otherwise completely absent, at least
rare and coveted by other uses. Improving the quality of these waters through fur-
ther processing, in accordance with established and institutionalized standards,
could encourage farmers to use them. Thus, improved bacteriological quality of the
treated water reduces the health risk for farmers and encourages them to use these
waters (El Amami et al. 2003). The protection of the environment and public health
could provide additional legitimacy for such improvements.

8.3.3 Pricing

The pricing of irrigation water has undergone successive adaptations. In fact, at the
beginning of the service of the main irrigated areas, the tariffs were kept at low
levels to encourage farmers to adopt irrigation. The cost of providing water services
for irrigation has weighed heavily on the state budget. The agricultural structural
adjustment program and the devolution of the irrigation institutions to farmers led
to the search for water cost recovery rates as an important objective in the manage-
ment of the irrigated areas. Successive increases to the irrigation water prices have
been decided. A rigorous policy of annual increase of irrigation water prices has
been implemented since 1991 and prices have been increased by 9% in real terms.
Such rates are generally higher than those recorded by the prices of other factors of
production and those of the producer prices of most agricultural crops (Hamdane
and Bachta 2015). This policy has been observed in most governorates, but in a less
sustained manner in some central and southern governorates.

As areplacement for the governmental irrigation (Offices de Development), user
associations were created and then generalized. During the last decade, each asso-
ciation has been authorized to set its selling price level and its water pricing method,
taking into account its budget balance. Currently, there are different modes of pric-
ing in the irrigated areas. Each tariff system is influenced by the type of manage-
ment of the irrigated area, the equipment in place, and the cropping systems. In the
irrigated areas equipped with meters, a single pricing method has been adopted. In
the absence of meters, the pricing becomes lump sum. Billing takes into account
only the areas declared and the price per cubic meter. It is obvious that this alterna-
tive pricing does not encourage the farmers to value the resource and does not
reduce the waste. Irrigation water pricing can also be per ha. It is practiced in south-
ern oases where water demands are relatively uniform. This mode covers 7% of the
total Tunisian irrigated areas. Sales by the hour is another mode of pricing practiced
in the old irrigated areas with open networks of the lower valley of Medjerda river
and the irrigated areas of the south and the center.

Finally, the two blocks pricing mode consists of a fixed term payable per ha and
a variable term depending on the actual consumption of water. Dual pricing is an
incentive to increase the demand for water. Indeed, the average price of m* will
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decrease when the quantity consumed increases. It is therefore recommended in
irrigated areas where intensification rates remain low, especially in winter and
where the supply of water is higher than the demand. In addition, this pricing
method provides fixed revenues to the manager and is a cost-sharing instrument
within an area among all owners. Thus, in order to guarantee regular revenue to the
managing institution of the irrigated areas, the move to block pricing was intro-
duced by public authorities from 1999 to 2000 on the large irrigated areas of the
north in particular.

This diversity of pricing methods leads to significant variations in water prices
paid by irrigators. Zekri et al. (1996) have shown that groundwater prices vary con-
siderably between regions and in the same region. The authors explain these differ-
ences in water prices by the effects of economies of scale.

The policy of increasing water tariffs faced several constraints including the low
rate of intensification, the abandonment of irrigation in winter, and the shortage of
water. In addition, these tariffs are set without any link with the payment capacities
of farmers. Such a demand management tool is totally ignored by irrigated areas
managers. Kefi (1999) and Kefi et al. (2004) showed that in the irrigated areas of
Kairouan, farmers’ ability to pay depends mainly on the crops grown, the irrigation
technology adopted, and the management method. They concluded that the increase
in tariffs must be accompanied by measures that improve the economic valuation of
water: more efficient irrigation practices and mainly the introduction of value-
added crops.

8.3.4 Irrigation Efficiency

Studies conducted in different irrigated areas in Tunisia still show relatively low
technical and economic efficiency scores (Albouchi et al. 2003; Belloumi and
Matoussi 2006; Dhehibi et al. 2007; Dhebi and Telleria 2012; Ben Nasr et al. 2016).
Thus, efficiency gains are still achievable through the implementation of production
technologies that save water, increase land-use rates, improve crop yields, the limi-
tation of land fragmentation, and the reduction of interfarm conflicts. The different
components of the increase in efficiency should lead to a better valuation of this
resource increasingly coveted by other sectors of the economy.

In this logic of improving the value of irrigation water, the State has implemented
panoply of reforms and actions, including, in particular, (i) reforms of demand man-
agement through rehabilitation and the modernization of the hydraulic infrastruc-
ture; (i1) the financial and technical incentive to save water, within the framework of
a National Program for Water Economy (PNEE); and (iii) the creation and institu-
tional strengthening to empower users in the management of water distribution and
the maintenance of tertiary networks.

The National Program for Water Economy in Irrigation (PNEE) was adopted in
1995 This program has been widely disseminated with the extension of the modern-
ization of irrigation water systems, which has been favored by the political decision
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to increase the grant allowed to modern equipment of irrigation [40, 50, and 60% of
the cost of investments, respectively, for large, medium, and small farms]. From
1995 to 2010, the total investments made under this program were estimated at 937
MD, including 468 MD in financial incentives from the State. A relative progress
has been recorded, thanks to the program under consideration; the rate of equipment
in water-saving technology has increased from around 37% of the total area irri-
gated in 1995 to 83% in 2010 and 87% in 2012. The total area equipped in 2012 by
the PNEE is estimated at 365000 ha of which 90,000 ha is in improved gravity
irrigation, 116,000 in sprinkling, and 160,000 in localized. Localized and sprinkler
irrigation has introduced innovations such as fertigation.

It is hard to believe that this program has resulted in a reduction in the overall
demand for irrigation water. Consumptions per hectare have certainly decreased.
The adoption of this program led, on the one hand, to an extension of irrigated sur-
faces and, on the other hand, an increased energy required by new irrigation
techniques.

Most of the groundwater comes from deep aquifers in the south, the largest of
which is nonrenewable fossil groundwater (610 million m*/year, which represents
42% of deep aquifer resources). The total contribution of these aquifers is estimated
at 1429 million m? per year.

Groundwater quality is generally poor. Nearly 84% of these resources have salin-
ity levels in excess of 1.5 g/l. The overabstraction of these aquifers, estimated on
average at around 103%, is one of the determinants of the deterioration of their
quality. This average hides important interregional variations. The governorates of
Nabeul with 154%, Kairouan with 123%, Kasserine with 112%, and Kebili with
179% are the most affected.

The major consequences of this overabstraction are a significant lowering of the
level and prospects of disappearance of shallow aquifers and the gradual deteriora-
tion of the chemical quality of water. These consequences would result in excessive
increases in treatment costs of these waters and an aggravation of the deterioration
of their quality. Such developments would make future uses of these waters truly
problematic and could put an end to their use.

Groundwater, whose potential is estimated at 846 Mm?, is suffering from overex-
ploitation, which has reached 139% for some groundwater in the center of the coun-
try. All pumped volume are used for irrigation, as only 2% is less than 1.5 g/I.

For the future, the resource-use adequacy considered by the “Eau XXI” study
(see Table 8.2) focuses on the rather moderate evolution of domestic, industrial, and
tourist water demands. Volumes allocated to the irrigated sector are revised down-
ward due to competition from other sectors of use. Measures to encourage farmers
to use water-saving techniques and to adopt lower-water demanding crop varieties,
rear-season crops, and short-cycle varieties would lead to a significant reduction in
the allocation of irrigation water. Thus, the average allocation per hectare would
decrease from around 6000 m*/ha in the 1990s to 4350 m* by 2030. The total alloca-
tion to the sector would thus be revised from 2150 Mm? in the 1990s to 2035 Mm?*
at the same horizon. The only possible compensation for the irrigated sector is the
use of treated wastewater; a volume of around 220 Mm? would be made available
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Table 8.2 Evolution of water demand by use (Mm?*: Million cubic meters)

Water Uses Horizons

2010 12015 2020 12025 2030
1. Urban water

Domestic 381 410 438 464 491
Industrial 136 150 164 183 203
Tourism sector 31 33 36 39 41
Subtotal 548 593 638 686 735
2. Agricultural water 2140 2115 2082 2058 2035
Irrigated areas (1000 ha) 410 417 433 450 467
Volume in m*/ha 5200 5000 4800 4600 4350
Total 2688 2708 2720 2744 2770

Source: MARHP (2000)

Table 8.3 Evolution of the share of irrigated agriculture in exports

Value of exports (1000 DT)
Year 1995 2000 2005 2011 2015
Total agricultural exports 462,000 |628,200 | 1,225,600 |2,126,300 | 3,647,000
Irrigated agriculture
Dates 58,300 | 52,700 131,500 297,500 445,300
Citrus 10,600 9800 15,200 18,700 23,000
Drift of fruits and vegetables 39,800 71,200 63,000 116,000 92,900
Vegetables 0 0 22,200 103,400 97,000
Total irrigated agriculture 108,700 | 133,700 231,900 535,600 658,200
Share of irrigated agriculture (%) 23,53 21,28 18,92 25,19 18,05

Source (ONAGRI, several years)DT: Tunisian dinar

for irrigation by 2030. Such use could concern land not far from wastewater treat-
ment plants, usually located outside urban centers.

