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Preface

One of the main objectives of the Computer Technology, Training and Industrial
Studies Center, is to conduct applied socio-economic research studies on various
issues pertinent to the Jordanian economy, to provide the concerned parties with
policy recommendations that would overcome the arising economic problems which
obstruct the development process.

Accordingly, the center conducted this economic study which was financed by
Fredrich Ebert Stiftung of Germany (FES), and aimed at discussing various aspects of
water sector in Jordan, mainly the economics of the groundwater resources, and
suggesting some recommendations for future studies.

This study reflects the continous fruitful cooperation between the Royal Scientific
Society / Computer Technology, Training and Industrial Studies Center and FES,
which we hope will continue in the future to assist in facilitating the development
process by tackling the stemming economic problems.

Moreover, we hope that this study will be of value to policy makers, researchers, and
other concerned parties.

The center welcomes any constructive comments on this study, which will be taken
into consideration in our future studies.

Dr. Sager Abdel-Rahim

Director, Computer Technology Training

and Industrial Studies Center
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Chapter 1: Introduction

1.1. Background

Jordan is one of the water poorest countries in the world. Water resources are limited
in quantity and vulnerable in quality. Present uses are exceeding renewable supplies
and the difference is being met by unsustainable practices. Costs of water delivery to
different users are regularly increasing. Costs recovery is a constant challenge facing
the utilities and the government. The difference between costs and revenues is being
subsidized by the Government or funded by donors. Water-resource management
practices are neither financially sustainable nor environmentally tolerable.

1.1.1. Water Poverty Index

Special indexes were designed to measure the availability of water resources in
various countries. One of these indexes is the Water Poverty Index (WPI). The WPI
is an indicator of the richness or poverty of an arca’s available water resources
(renewable and non-renewabie) to cover its population’s domestic uses and irrigation
requirements necessary to cover its food needs.

Salameh E. in “Redefining the Water Poverty Index” calculated the WPI taking into
consideration factors that play a major role in the water situation of arid countries
such as Jordan. These factors are the extent of rainfed agriculture, diversities in such
climatic zones and the status of wastewater treatment and reuse according to the
following equation:

WPI = [(A1/3 + A2/2 + A3/1.5 +A4)/125P + WR/100P - 1 + T] 0.0825/f

Where: Al = Area (km?) of lands receiving an average annual precipitation of 300-
400 mm/year. These lands produce only about one third as much per
unit of cultivation as irrigated land within the same area .

A2= Area (km”) oflands receiving an average rainfall of 400-500 mm/year
and produce about one half as much.

A3= Area (km®) of lands receiving 500-600 mm/year yield two- thirds as
much per cultivated unit as comparable irrigated land within the same
zone.

A4=Area (km?) of lands receiving more than 600 m/year of precipitation
have the same potential productivity as irrigated soils.

T=  Ratio of treated wastewater used in irrigation to the amount of
household water returned as wastewater.

P = Population number in the area.
= Available water resources in m*/year.

f=  Variable that accounts for the effects of temperature diversities on the
water poverty index.



The WPI was according to the above formula was calculated for several Middle
Eastern countries (Table 1): Jordan, Syria, Egypt, Palestine (West Bank), Israel, Saudi
Arabia, and the United Arab Emirates (UAE). Results based on the assumption that
all the rainfed area within a country is under production, show that Syria, Palestine
(West Bank), Saudi Arabia and Israel are not water poor. Their natural resources can
satisfy their household uses and 100% of food coverage. Jordan, Egypt, and UAE are
water poor since they can only cover 15.5%, 37.5%, and 9.6% respectively of their
food needs.

Assuming that half the rainfed area is under production (a more likely scenario due to
urbanization and road projects) then only Syria and Palestine do not fall within the
Water Poor countries category, while Jordan can satisfy only 12.3% of its required
food supply. ']

Table 1:  Calculation of the WPI for Various Countries in the Middle East !'”

Jordan's population is one of the lowest in the region (19.3 years) compared to 33.0
for Qatar, 28.9 for Bahrain, 24.8 for United Arab Emirates, and 46.2 for Israel. Table
2 presents the annual renewable fresh water per capita in selected countries. Table 3
presents actual and projected water scarce countries. Table 4 lists the countries which
withdrawals exceed 100% of their renewable water supplies, aleng with the
population doubling years.

Table2: Annual Renewable Fresh Water Availability per Capita in Selected
Countries Ranked by 1990 Availability ['*]

Area (km’) Receiving 2n Average Populati A“'; ilable
Country Precipitation (mm/yr) of: (‘;‘;;]?:no)" f RCS:I:::CS T WPI WPI*
300-400 | 400-506 | 500-600 | >600 MCMiyr
Jordan 900 720 1,170 00 42 165 750 65% 1.0155 0123
Syria 15,600 12,500 9,600 9,000 13.0 1.50 21,000 30% 1.8 1.23
Egypt 0.0 0.0 0.0 0.0 62 2.00 60,000 40% 0.375 0375
P‘zl\;sg;'e 977 933 1470 | 622 11 145 120 40% | 1025 | 050
Israel 1,803 1,803 3,000 1,200 5.0 1.50 2,000 70% 1.46 0.955
SaUd.l 167.000 0.0 0.0 0.0 13 2.00 3,450 40% 1.5 0.79
Arabia
UAE 0.0 0.0 0.0 0.0 1.0 1.9 284 50% 0.096 0.096
* WPI: Water Poverty Index considering that half the rainfed area is under production.
T Ratio of treated wastewater used in irrigation to the amount of household water returned as
wastewaler.
¥ Calculated factor to account for the effects of temperature diversities on the water poverty
index.

1.1.2. Water Stress Index

Water Stress Index is another indicator of the availability of water within a certain
area. Unlike the Water Poverty Index, the Water Stress Index takes into consideration
only the renewable water resources of the country. The Water Stress Index is usually
measured as the number of people per “flow unit” which equals to one MCM.
Therefore, 600 persons per flow unit is an indication of water stress, 1,000 persons or
more per flow unit is an indication of water scarcity, while 2,000 persons or more per
flow unit is an indication of absolute scarcity of water. For ease of use and
comparison the data is recalculated and presented as amount of water available per
capita per year. Therefore, a WSI of less than 1,700 m*/capita‘year indicates Warer
Stress, a WSI of less than 1,000 m? /capita/year is an indicator of Water Scarcity,
while a WSI of less than 500 m*/capita/year is an indicator of 4bsolute Scarcity.

In 1955 Jordan possessed 906 m*/capita/year, which is an indicator of Water Scarcity.
By 1990 the WSI decreased to 327 m*/capita/year thus placing Jordan in the Absolute
Scarcity category. Population projections for the year 2025 further decrease the WSI
to approximately 121 m3/capita/year. By the 1980's, Jordan's water withdrawals
formed 110% of renewable water supplies. Furthermore, the doubling time for

Annual Renewable Fresh Water Availability
Country (m’lcapitalyear)

1955 1996 2025 Medium
Djibouti 147 23 9
Kuwait 808 75 57
Malta 96 85 69
Qatar 1,427 117 68
Bahrain 672 179 89
Barbados 221 195 164
Singapore 459 221 181
Safidi Arabia 1,266 306 113
United Arab Emirates 6,195 308 176
Jordan 906 327 121
Yemen 1,098 445 152
[srael 1,229 461 264
Tunisia 1,127 540 324
Cape Verde 1,184 351 258
Kenya 2,087 636 235
Burundi 1,339 655 269
Algeria 1,770 689 332
Rwanda 2,636 897 306
Malawi 2,839 939 361
Somalia 2,500 980 363
Libya 4,105 1,017 359
Morocco 2,763 1,117 590
Egypt 2,561 1,123 630
Oman 4,240 1,266 410
Cyprus 1,698 1,282 996
South Africa 3,249 1,317 683
South Korea 2,940 1,452 1,253
Poland 2,053 1,467 1,279
Belgium 1,906 1,696 1,706
Haiti 3,136 1,696 838
Lebanon 3,088 1,818 1,113
Peru 4,612 1,856 1,071
Comoros 5,256 1,878 620
Iran 6,203 2,025 816
Mauritius 3,854 2,047 1,575
Syria 6,500 2,087 732
United Kingdom 2,344 2,090 1,992
Ethiopia 5,073 2,207 842
Lesotho 5,039 2,290 1,057
Zimbabwe 7,061 2,312 1,005
China 4,597 2,427 1,818
India 5,227 2,464 1,496
Sri Lanka 4,930 2,498 1,738




Table 2 - Continued:

Country

Annual Renewable Fresh Water Availability

Table 3:  Countries Experiencing Water Scarcity Based on Availability of Less
than 1,0(}Om3 of Renewable Water/capita/Year

Countries Added to Countries Added to
Water Scarce Coun'tries Added to Scarcity Category by | Searcity Category by
Countries in 1955 Scarcity Category by 2025 Under All UN 2025 only if They
1990 Population Growth Follow UN Medium
Projections or High Projections *
Malta Qatar Libya Cyprus
Djibouti Saudi Arabia Oman Zimbabwe
Singapore Untied Arab Emirates Morocco Tanzania
Bahrain Yemen Egypt Peru
Kuwait Israel Comoros
Jordan Tunis South Africa
Cape Verde Syria
Kenya Iran
Burundi Ethiopia
Algeria Haiti
Rwanda
Malawi
Somalia
* Cyprus will have more than 1,000 m’ of renewable fresh water annually per capita in 2025 if

it follows either the UN low or medium population projection. Zimbabwe, Tanzania and Peru
will avoid falling below 1,000 nt’ per capita only if they foliow the UN low projection.

Table 4:  Countries Abstracting Above 100% of Their Renewable Water Supplies

Water Withdrawals as a

Years Required for Population to

Country Percentage of Renewable Water Double at Current Rate of Natural
Supplies, Late 1980s Increase*
Libya 374% 20.4
Qatar 174% 33.0
United Arab Emirates 140% 24.8
Yemen 135% 217
Jordan 110% 19.3
Israel 110% 46.2
Saudi Arabia 106% 21.7
Kuwait >100% 23.1
Bahrain >100% 28.9

{m’/capita/year)
1955 1990 2025 Medium
Germany 2,843 2,516 2,184
Denmark 2,928 2,529 2,529
Nigeria 8,304 2,838 1,078
Spain 3,801 2,849 2,733
Tanzania 8,525 2,924 1,025
Afghanistan 5,137 3,020 1,091
North Korea 7,386 3,077 2,010
Burkina Faso 6,980 3,114 1,237
Italy 3,845 3,243 3,325
France 4,260 3,262 3,044
Thailand 7,865 3,274 2,477
Cuba 5,454 3,299 2,694
Madagascar 8,476 3,331 1,185
Togo 8,485 3,398 1,280
Jamaica 5,383 3,430 2,365
Ghana 9,204 3,529 1,395
Turkey 8,509 3,626 2,186
El Salvador 8,583 3,674 1,952
Uganda 11,880 3,759 1,437
Pakistan 10,590 3,962 1,803
Mozambique 8,601 4,085 1,598
Trinidad and Tobago 7,073 4,126 2,867
Mexico 11,396 4,226 2,597
Mauritania 9,855 4,387 1,778
Japan 6,091 4,428 4,306
Senegal 12,451 4,777 2,049
Sudan 11,899 4,792 1,993
Philippines 13,507 5,173 3,072
Benin 12,316 5,625 2,105
Vietnam 11,746 5,638 3,215
Niger 16,362 5,691 2,067
Czechoslovakia (former) 6,950 5,810 5,078
Greece 7,406 5,828 5,840
Netherlands 8,371 6,023 5,093
Iraq 18,441 6,029 2,356
Cote d’Ivoire 22974 6,177 1,950
Namibia 15,900 6,254 2,399
Lithuania 9,130 6,433 5,804
Albania 15,120 6,462 4,711
Portugal 7,665 6,688 6,519
Mali 15,853 6,729 2,522
Chad 13,389 6,843 2,944
Switzerland 10,040 7,449 6,492
Nepal 19,596 8,686 4,244
Romania 11,895 8,963 7,918
Swaziland 23,198 9,268 4,002
United States 14,934 9913 7,695
Hungary 11,704 10,897 11,062
| Yugoslavia 15,126 11,130 10,161
Estonia 15,517 11,371 10,804
Mongolia 29,413 11,416 5,454
Austria 12,955 11,670 10,892
Zambia 34,872 11,797 4,576
Guatemala 33,810 12,613 5,354
Latvia 16,874 12,654 12,350

x

Excludes rates of migratory flows, which are significant in some of these countries.




