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Background 
The Applied Research Institute-Jerusalem (ARIJ) has long realized the need for 
drawing a comprehensive picture of the water and agricultural situation in the 
West Bank. In April 1993, ARIJ submitted the project proposal "Potentials for 
Sustainable and Equitable Development of Irrigated Agriculture in the West 
Bank" to the International Development Research Center (IDRC)-Canada, which 
generously approved a grant for a three-year project. The project was launched on 
November 1st, 1993 and was concluded on the November 1st, 1996. During the 
course of the project, several major political landmarks took place: the Oslo I and 
II Agreements, the establishment of the Palestinian National Authority (PNA) and 
elections to the Palestinian Legislative Council and new elections in Israel. Under 
these political changes strikes, curfews, and even fire shooting occurred between 
Israelis and PNA due to confiscation and colonization of the Palestinian land by 
Israelis. All these political problems have led to delay in the project which 
prevented the fulfillment of all specific objectives in time and so IDRC extended 
the project for one year more which was finally terminated on June 30, 1998.  

The following objectives have been achieved during the progress of the project: 

Specific Objective 1 Assessment and measurement of the efficiency of the 
irrigated agricultural sector of the West Bank in terms of the physical resources, 
irrigation technologies and practices, and socio-economic dimensions. This 
objective was achieved through:  

• = Collecting and assembling a base line data on the physical environment, 
irrigation technologies & practices, and legal, institutional & socio-
economics.  

• = Performing a comprehensive analysis of the data with a view to identify 
the critical problems of the irrigated sector in terms of sustainable 
development and efficiency.  



Specific objective 2 Formulation and recommendation of alternative sustainable 
options to planners, decision-makers and extension workers. This objective was 
achieved through:  

• = Study and selection of alternative irrigation technologies, crop 
combinations and/or management practices which appropriate and 
sustainable and which could be introduced in the study area.  

• = Production and communication of the research results to the target users.  

Specific Objective 3 To enhance ARIJ’s research and planning capability in water 
and environment, by introducing or strengthening its expertise in data acquisition 
and analysis, and the use of new technologies (GIS and remote sensing).  

Justifications of Study 

• = To continue the study of Rainfed Farming in Palestine.  
• = To setup a national Palestinian figure through establishing a reference 

database on land & water.  
• = To identify the role of land & water in formulating the final political status 

of Palestine.  
• = To optimize the Palestinian water & land use for different purposes.  
• = To identify the degradation of Palestinian land & water by Israeli 

strategies.  

Methodology of Submitting Results of Study 

1. Agricultural, groundwater (wells & springs) as well as weather databases 
are completed, processed and stored at ARIJ Water Research Unit. ARIJ’s 
hard sources including books, articles, reports and maps are available to 
the public for use.  

2. A comprehensive report on the project was completed on March 98 in the 
form of a book entitled " Water Resources and Irrigated Agriculture in the 
West Bank". One thousand copies of the book was produced and large 
number of copies have been distributed free of charge to the target users of 
the project. The book includes the used methodologies and the findings 
supported by illustrative maps, figures and tables.  

3. Four draft technical papers dealing with the main critical problems have 
been prepared and sent to several refereed journals to be published and we 
are waiting for positive answers. These papers are entitled:  

4.  
o Irrigation management and water use efficiency in the West Bank.  
o Effects of Irrigation activities on the environment in the West Bank  
o Water quality and Hydrogeochemical evolution of groundwater in 

the Jordan Valley.  
o GIS as a tool to integrate land use, cropping pattern, and water 

quality in the West Bank.  



5. A final workshop on " Potentials for Sustainable Development of Irrigated 
Agriculture in the West Bank" has been held on June 25, 1998 in co-
operation with the Palestinian Ministry of Agriculture. Sixty Palestinian 
experts on water and agriculture representing 8 ministries and authorities 
of the PNA and 11 NGO’s have been invited and participated in the 
workshop. Due to the valuable importance of the project’s findings, the 
participants have recommended the following:  

o ARIJ and Ministry of Agriculture (MoA) should co-operate to 
conduct a similar study on Gaza Strip to assure the geographic 
unity of Palestinian lands.  

o ARIJ should conduct another training workshops for agricultural 
extension agents and active farmers in various districts of the West 
Bank to communicate the results of study on site. Two such 
workshops are enough; one in Jericho to represent the Jordan 
Valley and another one in Nablus to represent the northern 
districts.  

o ARIJ and MoA have signed a co-operation agreement to share data 
and exchange experts and conduct a joint research activities in the 
field of water and agriculture.  

o ARIJ and MoA should co-operate to update figures on areas, 
production, and economics to adapt with the current and future 
political changes.  

o Communicate the results of study to the decision makers and the 
Palestinian negotiators to be taken into consideration in the final 
status negotiations.  

o Constituting a technical committee whose members represent the 
various PNA and NGO institutions working in the fields of land 
and water to coordinate the efforts and joint interests in an attempt 
to formulate a comprehensive national Palestinian agricultural 
policy.  

o ARIJ and MoA should co-operate with other institutions to setup 
an Integrated Palestinian Farm Management.  

o ARIJ and MoA should co-operate to set up a joint program dealing 
with optimization of land and water in terms of physical, socio-
economics and marketing issues.  

o ARIJ should submit an executive summary including the main 
findings of the project in Arabic language to be distributed to the 
interesting institutions and experts.  

o ARIJ and MoA should co-operate to conduct a workshop as soon 
as possible on Israeli Colonization and the Degradation of 
Palestinian  
Natural Resources.  
 