The content of Table 8.3 will be interpreted as the result of projections aimed at
testing hypotheses of changes in the various components of the water resources-use
balance sheet. These simulations should test the feasibility of a balance between
supply and demand for water.

These projections have highlighted the necessity to reduce the need for water per
irrigated ha to observe the water balance. It is important to question the technical
and sociopolitical feasibility of such an assumption, the implementation of which
seems to be taking into account the controlled technologies and the capacity of irri-
gators to manage situations of shortage, which is particularly problematic. In fact,
the limited availability of surface water recorded during year 2017 led irrigation
water managers to ration the supply of this resource.
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8.4 Water Property Rights

The water code of 1975 converted all private property rights of water into use rights
as a consequence of instituting the nationalization of the water resources which is
an eminently political decision. Through this decision, the state has given itself the
legitimacy to reconfigure the interests involved. The water code indeed authorized
the State to control all the resources, their allocation between sectors and between
regions and this, without reference to society. For example, water transects from the
north to the center have been decided and implemented and the supply of domestic
water is considered a priority over other uses.

8.5 Food Security vs Virtual Water/Food Imports

The flagship products exported by Tunisia are, with the exception of olive oil, par-
ticularly demanding in water. We talk about dates and citrus fruits. While palm trees
are irrigated by fossil water, citrus fruits require the transfer of water from the north
via the Medjerda-Cap Bon canal. The selection of current production mixes has
allowed irrigated agriculture to make a significant contribution to total exports of
agricultural products. Table 8.3 traces the evolution of this contribution.

This table shows an increase in the share of irrigated crops in total agricultural
exports. Despite this steady growth, the contribution of the irrigated sector remains
below that of olive oil estimated at around 40% on average of agricultural exports.
Cereals with low irrigation requirements constitute the bulk of our imports of agri-
cultural products. The food security interpreted by the government as the trade bal-
ance of agricultural and food products could result in a negative balance of the
exchange in terms of virtual water.

8.6 Water Salinity

In Tunisia, conventional water resources are naturally affected to varying degrees of
salinity. About 74% of the country’s surface water has a salinity less than 1.5 g/l
(82% of the waters in the north, 43% of the waters in the center, and 38% of the
waters in the south). With regard to groundwater, only 8% of the resources have a
salinity lower than 1.5 g/l and 21% have 4 g/l and more. About 20% of deep under-
ground resources have a salinity less than 1.5 g/l, 57% have a salinity between 1.5
and 3 g/1, and the remaining 23% have a salinity exceeding 3 g/l. In summary, the
salinity of waters exploited for irrigation purposes is as follows (Table 8.4).
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Table 8.4 Salinity classes of Class of salinity | Volume in Mm* | % of volume
f:opvgnti(?nal resources used S<15¢l 527 25%
in irrigation
1.5<S<3¢gl 791 37%
3<S<5¢g/l 586 28%
S>5¢/ 220 10%
Total 2124 100%

8.7 Urban and Drinking Water

Urban water with its drinkable and industrial components is considered a priority
use compared to agricultural uses. It must also be of better quality. Under the effects
of demographic growth, especially urbanized populations, but also the improvement
of the standard of living of the population and diversification of the Tunisian econ-
omy, the share of this water in total uses will only increase in the future. This
increase will be to the detriment of the agricultural sector (MARHP 2000).

The rate of access to drinking water is relatively satisfactory in Tunisia. In fact,
the drinking water supply rate in urban areas is 100%. These national averages hide
inter- and intraregional disparities. In rural areas, it rose from 30% in 1985 to 93.4%
in 2012. Despite this remarkable increase and improvement, the rural service rate
remains particularly low in the northern regions of the country (Bizerte, Beja, Kef,
Jendouba and Siliana), although 80% of the surface water comes from these regions
(BPEH 2013). Another form of regional inequity problem is confirmed here. These
governorates have the lowest service rates (87%). Both the dispersal of habitats and
the isolation due to the topography in rural areas of these regions do not facilitate
the supply of the conquered populations.

The unconventional water resources considered are those derived from seawater
desalination. Desalination of brackish water has been already taken into account in
groundwater uses. Three seawater desalination plants were considered: that of
Djerba with a capacity of 18.5 Mm?/year that will be allocated to drinking water and
that started operation in late 2018; a desalination plant in Sfax with a capacity of
73 Mm?/year of which only 50% will be available in 2020 and the rest by 2030; and
that of Zarrat, governorate of Gabes, with a capacity of 18.25 Mm? which will be
totally dedicated to drinking water and available from 2020. A seawater desalination
plant for the industrial needs of the Tunisian Chemical Group in Gabes is scheduled
for 2020 with a capacity of 10.95 Mm?/year.

Domestic water is metered and billed according to a scale of tiered pricing with
several quarterly water consumption bands. The pricing system, which is the same
for all the country, has seven consumption bands with a single tariff per bracket.
Rates range from 0.2 dinar/m? for the first social block (0 to 20 m*/quarter) to 1.315
dinar/m’ for consumption greater than 500 m*/quarter. It should be noted that a sin-
gle tariff of 1315 Tunisian Dinar/m?® is applicable to the tourism sector
(SONEDE 2017).
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8.8 Water and the Environment

ONAS (National Sanitation Office) is the only operator responsible for the collec-
tion and treatment of wastewater. Around 90% of the urban population is connected
to sanitation networks. The number of inhabitants connected to the sewerage net-
work is estimated at 6.3 million in 170 communes supported by ONAS. With a total
of 110 wastewater treatment units, the total volume treated is 232 Mm?/year in 2012
(BPEH 2013). Given the potential for rain-fed agriculture, treated wastewater is
little used in the northern regions. In some cases, they are therefore surplus and a
source of pollution. In the southern and central regions, the use of these waters is
limited by the degree of treatment below the required standards; handling also
remains a source of pollution.

The environmental water component accounts for about 2% of total available
water. This water is essential for the maintenance of the ecosystems and hence for
sustainable development. It should not suffer from reduction and should even be
increased as much as possible (ITES 2011).

Regarding the allocation of soil irrigated by the saline water, there are about
60,000 ha of land sensitive to salinization and 75,000 ha subject to an enhancement
of the aquifers in the irrigated areas in north and south in particular. On the other
hand, it is estimated that about 60% of the public irrigated land in Tunisia is moder-
ately to highly sensitive to secondary salinization following irrigation; this rate
reaches 86% in the private irrigated areas. These salinity risk categories are shown
in Fig. 8.5 below.

In addition to these uses with socioeconomic objectives, it is important to high-
light the needs of eco-systems in blue and green water. Blue water is used in some
cases as a source of environmental balance. Lake Ichkeul illustrates the case of an
ecosystem dependent on a complex hydrological balance. This balance results from
seasonal freshwater inputs from six streams flowing into the lake and water move-
ments between the lake and the sea via the Tinja Canal.
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Fig. 8.5 Soil salinization risk classes. (MARHP- DG/ACTA 2005)
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When the inflow of water is high, due to winter precipitation from October to
March, the lake level increases, its salinity drops, and the excess water flows into the
sea On the other hand, with low flows of freshwater, the level of water in the lake
decreases, and the flow between this lake and the sea is reversed. The salinity of the
waters of this lake will only increase. From 1992 to 2002, the hydrological balance
was disrupted by two prolonged droughts and the diversion of a large volume of
water from the streams that feed the lake. The lake’s ecosystems were significantly
affected, and there was a decline in lake productivity, a loss of key habitats, and a
dramatic decrease in waterfowl populations using the lake and surrounding areas
(ANPE 2004).