1.2 Objectives of the Study

This study seeks to achieve the following objectives:

¢ Review water resources in Jordan both renewable and non-renewable, including
traditional and non-traditional resources, and supplies from various sources;

o Establish water demands of current and future user sectors. Draw demand and
supply curves for future projections of the municipal, industrial, and agricultural
sectors;

e Present water resources management practices and provide an overview and
recommendations on groundwater management practices;

» Investigate water utilities costs and revenues (JVA and WAJ) including the
operation and maintenance costs;

o Discuss water productivity in terms of economic returns in agricultural and
industrial sectors;

* Investigate the economics of groundwater resources and study the optimal
depletion path for the groundwater in Jordan;

e Provide recommendations for future studies or appropriate actions.

Chapter 2: Water Resources in Jordan

Jordan’s water resources consist primarily of surface water and groundwater.
Renewable water resources are estimated at about 1,075 MCM/year, with
approximately 800 MCM/year of renewable surface water and 275 MCM/year
renewable groundwater distributed among 11 basins. Usable surface water constitutes
505 MCM/year distributed among 15 catchment areas. An additional 143 MCM/year
of groundwater is estimated te be available from fossil aquifers. Brackish aquifers are
not yet fully explored, but at least 50 MCM/year is expected to be available for urban
uses after irrigation, primarily in the Jordan River Valley, and can provide at least an
additional 80 MCM/vear until the year 2010.

2.1. Traditional and Non-Traditional Resources

2.1.1. Rainfall

Jordan is characterized by its arid climate and variation in annual amount of rainfall
across its territories. The amount of rainfall decreases when moving from north to
south and from westto east. Annual rainfall reaches 600 mm in the Eastern Heights
adjacent to the Jordan Rift Valley and decreases to less than 50 mm in the desert
plains and south Jordan. The total annual rainfall in Jordan is estimated at 8.5 billion
cubic meters. Approximately 85% of rainfall evaporates; the remainder flows into
wadis and partially infiltrates intc ground water aquifers. About 92% of the land area
of Jordan receives less than 200 mm/year of precipitation. In order to compensate for
the water shortages, many families collect rainwater in underground cisterns for later
use in irrigation and cleaning purposes. The amount of this water varies with the
amount of rainfall and its intensity from one year to another.

2.1.2. Surface water

There are 15 drainage basins in Jordan that have a total average surface flow of
approximately 693 MCM/year (Table 5). Of the total amount of the surface flow: 359
MCM/year consist of the base flow and approximately 334 MCM/year consist of
flood flow. Flows vary considerably between seasons and years. The usable amount
of surface water amounts to approximately 505 MCM/year and depends on the
storage capacity and diversion of uncontrolled flows.

The greatest source of surface water in Jordan isthe Yarmouk River Basin which
contributes (including water flowing from Syrian territories within the Yarmouk
River) almost 40% of the annual total. In 1997, 38% of water budget was contributed
from surface waters and reached 328.5 MCM.



Table 5:  Long-term Flows for Jordan’s Surface Water Basins (MCM/year)

Surface Water Basin Base Flows Flood Flow Total Flow
(MCM/Year) (MCM/Year) (MCM/Year)

Yarmouk River 105.0 155.0 260.0
Jordan River Valley 19.3 24 21.7
North Rift Side Wadis 36.1 13.9 50.0
South Rift Side Wadis 24.8 7.7 32.5
Zarqa River 33.5 257 592
Dead Sea Side Wadis 54.0 7.2 61.2
Wadi Mujib 38.1 45.5 83.6
Wadi Hasa 27.4 9.0 36.4
Wadi Araba North 15.6 2.6 18.2
Wadi Araba South 2.4 312 5.6

Southern Desert 0.0 2.2 2.2

Azrag 0.6 26.8 274
Sirhan 0.0 10.0 10.0
Hammad 0.0 13.0 13.0
Jafer 1.9 10.0 11.9
Total 358.7 3342 692.9

2.1.3. Groundwater

Groundwater is the major source of water supply in the country. In 1997, Jordan’s
water budget was approximately 876 MCM. Of these, 486 MCM were provided from
groundwater resources: 413.4 MCM were pumped from renewable groundwater
sources with an over pumping of 138 MCM; and 72.9 MCM from non-renewable
groundwater resources.

There are 12 renewable and non-renewable groundwater basins in Jordan most of
which are comprised of more than one groundwater aquifer system. The Disi aquifer,
along with the Amman-Wadi Sir aquifer system and the Basalt aquifer contain
approximately 80% of Jordan’s known groundwater. The total recharge to
groundwater aquifers in Jordan reaches approximately 275 MCM/year (Table 6).

Table 6:  Safe Yields of Jordan’s Groundwater Basins

Groundwater (Rigm?:r) Groundwater Aquifers
Yarmouk Basin 40.0 B4, B2/A7, A2
Jordan River Side Wadis 15.0 A7, Al-6, Kurnub
Jordan Valley Basin 21.0 Alluvium
Amman — Zarqa Basin 87.5 Basalt, B2/A7, A4, A2, Kurnub
Dead Sea Basin 570 B2/A7, A4, A2
Disi 0 Ram {non-renewable)
Wadi Araba North Basin 3.5 Alluvium, B2/A7, Kurnub, Ram
Red Sea Basin 55 Alluvium, Ram
Jafer Basin 9.0 B4, B2/A7
Azraq Basin 24.0 Basalt, B4, B2/A7, Kurnub
Wadi Sirhan Basin 5.0 B5/4, B2/A7/A1-6, Kurnub
Hammad Basin 8.0 B4
Total 275.5

Jordan suffers from overexploitation of its renewable and non-renewable groundwater
resources. Over the last few years over pumping rate has exceeded 200 MCM/year

resulting in drastic decrease of aquifer water levels (Table 7). In 1997 alone, a total
amount of 138 MCM was over-pumped from groundwater resources.

Table 7:  Decline in Aquifer Levels in Jordan

Observation First Observation Most Recent Observation | Mean Annual Drop
Well Year Water Level Year Water Level (m/yr)
Yarmouk 1974 110m 1999 142 m 1.28
Amman/Zarqa 1986 168§ m 1999 188 m §.50
Mujib 1687 168 m 1996 190 m 2.44
Amman/Zarga 1988 65 m 1999 75m 0.91

Source: Ministry of Water and Irrigation

At present, water is extracted at the safe yield rate from four Jordanian basins, while
the other seven basins suffer from over abstraction that ranges from 135% — 225% of
the safe yield limit set for these basins. The over extraction problem is exacerbated
by the fact that well permits used to be issued at random without specifying the
maximum allowable abstraction rate, and many of the wells were not metered. The
Ministry of Water and Irrigation has reduced the numbers of licenses issued since the
1990's and has worked to insure that meters are installed on more than 80% of
operating wells (Table 8).

Table 8: Number of Wells and Meters in Jordan (1999)

Field |Working|Other| Meters Installed by Owners | Meters Installed By WAJ | Total Meters Installed
Office Wells | Wells No. % No. % No. %o
Amman 291 28 104 36 159 55 263 90
Azragq 142 49 4 3 89 63 93 65
Mafraq 231 52 60 26 119 52 179 77
Jiza 236 10 118 50 108 46 226 96
Ramtha 153 1 28 18 124 81 152 99
Deir Alia 158 114 5 3 19 25 44 28
Karak 76 8 44 58 24 32 68 89
Maan 72 13 21 29 38 53 59 B2
Disi 82 12 66 80 4 5 70 85
Total 1441 287 450 31 704 49 1154 80

Source: Ministry of Water and Irrigation

2. 1.4 Wastewater

Due to acute water shortages in Jordan, treated wastewater has become an essential
resource in the Kingdom’s water strategy. Nevertheless, planned direct reuse of
treated wastewater is limited to irrigation of trees in the vicinity of the treatment
plants, and discharges to wadis where the treated wastewater reaches storage
reservoirs and is then used for restricted irrigation.

The As-Samra WWTP, which is the largest wastewater treatment plant in Jordan,
contributes approximately 75% of treated wastewater in Jordan. Treated effluent
from As-Samra plant is discharged into the Wadi Zarqa Basin system and flows to the
King Talal Reservoir (KTR) located about 42 Km from the plant. In the KTR, treated
wastewater is mixed with water from Zarqa River. The mixing ratio is declining due
to increased effluents and reduced base flow. Water from this reservoir is used to
irrigate lands within the middle and southern sections of the Jordan Valley.




The Ministry of Water and Irrigation operates 14 wastewater treatment plants across

Table 10:  Quantity of Daily Inflow into WWTPs in Jordan in m3/day 19
the Kingdom. In 1997, effluent from Jordanian wastewater treatment plants reached
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and the Jordan River. One of the main reasons that Jordan has been chronically
unable to receive its full — rights share of the surface water from the Yarmouk River is
the lack of adequate storage and distribution systems. Of the approximately 260
MCM/year of Yarmouk River waters flowing at Adasiya, Jordan only had been able
to divert approximately 124 MCM/year. Jordan constructed Karameh dam (capacity
55 MCM) to increase the amount of water it receives from the Yarmouk River.



Under the provision of Jordan — Israel Peace Treaty, Jordan will receive 10
MCM/year from desalination of saline springs (provided from Lake Tiberias until the
desalination works are complete), 50 MCM/year of water from Israel.

To date there has been a net increase of approximately 115 MCM of surface water
obtained from the Yarmouk and Jordan Rivers. Through other development projects
such as Addasyia diversion dam and two low storage dams on the Jordan River,
Jordan plans to capture all surface waters from the Yarmouk and Jordan Rivers to
which it is entitied.

The main shared groundwater non-renewable resource is the Disi Aquifer. The
aquifer extends through to Saudi Arabia, which shares in the exploitation of this
groundwater resource. Therefore, any planned changes in abstractions from the
Jordanian side should take into consideration planned abstractions from the Saudi
Arabian side.

2.1.6. Desalination

Numerous proposals are made for the construction of desalination plants to treat either
the brackish waters of Wadi Araba or water from the Gulf of Agaba. Furthermore,
studies are currently being conducted for the construction of the Red Sea — Dead Sea
Canal and the feasibility of generating energy for the operation of the desalination
plants.  The desalination plants will supply water for municipal and industrial uses in
Aqaba and possibly Amman. The timeframe for the implementation of these plans
has not been defined yet. ARA is in the process of preparing tender documents for a
desalination plant in Agaba. The Ministry of Water and Irrigation is studying
brackish water desalination from Hisban welils to supply Amman with 30 MCM/year.
The project is likely to start in the year 2002. Information on future water supply
projects is provided in Section 2.5.

2.2, Renewable vs. Non Renewable Water Resources

Jordan’s renewable resources are comprised of 743 MCM/year of surface resources
(only 505 MCM/year of the 743 MCM/year are considered usable), and 275
MCM/year of renewable groundwater, reaching 1,018 MCM/year of total renewable
resources (Table 12). (11

Table 12: Renewable Water Resources in Jordan

MCM /
Source Average Year Share
Surface water of which: 743 73%
Jordan and Yarmouk Rivers 310 30%
Other rivers and wadis 433 43%
Renewable Groundwater 275 27%
Total 1,018 100%
Less unused Yarmouk water -160 15%
Less remote surface water -120 12%
Plus reused wastewater +55 5%
Total Currently Usable 793 18%

12

The non-renewable resources of Jordan are comprised of the Disi Aquifer in the south
of Jordan and the Jafr Basin near Shidiyya. These resources have been deposited in
much earlier times and their volume depends on the thickness and storage capacity of
the ground layer in which they are found, and on the extension of that layer.