ARIJ has been contracted by the United Nations Development 
Program (UNDP) to prepare a technical study in partial fulfillment 
of the Local Rural Development Project. Thus ARIJ depended on 



the outputs of this project to submit that report entitled "A 
diagnostic study of eight Palestinian villages in the Jericho area" 
in July 97.  

6. A project on the transfer of ARIJ’s data to the Ministry of Planning and 
International Co-operation as a representative for PNA have been signed 
on July 15th, 98 in which agricultural, environmental, weather and water 
databases are included. The project’s duration is 6 months starting on 
August 98 and the data transfer included installation of the required 
software, maintenance, data upgrading as well as training of the PNA 
institutions on operating the databases.  

This executive summary consists of three parts as follows: 

• = Part I which deals with water resources in terms of hydro-politics, 
topography and climate, water availability as well as on quality 
constraints.  

• = Part II which deals with the status of irrigated agriculture in terms of 
irrigated areas, production of different cropping, socio-economics as well 
as impacts of irrigation activities on public health and environment.  

• = Part III which deals with irrigation management and planning in terms of 
crop water requirements, irrigation requirements and water use efficiency.  

Part I -Water Resources 

Hydro-Politics 

The Zionist movement started to organize Jew immigrations to Palestine to 
establish their claimed national home land there during the second half of the last 
century. Their strategic planning was focussed on controlling the natural 
resources of fertile land as well as the sources of water to achieve a safe 
agricultural settling atmosphere in Palestine. 

Two years after Belfour declaration which stated that the Jews have the official 
right to establish their homeland in Palestine, Paris conference was held in 1919 
where Arabs and Jews were participants. The Jewish representative in that 
conference submitted a proposal for defining the political boundaries of Palestine 
in which he included all drainage area of the Jordan River basin including 
Yarmouk within the natural boundaries of Palestine to get enough sources of 
water for their future development. 

After establishment of Israel and specifically during the fifties of this century, 
several plans have been proposed to subdivide the waters of the Jordan River 
basin between partners (Israel, Syria, Lebanon and Jordan). The West Bank was 
under the Jordanian administration at that time and so their allocation was 
included in the Jordanian one. Table 1 shows the development of different plans 
to subdivide the Jordan waters between partners.  



Table 1 Development of different plans to subdivide waters of the Jordan River 
Basin between different riparian parties, 1953-1955  

State Johnston 1953 Arab 
Technical 
1954 

Cotton 1954 Revised 
Johnston 

  Water Area Water Area Water Area Water Area
  MCM/Yr Km2 MCM/Yr Km2 MCM/Yr Km2 MCM/Yr Km2 
Jordan/Palestine 774 490 861 490 575 430 *720 - 
Syria 45 30 132 119 30 30 123 - 
Lebanon - - 35 35 451 350 35 119 
Sub-total 819 520 1028 644 1056 810 887 35 
Israel 394 420 200 234 1290 1790 *450 - 
Total 1213 940 1228 878 2346 2600 1337 - 
*estimate 

Because the available irrigation water in the Jordan River Basin does not exceed a 
maximum of 1,213 MCM, the Cotton Plan included, within its scope, the Litani 
River to cover the water shortfall. The Cotton Plan allocated 400 MCM of the 
Litani water to Israeli and 300 MCM to Lebanon. The period between October 
1953 and July 1955 was a stage of negotiating and bargaining over the Jordan 
River System. By the end of 1955, the Johnston Plan had become more favorable 
to Israel, whose share rose to 450 MCM, while Jordan's share dropped to 720 
MCM. The final form of the plan, even though it was rejected by the Arab States, 
was used by the United States as a basis for its future plans in the region. The 
failure to reach bilateral agreement reinforced each country's inclination to 
proceed independently. In 1958, Israel started a Ten-Year Plan of establishing the 
so called National Water Carrier by diverting the water of the Upper Jordan at a 
point named Eshrd Kinort located at the northwest corner of Lake Tiberias. That 
diversion project was carefully designed in accordance with Israel's water 
allocation in the revised Johnston Plan. It also refrained from invalidating its 
general principles. Arab reaction to Israel's National Water Carrier was to build 
dams on tributaries of the Jordan and Yarmouk Rivers, thus reducing the water 
flow to Israel. In 1965, Syria began building dams to divert water from the Banias 
and Dan Rivers in the Golan Heights. These headwater diversions threatened to 
deprive Israel of 35% of its water potential from the Upper Jordan. Israel, as a 
riparian state of the Jordan River Basin, considered this an aggressive action in 
regard to its water resources and sent fighter planes to destroy work sites. No 
water plans were devised after the Johnston Plan of 1954. However, many events 
have taken place since which have altered water distribution quotas. Jordan 
constructed the East Ghor Canal (currently named as King Abdullah Canal) and 
proposed in their plan to construct the West Ghor Canal to provide Palestinians of 
the West Bank with 150-250 MCM/Yr of water, but everything was stopped by 
the 6-days war in 1967 after which the West Bank became under the Israeli 
occupation. 



Since the 1967 occupation of the West Bank, Gaza Strip and Golan Heights, 
Israel has vastly expanded its control over water resources in the area, to include 
Mount Hermon, West Bank aquifers and the entire length of the Jordan River. As 
an outcome of the 1982 Israeli invasion of South Lebanon, Israel extended its 
command even further, to include part of the Litani River. Israel's strategy is to 
control and derive maximum benefit from all water resources in the occupied 
territories.  