The intensification of agriculture can lead to the degradation of fertility and the
pollution of irrigated land. A survey carried out in 2007 (Directorate of Soils, DG/
ACTA) as part of a study on the evaluation of land degradation forms in irrigated
areas revealed in particular the following facts relating to fertilization and pollution
in these irrigated areas.

The decline in fertility of irrigated soils constitutes a dominant form of degrada-
tion in relation with the modification of certain physical, mineralogical, chemical,
or biological properties of the soil (degradation of the structure due to lack of
organic matter, loss of major nutrients, etc.). This change affects the overall quality
of the soil and can lead to an often significant decrease in crop yields with signifi-
cant economic consequences in the long term. The phenomenon in question affects
about half of the public large irrigated areas surveyed.

Chemical pollution in irrigated areas is mainly due to the misuse or inadequate
use of mineral fertilizers and crop protection products. It threatens in the long term
28% of the irrigated areas with localized low-to-medium pollution risks.

In some cases, particularly in the oases of south, hydromorphic signs due to lack
of drainage systems are observable, such as the oases of Hezoua and Ibn Shabbat in
Tozeur and the oases of Tarfaya in Kibili. Water logging damages soil structures and
affects the growth and productivity of date palms. During the rainy years, in the
northern region, particularly in the upper Madjerda Valley, 4000 to 5000 ha are sub-
merged by runoff water (the case of Bou Salem in Jendouba). The water logging
negatively affects crops, soil structure, as well as livestock and habitats.

It should be noted that the intensive use of nonrenewable resources threatens the
sustainability of these resources. This situation essentially characterizes the oases
and some of the irrigated areas which consume about a quarter of the water supply
for irrigation in the country. Despite the implementation of careful planning and
monitoring of these resources, signs of overuse and loss of the shallow aquifers are
worrying for the future (see the case study of large illegal extensions of the oases at
Kebili). This can seriously affect the salinity of the resource and increase the energy
costs for abstraction. These risks are very serious for the south and constitute a chal-
lenge to the sustainability of date production, which is currently the mainstay of the
economic development of certain regions of the south.
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8.9 Energy—Water Nexus

The direct consumption of energy in the agricultural sector is estimated at about 7%
of the country’s total energy consumption, of which 2% is for irrigation. The con-
sumption of this form of energy is generally fluctuating according to the climatic
conditions. In fact, climatic factors determine the total area requirements of irrigated
land and subsequently the energy requirements for irrigation. However, consump-
tion of this form of energy has increased at a very low rate over the last decade, with
an average of 1% per year. It is noted that total electricity consumption of the agri-
cultural sector has been growing regularly in recent years, with an average of 6% per
year. This is due to the replacement of diesel pumps with electric pumps. This
increase in electricity consumption is due to the rapid growth of electrification for
pumping due in part to the adoption of water-saving techniques. These technologies
need an important quantity of energy (STEG Several years). The following graph
relating to the number electrical agricultural connections to the electricity grid for
Medium Voltage (MV) and Low Voltage (LV) shows such an evolution (Fig. 8.6).

Increasing use of energy, especially electricity, has not translated into real sav-
ings in water.

The desalinated water comes from brackish water or seawater. Thanks to the
competitive cost of reverse osmosis desalination, it is becoming a valuable and eco-
nomical source of water supply. Thus, the installed desalination capacity is cur-
rently estimated at about 138,000 m?/d.

Energy consumption by the agricultural sector and the water sector is continu-
ously increasing. Between 2015 and 2016, there was an 11% increase in the con-
sumption of energy for pumping fresh water and treated wastewater and a 6.7%
increase for agricultural water pumping. The total electricity consumption for the
agricultural sector reached 1286 Gwh in 2016 including 602 Gwh for agricultural
activities and 684 Gwh for water pumping energy (STEG 2016).
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Fig. 8.6 Evolution of the number of subscribers to the electricity utility: Low voltage (LV) and
medium voltage (MV). (Source Several years)
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8.10 Special Issues

8.10.1 International Water: Conflicts, Negotiations,
and Agreements

The two main aquifer systems in the south of Tunisia are transboundary resources
with the majority of the corresponding surfaces located in Algeria (68%) and Libya
(24.3%). Algeria withdraws 1.3 billion m* per year, or 60% of total withdrawals,
followed by Tunisia with 0.540 billion (24.6%), followed finally by Libya with only
0.340 billion m* (15.4%).

The scenarios developed in the framework of the Northern Sahara Aquifer
System project (SASS) all converge toward the more or less controlled increase in
abstraction with significant effects in terms of the depletion of aquifers, up to 300 m
for some aquifers. Total abstractions estimated at 600 Mm?® per year in 1970
increased to 2.2 billion in 2000 and are expected to reach 8 billion m? in 2030 (OSS
2008, cited by Elloumi 2016). More broadly, the SASS program draws attention to
the problem of these shared aquifers which is quite complex and which requires
coordination between the authorities of the three countries.

In fact, the Tunisian authorities are caught between, on the one hand, a regulation
of the abstractions by a strict control of the wells development and a race in the
neighboring countries in order to make the most of such fossil and low renewable
resources.

Oued Madjerda, which is a major source of surface water in Tunisia, is also
shared with Algeria. Consultation mechanisms, particularly in case of flooding, are
observed.

8.10.2 Climate Change Effects

Like all African countries, Tunisia will not escape the impacts of climate change
phenomena despite its insignificant emissions of GHG compared to the global aver-
age. All the studies carried out over the last 10 years were based on the climate
projections from the 2007 study on the adaptation strategy of the agricultural sector
and ecosystems to climate change, which were also used in the second national
communication published in 2014. These projections provided for an annual aver-
age increase in temperature concerning the whole country of +1.1 °C by 2030 and
+ 2.1 °C by 2050. The magnitude of this increase in temperature would vary from
one area to another. It averages 1.6 °C in the northern region, 2.1 °C in the center,
and 2.7 °C in the southern region.

Decrease in the annual volume of rainfall, which ranges from 10% in the north
to 30% in the south by 2050, compared to the current situation. This decline will
most likely be accompanied by an increase in the frequency and intensity of the
extreme dry years.
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These results are reinforced by the climatic projections published in 2015 by the
National Institute of Meteorology (MNI), which, based on a dynamic downscaling
of the results of the 4th IPCC report and on a mesh of 25 km?, offer to Tunisia the
first climate projections from one of the general circulation models validated for the
case of Tunisia on 9 models.

The selected socioeconomic scenario describes a future world in which eco-
nomic growth will be very rapid, the world population will reach a maximum in the
middle of the century and then decline, and new, more efficient technologies will be
introduced rapidly. It is a median scenario. The reference climatology is that of
1961-1990, which constitutes the historical period of reference of the climate.
These are the climate projections that are used to assess the vulnerability of water
resources to climate change.

This situation will worsen in the coming years as demand for water increases and
as a result of climate change, with a decline in conventional water resources esti-
mated at around 28% by 2030. The increase in extreme events (floods and droughts)
will further weaken the country’s water situation. These results are from the first
initiative to assess the needs of agriculture and ecosystems for adaptation to climate
change following the severe drought experienced by Tunisia between 1998 and
2002 (MARHP and GIZ 2007). In addition, following the accelerated sea-level rise,
the salinization of the coastal aquifers would result in losses of about 50% of the
current resources by 2030, that is, losses of nearly 152 Mm?®. All studies carried out
on the coastline confirm the fragility of coastal water resources and the major risks
of seawater intrusion.

A recent study in 2016 assessed Tunisia’s vulnerability to climate change.
Vulnerability is approximated by the product of exposure, the ratio of water demands
to water availability, and the ratio of sensitivity to adaptive capacity. Estimated at
the level of the governorate, the vulnerability scores are all greater than unity, which
means a proven vulnerability. Some governorates such as Kairouan, Sidi Bouzid,
and Kebili are hot spots.