Recent studies on the Disi aquifer concluded that a possible yield of 150 MCM/year
over 50 years could be abstracted with an acceptable totai drawdown of less than
250m. Water quality of the Disi aquifer is excelient for drinking purposes, being less
than 300mg/l of TDS. However the Ministry of Water and Irrigation is considering to
supply Amman with 80 — 100 MCM/year from Disi aquifer for drinking purposes.
The Jafr basin at Shidiya will supply an annual yield of 18 MCM over 40 years. ]

2.3. Supplies from Different Resources

In 1990 supplies from various sources reached 856 MCM of which approximately
38% were supplied from surface water sources, 4% from treated wastewater, 51%
from groundwater and 7% from fossil water. The total overdraft from groundwater
reached approximately 216 MCM. In 1997, groundwater supplied 47% of total water
supply, fossil water 8%, rivers 38% and wastewater 7%. Water was distributed
among user sectors as follows: municipal uses consumed 21% of the total water
supplied (179 MCM), industrial uses consumed 5% of the total water supply,
agricultural and livestock sectors consumed approximately 74% of the total water
supply. Table 13 provides an overview of type of use and water sources in Jordan.

By 1997 the distribution of water supplies among sectors was as follows: the
municipal sector’s supply grew to 26.9%, while the industrial sector’s supply
decreased to 4.3%, and the agricultural and livestock supply decreased to 68.9%.

In 1997, statistics showed that the total surface water used reached 328 MCM of
which 17.7% were used for municipal demands, 80.5% for irrigation purposes, and
approximately 1.5% each for livestock and industrial demands. The fossil and
renewable groundwater consumption in 1997 constituted approximately 486 MCM of
which the irrigation sector consumed approximately 54%, followed by the municipal
sector with approximately 36.5%, industrial sector consumed 7.3%, followed by
livestock with approximately 1.5%. The non-renewable groundwater resources
constituted approximated 73 MCM. The major consumer of non-renewable
groundwater resources proved to be the agricultural secter with almost 81%
consumption of the total non-renewable groundwater resources. The agricultural
sector was followed by the municipal sector with 12.2% consumption of the total non-
renewable groundwater resources, followed by the Industrial sector (5.2%), and
finally livestock (1.5%). The total consumed treated wastewater reached
approximately 61 MCM and was consumed solely by the agricultural sector for the
purposes of irrigation.

Furthermore, the 1997 statistics showed the following inter-sector distribution of
water resources. Within the municipal sector 24.6% was supplied from surface water
resources, and 75.4% from groundwater resources (3.8% from non-renewable
groundwater resources). The supplies distribution within the industrial sector was
composed of 5.1% supplied from surface water resources, while 94.9% was supplied
from groundwater resources (non-renewable groundwater resources constituted
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10.2%). These figures emphasize the high dependency of industrial installations on
groundwater supplies. The agricultural sector’s water consisted of the following
sources: 44.7% was surface water, 45% groundwater (divided into 35% from
renewable resources and 10% from non-renewable resources), and 10% treated
wastewater.  Agricultural sector’s supply of water also depended on treated
wastewater since 10.3% of the total water consumed for agricultural purposes was
treated wastewater. Within the livestock sector 64% of total water was supplied form
groundwater resources (10% of total water consumed was supplied from non-
renewable groundwater resources), compared to 36% supplied from surface water
resources.

Table 13: Water Sources and Water Uses in 1997

. Total
Source Uses in MCM Uses
Municipal % Industrial | % | Irrigation % Livestock Y
Surface Water 58.071 171 1.893 0.6 | 264.486 | 80.5 4.000 1.2 | 328.450
v ;1?;3&" Rift 38441 | 164 | 1893 | o8| 194486 | 828 | 6000 | 00 | 234820
Springs 19630 | 39.6 0.000 0.0 | 30000 | 604 0.000 0.0 | 49.630
Basc & Flow 0.000 0.0 0.000 00| 40.000 | 909 4.000 91 | 44.000
Groundwater 177.557 | 365 | 35343 | 73! 266.189 | 54.7 7.118 1.5 | 486.207
Renewable 168.679 | 408 11552 | 7.6 | 207.119 | 50.1 6.001 1.5 | 413351
Non- 3.878 122 3.791 521 59070 | 811 1117 1.5 | 72.856
Renewable
Treated 0.000 0.0 0.000 0.0 | 61000 | 100 0.000 0.0 | 61.000
Wastewater
Registered 0.000 0.0 0.000 0.0 ] 57300 100 0.000 0.0 | 57.300
Not 0.000 0.0 0.000 0.0 3.700 100 0.000 0.0 | 3.700
Registered
Total 235628 | 26.9 37236 | 43 | 591675 | 67.6 | 11118 | 1.3 | 875.657
24, Distribution of Resources & Proximity to Municipal Demand

Centers

Not all surface resources are fully used, even those located near demand areas because
of considerable variation in their availability throughout the year and the lack of
storage capacities e.g. Wadi Mujib and other wadis in the Dead Sea basin. The
groundwater resources on the other hand are heavily overused resulting ina depletion
of groundwater stocks.

In addition to the operating industrial estates located in Sahab, Irbid, and Aqaba, the
main demand centers include the major municipal centers of Amman, Zarqa, Irbid,
Karak, Madaba, and Agaba. Population growth followed by increase in municipal
water demand make it necessary to supplement local water resources with water from
remote sources conveyed via pipelines.

Several pipelines were constructed in the early and mid eighties to supply the Amman
— Zarqa municipalities with fresh water resources. One of them is the Deir Alla—
Amman pipeline that is considered so far to be the largest and the most expensive
pipeline project in Jordan. The pipeline conveys water over an elevation difference of
more than 1000 m from the Jordan Valley to Amman. The other pipeline is the Azraq
— Zarqa pipeline which is the longest so far, since it reaches approximately 100 km in

length.
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Nevertheless, with the continuing increase in demands for fresh water new pipelines
may be constructed to further supply Amman and other major municipalities such as
Zarqa, Irbid, and Aqaba with fresh water resources. The following three pipelines
illustrate the extensive lineage required for M&I water supply for the Amman — Zarqa
municipalities:

- The first {northern Azraq pipeline) runs from the Azraq casis in the east along
the Baghdad Road to Mafraq and then to Irbid. Deep wells along the road
supplement the water pumped from Azraq to Irbid. The town of Mafraq relies
largely on nearby wells for its own water supply and does not therefore depend
on the pipeline.

- The second runs from Azraq to Amman — Zarqa, crossing the southern part of
the basin.

- The third connects the first two pipelines in a north — south direction, running
from the Zatari well-field east of Mafraq on the Northern Azraq Pipeline via
Dhuleil to Khaw east of Zarqa where it joins the southern Azraq pipeline.
Until 1986 about four MCM/year was pumped from the Dhuleil well-field 1o
Irbid. Later, the water was supplied to Amman- Zarqa. The pipeline’s
capacity of 30 MCM/year is apparently underused.

2.5. Future Projects

The main future project for the supply of water to Amman municipality would be the
construction of the Disi — Amman pipeline. The pipeline which will stretch in length
to more than 310 km will convey approximately 125 MCM/year over 50 years with a
total acceptable drawdown of less than 250 m.

Other planned projects include the construction of a Northern Pipeline to convey
water from the planned Unity Dam on the Yarmouk River to Amman. The
construction design so far plans for water conveyance from the Dam to Jordan Valley
and then via the existing Deir Alla — Amman conveyance system to Amman. The
existing conveyance system’s capacity will have to be expanded to accommodate the
additional volume of water.

For Irbid municipality, a pipeline is designed to be constructed frem the Mukheiba
well field in the Jordanian Himma to Zabda Reservoir. The pipeline is expected to
supply initially the town of Irbid and villages located in the northern Irbid
Governorate. It is estimated that the pipeline’s length would be approximately 32 km
and its carrying capacity approximately 20 MCM/year. The last two pipeline projects
became possible due to the Peace Treaty activities between Jordan and Israel.

Agaba town that is currently supplied with water from the Wadi Yutum and Disi
Aquifers is expected to require additional sources of fresh water, especially that the
Disi is reserved for the Amman municipality’s use. Some of the planned sources for
the supply of water to meet the growing demands of Aqaba town include desalination
of sea water. One of the more ambitious projects is the construction of the Red —
Dead Sea Canal put forward by the Trilateral Economic Committee to support the
integrated development in the Jordan Valley. Some of the benefits of the planned
canal include the detention of the fast fall in the Dead Sea level, and generate energy
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that would be used to operate desalination plants on the shores of the Gulf of Agaba.
The planned Canal may eventually provide water to support economic development in
Wadi Araba. The project is expected to yield approximately 850 MCM/year of water
of which two thirds will benefit the Jordanian side.

As for costs, the expected capital costs are high, reaching approximately JD 207
million for the Northern pipeline, JD 437 million for the Disi — Amman pipeline,
27million for the Mukheiba-Irbid pipeline, and 11 million for the Aqaba seawater
desalination plant. These estimated capital costs are likely to increase as time passes.
The costs of the construction of the Red- Dead Seas canal is estimated at
approximately JD 3,540 million (US $ 4,991 million) at 1996 price levels. Of these
approximately JD 750 million (US$ 1,057 million) are construction costs for the
desalination plant within the Red — Dead Sea Canal project.

The expected costs per cubic meter for some of the planned projects are available and
range according to 1992 prices from approximately 1,100 Fils/m* for the Disi—
Amman plpelme to 717 Fils/m’ for the Northern Pipeline, and up to approximately
1,500 Fils/m® for the seawater desalination. However, based on newer data derived
from projects recently completed on desalination of sea water in Aqaba, desalination
systems using molecular membrane filtration (Reverse Osmosis) can produce potable
water for a total cost of approximately 470 Flls/m including capital and operating
costs. Operating costs alone constitute 250 Fils/m®>. WAJ could operate a reverse
osmosis water treatment facility and recover the cost of operation with revenues based
on the water rate charges to industry of cne JD/m’ and something less for domestic
customers. Table 14 provides a summary of additional supply of water to Amman
costs.

Table 14: Summary of the Cost of Supplying Additional Water to Amman

Cost in Fils/m’

Project Estimated at 1992 prices MCM/ Year Investment in JD
Northern Pipeline 717 55 207 Million
Disi - Amman Pipeline 1,100 75 for 50 years 437 Million
Seawater Desalination Approximately 1,500 Practically unlimited Not available
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Chapter 3: Water Demands

Water demand projections assume a population growth ranging between 3.6% per
year to 2.7% per year by year 2015, an increase in population numbers to reach 9.3
million by year 2020, a modest increase in per capita water use to 155 l/c/d, and a
reduction in unaccounted for water (UFW) from about 50% to 15% by year 2020.

Based on these assumptions and projections in municipal, agricultural, and industrial
sectors, the total demand for water is expected to increase by 1.64% per year from
1104 MCM in 1995 to 1658 MCM in 2029. At the same time, the total supply of
water is expected to increase by an annual average of 1.4% from 882 MCM to 1250
MCM respectively. This indicates that the total deficit of water will increase by 2.5%
per year from 222 MCM in 1995 to 408 MCM in year 2020. Figure 1 presents the
annual water demand budget for the agricultural, municipal, and industrial sectors.

Regarding the structure of water supply, it is expected that the ratio of municipal
water to the total water supply would decrease from 36.8% in 1995 to 27.6% in 2020,
the ratio of supply of industrial water from 10.2% to 3.9% while the supply of
agricultural water would increase from 53% to 68.6% respectively. At the same time,
the structure of the water demand is expected to dramatically change: while the ratio
of municipal water demand is expected to decrease from 37.2% to 24.9% and the
industrial water demand from 8.6% to 3.4%, the agricultural water demand is
expected to increase from 54.3% to 71.6% respectively.
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Figure 1: Jordan’s Annual Water Demand Budget (1985 — 1997).

However, table 15 details Jordan's annual water demand budget for the industrial,
municipal, and agricultural sectors.