At the same time, Israel has allowed its settlements in the West Bank to consume 
water and develop irrigated lands without any restrictions. Israeli authorities have 
imposed a series of military orders concerning Palestinian water & agricultural 
issues, aimed at limiting the Palestinian economy. 

On October 30, 1991, the Madrid Conference was held between Israel and Arab 
countries under sponsorship of the former Soviet Union and the United States of 
America in an attempt to resolve the Arab-Israeli conflict; the basis for 
establishing peace was United Nations Resolutions No. 242 and No. 338. The 
main Arab countries that participated in the conference were Palestine, under the 
umbrella of Jordan, Jordan, Syria, Lebanon and Egypt. That conference has 
launched both bilateral and multilateral negotiations among the participating 
parties.  

Oslo I Agreement was signed on May 4, 1994 in Cairo where both P. L. O. 
(Palestinian Liberation Organization) and Israel agreed on the formation of the 
Palestinian Authority to govern Gaza and Jericho first as a transitional phase 
leading to control of other areas of the West Bank. The Oslo II agreement was 
signed on September 28, 1995 in Washington D. C. in which the Palestinian 
Authority and Israel agreed on the extension of Palestinian authority into the main 
cities and villages in other districts of the West Bank. By the start of 1996, the 
Palestinian Authority controlled all districts except Hebron, which was not 
liberated until one year later, on January 17, 1997 because of its declared Jewish 
importance. According to Oslo II, the negotiations for the permanent status of the 
West Bank and Gaza Strip should have started on May 4, 1996 and continued for 
a maximum, that is until the deadline of May 4, 1999, but unfortunately, at the 
time of this writing they have not yet started, since the negotiations for the interim 
period have not been completed. 

In the sphere of water within Article 40 of OSLO II, both Palestinian and Israeli 
sides have agreed that the future water needs of the Palestinians in the West Bank 
are estimated to be between 70-80 MCM/Yr. They also recognized the necessity 
to make available to the Palestinians during the interim period a total quantity of 
28.6 MCM/Yr in order to meet the immediate needs of the Palestinians in fresh 
water for domestic use. 

In order to achieve such immediate water needs agreed upon within Article 40, 
the joint Israeli-Palestinian-American Committee led to the initiation of a project 



funded by the United States Agency for International Development (USAID). 
That project, which is being executed by the CDM/Morganti consulting engineers 
group, aimed at constructing six monitoring wells between 300 and 700 meters in 
depth and six pairs of water supply wells between 350 and 850 meters in depth at 
locations in the Hebron, Bethlehem, Jenin, Nablus and Ramallah areas. Till now, 
Israel granted permissions for constructing 4 water supply wells at Bethlehem-
Hebron area, while no single permission was granted for any monitoring well. 
Before 8 months of the project’s termination, drilling was completed for just one 
well and a second well is being under construction.  

Topography and Climate 

The West Bank is generally mountainous area and it has the minimum elevation 
above mean sea level in the world (Dead Sea at an elevation of 400 meters below 
sea level), while its maximum elevation is 1100 meters above mean sea level 
(Hebron mountains). The high morphological diversity of the West Bank affects 
greatly the distribution of agricultural patterns. The agricultural pattern varies 
from irrigated agriculture in the Jordan Valley to rainfed farming in the 
mountains. It also affects the distribution of population, the maximum 
concentrations of built-up areas being found in the mountains where the climate is 
more suitable for human life than the hot climate of the Jordan Valley. Most of 
the range-lands are found on the eastern slopes. The topography is a major factor 
in selecting the method of irrigation, estimating the number and the kind of water 
control structures needed, and determining the need for land leveling.  

The climate of the West Bank ranges from the Mediterranean climate of winter 
rain and summer drought to a transitional climate between dry steppe and the 
extreme desert conditions of the Dead Sea regions in the Jordan Valley. Rainfall 
is limited to the winter and spring months, mostly between November and April; 
summer is completely dry. Snow and hail, although uncommon, may occur 
anywhere in the area, especially to the west of and over the highlands. The 
mountainous areas in the West Bank extend from north to south and serve as a 
barrier to the passage of moist air coming from the westerly direction, that is, air 
from the Mediterranean Sea, the only sea with an influence on the climatic 
conditions in the West Bank. The marine influence reaches to all of the Tulkarm 
and Jenin districts. It also affects the western edges of the Nablus, Ramallah, 
Jerusalem, Bethlehem and Hebron districts, but it does not go deep into these 
districts due to the presence of highlands that stop the flow of wind. To the south 
of Jerusalem, the marine influence decreases because the Mediterranean shore 
bends to the southwest thus increasing the distance between the sea and the West 
Bank. In the north, there are no hills to block the sea winds, so the marine 
influence passes easily across the open lands of the Marj Ben Amer Plain, the 
plain between the Jordan Valley and the coast and reaches all the way to the 
Jordan Valley. This explains the increased quantity of rain in the northern Jordan 
Valley despite the fact that most of it is below sea level.  