As part of this study, a prospective exercise was conducted. A basic scenario
known as regional rebalancing has been adopted. This scenario simulates a process
of population adjustment and unemployment rates. According to this simulated pro-
cess in situations with and without CC, the populations of the western governorates
will evolve at the national average rate, and the rates currently observed are lower
than this average. The various water demand components estimated for this scenario
were for the 2030 and 2050 horizons. As shown in Tables 8.5 and 8.6, total water
demand will increase in the case of climate change. On the other hand, the decrease
in demand for water by 2050 expressed by the agricultural sector would result from
the fall in agricultural activity in favor of other sectors (industry and services), but
also from the technological improvements linked to irrigation efficiency. With
regard to water availability, Table 8.5 below summarizes blue water resources by
category, taking into account the increase in aridity due to climate change.

We note that the water consumption of the agricultural sector will decline despite
the effects of climate change. The predominant effect would be the diversification of
economic activity which would result in an increase in the opportunity cost of the
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Table 8.5 Supply of and demand for blue water at different horizons with CC (Mm?)

Horizons 2014 2030 with CC 2050 with CC
Demand Urban water 701 1121 1323

Irrigation 2650 2296 2093

Total demand for blue water 3351 3417 3416
Supply Auvailable surface water (Mm3) 1072 1176 843

Shallow aquifers 746 720 705

Deep aquifers 1429 1404 1380

Total supply of blue water 3247 3300 2928

CC: Climate change; Mm?: Million cubic meters
Source: MARHP (2000)

Table 8.6 Supply of and demand for green water at different horizons — with Climate change
scenarios (in Millions m?)

Horizons 2014 2030 2050
Green water demand Rain-fed agriculture 5069 4517 4150
Forest and grass-land 9011 9034 9541
Total green water demand 14,080 13,551 13,691
Green water supply Rain-fed agriculture 11,033 10,880 10,770
Forest and grass-land 9011 8800 8822
Total green water supply 20,044 19,680 19,592

Source: MARHP (2000)
Mm: millions m?

labor force. This evolution will be to the detriment of agricultural activity. Such an
economic context could imply the abandonment of certain irrigated areas or certain
crops that have become uncompetitive with regard to the use of the primary factors
of production, water, and labor. Citrus fruits and dates seem to be the most endangered.

For green water, supplies for rain-fed agriculture, rangelands, and forests are
presented in Table 8.6 above.

The “green waters” — water indirectly available in the form of agricultural, ani-
mal, and vegetable production (rain-fed agriculture, rangeland, and forest) — total
about 23 billion m*/year. There is therefore a huge reservoir that needs to be better
exploited and mobilized to ensure and reinforce water security (ITES 2011).

While it is generally estimated that about 60% of rainwater is absorbed and evap-
orates and 39% flows and/or goes underground, in Tunisia, 90% evaporates and
only 10% flows. The importance of green water is emphasized and there is a lack of
research and interest in it (Besbes 2011).

The drought during the last years has led to overexploitation of the aquifers. The
Ministry of Agriculture, Water Resources and Fisheries has programmed at the end
of 2018 a measure of groundwater recharge. This recharge aims to improve the
piezometric level and reduce the groundwater salinity. This recharge is possible by
the releases from surface reservoirs, infiltration basins, and injections into surface
wells. This recharge program targets a total of 48 million m* and covers eight
regions (see Table 8.7).
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Table 8.7 Groundwater Quantity
recharge in Tunisia in 2018 Regions (millions m?)
North Nabeul 10
Ben Arous | 2
Bizerte 2
Zaghouan 2

Center | ElFekka 10
Kasserine 2

Kairouan |10

South Gafsa 10
Total 48
Source MARHP (2019)

8.11 Research

According to the summary report of the Strategic Study, Water 2050, a profound
review of Agricultural Research and Development may be necessary in terms of
defining missions, objectives, organization, work methods, and productivity. It is
proposed to include research activities, with specific objectives, within the frame-
work of the National Priority Programs. The technical and technologies profi-
ciency in all areas of water particularly in the artificial recharge of aquifers, the
tertiary treated wastewater, the silting of dams, the desalination of water, the selec-
tion of plants and seeds adapted to the Tunisian climate constitute the essential
components guaranteeing national water security. Scientific research is to be
developed in all these areas and it is necessary to rethink this effect (ITES 2011).
In addition to these technical components, particular attention should be given to
institutional aspects, governance, and water management, particularly at the
local level.

8.12 Conclusions

The public authorities have chosen to invest in irrigated agriculture since it reduces
the dependency on rainfall variability. They have made important investments in the
supply of water and creation of irrigated areas. The relations of dominance between
the state and society have given it considerable discretion. The agricultural activities
created allowed undeniable performances. However, this agriculture suffers from
threats of unsustainability. In fact, irrigated agriculture is threatened in its environ-
mental, institutional, financial, and political components.

The water and soil resources are overexploited, especially groundwater, as well
as risks of salinization and hydromorphic soils. These risks are more observable in
areas with a long tradition of irrigation: the Cap Bon region, oases, etc.
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In addition to these threats of the physical environment supporting the activities
of irrigated agriculture, a three-tiered dualism characterizes farms. The first is of a
structural nature, opposing small farms with little equipment to large production
units with a balanced production structure. The second reflects the observable dif-
ferences in the production techniques adopted. While the smaller farms use “tradi-
tional” technical itineraries, the other farms are in direct contact with technological
advances on a global scale. The third component of this dualism is institutional in
nature and reflects the differences in the relations of production. Salaried employ-
ment is the most widespread social relation at the level of large farms. The small
ones practice various forms of sharecropping. This dualism is reflected in differ-
ences in the value of irrigation water. Small farms with an unbalanced structure
ensure valuations far below the prices of water paid. As a result, there is a risk of
nonpayment of water bills and, as a result, financial difficulties are often faced by
water user associations.

On the political level, the revolution interpreted as a collective refusal of public
choices has aggravated the questioning of the choices decided previously. There
have been almost universal refusals to pay water prices. Protests have begun to rise
against some interregional water transfers.

Finally, the guidelines adopted in terms of economic development, in particular,
are being confronted by the new relations that the state maintains with the postrevo-
lution society and, on the other hand, by the tensions over the water resources exac-
erbated by the effects of climate change on existing agriculture.
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Chapter 9
The Water Sector in MENA Region:
The Way Forward

Slim Zekri

Abstract This chapter summarizes the most important water policies implemented
in the seven countries considered in the book. It also assesses the progress made by
each of the countries on the reforms judged fundamental to avoid water crises and
social unrests and ensure water security for a sustainable development. The chapter
concludes with a comparison of reforms undertaken worldwide and suggests some
urgent measures that would speed up balancing supply and demand. Essentially
demand management and cost recovery are judged urgent to undertake and feasible
by learning from the successful energy price reforms undertaken in Iran and Oman
for instance.

Keywords Water policies - Reallocation of water resources - Treated wastewater
reuse - Cost recovery

9.1 Introduction

Traditionally, citizens of Middle East and North Africa (MENA) countries were
wise users of water as witnessed by the historical water infrastructure and the way
water was managed at homes and in public places in these arid countries (Salleh and
Taher 2012). In the southern part of Tunisia, for instance, rainwater harvesting for
drinking purposes was and still a must in most houses. Separation of grey water
from bath rooms for garden irrigation was a common practice. The use of slightly
saline water from wells for other uses than drinking was the rule as well as the use
of dry latrines. People were paying the full cost of water and several charity institu-
tions were in place to provide water for low-income families. With urbanization,
centralized governments spread their water services to the communities and most of
the aforementioned practices vanished, although an important part of the cost of
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water services was and is still paid by public authorities, that is, sending distorted
signals about water scarcity.