Table 15: Jordan’s Annual Water Budget Between 1985 — 1997

Municipal Industrial Irrigation Livestock Total
MCM | % ([MCM| % MCM % MCM % {MCM)
1985 | 116.00 | 18.2 [ 22.00 3.4 496.85 71.8 4.00 0.6 638.85
1986 | 134.70 | 21.8 | 23.00 3.7 456.24 73.7 5.00 0.8 618.94
1987 | 15040 | 20212350 | 3.2 565.46 76.0 5.00 0.7 744.36
1988 | 164.70 [ 202 | 3922 | 438 607.91 74.4 4.77 0.6 816.60
1989 | 169.77 | 20.4 | 36.30 4.4 618.35 74.5 592 0.7 830.34
1990 | 175.57 | 20.2 | 36.64 4.2 652.03 75.0 526 0.6 869.49
1991 | 173.23 | 208 ] 41.83 | 5.0 613.19 73.6 4.82 0.6 833.05
1992 | 206.64 [ 21.7 | 34.78 3.7 700.47 73.7 8.84 0.9 950.73

Year

1993 | 213.54 ;21.7 | 33.25 3.4 726.44 73.9 10.35 1.1 983.58
1994 | 21582 | 23.7) 24.45 2.7 655.25 72.1 13.32 1.5 908.84
1995 | 236.85 | 273 { 32.57 3.7 596.33 67.9 9.46 1.1 878.21
1996 | 236.36 [ 268 | 3576 | 4.1 597.87 67.8 11.79 1.3 881.77
1997 | 23563 | 2693724 | 43 591.68 67.6 11,11 13 875.66

As a result of expected development of supply and demand the structure of deficit will
be changed as follows:

- While 38.2% of the deficit in 1995 was caused by the municipalities, 3.7% by
the industry and 58.1% by agricuiture, the ratios of the municipal and
industrial water supply will decrease to 14.4% and 1.8% respectively in 2020.
However. the ratio of the agricultural water deficit will increase to 83.8% of
total water deficit. Figure 2 provides water demand-supply projections for the
above mentioned sectors, where deficit magnitude is indicated by the distance
between the supply and demand lines (the larger the distance, the higher the
deficit between the projected demand and the supply).
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Figure 2: Water Demand — Supply Projections by User Sectors in Jordan for Years:
2000 - 2020

- In order to satisfy the demand for waterin 1995, 12.5% more of municipal
water was needed, 1.2% of industrial water and 19% of agricultural water. In
2020, it is expected that the supply situation in the municipalities and
industries will be improved while the situation in the agriculture will be worse:
an additional 3.6% of water supply in municipalities, 0.5% in industries. and
21.1% additional agricultural water will be required to cover the deficit. 14

Figure 3 presents the total demand - supply projections until year 2020.
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Figure 3: Total Water Demand — Supply Projections for Jordan for Years 2000 -
2020.

3.1 Municipal Water Demand Projections

Municipal water is used for domestic purposes in addition to commercial and hght
industries.  Jordan's population is expected to grow from 4.4 million in 1996 to reach
5.1 million by year 2000, 7.0 million by year 2010 and 9.3 million by year 2020.
Since municipal demand depends on population growth, in addition to growth in per
capita water demand, and the percentage of projected losses from municipal water
system. Therefore, assuming a modest increase in per capita water use to 155 l/c/d.
then municipal water demand is expected to grow from 275 MCM for 1995, to 388
MCM in 2000, 438 MCM in 2010, and 616 MCM in 2020. These projections are
based on the assumption that unaccounted for water (UFW) will be reduced from
about 50% to 15% by year 2020. BY Figure 4 displays the municipal water demand-
supply projections, where the distance between the two lines is an indicator of the
demand-supply deficit magnitude.
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Figure 4: Municipal Water Demand — Supply Projections in Jordan for Years: 2000
-2020

3.2. Industrial Demand Projections

Industries that are small in size are supplied from the municipal water supply system
and receive needed water from the municipalities. Major industries that are usually
located outside the water service area install their own private wells. Recently the
government has imposed a resource tax that is applied to these privately owned wells.

Industrial water supplies reached 22 MCM in 1985 and increased to approximately 38
MCM in 1996. Current projections based on an increasing industrial contribution to
overall economic development have industrial water uses increasing from 38 MCM in
1995 to 119 MCM in 2010 and 142 MCM in 2020. Figure 5 represents the demand-
supply projections curve for industrial water demand, where the distance between the
supply and the demand curves is an indicator of the demand-supply deficit magnitude.
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Figure 5: Industrial Water Demand — Supply Projections in Jordan for Years: 2000 —
2020

Industria water consisted mostly of groundwater 91.7% (28.7 MCM) in 1993, which
increased to 92.8% (33.2 MCM) in 1996. The surface water used in industrial sector
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reached 2.6 MCM or 8.3% of total industrial water in 1993 and 2.6 MCM or 9.3% in
1996. The average surface water used in industries reached 2.7 MCM or 8.7% of
average industrial water consumption in Jordan.

3.3. Agricultural Water Demand Projections

The area of irrigated agriculture increased between 1975 and 1996 from 28,200
hectares to approximately 84,600 hectares. The distribution of irrigated lands within
various geographic regions of Jordan changed as well: in 1975, 89% of irrigated lands
were in the Jordan Valley while only 11% were in the Highlands and Badia regicn. In
1996 the distribution was as follows: 65.3% became in the Highlands and Badia
Region (55,300 hectares) and 34.7% in the Jordan Valley (29,300 hectares). This
increase in the area of irrigated lands was followed by an increase in water
consumption frem 350 MCM/year to reach approximately 600 MCM/year. In
addition to water used for irrigation, surface and groundwater resources are utilized
for livestock and poultry rearing. Nevertheless, the share of agriculture in the total
supply of water decreased from 90% to reach 65 — 70 percent within the last 30 years.

The potential irrigated lands in the Jordan Valley are approximately 36,000 hectares.
and in the southern Ghors and Wadi Araba irrigated lands reach approximately 10,000
hectares. Cropped irrigated areas in the uplands amount to 37,000 hectares. Although
the potential irrigated lands in the highlands are great, a very slight increase in
irrigated agriculture is expected due to the unavailability of water resources.
Projected irrigation water demand in Jordan is expected to grow from approximately
600 MCM/year in 1995 to a stable 900 MCM by the year 2005. The increase is
related to the completion of on-going projects and utilizing treated wastewater that
otherwise would be lost. Figure 6 presents the projected demand-supply curve for the
agricultural sector, where the distance between the demand and the supply curves
indicates the deficit magnitude between the supply and demand water requirements.
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Figure 6: Agricultural Water Demand — Supply Projections in Jordan for Years:
2000 - 2020

A total of 833 MCM of water was consumed in Jordan in 1991, 613 MCM by
agriculture (73%), 180 MCM for municipal uses (22%) and 42 MCM by industry
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(5%). Jordan’s water use thus exceeds currently available renewable water resources,
estimated at 793 MCM/year.

Municipal and industrial water use will increase probably at faster rate than the
population growth because living standards will rise and industry and services will
need to grow more quickly than the overall economy to absorb those who do not find
employment in agriculture. Table 16 provides a summary of demand - supply
projections for the agricultural, municipal and industrial sectors.

Table 16: Summary of Municipal, Industrial, and Agricultural Water Supply and
Demand Projections in MCM for Years 2000 - 2020

Municipal Agriculture Industry Total
Year Demand | Supply | Demand | Supply | Demand Supply Demand | Supply
1995 275 243 791 605 38 33 1,104 881
2000 388 281 791 617 78 62 1,257 960
2005 411 375 900 714 96 85 1,407 1,174
2010 438 425 900 681 119 100 1,457 1,206
2015 522 455 900 677 128 103 1,550 1,235
2020 616 480 500 663 142 117 1,658 1,260
* All demand and supply figures are in MCM
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Chapter 4: Utilities Costs and Revenues

The cost of water is relatively expensive in Jordan due to its limited availability.
Water for municipal and industrial (M&I) uses is either abstracted from deep bore
holes in the highlands or pumped from the Jordan Valley. The estimated cost of M&I
supplies delivered to the consumer is 780 fils/m’ and for irrigation water in the Jordan
Valley 230 fils/m’. Groundwater used by farmers in the highiands is not publicly
funded. Revenues are less than half the costs incurred. Irrigation revenues are also
well below the cost of providing the service.

The Government provides an annual budget averaging JD 13.6 million per year for
JVA, but recovers only slightly above of JD 0.75 million (5.5% of JVA's annual
budget). WAJ’s subsidy is even greater. Deficits are accumulating at the rate of JD
30-40 million per year (reaching JD 50 million in 1999). There is no return on
capital, and both agencies are dependent on Government to meet their debt servicing
obligations. The difference between cost and the average tariff charged for each
service represents a massive public subsidy in the order of 50 million per year without
taking into consideration the invested capital costs. Therefore, the Government’s
subsidy to water does not encourage conservation while at the same time deprives the
Government of funds that could be used for other programs. (51

4.1. O&M and Capital Costs by Sectors

4.1.1. Municipal and Industrial

Between the years 1990 and 1997 the O&M costs of supplied municipal water and
sewage services increased by an annual average of 12.9%, i.e. from JD 19.7 miliion in
1990 to JD 46 million in 1997 (Table 17). Furthermore, total costs of produced
municipal water also increased by an annual average of 16.7% from JD 45.9 million
in 1990 to JD 135.6 million in 1997. The cost of 1 cubic meter of municipal sold
water increased from 616 fils/m’® in 1990 to 1247 fils/m’ in 1997 (10.61% increase),
while the cost of 1 m® of municipal produced water increased from 258 fils/m® in
1990 to 565 fils/m’ in 1997 (11.85% increase).

In the period 1973-1990 capital investments in the municipal water and sewerage
sector amounted to JD 273 million, with JD 170 million invested in water supply and
JD 103 million in sewerage services. In the 1993-1997 investments in the water and
wastewater sector reached JD 411 million out of which JD 245 miltion were for water
supply and JD 166 million for sewerage services. The Water Sector Investment
program estimated that costs would reach JD 4,150 million out of which JD 2,722
million for water supply and JD 1,428 million for sewerage services. 14]
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Table 17: Revenues and Expenses of Municipal Water (000JD)

Item 1990 1997 Average
Revenues:
Water & Sewage 21,199 43,198 35,225
Total Income 45,990 138,411 96,265
Costs:
0&M 19,671 45,993 34,896
Total Costs 45,866 135,615 98,001
Surplus / Deficit 124 2,796 -13,893
Revenue of Sold Water (JD/m’):
Water & Sewage Revenue 0.285 0.443 0.377
All Income 0.617 1.273 1.032
Costs of Produced Water (JD/m®):
O&M Costs 0.111 0.192 0.161
Total Costs 0.258 0.565 0.453
Costs of Sold Water (JD/m*):
C&M Costs 0.264 0423 0.374
Total Costs 0.616 1.247 1.050

4.1.2. Agriculture

The total costs of consumed irrigation water consists of the sum of operation and
maintenance (O&M) and capital costs. O&M costs of supplied irrigation water
increased from JD 3.78 million in 1990 to JD 4.8 million in 1997 (Table 18). The
capital costs assigned for irrigation uses vary between JD 4.02 million in 1990 and JD
5.59 million in 1997. This indicates an average increase of the capital costs of
irrigation water by 4.83% per year between years 1990 and 1997.