In order to identify various climatic parameters in the West Bank, ARIJ has 
conducted a weather data collection procedure to compile available weather data. 
Complete monthly weather data on 4 stations (Hebron, Jerusalem, Jericho and 
Nablus) were purchased from Israel for the period 1967-1992, and data on 
different weather parameters were brought from 5 agricultural weather stations 
(Al-Arroub, Al-Far’a, Al-Khodouri-Tulkarm, Jenin which was formerly known as 
Beit Qad as well as Maythaloun stations). In addition, data on rainfall were 
collected from traditional rain gauges existed in different schools, mosques, etc… 
Figure 1 shows the location map of different weather stations and rain gauges, 
figure 2 shows the long term average annual rainfall, figure 3 shows the average 
monthly rainfall in different districts and figure 4 shows variation of some 
climatic factors in some stations in the West Bank. Figure 5 shows variation of 
annual rainfall for Jerusalem during the period (1846-1992) where the long term 
average is 580 mm/Yr.  



  

Figure 1 - Location map of weather stations and rain gauges in the West Bank 



 

Figure 2 - Long term average annual rainfall in the West Bank 



 

Figure 3 - variation of climatic factors in some stations in the West Bank 

 

Figure 4 - average monthly rainfall in different district 

 

 



 

Figure 5 - Variation of annual rainfall for Jerusalem during the period (1846-
1992) where the long term average is 580 mm/Yr.  

 

Geology and hydrogeology 

The major structural element of the West Bank is the Jordan Rift Valley - Dead 
Sea structure that was formed after the Miocene age. There are evidences of 
younger faulting from the Pleistocene to the present age. A number of faults cut 
across the Rift, resulting in the a separation between the southern and northern 
basins. A step-fault structure can be identified mainly on the western side of the 
Rift. On both sides of the Rift, there are sets of faults facing away from the Rift to 
the northwest and northeast. In the central Jordan Rift from the Dead Sea to Lake 
Tiberias, faults are discontinuous on the both sides. The fault on the western side 
is normal and cuts some structures of the area such as the Buqei'a Syncline, the 
Auja Monocline, the Sartaba Syncline and Al Far’a Anticline. The beds of the 
western side dip strongly towards the Rift. The mountainous region of the West 
Bank constitutes a relatively large symmetrical anticline, on which secondary 
structures of different ages are formed. The principal fold structures in this block 
are the Anabta, Al Far’a, Ramallah, Mar Saba, Hebron and Bani Na'im 
Monoclines. The axes of these structures trending north-northeast, south-
southeast. Between these anticline structures, there are wide synclines such as the 
Nablus-Beit Qad and Buqei'a Synclines. Fault structures are concentrated in the 
area between Ramallah and the Hebron Monoclines. They trend east-west. On the 
western margins of the Dead Sea, faults trend north-northwest, while the faults of 
the Al Far’a and Malih Grabens trend northwest-southeast. Figure 3 shows the 
geologic map of the West Bank.  

A summary of the hydrogeological classification of the main geologic formations 
exposed in the West Bank is shown in Table 2 (Rofe & Raffety, 1963, 1965).  

 

 



Table 2 Major aquifers and aquicludes in the West Bank 

Geologic Age Geologic Formation  

(Jordanian 
Nomenclature) 

Thickness 
(metres) 

Aqui-type 

Holocene (Recent) Alluvial Gravel  Variable  Aquifer  

Pleistocene  Lisan Formation  0 - >200  Aquifer  

Miocene- Pliocene Beida Formation 0 - >200  Aquiclude 

Eocene  Jenin Subseries 0 - 630 Aquifer 

Senonian  Abu Dies Formation  0 - 450  Aquiclude  

Upper Cenomoanean - Turonian Jerusalem Formation  50 - 140  Aquifer  

Upper Cenomanean  Bethlehem Formation  30 - 150  Aquitard  

Upper Middle Cenomanean  Hebron Formation  130 - 260  Aquifer 

Lower Middle Cenomanean Yatta Formation 50 - 120 Aquifer 

Lower Cenomanean  Upper Beit Kahil 110 - 250  Aquiclude 

Lower Cenomanean Lower Beit Kahil 160 - 290 Aquifer  

Albian (Lower Cretaceous)  Ramali Formation 260 - 290 Aquifer 

Availability of Water Resources  

Palestine, defined here as the West Bank and Gaza Strip, suffers from water 
scarcity because of its arid and semi-arid climatic conditions and rainfall 
variability, but also because of the abnormal political situation resulting from the 
long Israeli occupation, and Israel’s complete control over all natural resources in 
Palestine. One of the most difficult problems in the recent negotiations for 
achieving a comprehensive peace in the region is that of the apportionment and 
management of water resources between Israelis and Palestinians of the West 
Bank and Gaza Strip. 

The available water resources in the West Bank include both surface water and 
groundwater. 

Surface Water 

Surface water is that which flows permanently in the form of rivers and wadis or 
that which is held in seasonal reservoirs. Surface water flowing in wadis may 
include flood flow water and base flow water. The base flow is the contribution of 
groundwater to feeding surface drainage basins through springs. Such surface 



water flow in wadis can be referred to as surface runoff; it depends mainly on the 
quantity and duration of rainfall during the wet seasons The only permanent river 
which can be used as a source of surface water in the West Bank is the Jordan 
River. Compared with international rivers, this source is a very small one that 
discharges only 1.5% of the Nile's discharge. 