Generally speaking, MENA countries have not been able to accompany the
social and economic changes with the required institutional and technical innova-
tions in the water sector to cope with the water scarcity during the last 100 years.
They contended themselves with the adoption of solutions designed to Western
water-rich countries. It took long to properly realize the severe water scarcity in
MENA countries and to start the journey for water policy reforms. Seminal works
on MENA water issues date back to the 1990s. Gleick et al. (1994) addressed
MENA water scarcity and potential wars on water as well as the potential solutions
to avoid conflicts such as agreement on transboundary water, allocation of surface
and groundwater rights, transfer of water from the agricultural sector to the urban
sector, improving water use efficiency, desalinated water, water banks, and water
markets, as well as the consideration of climate change effects. Brooks et al. (1997)
summarized the way demand management can be undertaken as an essential and
effective policy tool for Africa and the Middle East. They stressed on the following
tools: institutions and laws, market-based measures, non-market-based measures,
and direct intervention. The authors stressed that the conditions in the north are dif-
ferent to the point that MENA and African countries should rely on their own
research to develop appropriate options. The Northern countries have utilized their
capital assets and energy to overcome deplorably bad water management. Brooks
et al. (1997) argued that solutions to water scarcity and conflicts should be looked
from outside the water sector and wars over water are a myth. The authors intro-
duced the concept of virtual water and international trade of agricultural products as
a solution for water-short countries. Mubarak (1998) explicitly recommended that
the agricultural and its role must shrink to avoid overuse and depletion of the water
resources. The first World Bank (2007) report on water perfectly defined the prob-
lem and solutions to the region’s water scarcity and brought the discussion to the
political arena. The World Bank (2017) report is an update of the situation as well
as the options available to decision makers. All recent and previous publications
agree on the diagnostic and severity of the water situation in MENA and the need
for reforms. In this chapter, a quick summary of the reforms that have been under-
taken in the seven countries is presented with some recommendations for future
reforms. Public decision makers and stakeholders of the water sector are called to
perceive the overall picture of the water sector and to consider investments in the
security and governance of water as investments in peace and security. There is an
urgent need to consider a better allocation of the scarce water resources through
demand side management such as water rights, regulations and quotas, water pric-
ing, water trading, and subsidy reform (Cousin et al. 2019).
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9.2 Water Policies in MENA

Flagship policies of the seven countries considered in this book are summarized in
this section. Algeria created a Ministry of Water Resources since year 2000 with a
mandate to elaborate and implement policies and strategies in the context of water
resources and environmental protection. Algeria started since 2008 coordinating
with its neighbors Libya and Tunisia to sustainably manage the common groundwa-
ter resource. Algeria also has agreements with Tunisia on the management of sur-
face water in the Medjerda basin. In the Sahara, the Foggaras (equivalent of Aflaj in
Oman) represent a good example of sustainable groundwater management. Some of
these Foggaras are still alive and functional in several oases. However, in general,
groundwater abstraction is still not monitored, though in some parts of the country
groundwater rights are in use. The urban sector is given absolute priority of water
allocation among sectors. The allocation to the agricultural sector is determined
yearly after subtracting the demand for the urban sector. The supply and manage-
ment of water utilities are achieved through a mixture of public and private entities.
Although seawater desalination has been able to address the water shortages, it
resulted in a considerable increase in energy use by the water sector, which reached
4983 GWhin 2011 and is set to more than treble to reach 16,090 GWh by 2030. The
predicted increase is caused mainly by seawater desalination, water transfer proj-
ects, supply of water through pipes, and wastewater treatment facilities.

In Egypt, the water sector responsibilities are divided between two ministries:
the Ministry of Water Resources and Irrigation, in charge of water resources plan-
ning and management, irrigation, and agriculture drainage, and the Ministry of
Housing, Utilities and Urban Communities, in charge of domestic water supply and
sanitation. The irrigation water delivery costs are indirectly recovered through agri-
culture land taxes. The costs of investments on irrigation improvement and drainage
are recovered from the farmers in the form of installments. A large number of water
user associations (WUAs) exist in Egypt and a new law aims to devolve more roles
to the WUASs such as recovering the costs of irrigation, investment projects, and
operation and maintenance of central pumps. Domestic water has the highest prior-
ity over other sectors in Egypt’s water policies. In case of shortages, the domestic
water demand takes priority in satisfying demand over other sectors. In 2018, urban
water prices have been increased. Four block prices are used for domestic uses,
while another four different prices are used for the different economic sectors.
Wastewater treatment costs vary from 75% to 98% of the fresh water price. Private
sector is being involved in wastewater treatment projects that treat and supply
treated wastewater for reuse in the cities. Egypt depends almost totally on the sur-
face water from the Nile River, whose basin is shared by 11 countries. Yet there is
no formal agreement among all these countries on the water shares. However, a
declaration of principles was signed in 2015 by Ethiopia, Sudan, and Egypt, agree-
ing on the rules of the first filling and the operation of the Grand Ethiopian
Renaissance Dam.
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In Iran, the water sector is under the responsibility of the Ministry of Energy
(MOoE) and the Ministry of Agriculture (MoJA). Both surface and groundwater uses
are subject to water permit, which is issued for a specific use and nontransferable.
Water is considered a national wealth, but groundwater is regarded as private prop-
erty and thus some trade between farmers is allowed. The traditional Qanat (equiva-
lent to Foggara and Falaj) system is also based on ownership of groundwater rights.
Urban water prices are set at very low level that does not allow cost recovery for
political reasons. Nonetheless, the government has put in place a national task force
to address the problem of adaptation to water scarcity with demand management
given the highest priority. The task force also extends to provinces where decisions
on allocations, arrangements, and agreements between different sectors are reached
on the basis of operational temporal and spatial demand. Mechanisms for settling
water disputes are established at two different levels and are based on arbitration.
Drought preparedness strategies for emergency situations are in place with estab-
lished “Agricultural Product Insurance Fund,” and extended loan reimbursement
deadlines provision and aid measures such as the provision of agricultural inputs,
small and medium funds, food subsidy, and forages in cases of drought/flood emer-
gencies. The country has also finished comprehensive assessment work of global
warming impact on the hydrology and water resources. One major policy to adapt
to climate change consists of building desalination plants in the coastal cities in
partnership with the private sector. Iran has treaties and agreements with most of its
neighbors on the several Transboundary Rivers and shared wetlands. However,
agreements on shared aquifers are lacking.

In Jordan, three organizations share the water responsibility. The Ministry of
Water and Irrigation (MWI) is responsible for the policy making and sector plan-
ning. The Water Authority of Jordan (WAJ) is responsible for the infrastructure
development and service delivery of both fresh and wastewater, and the Jordan
Valley Authority (JVA) is in charge of the irrigation water in the Jordan Valley.
Jordan has put in place an advanced groundwater policy. Groundwater is monitored
and metered. Smart-card controlled abstraction and quotas are being introduced
progressively in the wells. Farmers pumping more than 75,000 m*/year pay a fee.
Priority allocation of groundwater is given to high value uses, while supporting the
sustainability of existing agricultural plantations. Expropriation of use rights arising
is possible against fair compensation. Allocation of groundwater for irrigation is
recommended from aquifers where water quality does not qualify for use in munici-
pal and industrial purposes, and contingency plans shall be made for the purpose of
allocating the water from privately operated wells for use in the municipal net-
works. Water user associations (WUASs) establishment started in 2001 with a diver-
sity of legal status. However, most WUAs are legally under the cooperatives law and
recognized by JVA. Treated wastewater is heavily used in agriculture and desalina-
tion of brackish water for irrigation is starting with 1.5% of total irrigation water
being desalinated brackish water. Urban water services are intermittent and house-
holds depend on top roof reservoirs. Both fresh water and wastewater utility ser-
vices are based on increasing three block tariffs. Users also pay an added value tax
that is increasing according to the block tariff and it reaches $0.42 /m? for the upper
block of above 100 m?® per month. The total price of water services for the highest
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block tariff is quite high, for an intermittent service, with $6.12 per m®. The lowest
price is $1.56 per m* for demand below 15 m*month. Assuming an average family
of 5, this is the equivalent to 100 liters/cap/day at a low price that does not cover the
cost of service. Cross subsidization is inherent in the block design. Jordan has bilat-
eral water agreements with its neighbors to manage shared surface water resources
in the Jordan basin.