The total costs (capital and O&M) were JD 7.8 million in 1990 and reached 10.39
million in 1997, i.e. an average annual rate of growth of 4.19% in the period 1990-1997.
Meanwhile, irrigation water revenue increased from JD 0.874 million in 1990 to reach
JD 3.31 million in 1997 i.e. at an average annual increase of 20.99% per year. 4

Table 18: Costs and Revenues of [rrigation Water in Jordan Valley (JD m)

Yar | oam | G | G | Revene | “plS
1990 3.78 4.02 7.80 0.87 -6.92
1991 391 4.12 8.03 0.68 -7.35
1992 4.68 3.71 8.39 0.68 -1.71
1993 3.02 4.09 7.11 235 -4.76
1994 3.35 4.47 7.82 3.20 -4.62
1995 3.81 4.50 8.31 2.73 -5.58
1996 4.01 5.72 9.73 3.02 -6.71
1997 4.80 5.59 10.39 3.32 -7.08
Total 31.36 36.22 67.58 16.85 -50.73
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4.2, Revenues by Sectors

The revenues of each sector are discussed in respect to the labor force that is
employed by each sector, the sectors exports and imports volume, and the
contribution and importance of each sector to the GDP (Figure 7). Table 19
summarizes the results that are discussed below in more details. Table 20 provides
the growth rates and contribution to national GDP of the agricultural, municipal. and

industrial sectors.
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Figure 7: The Relative Importance of Economic Sectors to GDP (at Constant Factor
Cost)

Table 19: Water Consumption and Contribution to GDP by Sectors

Water % of Water | GDP (JD m) % of GDP
Sectors (MCM)

1988 ! 1996 | 1988 | 1996 | 1988 1996 1988 1996

Agriculture, Hunting and Forestry 608 549 743 66.9 1345 2329 6.7 5.4
Mining and Manufacturing 39 36 4.8 44 2794 8422 14.0 19.4
Service Sectors 171 236 209 28.7 1418.7 28333 1.1 65.2
Others 0.0 0.0 0.0 0.0 163.5 4393 82 10.1
Total 818 821 100.0 100.0 1996.1 4347.7 100.0 100.0

Table 20: Cross Sector Comparison of the Growth Rate of Economic Sectors and
the Relative Importance of Economic Sectors to GDP

1994 1995 1996 1997 1998
Characteristic Sector / Year (%) %) (%) (%) (%)
Agri_culture, Hunting, Forestry & 93 14 6.4 BT 75
Fishing
Growth R fE ic Sect Manufacturing 28.6 i 9 45 1.5
rowth Rate of Economic Sectorsi— -
(at Constant Factor Cost) Mining and Quarrying 0.4 433 0.9 5.4 3
Electricity & Water 46 17 3.7 12 3
Construction 1.7 038 -6.4 -11 -6
.;g;li't:gture, Hunting, Forestry & 64 6 63 53 49
ishi
The relat.ive importance of Industry(Manufacturing and 177 17.8 162 16.8 16.9
Economic Sectors to GDP (at Mining)
Constant Factor Cost) Electricity & Water 32 36 37 39 39
Construction 9 85 79 69 6.5
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4.2.1. Agriculture

In 1996, the number of workers employed in the agricultural sector reached 87,400,
forming 9.3% of the total Jordanian workforce. This number constitutes a decrease
from the 1961 figures where agricultural sector employed 33.3% of the total Jordanian
workforce (72,600 workers). At the same time the 1996 figure is an increase from
year 1989 where the number of workers reached its minimum at 37,700 employees
and constituted 4.8% of the total Jordanian workforce.

The agricultural sector contribution to the GDP reached JD 134.5 million in year 1988
(6.7% of the total Jordanian GDP). In 1996 it increased to JD 232.9 million but
formed only 5.4% of the total Jordanian GDP. Thus, even though the numerical value
of the GDP increased its importance to the overall Jordanian GDP decreased. The
average contribution of this sector to the GDP reached 6.5% in the period 1988 —
1996.

In spite of the seemingly low direct contribution of the agricultural sector to the
Jordanian GDP and employment levels, it is estimated that approximately 28% of the

flc;t]al Jordanian GDP and up to 24% of employment depend on the agricultural sector.

Jordan exported agricultural products in the value of JD 30.4 million in 1988 (9.4% of
total Jordanian exports) which increased to JD 160.4 million in 1996 (15.4% of the
total Jordanian experts for 1996).  This indicates an average increase of the
agricultural exports by 23.1% per year in the period 1988 — 1996 compared to an
increase of Jordanian exports by 15.6%. The importance of the agricultural sector
regarding its contribution to Jordan’s total exports increased as well. Nevertheless,
agricultural imports increased as well thus increasing the imports-exports gap from JD
187 million in 1988 to JD 685.9 million in 1996, i.e. by an average of 17.7% per year.

The agricultural deficit constituted 20.6% of total deficit of Jordan’s balance of trade
in 1988 and increased to 26.2% in 1996, and the contributions of Jordan’s agricultural
production to the demand for agricultural products decreased from 5.8% to 4.3%
respectively.

Jordan succeeded in becoming self-sufficient in vegetables and some kinds of fruit,
therefore, most of Jordan’s agricultural exports are fruits and vegetables.
Nevertheless, Jordan imports live animals, meat, dairy, eggs, wheat, tea, coffee,
cocoa, fodder and other goods where there is considerable deficit in local supply. As
a result of increasing population and improved standard of living food import
increased and it is expected that the import-export gap will further increase.

4.2.2. Mining and Quarrying

In 1996 the mining and quarrying sector employed 22,900 workers which constitutes
2.4% of Jordanian work force. This censtitutes a mild increase from the 1.9% of the
Jordanian work force who were employed in this sector in 1961. The number of labor
force working in the mining sector increased from 4,200 in 1961 to approximately
18,000 between the years 1988 — 1995 before settling at the 1996 levels.
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The GDP of the mining and quarrying sector, which is one of the fastest growing in
the Jordanian economy, increased from JD 82.4 million in 1988 (4.1% of total GDP)
to JD 153.6 million in 1996 (3.5% of total GDP). Thus the sector’s importance to the
GDP of Jordan decreased. The annual increase of the GDP of the mining and
quarrying sector varied between a minimum of 8.2% in 1993 and a maximum of
182% in 1992 with an average increase of 8.1% per annum. The average
contribution of this sector to the GDP of Jordan reached 4.2% in the period 1988 —
1996.

The mining and quarrying sector in Jordan exports phosphate, potash, and fertilizers
and imports mineral fuels, lubricants and related materials and crude oil. The sector
contributed 45.2% of total exports in 1988 (JD 147 million) which decreased to 27.4%
in 1996 (JD 285 million). The sectors contribution to total Jordanian imports
decreased as well from 14.5% in 1998 10 9.4% in 1996. The sector suffers from a
continuous deficit that increased from JD 10.9 million in 1988 to ID 87.1 million in
1996, i.e. by an annual average of 29.59%. This deficit constituted 1.6% of total
deficit of Jordan’s balance of trade in 1988 and increased to 4.3% in 1996.

4.2.3. Manufacturing

The number of labor force in the manufacturing sector reached 94,900 in 1996 which
is a decrease from the record high of 111,100 persons employed in the previous year.
The importance of manufacturing sector in Jordan regarding the employment
increased from 8.3% of the working force in Jordan in 1961 to 12.6% in 1993,
followed by a decrease to 10.1% in 1996.

The GDP of the manufacturing sector was JD 197 million in 1988 which constituted
0.9% of the total GDP. In 1996, the GDP of the manufacturing sector increased to JD
688.6 million in 1996 and its contribution to the total GDP increased to 15.6%. The
average contribution of the manufacturing sector to the total GDP between the 1988 —
1996 period was14.1%.

The manufacturing sector in Jordan formed 45.2% of total Jordanian exports in 1988
(JD 147.6 million), which increased to 57.1% in 1996 (JD 593.9 million). The
sectors’ imports of crude materials and manufactured articles were 14.5% (JD 684.9
million) in 1988 and increased to 19.5% (JD 1985.1 million) in 1996. Thus the deficit
within the manufacturing sector has been increasing from JD 537.7 million in 1988 to
JD 1391.2 million in 1996 or by an annual average of 12.63%. Jordan’s contribution
of manufacturing products to the demand increased from 6.5% to 9.3% respectively.

4.2.4. Electricity and Water

The number of workers employed by the water and electricity sectors increased from
4,200 in 1961 (0.41% of total workforce) to reach 16,000 workers emplcyed by 1996
(1.7% of total workforce). In average, water and electricity sectors employed 7,220
workers or 1.2% of the average employment in Jordan in the period 1961-1996.

In 1988 the GDP that the electricity and water sector contributed to the Jordanian
GDP reached JD 50.6 million (2.5% of the total GDP). By 1996 the sector’s
contribution to the Jordanian GDP decreased to 2.3% (JD 98.2 million). Thus the
average contribution of this sector to the GDP of Jordan reached 2.3% during the

27



1988 — 1996 period. The annual increase of the GDP of the electricity and water
sector varied between a minimum of 2.3% in 1990 and a maximum of 18.2% in 1993
with an average increase of 8.64% per annum.

4.2.5. Construction

The number of workers employed by the construction sector between the years 1961
and 1996 increased from 22,300 to 91,200 workers. Nevertheless, its importance
within the Jordanian labor market decreased from 10.4% in 1961 t0 9.7% in 1996. In
average the construction sector employed 58,300 thousand or 9.7% of the average
employment in Jordan between the years 1961-1996.

In 1988 the construction sector formed 5.7% of the total Jordanian GDP with a JD
112.9 million. Since then the portion of the GDP that this sector has contributed to
the total GDP has been increasing to reach JD 341.1 million, which amounts to 7.8%
of the Jordanian GDP. Thus the average contribution of construction sector to the
GDP formed 7% during the 1988 — 1996 period. The annual change of the GDP of
the construction sector varied between a decrease of 10.1% in 1989 and a maximum
increase of 71.3% in 1992 with an average increase of 14.82% per annum.

4.2.6. Service Sector

The number of employed workers in the service sector in Jordan increased from
99,300 workers in 1961 forming 45.6% of the Jordanian workforce to 625,000
workers in 1996, thus forming 66.5% of the total Jordanian workforce. The
maximum contribution to the Jordanian workforce by the services sector was attained
in 1993 with a 75.3% of Jordanian workers employ0ed by the services sector. Since
1961 an annual average of 418,400 were working in the service sectors or 69.5% of
average employment in Jordan in this period. This reflects the dominance of services
in the Jordanian economy.

The GDP of the service sectors increased from JD 1419 million in 1988 to JD 2833
million in 1996. The annual increase of the GDP of these sectors varied between a
minimum of 4.2% in 1990 and a maximum of 14.7% in 1992 with an average increase
of 9% per annum. At the same time, the importance of the service sectors in the GDP
of Jordan decreased: it contributed 71.1% to the GDP in 1988 and 65.2% in 1996.
The average contribution of this sector to the GDP of Jordan reached 65.9% in the
period 1988 — 1996.

4.3. Summary

Table 21 provides a summary of water consumption by sector and each sector's
contribution to the total Jordanian GDP, employment and exports for 1996. The
agricultural sector consumed more than half of all the sectors' water allocations,
though contributed only 5.4% of the GDP, 9.3% of employment, and 15.4% of
exports. The second highest water consumer in 1996 was the services sector with a
water consumption share of 28.7%, though it was also the highest contributor to the
Jordanian total GDP with 65.2% share of the total GDP and 66.5% share in total
employment. The mining, quarrying and manufacturing sectors consume only 4.4 %
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of total allocated water, but contribute 19.1% of the total Jordanian GDP, 12.5% of
employment, and 84.5% of exports.

Table 21: Summary of Revenues By Sector as Percentage Out of Total Contribution
of All Sectors, and Water Consumption Per Sector for 1996

Sector Water Consumption GDP Employment | Exports
Agriculfural 66.9 % 5.4 % 93% 15.4 %
Manufacturing 15.6 % 10.1 % 57.1%

— - 44%
Mining and Quarrying 3.5% 24% 274 %
Electricity and Water Minimal 23% 1.7 % -
Construction Minimal 7.8 % 9.7 % -
Services 28.7% 65.2 % 66.5 % -
Total 100 % 99.8 % 99.7 % 99.9 %
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Chapter 5: Water as a Constraint to Social and Economic
Development in Jordan

The scarcity of water in Jordan forms one of the main factors that limit economic and
therefore, social development in the country. The available renewable water
resources are limited and are not sufficient to cover the existing water demands of
various sectors.

Rapid increases in population and industrial development have placed unprecedented
demands on water resources. Total demand is approaching one billion cubic meters
per year, which approximates the limit of Jordan’s renewable and economically
developable water resources. For several years, renewable groundwater resources
have been withdrawn at an unsustainable rate.  The quality of surface and
groundwater in some areas is deteriorating. Current water demands are not being met
satisfactorily throughout the country (both spatially and temporally), and the costs of
developing new water resources are rising rapidly.