Jordan River 

The Jordan River is 360 Km long with a surface catchment area of about 18,300 
Km2 of which 2833 Km2 lie upstream of the Lake Tiberias outlet. The eastern 
catchment area downstream of Tiberias is about 13,027 Km2, while the western 
catchment is about 2,344 Km2. The average annual flow of this river is about 
1,200 MCM (Abu Faris, 1992). The Jordan River originates from three main 
springs: Hasbani in Lebanon, Dan in occupied Palestine and Banias in the Golan 
Heights, to form the Upper Jordan River basin. The water of this basin flows 
southward through Lake Hula towards Lake Tiberias. 

In the absence of irrigation extraction, the Jordan River System would be capable 
of delivering an average annual flow of 1,850 MCM to the Dead Sea. The 
riparians of the Jordan River are Lebanon, Syria, Palestine and Jordan. Only three 
percent of the Jordan River Basin falls within Israel's pre-1967 boundaries. 

The average annual precipitation in the Upper Jordan and Lake Tiberias is 1,600 
mm and 800 mm, respectively. The lower Jordan River Basin , around the Dead 
Sea, has a desert climate characterized by scarce rainfall. The Jordan River is 
progressively more saline and the water less usable towards the Dead Sea. The 
Jordan River System satisfies about 50% of Israel's and Jordan's water demand; 
Lebanon and Syria are minor users, meeting 5% of their combined demands from 
the Jordan.  

The lower Jordan River Basin is downstream of Tiberias and joins the Yarmouk 
and Zerka Rivers originating from Syria and Jordan in the east. The outlet of this 
basin is toward the Dead Sea in the south. As a result of water diversion from the 
upper Jordan by the Israelis, which is approximated to be about 650 MCM/yr 
(Salameh, 1993), there is no fresh water to flow downstream of Tiberias. Various 
riparians take their needs from the river basin and the small quantity that reaches 
the Palestinian riparian in the West Bank, if any, is of bad quality. The 
deterioration of the quality of the water may be due to the upstream utilization by 
other riparians and the saline springs that emerge downstream of Tiberias, as well 
as agricultural return flows and untreated waste water of the Israeli settlements in 
the Jordan Valley. It is possible for Palestinians in the West Bank to use 10 
MCM/yr as their small share of the water. This is estimated as a total of 220 
MCM/yr, but they cannot use even this small deteriorated quantity since they 
have no access to the river because of the military closure by the Israelis after 
1967. In 1992, the U.N. reported that an estimated 180 to 200 MCM/yr may be 



provided by surface runoff and from the Jordan River for Palestinians in the 
occupied territories. 

Flood Water Flow 

Surface flood runoff in the West Bank is mostly intermittent and probably occurs 
when the rainfall exceeds 50 mm in one day or 70 mm on two consecutive days. 
The runoff is estimated at about 64 MCM/yr (Al-Khatib, 1989; ABu Mayleh, 
1991). Table 4.1 shows the flood runoff of the main wadis in the West Bank. 
Runoff has not been utilized or controlled on a large scale in the West Bank. 
Small-scale utilization of such surface water is practiced in some villages by 
constructing cisterns to fulfil their municipal needs, especially in villages that 
have no other water sources. Some farmers use small-scale open pools for 
irrigation. Streams flowing from the west towards the Jordan Valley recharge 
shallow aquifers such as Wadi el Qilt, Auja and Wadi Al Far’a (Assaf, 1991). 
High priority must be given to the construction of small- and large-scale dams to 
collect flood water to be used for various purposes. The flood wadis can be 
divided according to the flood flow direction as follows: 

1. The eastern and northeastern flood wadis that have an average total annual 
flood flow volume of about 18.57 MCM/yr. 

2. The western flood wadis that have an average total annual flood flow volume 
of about 17.91 MCM/yr. 

In addition, there are small-scale wadis which discharge a total flood water 
volume that may reach 15 MCM/yr during the very wet seasons. 

Groundwater 

The most important sources of groundwater in the West Bank are wells and 
springs. Figure 6 shows the location of all wells and springs in various districts, 
and groundwater basins in the West Bank.  

Palestinian Groundwater Wells 

Before 1967, there were 720 wells for all purposes; there are now 356 currently 
active wells. 

Domestic Groundwater Wells 

There are 40 active groundwater wells that are used for domestic purposes in the 
West Bank. These wells are distributed in groundwater basins tapping the Eocene, 
Upper Cenomanian and Lower Cenomanian aquifers. Eight domestic wells were 
dug after 1994; the status of these wells is as follows: 



• = Replacement wells at Der Sharaf Well No. 2a in the Nablus district (active 
since 1994) and Ein Sinia Well No. 2a, active since December 1995, in the 
Ramallah district.  

• = New wells at Batn el Ghol - Well No. 5 in the Bethlehem district, active 
since 1994.  

• = The Ein Sinya well near Jifna in the Ramallah district was dug by the 
Jerusalem Water Undertaking (JWU) in cooperation with Deutsche 
Gesellschaft fur Technische Zusammenarbeit (GTZ) in 1994, but it has 
failed to produce water.  

• = Mekorot constructed a new well for the municipality of Jenin in 1996 in 
order to provide its population with an additional 1.4 MCM/yr as required 
for the interim period by the Oslo II Agreement.  

• = Hebron Municipality, in cooperation with GTZ, is currently constructing 
two wells for domestic purposes in the Wadi Sair area; they are expected 
to be operational very soon since they are completed and the networks are 
being constructed.  

• = A new well was constructed at Bal’a Village in the Tulkarm district 
(Active since 1995).  