In Oman, the responsibility for water legislation falls mainly in the hands of the
Ministry of Regional Municipalities and Water Resources. However, since the most
important part of urban water is from desalination plants, the Public Authority for
Electricity and Water (recently renamed to Diam) and Oman Power and Water
Procurement Company play a major role on policies related to this sector. The
Ministry of Agriculture and Fisheries deals with policies related to the use of the
water for irrigation. Finally, the water semipublic company Haya is the player when
it comes to wastewater treatment and reuse. Most renewable water is in the form of
groundwater. Water is declared a national wealth with the exception of the tradi-
tional Aflaj systems where water is still a private property that is exchanged in for-
mal markets among farmers. Since year 2000, regulations have been issued to meter
and monitor groundwater. Technical difficulties of metering have delayed the imple-
mentation of this crucial law and the trend today is to use smart metering technol-
ogy for this purpose. Urban water prices are heavily subsidized despite the block
tariff structure. Ninety percent of the supply depends on seawater desalination with
a heavy reliance on fossil fuel for this purpose. Reuse of wastewater is almost con-
fined to urban landscaping. Treated wastewater is owned by Haya Company and its
high price prevents its use in the agricultural sector, given the open free access to
groundwater. The impacts of climate change on the water sector are assessed with
absence of action plans on adaptation and mitigation.

The Ministry of Environment, Water and Agriculture is responsible for policy
and regulation in Saudi Arabia. The agricultural sector remains the principal con-
sumer of water resources in the Kingdom. In the 1980s, the Kingdom started its very
ambitious agricultural program to realize self-sufficiency to meet its food require-
ments. The goals were successfully achieved and the Kingdom witnessed self-
sufficiency in many food commodities. Since 2008, the Kingdom decided to phase
out the wheat production subsidy program, which was started in the 1980s, which
allowed the Kingdom to become the sixth largest wheat exporter at the expense of
its water resources. Meanwhile wheat was replaced by Alfalfa, which consumes
three times more water than wheat. In 2015, the Saudi government decided to stop
the cultivation of green feed within 3 years. Farmers would not be allowed to grow
fodder after 2019 and are encouraged to produce less demanding water high value
crops. The Ministry of Environment, Water and Agriculture is planning to impose
metering on individual wells and to allocate water shares for users. Until 2015,
consumers in Saudi Arabia paid only 1% of urban water service costs. In 2016, five
block tariffs were introduced but prices are still on the low side and the water bill for
consumption not exceeding 60 m*/month does not exceed $24/month for water and
sanitation. This will allow covering 30-35% of the costs and plans are in place to
achieve full cost recovery.
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The Ministry of Agriculture Hydraulic Resources and Fisheries is the main
responsible for water in Tunisia with the exception for the treatment of wastewater,
which falls under the responsibility of the Ministry of the Environment. The water
law was promulgated in 1975, which established the ownership of all water resources
as public resources, transforming old property rights into use rights. Resource allo-
cation is done at central level through Master Plans and absolute priority is given to
urban water. Since the 1990s the government started a vast reform program aiming
to devolve the responsibility of water management to water user associations.
Thousands of associations were created, but their dependence on the state is heavy
due to political, technical, and financial interferences. Shallow groundwater is not
monitored and illegal drillings are numerous with the consequences of overabstrac-
tion and salinization. Deep aquifers, whose exploitation is reserved to the public
authorities, require much heavier investments and special equipment for drilling,
which are not available easily. Treated wastewater reuse is very limited, given the
low quality and availability of better surface/ground quality water. Disposal of sec-
ondary treated wastewater into the sea has severely degraded the quality of the
beaches surrounding the capital city Tunis. A rigorous policy of annual increase of
irrigation water prices has been implemented since 1991 in order to achieve cost
recovery. WUASs have been authorized to set water prices taking into account the
budget balance. Financial and technical incentives to save water are in place since
1995. The country depends on imports for staple food, while exporting water-
intensive crops such as dates. Domestic water is metered and billed along with
wastewater with cost recovery being a major policy. Users do even pay an added
value tax on the water bill. Water allocation for the environment is well established
even though during drought periods the primacy is for the urban sector. Tunisia has
agreements in place with its neighbors Algeria and Libya on the use of the trans-
boundary groundwater resources while for surface water only consultation mecha-
nisms, particularly in case of flooding, are observed. Climate change impacts are
well assessed, but action plans on mitigation and adaptation are not yet clearly
planned.

9.3 Reforms Within the Water Sector

Table 9.1 summarizes the main reforms within the water sector in the seven selected
countries. These reforms are related to the reallocation of water from rural to urban
users and from agriculture to industry, freezing of the irrigated area, permitting and
monitoring of groundwater and implementation of laws, reuse of the treated waste-
water for agricultural purposes, tertiary treatment of the wastewater for food safety
and environmental protection, cost recovery for urban and treated wastewater, and
access of the poor to drinking water.

The reallocation of water from rural to urban users and from agriculture to indus-
try has not been undertaken explicitly in any of the seven countries. Supply augmen-
tation has been the rule so far. No clear-cut policies or water rights for the surface
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Table 9.1 Degree of adoption of reforms within the water sector

Saudi

Algeria | Egypt | Iran | Jordan | Oman | Arabia | Tunisia
1. Any reallocation of water from No No No |No No No No
rural to urban users and from
agriculture to industry?
2. Are we still seeing an increase of | Yes Yes |Yes |No No Yes Yes
the irrigated area?
3. Any allocation of quotas and No No Yes | Yes No No No
monitoring of groundwater?
4. Tertiary treatment of wastewater Yes No No |No Yes | Yes No
5. % of reuse of treated wastewater | 3% 72% (40% 91% |68% | 50% 29.6%
(TWW) in agriculture and
landscaping
6. Cost recovery for TWW No No No | Yes No No No
7. Cost recovery for urban water No Yes |No |No No No Yes
8. Access of the poor/marginalized Yes Low | Yes | Yes Yes | Yes Yes
population to drinking water

water exist on how much water should be allocated to the urban sector in the present
or the future. However, except for Oman and Saudi Arabia, the urban sector has the
highest priority when decisions of allocations are needed such as during drought
periods. This implies that the urban sector is satisfied at the expense of the farming
sector without any compensation for the later. One of the most important recom-
mendations for the MENA region has been to cut down the irrigated area or at least
not increase it in face of the increased competition for water. Five of the seven
countries have been seeing an increase in the irrigated area during the last decade,
except Jordan and Oman. It looks like that MENA countries are not being able to
find alternative rural development options to the expansion of irrigated agriculture.
Still the easiest option is to support farmers’ access to irrigation water as a mean of
income improvement and stabilization of the populations in the rural areas. Even
though reduction of the irrigated area seems to be an internal water sector reform, in
fact rural development based on industrial activities is a necessary reform that
should come from outside the water sector to offer well-paid jobs to reduce the
dependency on irrigated farming. Unfortunately, rural development is totally
neglected in most of the MENA countries or development options are restricted to
agricultural development (Nin-Pratt et al. 2018). Anticipating water depletion in
rural areas is of extreme importance in several locations, mainly when unsustain-
able groundwater is used. MENA countries have to have clear plans on how much
water would be sustainable in many villages depending on irrigation and prepare
plans for relocation of the population or changing the economic activities to less
dependent activities on water.

Groundwater reforms have been introduced in Jordan and Iran. The best example
in MENA is Jordan with clearly established water rights and metering. Iran has
water permits in place indicating how much water can be pumped from a given well
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in some areas, but no water rights. In the remaining MENA countries considered
here, not only groundwater is still an open access resource, but wrong incentives
such as subsidies to electricity and modern irrigation systems are causing further
abstraction of the resource. Electrification of rural areas and availability of efficient
submersible pumps have encouraged well owners to keep deepening their wells and
abstracting more than the renewable rate of the resource. Decision makers are not
interested in creating new laws and regulations to the management of the aquifers
because this would entail more commitment and more work to be done administra-
tively. Top decision makers are not willing to fund programs of property rights allo-
cation and wells metering and monitoring due to the opposition of farmers.
Furthermore, the existing technology of mechanical meters is useless and the smart
online groundwater meters are still not affordable by nonoil countries (Zekri et al.
2017). Although some small communities have experiences of collective manage-
ment, which is effective, there still remain the exceptions and cannot be generalized
to aquifers tapped by hundreds of farmers. To be successful, groundwater policy
reforms require that the online smart groundwater meters cost goes down, internet
in the rural areas is generalized, and incentives to top decision makers to pass new
laws and establish clear groundwater property rights are provided. The most chal-
lenging issue here is how to encourage public decision makers to undertake the
reform. One option would be to fund such incentives by development aid institu-
tions and link the payment to the achievement. Furthermore, some external support
is recommended to establish pilot projects on groundwater smart metering and
monitoring in MENA countries avoiding the overallocation of the resource and
establishing high penalties for those who exceed their allocated quotas as main les-
sons from the Jordan experience.