Jordan’s water resources must be developed based on economic feasibility, and
adequate management systems must be instituted to plan and promote the optimal use
of water resources. In the mid-leng term, Jordan will not be able to satisfy its
increasing water demands from renewable water resources. Financial constraints as
well as political difficulties of managing water demands clearly indicate that future
water strategies must be selected carefully. Therefore, it is imperative that optimal
and sustainable patterns of water use be established to meet the requirements of a
growing population as well as Jordan’s economic development objectives and basic
agricultural foodstuffs. No single action can remedy the country’s water shortages;
rather many actions are necessary to increase overall water availability.

Jordan has initiated comprehensive water strategy reforms in order to respond to the
country's water crisis. Jordan’s Water Strategy, adopted in 1997, attempts to address
aggressively and systematically many of the problems facing the water sector. A
coherent set of sector policies and strategies are being prepared; a detailed investment
program has been formulated; and reforms are being implemented.

Jordan is establishing the long term planning strategies, management systems, and
economic foundation required to develop and to manage Jordan’s water resources.
Specific reforms are being implemented to improve Jordan’s water resources
management systems in the following areas:

1. Water policy

2. Water demand and water supply management

3. Strategic planning and management

4. Financing, investment, and private sector participation program
5. Institutional reform

6. Regional cooperation.
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The effectiveness of the policies that have been implemented so far and are still in the
implementation process are yet to be time tested. The participation of an international
water supply company in the management of service provision within the Ministry of
Water and Irrigation has yet to prove its effectiveness. The reforms and changes
should be implemented with more aggressiveness in light of the urgency and
importance of the water issue in Jordan.

One of the main social and economic constraints that are facing Jordan is the
availability of water in good quality and sufficient quantity. Since development in
Jordan in all sectors depends on increased amounts of water needed in all sectors,
whether agriculture, services, or industrial. Therefore, any planning to ameliorate or
expand in any of these sectors will have to take into consideration and plan for
provision of sufficient water resources to suffice the specific demands of the sectors.
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Chapter 6: Water Productivity for Each Sector

This chapter compares water productivity in the industrial sector through the
comparison of water productivity in the Amman Industrial Estate (AIE) in Sahab with
water productivity in the agricultural sector in Jordan. A comparison will be made
between the water requirements and water productivity in terms of employment,
contribution to GDP, paid salaries and exports between the AIE and the averages for
the agricultural sector in Jordan.

Industries in the Amman Industrial Estate are representative of industries in Jordan,
except for the heavy industries such as potash and fertilizer production, which are
situated in Agaba South Industrial Zone, and petroleum refinery which is situated near
Zarqa. This paper assumes that further industrial development would be shaped on
the example of AIE rather than follow the example of the high water consuming
heavy industries, and industries with low water consumption would be given priority
in light of scarcity of water resources.

It should be noted that the following comparison does not take into consideration the
social, educational, and environmental costs. Changes in water allocation between
industrial and agricultural sector may affect issues such as soil erosion, desertification,
air pollution, emissions of greenhouse gases, ozone, and particulates into the
atmosphere, and pesticide pollution. Furthermore, there may be changes in the profile
of the solid wastes that are produced and wastewater quality parameters.

Socioeconomic and demographic parameters may be changed as well with the decline
in agricultural sector and expansion of the industrial sector allocation of water
resources. Migration from villages towards large population centers which already
occurs in Jordan, may be increased as agricultural sector is further minimized. The
structure of the family may be changed as well. Agricultural families tend to stay in
the extended family form, while families living off industrial employment are more
prone to live the "nuclear family” style consisting of the parents and their children.

Increasing the industrial sector may affect the level of education and types of
employment that are open to women, and may encourage women participation more
actively in earning income, and change of lifestyle since they would be less dependent
on the extend family for their survival.

The number of children may be affected as well. Agricultural families tend to bear a
higher number of children than families who depend on employment within
industries, since children provide free labor hands, and the number of children tends
to be a guarantee of labor sufficiency and the timely reaping of crops. Within the
industrial sector, this is no longer the case, and the higher number of children does not
always guarantee financial stability for the family.

The following sections provide a comparison between water productivity in the
Amman Industrial Estate and the agricultural sector in Jordan. All figures date to the
1996-1998 period unless otherwise stated.
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6.1. Background

The AIE was established in 1981 as a step in the Government’s attempts to promote
the industrial sector in Jordan and encourage industrial investment. Currently, the
Estate has grown to become one of the major concentration points of industries in
Jordan, and a model for the establishment of similar estates both nationally and
regionally.

The AIE occupies a total area of 253 hectares. It is located in proximity to the Queen
Alia International Airport, and is served by the regional road networks that link the
Gulf States with Syria and Iraq.

In 1998, the total leased area within the AIE approximated 295,189 mz; while the total
sold land area reached 1,250,943 m?. Furthermore, the total area of sold ready-made

haingars reached 8,309 m? and the total area of leased buildings approximated 80,244
m.

In 1998, 363 industries operated in the Amman Industrial Estate with a total
investment of JD 843 million. The engineering and mineral sector had the highest
contribution of JD 198 million, and the leather industries had the minimai investment
contribution of JD 2.7 million.

In 1998 the total sale of the installations of the AIE reached JD 403 million, while the
exports reached 35% of the total sales i.e. JD 142 million. The main import countries
of AIE manufactured products were Iraq, Lebanon, Malaysia, United Arab Emirates,
Yemen, Algiers, Sudan, and Qatar. In order to further improve the marketing capacity
and competitiveness of the products, approximately 41 companies have acquired the
ISO certificates, and another 104 companies are en route to acquiring them.

The existence of various types of manufacturing industries in proximity to one
another has led to a kind of cooperation between these industries, since many use the
products of other industries in their manufacturing processes. This is encouraged l'v
the fact that transportation and shipping costs are cut due to the proximity of distances
between the factories within the AIE.

The total number of workers in 1998 was 13,641 persons that worked in AIE. These
ranged between administration, technicians, marketers, and factory operators. In
addition to the ones directly employed by the AIE there are many persons providing
services located beside the Estate and who depend on it for their income such as
numerous repair shops, eateries, markets, etc.

The total storage capacity of water available in AIE is 22,083 m’, while the water
consumption in 1998 reached 3,189 m*/day, which amounts to 1.16 MCM/year. The
following table provides a summary of industries located in AIE by type, number of
workers, water use, and water storage capacity.
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Table 22: Number of Industries Operating at Amman Industrial Estate / Sahab and
Their Daily Water Consumption in 1999 '

Water
Industrial Sector No. Of Investment No. Of Watjer Use Storage
Companies | (JD million) Workers (m /day) Capacity
(m’)
Food 42 153.5 2,025 826 3,720
Pharmaceutical 21 57.0 964 351 363
Engineering 80 198.4 2,775 256 7,138
Plastic & Rubber 53 79.8 1,570 152 429
Chemical 53 93.6 1,334 464 3,128
Woven & Cotton 39 98.0 2,094 668 4,621
Furniture, Kitchen &
Doors Manufacturing 27 221 744 24 168
Printing, Paper, o
Packaging & Wrapping 27 109.1 1,736 326 2,292
Leather 11 2.7 72 8 22
Construction 10 19.8 297 112 196
Services - - - 2 6
Total 363 834 13,641 3,189 22,083

Research indicates that the water demand by the industries located inthe AIE to
operate in their normal mode and without interruption would reach 3,826m’/day.
Nevertheless, due to interruptions in the manufacturing process the actual water
requirements for the manufacturing processes by industries in the AIE are
1,500m>/day, a deficit of approximately 500m*/day is obtained by the industries from
tankers. Therefore, the actual water consumption varies with the manufacturing
schedules that depend among other factors on economic conditions and product
demand projections. According to 1999 water consumption levels (Table 22), the
total water consumption for AIE / Sahab is 1.16 MCM/year. (5. 101

6.2 Comparison

In this section, water productivity of the AIE is compared to water productivity
indicators of the agricultural sector in Jordan as a whole. Taking the agricultural
sector as a whole facilitates the comparison and eliminates the need of drafting
scenarios according to the area of the agricultural land, soil type, water quality, crop
type, and irrigation technology wutilized. Therefore, water productivity for the
agricultural sector may be regarded as average figures of the sector in Jordan. Water
productivity calculations are presented per cubic meter of water that is consumed by
either the industrial sector represented by the Amman Industrial Estate (AIE), or the
agricultural sector, (Table 23).
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Table 23: Comparison of Parameters per Cubic Meter Between the Agricultural
Sector in Jordan and the AIE / Sahab

Parameter Agricultural Sector AIE / Sahab
Area
Hectares [ 84,600 [ 253
Water
(MCM/year) 600 1.16
(m*/day) 1,643,836 3,189
Employment
Employees §7,400 13,641
Employees/m’ 0.00015 0.0117
Employees/MCM 146 11,700
Including Secondary Employment
Employees/MCM 292 23,400
Exports
Million JD/vear 160.4 142
JDim’ 0.27 ID/m’ 122D/ m’
Salary of Registered Insured Em ployees 3l
JD/Worker/Month 84 94
Fils/Worker/m’ 0.002 0.98
JD/m’ 1.6 13.4
GDP
Percent of Total Jordanian GDP 5.4% 3.67%
Million JD 2329 158.3
JD/m’ 0.39 136.5

Water Consumption:

The agricultural sector uses 1.6 MCM/day as opposed to AIE that consumes
approximately 3,189 m>/day {0.003 MCM/day), provided no interruptions in normal
manufacturing process take place. These figures translate into 600 MCM/year
consumed by the agricultural sector, compared to approximately 1.16 MCM/year
consumed by the AIE.

Employment:

Employment —Water Ratio (EWR) is defined as the labor force per million cubic
meters (I MCM) of water used per year. Labor force is measured as the number of
full time employees. Some inaccuracies in data stem from the fact that official
employment statistics may underestimate unpaid famiiy work, and especially the work
done by women. At the same time, official statistics do not differentiate between
workers employed in irrigated agriculture and those working in rain dependent
agriculture.

The number of employees working in the agricultural sector in 1996 reached 87.400
employees both those that are insured and notinsured. That is for every one cubic
meter used in agriculture 0.00015 employees are employed (146 workers/MCM). At
the same time for every one cubic meter consumed at the AIE 0.0117 workers are
employed (11,700 workers/™MCM).  These figures are doubled if taking into
considerations secondary job opportunities that are created as a result of these sector’s
operations to reach: 0.000292 workers/m® for agricultural sector and 0.0234
workers/m” for AIE,
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Average Salaries:

Information regarding salaries was not available specifically for the AIE therefore, it
was assumed that salaries paid te employees in the AIE are concurrent with average
salaries paid in the industrial sector in Jordan. Therefore, comparison was made
between salaries of the industrial sector and salaries of the agricultural sector as a
whole. This information is derived from the 1994 Population Census and 1998
Statistical Yearbook and concerns only those workers that are registered with the
National Insurance Program. The average salary of a worker in the agricultural sector
approximates 84 JD/month compared to 94 JD/month/worker in the industrial sector.
Water productivity calculation reveal the following: every worker in the agricultural
sector is paid 0.002 Fils per every cubic meter consumed, compared te 0.98 Fils paid
to every worker per one cubic meter consumed in the industrial sector. Taking the
workers out of the equation by multiplying the per worker resuit by the total number
of workers employed by each sector yield the following results: every cubic meter
consumed by the agricultural sector results in 0.16 JD being paid as salaries, while
one cubic meter of water consumed by the AIE results in 13.4 JDs being paid as
salaries. It may be concluded that consuming one cubic meter of water by the
agricultural sector employs less workers and pays less per worker than the same
amount of water consumed by the AIE. Furthermore, agriculturai sectors’ salaries
may be even lower since many of the workers taking less than the average salaries
(average daily rate is 4 JD/day) may not be registered with the National Insurance
Program.