• = Nablus Municipality, in cooperation with GTZ, is currently constructing a 
well for domestic purposes at Hiwwarah Village, in the Nablus district.  

Domestic groundwater wells in the West Bank can be divided into the following 
categories, based on control and management: 

• = Municipal wells that include 18 wells controlled by Palestinian 
municipalities.  

• = Palestinian wells controlled by village councils; there are 7 such wells  
• = Private wells; there is only one well, the Kufr Zeibad well  
• = Co-operative association wells; thereonly the Shofah Water Co-operative 

Project well in the Tulkarm district.  
• = West Bank Water Department wells, which include 14 wells used for 

domestic purposes in the West Bank. The administrative aspects of such 
wells, including distribution of water to local Palestinians, are the 
responsibility of the West Bank Water Department, whereas the technical 
aspects and water distribution to Israeli settlements are the responsibility 
of Mekorot and the Israeli Civil Administration.  

Irrigation Groundwater Wells 

There are 316 wells used for irrigation in the West Bank. These wells can be 
divided into the following categories, according to control and management: 

• = Three hundred private wells.  
• = One public well at Mustanbat ej Jeftlik.  



• = Fifteen co-operative association wells, which include 14 wells of the Arab 
Development Society Project in Jericho and the Attil Co-operative 
Association for Irrigation in the Tulkarm district  

• = The Mekorot Water Company is providing the Palestinian owners of 8 
irrigation wells with their quota of water since the water of their wells 
dried up in 1980 when the Israelis dug deep wells in the eastern slopes of 
the West Bank. These Palestinian wells are located in Bardalla (5 wells), 
Ein el Bayda (1 well) and Frush Beit Dajan (2 wells).  

The total annual pumpage from irrigation wells is 37.7 MCM (ARIJ, 1995); this 
includes 3 MCM pumped from the 7 wells of the Arab Development Society 
Project in Jericho. The maximum quota set by Israeli authorities for the 
Palestinians for irrigation is 36 MCM/yr.  

Israeli Settlement Groundwater Wells  

The Israeli authorities gave the Mekorot Water Company the right to construct 
deep groundwater wells in the West Bank to supply the Israeli settlements with 
water for various purposes. There are no official reports available to the 
Palestinians disclosing the actual number of settlement wells and the discharges 
from these wells. Photographs were taken of some settlement wells in the Jordan 
Valley to show the locations and infrastructure of these wells. Fortunately, ARIJ 
has succeeded in making unofficial contacts with the Mekorot Water Company 
and Israeli Hydrological Services in an attempt to get useful information about 
such sources. Awartani (1992) reported the names of another seven Israeli 
settlement wells in the West Bank: Aggur, Beit Horon, East Jerusalem (three 
wells), Kufr Sur and Hiwwarah. The annual consumption from all Israeli sources 
in the West Bank is not known exactly, but it is approximated to be about 61 
MCM (Isaac et al., 1995). Figure 7 shows the well depth and depth to 
groundwater in Israeli wells constructed within the West Bank after 1967. 

Springs 

There are 527 springs in the West Bank, but the major freshwater springs which 
have a minimum discharge of 0.1 litres/sec as measured by the West Bank Water 
Department number only 114. These springs discharge the water in two general 
directions, east and west. There are 79 springs that discharge east to the Jordan 
Valley and 35 which flow to the west. Figure 8 shows the total annual flow 
discharge of the 114 major freshwater springs during the period 1970 to1994 
(Nuseiba & Nasser Eddin, 1995). Of these, 16 springs are being used for domestic 
purposes and the rest for agricultural use. As is seen in figure 8, the total annual 
discharge ranges from 24 MCM/yr in the 1978/79 hydrologic year to 116 
MCM/Yr. in the 1991/92 hydrologic year with an average of 52 MCM/yr.  

 



Groundwater Flow Pattern 

Groundwater can be divided according to water flow direction into east, west and 
northeast (Figure 9). Depth to water was measured for wells tapping the Upper 
Cenomanian-Turonian Aquifer System and contour maps were prepared for depth 
to water and static water level, respectively (Figures 10 & 11). 

Water Supply & Demand 
Table 3 shows the extracted water consumed for different purposes in 1995, while 
Table 4 shows the agricultural water demand based on 1990 baseline data for the 
years 2000, 2010 and 2020. 

Table 3 Extracted water consumed for different purposes in 1995 

Districts Springs Wells Mekorot Total 
  Irrigation Household Irrigation Household Palestinians Settlements   
  (MCM) (MCM) (MCM) (MCM) (MCM) (MCM) (MCM)
Nablus 11.92 2.01 2.73 3.34 3.00 0.00 23 
Hebron 0.17 0.00 0.00 0.68 3.55 9.00 13.4 
Ramallah 1.17 0.17 0.00 2.73 6.50 12.60 23.17 
Jenin 0.00 0.12 4.04 2.37 3.10 0.00 9.63 
Tulkarm 0.00 0.00 16.62 5.60 0.00 1.80 24.02 
Bethlehem 0.37 0.00 0.00 0.32 8.40 16.30 25.39 
Jordan 
Valley 

37.77 0.90 14.32 0.25 4.50 25.30 83.04 

Total 52.05 3.20 37.70 15.28 29.05* 65.00 202.28 

Table 4 Agricultural water demand based on 1990 baseline data for the years 
2000, 2010 and 2020. 