Tertiary treatment of wastewater remains marginal in most countries except the
oil-rich countries where most of the water treated goes to tertiary and even quater-
nary level. The environmental costs related to disposal of secondary treated waste-
water are quite visible in the coastal areas where beaches have been polluted and are
no longer swimmable. The question is whether MENA countries can afford invest-
ments on tertiary treatment. Most likely a direct payment for tertiary treatment is
not affordable by the low- to middle-income families. The technology for tertiary
treatment, in centralized plants, is still expensive for a wider adoption. Algeria has
moved to tertiary treatment recently and has been able to bring back the capital city
beaches to a clean level and usable for swimming and recreation. The consequent
energy saving and time saving are substantial due to the opening of the capital city
for swimming instead of travelling to nearby beaches for recreation. This positive
externality would per se justify the partial funding of tertiary treatment by tax pay-
ers. An indirect payment, through beach front property taxes, can contribute to the
funding of wastewater treatment plants and address partly the problem.

The reuse of TWW in agriculture and landscaping is progressing in MENA
countries with Jordan on top of the list with 91% reuse rate. The high rate of reuse
in Jordan is the result of important public investments to make the water available
to farmers and the implementation of quotas for groundwater. Free access to ground-
water does not encourage the reuse of treated wastewater. More public investments
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in MENA are needed to develop the necessary infrastructure to convey the treated
wastewater up to the farms. Currently most treatment plants are connected to the sea
to dispose of the water. One would ask who will pay for such costly pipelines for
water transfer from the urban to the rural areas. It is obvious that farmers will not be
able to fund water conveyance infrastructure given the low prices they are receiving
for their agricultural products. They have not paid for water conveyance from dams
in the past too. Private investors will not fund such projects because of the low prof-
itability and long pay-back period. If food security is an objective, public invest-
ments can be tapped, since food security is a public good. However, public funds are
scarce in most MENA countries and such an option is unlikely to happen.
International funding institutions and donors should consider such funding under
the climate change fund since treated wastewater can be used as an adaptation mea-
sure to drought.

Cost recovery for treated wastewater is not achieved in any of the seven MENA
countries considered in this book. The same applies to domestic water cost recovery
with the exception of Egypt and Tunisia. Tunisia has undertaken long ago a strategy
to recover the full cost of urban water and was successful in achieving this goal. The
prices remained low for the low-income families and a seven-block pricing method
is used. In fact, the first three blocks’ prices cover less than half the current cost of
water and are meant to protect the low-income families. However, all customers pay
a fixed cost plus a variable cost according to the block. Furthermore, all consumers
pay an added value tax of 18% on the total water bill. Although the Tunisian case
has been relatively successful in achieving cost recovery, the pricing method has not
been updated or changed for several decades. Part of the cross subsidy (31%) is end-
ing up in the pockets of wealthy families, given that the block prices do not take into
account the number of family members. Tunisia is also facing expensive marginal
cost of raw water paid in hard currency due to the recent adoption of desalination
technology in several cities in the coastal areas.

In general, public water authorities in MENA should keep up with the reforms in
the potable water sector and updating and upgrading the technology used in the
distribution sector and provision of better water quality to citizens. Potable water
price reform and pricing method should be a priority in the reform. Water consump-
tion in several MENA countries is unreasonably high reaching +400 m*/cap/day.
Low administered water price is the main cause of such a behavior. Recent experi-
ence of the fuel price reform shows that people adjust properly to higher prices and
no social uprising is mentioned, fundamentally when the low-income consumers are
protected through direct subsidies. Oman introduced a fuel reform in 2016 by lifting
the subsidy and establishing fuel price based on international market prices
(Boughanmi and Khan 2019). The low-income families receive a direct subsidy,
covering the price difference for 200 liters of fuel per month, every time the price
goes beyond Omani Rials 0.180/liter. Low-income families apply for the subsidy
online and receive an electronic card to access the subsidy in the gas stations.
Substantial positive impacts have been observed and sale of petrol and diesel in
Oman dropped by 6.2% and 7.2%, respectively, during 2016 and 2017 compared to
a constant rise in fuel demand over the past years. People tended to reduce unneces-
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sary trips and prices of fuel-inefficient cars dropped by more than 20% in both the
new and used markets (Muscat Daily, January 23, 2017). Krane (2018) argued that
MENA countries have launched reforms of energy subsidies driven by a number of
converging trends such as fiscal stress from low world oil prices, international envi-
ronmental pressure, and an untenable growth in domestic consumption of export-
able commodities. Paradoxically, Krane mentions the escalating regional instability
as a positive factor conducive to reforms as well. The successful experiences in
energy prices reforms can be taken as good practices to encourage subsidy reforms
in the potable and wastewater sectors. Ex ante studies on best pricing methods and
subsidy targeting are highly needed in all MENA countries to inform decision mak-
ers on the potential gains and the range of maneuver to squeeze demand and delay
costly supply projects. Price reforms should be accompanied by advice provision to
users on the available technologies that allow water saving at homes such as lower
shower heads, dual flush toilets as well as technologies for grey water treatment for
garden irrigation. Separation of grey water from black water should become a build-
ing code for the new buildings with gardens. Rainwater harvesting should be
encouraged too, whenever possible, to reduce run-off in the cities. Water demand
management should become the major component of policy changes in MENA to
curb water demand. This should be accompanied by improvements in water ser-
vices, essentially better water quality wherever needed to increase the acceptance of
stakeholders and users. An increase of water prices accompanied with a better qual-
ity of drinking water would result in net saving for most users who depend on bot-
tled water.

Urban water is quite more expensive than agricultural water. Thus, from an eco-
nomic point of view, saving urban water is as important as saving agricultural water.
The increase in water desalination capacity in the MENA region has been dramatic
during the last 5 years. Relying on water purification to satisfy future urban water
needs is not sustainable given the energy and environmental impacts of desalina-
tion, unless the shift to renewable energies is taken seriously. Thus, further saving
urban water demand can postpone heavy investments in desalination capacity.

Several cities around the world have introduced smart water meters. One advan-
tage of the smart meters is the reduction of nonrevenue water (see South Africa’s
experience) besides the detection of postmeter leakage, which can result in 5-10%
of a city’s water demand reduction if fixed (Britton et al. 2013). Sgnderlund et al.
(2016) reviewed and analyzed 21 papers on the effect of smart metering and feed-
back given to consumers on reduction of water consumption. Overall, they found
that feedback to consumers on their water consumption does change consumption
practices. Water saving depends on the type of feedback information, frequency,
and granularity. The feedback was more effective when it was combined with time
variable water price and depends on baseline consumption. High consumers tended
to reduce consumption more than low water users. Thus, a combination of smart
water meters and a revision of water pricing and pricing methods should go together
to address the future potable water demand in MENA.

Generally speaking, the seven countries have facilitated access of the poor/mar-
ginalized population to drinking water. A solidarity tax on urban water users is



9 The Water Sector in MENA Region: The Way Forward 195

established in Morocco to support funding of projects aimed to improve access to
potable water for rural households (Ait Kadi and Ziyad 2018). This is a good exam-
ple that could be followed by other MENA countries, which would accelerate the
water access of rural households. If such a tax is properly explained to urban water
users, it will be easily accepted given the solidarity meaning of it. Rural water proj-
ects need not be in the form of pipes, given that houses are scattered. In many
places, rainwater harvesting reservoirs are a good option. They can be equipped
with small motor-pumps at house level and avoid the community management prob-
lems. Individual reservoirs of a capacity of 60 m* allow a water security of 50 liters/
cap/day of very high quality.