Table 24: Work permits Issued to Foreign Labor by Occupation greups and Sex

Occupational Group Male | Percent | Female | Percent | Total | Percent
Specialists and Technicians 963 2.7% 284 4.1% 1,247 2.9%
Administrative 503 1.4% 53 0.8% 556 1.3%
Clerks 39 0.1% 28 0.4% 67 0.2%
Salesmen 285 0.8% 7 0.1% 292 0.7%
Services 9,784 27.7% 6,421 91.9% 16,205 38.3%
Agriculture 11,912 33.8% 140 2.0% 12,052 28.5%
lcndustry- Transport, 111,801 | 334% | ss 08% | 11856 | 28.0%
ommunication & Construction
Grand Total 35,287 | 100.0% 6,988 1000% | 42275 100.0%

Source: Department of Statistics

Table 25: Number of Work Permits Issued to Arab and Non-Arab Workers by
Occupation Division and Nationality

Occupational Division
Nationality Production Agriculture Total for
Groups No. of Workers | % of Total | No. of Workers | % of Total | All Sectors
Total Arab 11,195 34.3% 10,353 31.7% 32,637
Egyptian 9,872 33.5% 10,054 34.1% 29,484
Syrian 922 70.3% 110 8.4% 1,312
Sudanese 98 24.6% 130 32.7% 398
Other Arab 303 21.0% 59 4.1% 1,443
Total Asian 563 6.4% 1,567 17.7% 8,854
Total Europeans 42 8.8% 2 G.4% 475
Other Foreigners 5 3.8% 3 2.3% 131
Total 11,805 28% 11,925 28.3% 42,097

Source: Department of Statistics

37



Gross Domestic Product (GDP):

The total GDP contribution of industries located in the Jordanian Industrial Estate
Corporation is approximated at 4% of the total Jordanian GDP. Taking into
consideration that at the time of the approximation the main contributors to the GDP
were the AIE and the Hassan Industrial Estate (HIE) located in Irbid, it may be
assumed that both these Estates contributed to the 4% of the Jordanian GDP. Taking
into consideration that the total Gross Sales of AIE was JD 363 million while
Hassan’s Total Gross Sales reached JD 36 million, it could be assumed that the total
contribution of AIE to the GDP compared to the HIE’s contribution is in the ratio of
363:36 i.e. approximately 10:}. Therefore, it may be assumed that the AIE
contribution to the GDP of Jordan was 3.67% instead of 4%. Therefore, taking the
amount of water consumed by the agricultural sector and the AIE it may be concluded
that 1m’ of water consumed in the agricultural sector contributes 0.39 ID to the total
Jordanian GDP. This figure is compared to the AIE where one cubic meter of
consumed water results in a contribution of 136.5 JD to the total Jordanian GDP.

Exports:

Water productivity in the AIE is approximately 145 higher than that of the agricultural
sector. Every cubic meter of water consumed in the agricultural sector results in
export revenues of 0.27 JD/m® consumed, compared to 122 JD/m’ of water consumed
by industries in the AIE.

6.3. Conclusion

According to the eccnomic indicators presented above, intersectoral reallocation of
water resources would seem to put to a better use Jordan's limited water resources.
The industrial sector consumes less water, and does have higher returns in terms of
contribution to employment, GDP, and exports.

As has been mentioned earlier the comparison presented in this document does not
take into consideration the environmental and social costs of intersectoral reallocation
water. Therefore, it should be remembered at all time that the above conclusions are
not categorical and the issue should not be judged solely on economic bases.

Therefore, before any action is undertaken in the sectoral reallocation of water,
extensive studies should be performed that would aim to detail and quantify the
environmental and social effects of intersectoral reallocation of water.
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Chapter 7: Case Study “Groundwater Economics”

Due to the financial and time costs that are associated with research and performing
field and ground surveys, this chapter will be based on the findings of the study of
“The Economics of Groundwater Management in Arid Countries”. This study, which
is published in 1998, was conducted by Manuel Schiffler, who is currently working as
an economist at the World Bank. The data and the assumptions that are presented in
the "Groundwater Economics" are sufficiently recent, dating back to 1996-1997
period, and are compatible with the objectives of this document.

The following sections present the objectives, methodology of the study, structure of
the document, the assumptions that were used in constructing various scenarios, and
the main findings that the document reached in groundwater management instruments.

7.1. Introduction

The study of “The Economics of Groundwater Management in Arid Countries”
consists of two parts:

- Desktop work, which dealt with the theoretical part of the groundwater
management models and the international experience; and

- Case study part that specifically discusses the groundwater management
practices in Jordan, including water balance issues, policy-making, supply
management, intertemporal allocation of groundwater in Jordan, intersectoral
allocation, and present and new groundwater management instruments. The
case study part focuses mostly on the Zarqa River Basin, as it is one of the
most important river basins in Jordan. The Basin contains the largest two
cities in Jordan: Amman and Zarqa and their outskirts, and is an important
irrigated area. This part consist of a survey of major water- consuming
industries, a survey of farmers in the Upper Zarqa Basin and interviews with
officials and experts working in the water sector.

The empirical research for the study of the Jordanian case took place between April
1993 and March 1996.

7.2 Objectives and Methodology
The study’s objectives were as follows:

- Determine the optimal intertemporal and intersectoral allocations of
groundwater;

- Determine the economic instruments that are best suited for the reduction of
groundwater demand taking into account political and public acceptability,
including  distribution concems, environmental effectiveness, cost-
effectiveness, and legal and administrative feasibility; and

- Determine the mechanism of these instruments action with the expansion of
water supply.
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The author has chosen Jordan as a case study and as an example is due to the fact that
Jordan is one of the most water scarce countries in the world. Therefore, problems
that are confronting Jordan in the present may well face other countries in the near
future and Jordan’s experience would be beneficial for these countries.

The author’s case study methodology was based on empirical research consisting of a
survey of major water-consuming industries, Upper-Zarqa Basin farmers’ survey, and
interviews with officials and experts in the water sector. This research was performed
during the course of four separate visits that had a total duration of five months.

7.3. Comparison Depletion Paths and the Value of Groundwater
Stocks

A hydro-economic model was applied to the groundwater in the Zarqa Basin over a
time horizon of 50 years. The Zarqa Basin was chosen for the hydre economic model
because water demand in it is rising fast and it has the highest rate of groundwater
recharge. Therefore, the situation of the Zarqa River Basin is representative of the
situations of other basins in Jordan if not now, then in the near future since they all
suffer from overdraw. Although the overdraw in other basins is lower and the time
until exhaustion longer, the same basic problem of overdraw arises as in the Zarqa
basin. Table 26 summarizes Zarqa basin hydrological characteristics.

Table 26: Hydrology of Groundwater in the Zarqa Basin

Characteristic Unit Value
Area of the Basin Km? 2,000
Storage Coefficient % 3
Total Stock MCM 1,700
Usable Stock MCM 850
Total Withdrawal MCM/Year 164
Industrial Withdrawal MCM/Year 12
Agricultural Withdrawal MCM/Year 62
Municipal Withdrawal MCM/Year 90
Natural Recharge MCM/Year 88
Depletion MCM/Year 76
Salinity ppm 150 - 3,000

The hydro-economic model applied to the Zarqa River Basin assumes the following
depletion paths of the groundwater in the basin:

Path 1 Rapid abstraction. Groundwater abstraction continues at its
present level until the groundwater stock is exhausted.
Abstraction is then limited to an equilibrium level close to
natural recharge.

Path2 Slow abstraction. The overdraw is halved and depletion time
doubled. As in Path 1, abstraction is limited to an equilibrium
level after the stock is depleted.

Path 3 No abstraction. Abstraction is limited to recharge and the
aquifer is therefore maintained at an equilibrium level from the
outset.
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Path 4 Future abstraction. Abstraction is limited to recharge for all but
for the last 20 years of the time horizon, when groundwater is
depleted exclusively for M&I uses.

The foliowing assumptions were made for the model:

- The total groundwater stock in the basin is 1,700 MCM.
- Only 50% of this stock is usable because of quality constraints.

- The storage coefficient is estimated to be 3% meaning that | m’ of
underground formation contains an average of 30 liters {3%) of water.

- The return flow coefficient in this model is the percentage of 1 m® of water
returning to the aquifer after use. The return flow coefficient to groundwater
is estimated to be zero, because drip irrigation is widely used in agriculture so
that there are no return flows and because wastewater is either reused or
evaporates.

- The base flow of springs is assumed to be zero, because springs have dried up
as a result of over pumping.

- The use of water from the aquifer for M&I purposes is assumed to remain
constant {except for future depletion path 4). Any reduction of water use in
the model from the present level is thus achieved at agriculture's expense. The
cost-benefit analysis for paths 1 - 3 is therefore limited to the assessment of
costs and benefits arising from agricultural water use.

- Calculations are made at 1994 prices.

Previous studies and research showed that the important factors affecting the net
present value of a depletion path are the discount rate and assumptions concerning the
future shadow price of water in different uses. The discount rate of 5 % was assumed
for the comparison between the agricultural and Municipal and Industrial (M&I)
sectors (Table 27).

Table 27: Comparison Between the Net Present Value (NPV) of the Income Stream
from M&! Groundwater Use and Agricultural Groundwater Use at 5 %
Discount Rate

Abstraction { Path 1: Rapid | Path 2: Slow | Path3:No |Path4:Future| Path with
Path Depletion Depletion Depletion Depletion | Highest NPV
Agriculture 109 104 31 31 1
Mé&l1 2,145 2,145 2,145 2,440 4

The NPV of the M&I use is consistently higher than that of the agricultural use. The
highest NPV in agricultural use is in Path 1 (rapid depletion), while the highest NPV
in the M&I abstraction is Path 4 (future depletion).

Sensitivity analysis performed reveals that Path 3 leads to the lowest NPV, while the
path with the highest NPV is Path 4. The NPV of Path 2 is generally similar to that of
Path 1. Furthermore, Scenario II (no sectoral change, higher agricultural shadow
price) leads to the lowest NPV across all depletion paths, while Scenario 111 (sectoral
change, higher M&I shadow prices) leads to the highest NPV values across all
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depletion paths. The highest NPV results from scenario III in path 4 (future
depletion) and equals to JD 2830 million.

Table 28: NPV of the Income Stream from All Uses (JD m) at 5% Discount Rate
Assuming Different Scenarios of Intersectoral Change of Water Use

Path 1: Path 2: Path 3: Path 4: Path with
No. Scenarios / Depletion Path Rapid Slow No Future Highest
Depletion | Depletion | Depletion | Depletion NPV

Net Present Value of the Income
1 |Stream from All Uses JD m) 2234 | 2249 4 3176 | 2471 4

No Sectoral Change, Higher

1 Agricultural Shadow Price (JD m) 1924 1,920 1835 2,062 4
Sectoral Change, Higher M&I
111 Shadow Price (JD m) 2,638 2,549 2,476 2,830 4
Sectoral Change, Higher
v Agricultural Shadow Price (JD m) 2,215 2,158 2,072 2,365 4
7.4. Groundwater Management Instruments

New instruments are suggested based on the findings made in the theoretical part of
the case study to optimize groundwater management in Jordan. The main existing
groundwater management instruments in Jordan include property rights and
groundwater abstraction permits, groundwater abstraction charges that are levied on
industries, and municipal water tariffs. Other groundwater management instruments
that have not been implemented in Jordan are discussed such as:

- Tradable property rights to groundwater: considered in theory to be an
environmentally effective and economically efficient environmental policy
instrument. Nevertheless, if it is not correctly implemented and abstraction
limits are not strictly enforced (as is the case in Jordan), then allowing tradable
property rights will lead to increase in groundwater abstraction. Furthermore,
it will economically harm those who are working on the land but do not own
it, especially if land owners decide to sell their water rights and terminate the
agricultural use of their land.

- Abstraction charges for groundwater used in agriculture: even though this
measure is increasingly recommended as a policy instrument for groundwater
management, 1t has a number of draw backs mainly:

. Charges may be abused for fiscal purposes;

. The environmental effectiveness is uncertain;

. Charges are inflexible when circumstances change; and
. May raise strong political resistance from water users.

- Removal of subsidies and taxation on energy prices including diesel and
electricity: the main advantages of such policy measures are the relative ease
of monitoring and enforcement in addition to the incentive that they form to
consumers to find the least cost solutions. One of the main disadvantages is
that these measures target all the economical sectors, and may have adverse
negative effects on sectors other than agriculture.  Furthermore, the
environmental effectiveness of such charges remains uncertain.
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Agricultural import liberalization: Jordan has already begun liberalizing its
agriculture sector in 1995, If full liberalization does occur it is expected that
short term groundwater abstractions and agricultural production would
increase, before they decrease back to stabilize. According to the study it is
expected that a full liberalization on irrigated agriculture would lead to
decrease in groundwater abstractions in the Jordanian Highlands at a higher
rate than could be achieved through the implementation of a groundwater
abstraction charge.