District 1990 Water 
Use (MCM) 

1990 Irrigated 
Area (MCM) 

2000 
(MCM) 

2010 
(MCM) 

2020 
(MCM) 

Nablus 3.4 4860 9.7 23.6 37.6 
Hebron 0.5 670 1.8 23.6 45.5 
Ramallah 0.5 700 2.2 9.6 17.0 
Jenin 9.0 13130 74.7 101.4 128.1 
Tulkarm 21.4 26340 21.4 21.8 34.0 
Bethlehem 0.6 970 2.0 9.0 15.9 
Jordan Valley 34.6 42290 34.6 45.3 67.0 
Total 69.9 88960 146.3 234.3 345.0 



  

 

Figure 6 - Location of wells and springs in districts of the West Bank  



 

Figure 7 - Well depth and depth to groundwater in Israeli wells constructed 
within the West Bank after 1967 

  

 

Figure 8 - Variation of total annual flow discharge of major freshwater springs 
during the period 1970 to1994 (Nuseiba & Nasser Eddin, 1995). 

  



 

Figure 9 - Groundwater basins and exposed aquifers in the West Bank 

  



 

Figure 10 - Depth to water contour map for wells tapping the Upper 
Cenomanian-Turonian Aquifer System in the West Bank. 

  



 

Figure 11 - Static water level contour map for wells tapping the Upper 
Cenomanian-Turonian Aquifer System in the West Bank. 

Groundwater Quality  

Water quality is the limiting factor for all criteria of water use. A very limited 
number of studies concerning groundwater quality in the West Bank have been 
conducted and these were dependent on partial chemical analyses. 

Since the main source of irrigation water in the West Bank is groundwater, this 
chapter includes a study of groundwater quality for agriculture. The aim of the 
study is to identify water quality for agriculture in partial fulfillment of ARIJ’s 



project on irrigated agriculture funded by the International Development Research 
Centre (IDRC) in Canada.  

To achieve this aim, ARIJ has conducted three rounds of comprehensive water 
sampling of groundwater sources, especially those that are used for agriculture in 
the West Bank. These rounds were conducted during three seasons as follows: 

1. March and April, 1995, to identify water quality for irrigation during the 
spring season, when groundwater recharge from rainfall is at its peak and 
water pumping from wells is low.  

2. June and July, 1995, to identify water quality for irrigation during the 
summer season, when groundwater recharge is low and pumping from 
wells for various purposes is at its peak.  

3. October, 1995, to identify water quality for irrigation during the autumn 
season, when groundwater recharge is non existent, a long drought period 
has passed and so large amounts of water have been pumped from wells.  

Figure 12 shows the location of the sampled sources. Physical measurements and 
chemical tests for major ions were conducted at Al-Quds university. Processing 
and interpretation of data were conducted using Wilcox diagrams and maps, 
where figures 13, 14 and 15 show these diagrams and maps for the third round of 
samples.  



 

Figure 12 - Location of the sampled water sources in the West Bank 



  

 

Figure 13 - Wilcox diagram for the third round of water samples from wells 
and springs. 

  



 
Figure 14 - Distribution of Chloride concentration in groundwater for the third round 
of water samples. 

 



 

Figure 15 - Distribution of Nitrate concentration in groundwater for the 
third round of water samples. 



Part 2 - Status of Irrigated Agriculture in the West 
Bank 

Cropping Patterns and Land Use  

Approximately 30 percent of the total area of the West Bank is currently under 
cultivation. The total irrigated area is 101616 dunums with production of 270930 
tons. Although only about 6 percent of the total cultivated lands in the West Bank 
is under irrigation, the agricultural production of this sector represents 52.7% of 
the total agricultural production (Figure 16) 

  

Figure 16 - Total cultivated area and production of various cropping patterns, 
93/94 

There was a decreasing in the total cultivated area in the West Bank during the 
Israeli occupation. Also the irrigated area was decreased directly after the 
occupation, then it was increased gradually until it reached the same its level as it 
was before the occupation (Figure 17). This is because of the Israeli constraints 
imposed on the use of the land and water sources by the Palestinian Farmers. 

 



Figure 17 - Changes in the Irrigated Area with the Total Cultivated Area in the 
West Bank between 1966 and 1994 

Areas and Production  

Approximately 97 percent of the total irrigated areas are concentrated in two 
regions: the Jordan Valley and the northern districts of Jenin, Tulkarm and Nablus 
(Figure 18). 

 

Figure 18 - Total irrigated areas, in dunums, and production, in tons, in the 
West Bank, by district, 93/94  

Cropping patterns  

Vegetables and fruit trees are the most important cropping patterns in irrigated 
agriculture in the West Bank. There are small areas of field crops and forage 
concentrated in the Jordan Valley (Figure 19). 



 

Figure 19 - Irrigated areas, in dunums, and production, in tons, of various 
cropping patterns in the West Bank, 93/94 

Vegetables 

Figure 20 shows areas and production of irrigated vegetable crops in the West 
Bank, by planting method. 

 

Figure 20 - Areas, in dunums, and production, in tons, of irrigated vegetable 
crops in the West Bank, by planting method, 93/94 

Fruit Trees  

Citrus 

Citrus orchards are the dominant irrigated fruit trees in the West Bank, followed 
by bananas, Guava and dates (Figure 21) 



  

Figure 21 - Areas and production of different irrigated fruit trees in the West 
Bank, 93/94 

The area of citrus orchards has been declining steadily since 1969 (Figure 22) 

 

Figure 22 - Changes in the area of citrus orchards in the West Bank, 1969-1994 

This decline in the areas devoted to citrus trees is attributed to three factors: 

1. The decrease in profitability because of high costs of irrigation water and other 
cash costs of production, which led Palestinian farmers to replace citrus trees with 
more profitable intensive vegetables. 