9.4 Reforms Outside the Water Sector

9.4.1 Water—Food Nexus

In MENA countries, the food self-sufficiency goal has been replaced by food secu-
rity goal. However, aggregated data still show that farmers are the major user of
water. Despite MENA countries’ reliance on heavy food imports, Jigerskog and
Kim (2016) estimated that agricultural products are responsible for 92% of internal
water footprint. Furthermore, most of the water used for food production in MENA
is blue water (water from reservoirs and aquifers) as opposed to green water (rain-
water). This is due to the total dependence on irrigation in many MENA countries
and partial irrigation of some crops in other countries. Consequently, any water
transfer from the agricultural sector to other sectors of the economy will have con-
sequences on the rural communities, unless properly compensated through water
markets and via allocation of treated wastewater to agricultural purposes. This is
currently not the case since in most MENA countries the priority of fresh water
allocation is given to the urban sector. This management practice has been the rule
since during droughts the irrigation water valves are shut down without any com-
pensation while cities’ water is not affected. The option of transferring wastewater
to rural areas to mitigate scarcity, however, might not be economically feasible in
most countries, since the major volumes are generated in low coastal areas far from
where needed for irrigation. The cost of infrastructure and pumping up hill is quite
high. This is being aggravated with the further concentration of the population in the
coastal areas.

Saudi Arabia and the United Arab Emirates, two of the most water-scarce coun-
tries, have been investing in farmland acquisition as a strategy to mitigate water
scarcity, reduce risk from international food prices volatility, and reduce depen-
dence on virtual water hegemons (Jiagerskog and Kim 2016). Some of the acquisi-
tions were in Egypt, an already water-stressed country, and where crop production
depends totally on irrigation. Furthermore, most of the deals, which cover 4.3 mil-
lion hectares, are in the Nile River Basin in countries such as Ethiopia, Sudan, and
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Egypt with poor rural communities and low level of agricultural technology. This
will exacerbate the competition for blue water in these countries. This has been
stated by Antonelli et al. (2017), who stressed that current MENA imports depend
markedly on water resources available in other countries that are not always water-
secure countries. It would have been wiser to acquire land in agriculture rain-fed
countries since trading green virtual water is more efficient than trading blue virtual
water. While green water can be used only to support vegetation growth in agricul-
tural and ecological systems, blue water can be used to meet other more productive
uses including urban uses. Trading blue water that is embedded in low-value water-
intensive irrigated crops is an inefficient use of globally scarce water resources and
MENA countries can improve their water balance by importing such crops (Gilmont
2015). Last but not least, reduction of food waste in most MENA countries will
reduce the food trade balance deficit and generate some financial savings to invest
in the irrigation sector.

9.4.2 Water and the Media in MENA

The role of the media in informing the public and water users is fundamental for
supporting policy changes. A website search proves the absence of studies in MENA
countries on the role of mass media and social media to inform the users on the chal-
lenges and options available for a water secure future. Public/private televisions
hardly ever talk about water problems and options. Social media is also absent and
managers of water utilities seldom send messages except when interruption of ser-
vice is planned. Media in MENA should be used intensively to communicate to/
with the public of the required urgent reforms and the cost of status quo. Water has
to become visible in the news, documentaries, and debates. More communication
and accurate information should be circulated in social media if decision makers
would like to find the necessary support from well-informed users. Quite often peo-
ple assume that water users are not willing to accept higher bills but observed
behavior shows that users do pay much higher costs to adjust individually than if
collective solutions are envisaged.

9.5 Climate Change

The International Panel on Climate Change expects that water shortages will hit the
MENA region the hardest. Not only rainfall will be lower but also higher evapo-
transpiration rates are expected leading to higher crop water requirements and lower
yields. As an example, Tunisia’s both irrigated and rain-fed cereals’ yields would
decline under different climate change scenarios between 5% and 11% till 2050
(Breisinger et al. 2013). Although the seven countries considered in this book have
undertaken studies on the impact of climate change, mitigation and adaptation mea-
sures are still not well prepared. Tunisia, for instance, counts on further diffusion of
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water-saving technologies to save water. That is the only measure suggested in their
strategy to cope with the change. This measure has shown its ineffectiveness in the
past, as water saved is used by the same farmer to further intensification or exten-
sion of the irrigated area. No saving will happen in the absence of water quotas and
administration of low irrigation water prices. MENA countries will have to find
workable solutions to climate change such as water banking through aquifer storage
and recovery during rainy years to face prolonged droughts, and introducing better
engineered water-harvesting techniques in wider areas not confined to the tradi-
tional locations (Adham et al. 2016). Extending the irrigated area will not be pos-
sible due to water demand growth and expected lower supply as a consequence of
climate change.

9.6 Experiences Outside MENA

Experiences outside the MENA region showed that there are several ways to under-
take policy changes. Albiac (2017) provides an excellent review of experiences
from Australia, the European Union, the United States, and Israel, which is sum-
marized below.

Australia has chosen to introduce water markets and favor the transfers from
rural to urban areas with the commitment of huge public funds in the form of subsi-
dies to farmers to improve irrigation efficiency and to buy back water for environ-
mental purposes.

Europe concentrated on water quality rather than water quantity since scarcity is
not imminent, except in the South. Surface water pollution was brought down, via
command and control instruments, by heavy investments upgrading the wastewater
treatment plants, industrial innovation leading to phosphates free detergents and the
nitrates pollution reduction via best farming practices, and identification of vulner-
able pollution zones. Cost recovery of urban water directive was instituted in 2012.
Most transfers of water from rural to urban areas are through either central decisions
giving priority to urban water users or informal water markets among farmers.
Finally, large subsidies are allocated to farmers to improve irrigation efficiency and
reduce the nutrient and salt pollution as well as the reuse of treated wastewater.

In California, the United States, water markets were initiated since the 1970s.
These markets play an important role in water transfers from rural to urban areas
and represent 4% of the total volume of water used in a year. Water markets growth
is hindered by the regulations dealing with third party effects and environmental
concerns. Substantial public spending for nonpoint pollution abatement is used but
not yet achieving the desired goals.

In Israel, central monitoring using a combination of command and control with
economic instruments was the approach used. The government decides on the per-
mits for both surface and groundwater allocations with a full network of metering
and generalization of treated wastewater for irrigation. Water is priced for all uses
and fresh water is reallocated to industrial and urban uses while bringing treated
wastewater to farms. Initially urban users cross-subsidized irrigation water prices
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until 2016 when farmers started paying full financial cost of fresh water. Expansion
of supply is based on desalination plants.

9.7 Conclusions

MENA countries have undertaken several efforts to improve water sector policies.
The seven chapters show that the reforms vary considerably from a country to
another. The major reform of proper water pricing and cost recovery is the most
important policy in the water sector. Unfortunately, most countries considered in
this book have not achieved this goal yet. Even the oil-rich countries, where the
family’s income is high enough, and are the ones who have the most severe scarcity,
are still delaying water price reform. In most MENA countries, a bottle of water in
a supermarket is more expensive than 1 m? of piped urban water. Price reform is the
most important policy since it will bring down demand, delay building costly desali-
nation plants, and reduce the pressure on wastewater treatment plants. Reuse of
treated wastewater in irrigation remains a challenge in MENA countries and will
require substantial public investments in conveying that water to farms. Most
MENA countries depend on imports of food and will see this dependency increas-
ing in the future due to population growth and climate change. Agricultural produc-
tivity will have to grow significantly without using more water. Workable and more
realistic adaptation solution to climate change needs to be invented. Water for the
environment is still the last priority, given the absolute scarcity mainly during
drought periods. World experiences of water policy reforms indicate clearly the
necessity of public intervention and substantial spending to overcome the costs of
water scarcity. A major part of the public funds currently directed to urban water
service subsidies should be reallocated to undertake the necessary reforms in the
water sector in the future. The current level of international aid to the water sector
in MENA needs to be revised upward. It should also be better targeted and linked to
achieve some desirable changes such as passing new laws and allocating water
rights to different types of users, although command and control measures followed
by some countries allowed reforming the water sector. However, establishing water
rights and quotas is a better instrument in water-scarce countries and several MENA
countries have had such mechanisms in the past or still have some working but not
updated.
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