- Direct regulations such as regulating the cropping pattern and imposing
technological standards: the main advantages of direct regulations is their
political attractiveness and ease of introduction and implementation.
Nevertheless, they have proved especially in developing countries to be
ineffective and too expensive. Furthermore, regulating the cropping pattern is
administratively difficult to implement, as experience in Jordan has showed
when in 1985/1986 the Ministry of Agriculture tried to restrict cropping
patterns in Jordan, the program was abandoned following its failure in 1990.
Likewise, imposing technological standards may prove too costly for
Jordanian farmers, especially that many of them are already using water
saving technologies: 96% of irrigated area in Mafraq Governorate is irrigated
using drip irrigation, compared to 68% in Zarqa Governorate, while only 2%
of the irrigated area in Zarqa Governorate is irrigated through sprinklers and
0% in Mafraq Governorate.

- Subsidies for environmental improvement: in spite of their political
attractiveness and ease of administration subsidization for environmental
improvement has a number of disadvantages. These are: the polluter pays
principle is not conformed to through this policy, production process becomes
cheaper which encourages in its turn an increase in production, and their cost
effectiveness and environmental effectiveness have not been proved yet.

The study therefore recommends a combination approach of any of the above
mentioned methods to improve the groundwater management practices in Jordan. An
example would be implementing groundwater tradable property rights in combination
with groundwater charge, and minimal subsidy of the purchase of water conserving
equipment. This approach would also need to be supplemented by other policy needs
in water management in sectors other than agriculture, such as restructuring the
municipal water tariff system, decreasing water leaks, and improving wastewater
treatment systems.
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Chapter 8: Towards Financial Sustainability of Utilities and
Environmental Sustainability of Resources

8.1, Overview

The financial sustainability of utilities and the environmental sustainability of
resources should be regarded as both essential and interdependent. There could not be
environmental sustainability of resources achieved without the financial sustainability
of utilities that regulate and supervise these resources. At the same time, the financial
sustainability of utilities would not be achieved if resources are overused and their
development is not one of a sustainable character.

In this regard it is essential to compromise in order to achieve the optimal financial
and environmental sustainability of both utilities and resources.

Despite perhaps and impressive list of accomplishments to date, maintaining
continuity of the process has been extremely difficult. Attempts made to restructure
water agencies has not been able to address either the excess staffing levels or the
hiring and retention of qualified staff; incentive programs to promote improved staff
performance have not been developed. Formal training programs have not been fully
instituted at the Ministry level.

The water tariff structures still remain too low to recover capital costs for water
delivery. This is particularly so for irrigation water delivered in the Jordan River
Valley. Reallocation of water resources among various economic sectors remains a
highly sensitive issue.

8.2. Recommendations

Despite many studies performed so far focused on the economic indicators in
comparing water productivity in the agricultural and economic sectors in Jordan.
Even though the economy is an important parameter, studies shouid be performed
comparing the sectors from the following perspectives:

1. Environmental perspective: the contribution of each sector to local and
global environmental issues such as soil erosion and desertification
control, biodiversity, air pollution, groundwater and surface water
pollution, global warming, and ozone depletion. Models should be
made of environmental pollution levels resulting from intersectoral
reallocation of water and reductions in the size of any of the sectors on
the main environmental pollution parameters especially air and noise
poliution.

2. Public Health perspective: the effects of each sector on the public
health of the populations dependant on the agricultural and industrial
sectors. Studies on the effects of intersectoral reallocation of water on
Jordan's public health indicators as a whole, taking into consideration
the possible environmental impacts of intersectoral reallocation of
water.
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3. Social perspective: the industrial and agricultural sectors support
totally different social structures. Studies of these structures, the
number of people dependent on them, and the social impacts of
intersectoral reallocation of water should be studied in detail taking
into consideration not only the present situation but also the effects on
future generations.

However, due to the limited number of studies performed in the field of groundwater,
and intersectoral aliocation of water that take care of the above mentioned
perspectives. The following studies are needed to obtain a more complete picture and
a better assessment of the situation in Jordan:

- Detailed study of the aquifers in Jordan. Many studies take into consideration
the basin as a whole, which gives an approximate picture but not an accurate
one that is required to better model and predict depletion rates and future
qualities of groundwater.

- Studies of the groundwater in the Jordanian Highlands in terms of detailed
quality and quantity of available water, and current and future abstractions.

- Studies of the methods of irrigation, actual efficiencies of the methods used,
and study of the application of new methods to increase the efficiency of
irrigation in the agricultural sector in Jordan.

- Studies on the methods for water conservation, recycling and reuse across all
the user sectors in Jordan.
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Summary of Population Projections

83



I 28eq

6£0°€T 991°07 08p°L1 S00°'S T $69°C1 Nnooa VAV TV
TLS0E 65L°9C $61°¢Z 11661 o9p8°91 AAY AVIV TV
0L6VE 809°0€ 1£5°92 0LL°TT 697°61 IIVS SV VIV TV
OIT°LE 8P°TE 951°8C 0L1PT 6t 0T ASVO TV AVEVI 1V
TTS'LT 060°vZ 188°0T STOLI 99161 V VIZVIN TV AVIV TV
vZ1°56 09Z°¢8 OLT°TL £56'19 91¥ZS [TANONVS TV AVZVIN TV AVIVI TV
00P°TEL L88°STT Zst'00l 1€£2°98 956°TL VIV TV WVAVHE TV
pS9‘€19 0ZILES 085°S9¥ 0L9°66€ IP1‘8€EE vO'Ivd TV 111
191°61 0LT €l £0S°11T SL8°6 $SE°8 AVZ vOIveE IV
8€ESL P69 6S1°LS L906Y £15°1¥ VYNNHS HLNOS vOTIvVd TV
L6T'L8 ol¥*oL T€T°99 968°9¢ €01°8Y VTTV 91ad vOIvVd TV
7961y L8T'L9E L9E'81¢E L6T°ELT vZT 1€ vO1Ivd IV vOIvVe TV
9¢Z°91 11291 81€°C1 vLS 0T Lv6'8 vaav v vOIvd v
196°70T]  86T°LLI £89°€ST LT6 IS LI9ITT HVAVOYV TV 'LLL
8LEL LSY°9 L6S'S S08‘Y S90Y vavdav Iavm HVEVOV TV
6v¥'SS £E5°8Y 690°CF g11°9¢ PSS0E VIAVAMNO TV HVAVOV TV
SEL6ET LOETT1 L10°901 800°16 866°9L HVEVOV 1V HVAaVOV TV
SLETIZ|  T10'S8I 0LE 091 L99*LET PLY'OTIT NAOTIIV ILL
8.7 LOS‘OF I11°6¢ I¥1°0€ 10$°ST VINVIINA NNOTIV
960691 90S ‘1 68T°Z1 9Z5°L01 €L606 NNOUV NNOTV
0207| S107| 0107 007 0007 AVIA
NOILVINdOd LORILSIA TLVIONTIAOD

suorsford uonemdod jo Areunung




¢ 98eg

[ 18°017°%6] 901°790°8] 10£'886°9] 766'866'S] 19b'SL0°S | [ Nvaior1ii]
S8Y°9€T 166°907|  TT¥'6LY 120°PST 01€°0€1 VAVAVIN TLL
#89°TS vi1'9b TL6'6E E1EPE 1£0°62 NVIIaIHL VEVAVIN
108°€81 LLS091 0St6€1 80L°611 082101 VEVAvIN VEVAVIN
080°LLT S66°'PS1 ISEPET TEESTIT LLS'L6 NVVIA TLL
¥66°LE 957 ¢cE 97887 SYLYT 9€602 VSN IAvMm NVVIN
67+ 68 SLT'8L 058°L9 SHT'8S LT 6V NVVIN NVVIN
980°€T L0Z°0C 91S"LT 9¢0°S 1! 1ZLT1 MVEHOHS HSV NVVIN
cISpl £0L°T1 110°11 A3 L66°L VAAINAVSNH TV NVVIN
850°CI ¥Ssol 6¥1°6 £68°L 799 v NVVIN
[eostLLe] oLLTrE] sevorz]  sp9°08I| S€8'ZST| |  HSVYVETLL|
P86 TLO'T| 9SHEIP‘T| 9€5°89T°T| $S6°880°T 1126 g1 1LL
£67°7S8 966°SPL 9£9°9t9 ¥60°55S 6£9°69Y aigd1 aiea
vELTT 668°61 8YT L1 LOSYT LTSTI VINTYVH ared
HT911 SL101 £61°88 80L°SL £5099 VNVNII INVE aada
165°€S LO6°OY 659°0% £06'vE 0€5°6T VLAVL LV argd1
1ST°LLI S 289! 187 b€l PP ST 1L9°L6 VHINVI IV aral
SE9°EY €61°8€ 901°¢c¢ 61482 0 v VAXILSVM TV arad
vLO6L T12°69 £66°6S 00S°1S TLS'EY AVZVIN TV aad1
888°8S1| ZLO6EI|  8bSOCI £8°€01 7S$°LS Vdanod v aga
oLz'991|  68T'LYI 1L9°LT1 L65°601 6ZL'76| VHS HSV YVMHOV TV a

suonoslo1g uonendod jo Arewwing

T T

7 98ed

T00°00P°T| 96€°STT'TI| €8IT90°F| PISII6 THH ILL vOUVZ 2V 1LL
10$°91 4adl 615°C1 LyL 01 7606 NATITHI VOIVZ ZV
LOS'LT 6£9°G1 965 el LESTT $¥8°6 oviazy VOIVZ ZV

£€9°COC°T| PIES6I°T| 801901 0P 688 +0STSL VOUVZ ZV VOIVZ ZV

cIg‘6El| oLeTTI|  LLO'90T 090°16 10°LL HVTIAVL LV 1LL
T6S°€E 70¥°62 98%°ST 8.8°1C 015781 HVIAVSNL HV AV LV
TL6'ES 66V°€L 01L€9 069°VS 1LZ'9F HVTIAVL LV HYTIIVL LV
6vTTT SLY61 18891 16V 1 09Z°C1 VSVH 1V HYTIVL LV
€79°91s°c| S€0°8L0‘E] L90°899°C| 8SE'06T'T €9L'LE6°T NVIINYV TLL
87981 S0€91 TAR 4! ZELT1 $oZ01{ NAHLYSVE TV WIAIN NVININY
8IPv6eT|  869°LST| SLEETT €5L°161 €€T°791 IS SV IavMm NVININY
£99°601 98666 70Z°¢8 €THIL 8TH09 dvVHVS NVININY
L6889 £08°9¢ 8€T'6p L9T'TY 09L°S€ ANVN NVININY
9¢L°0b 969°6¢ LO6°0€ 1€5°9C LYY TT AVOOVMIN NVIANY
1€0°L16°C] €zz'essz| 9S1°€1TT| Ly8'668°1 0LE°LO9T NVINALY NVINAY
0STIL £9£°79 LSOPS yov'or 192°6€ VZI[ TV NVININY
961°€8E|  YOP'SEE 1€L°06T €LS'6VC TST11Z OVIIVIA 1V TLL
1¥9°€T 769°07 9¢6°L1 L6EST LTOCL NVHIVS SV VIAVS OVIIVIA TV
086°LS 6vL0S 686°ct T9LLE 6v6 1€ VHAVS OVIIVIN TV
699°1¢€ 61L°LT LT0%T 979°0T 1st°L1 VIV '1vd OVILIVIA TV
ShP T 125°0T 88L°L1 0LT'ST 616C1 AHSAFAMY 9V OVIIVIN TV
19v°9%T £7L61Z| 066981 616091 LOS'SET OVIAVIN TV OVIIVIA TV

[ Lecfose] Tstieee| 69888  TL6'LPE L6L°60T] [ VIV TV 1LL|

suonoalord uonejndod jo Arewung



Annexes 3

Water Use Projections
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Annexes 4

Demand Projections
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