2. The competition in both local and external markets. The price of water for 
irrigation that is paid by the Palestinian farmers is much higher than that one paid 



by the Israeli farmers, which prevents farmers of the West Bank from competing 
Israeli products.  

3. The high salinity of the applied irrigation water in the Jordan Valley is another 
limiting factor in the growing of citrus trees. 

Bananas  

All the areas planted with bananas are found in the Jordan Valley. Banana 
plantations hold second place after citrus orchards in the study area. An increase 
from 2,126 dunums in 1966 to 5,873 dunums in 1994 was due to bananas having 
the highest productivity and profitability among all other fruit trees. However, 
areas expansion in this branch is related to the availability of water resources, 
especially in the summer months because banana plants require large quantities of 
water. Another negative factor is that banana plants are sensitive to salinity of 
irrigation water 

Date Palm Trees 

All of the area is located in the Jordan Valley because of its suitable climatic 
conditions. Such suitable conditions for planting date palm trees and the great 
demand for dates make the date palm an important tree in the Jordan Valley. The 
local demand for the dates is higher than the yield, and its price is relatively high.  

Further development of date palms may be considered an important opportunity 
for the Palestinian agriculture but the main constraint on the expansion of this 
crop in the area is the scarcity of certified seedlings.  

Israeli Irrigated Agriculture in the West Bank 

The majority of these colonies are concentrated in the Jordan Valley, where the 
land and water for irrigation are available. According to the Statistical Abstract of 
Israel, No. 47, 1996, the total irrigated area of the Israeli agricultural colonies in 
the West Bank is 27,300 dunums, with a total production of 42,745.3 tons and 
69.3 million flowers in 1994 (Table 5).  

Table 5 Israeli irrigated areas and production of various cropping patterns, 1994  

Region Field 
Crops 

Flowers & 
Garden 
Plants  

Vegetables Other Citrus Total 

Jordan Valley 2700 1800 6900 11200 2600 25200 

Nablus and - - - 500 - 500 



Ramallah 

Bethlehem 
and Hebron  

- - - 1400 200 1600 

Area (Dunums) 2700 1800 6900 13100 2800 27300 

Production 

(Tons) 
2673 69.3*  21010.5 11501.8 7560 42745.3 

  

* Million Flowers 

Land use  
General classification of land use in the West Bank is shown in Table 6.  

Table 6 General classification of land use in the West Bank 

 Land Use Area (dunums) % of Land 

Palestinian built-up areas 213,453.0 3.67 

Israeli colonies 77,788.0 1.34 

Closed military areas 1,177,540.0 20.23 

Military bases 16,523.7 0.28 

State land 1,410,884.6 24.23 

Nature reserves 315,153.3 5.42 

Forests 32,834.3 0.56 

Dead Sea 177,410.0 3.05 

Cultivated areas 1,682,000.0 28.90 

Other* 718,413.1 12.32 



Total 5,822,000.0 100.00 

* Other represents dumping sites, industrial zones, unused land or land used for 
grazing 

Factors Affecting Agricultural Land Use 

Land Confiscation 

Soon after the occupation in 1967, the Israeli authorities issued several military 
orders to facilitate the confiscation of land and closure of areas and to deprive 
Palestinian farmers of their full share of water and other natural resources. The 
policy of confiscation has extended to the Jordan Valley, to include currently 
about 47.5 percent of the total area of the Jordan Valley (Table 7). 

Table 7 Use of land confiscated in the Jordan Valley, 1995 

Use of   confiscated 
land 

Area(dunums) % 

Closed state lands 70,000  17.50 

Nature reserves 30,000  7.50 

Civilian colonies 16,000  4.00 

Military camps 8,760  2.19 

Security zones 65,000  16.25 

Total confiscated 189,760  47.44 

Total remaining  210,240  52.56 

Source, ARIJ, GIS unit 

The area adjacent to the Jordan River was completely sealed off and confiscated. 
Consequently farmers were denied the right to pump water directly from the 
Jordan River and to utilize the natural springs and streams in that area. What 
happened in the Zoure area to the north of the Jordan Valley is an example of 
Israeli measures limiting farming in the Jordan Valley area; military forces in the 
Zoure area demolished 140 Palestinian water pumps on the Jordan River.  

Palestinian Built-up Areas 



Palestinians maintain a close relationship with their land and most of their built-
up areas are concentrated on fertile lands could be used for either rainfed or 
irrigated agriculture. In general, the Palestinian built-up areas are located on soil 
associations suitable for agricultural purposes, but made unavailable for 
agriculture because of the urban developments. 

State Land 

In Military Order No. 59, Israel defined state property as any land which on 6 
June 1967 belonged to the enemy state (Jordan or Egypt) or was under its control. 
Since the occupation, the government of Israel has illegally confiscated 
approximately 2,911,309 dunums, or 50 percent of the total area, of the West 
Bank, claiming that these areas are state land (Table 8 ). After confiscation, the 
Israeli authorities rent the land to colonizers to expand their colonies. In many 
cases these state lands are designated as nature reserves, forests or closed military 
areas or bases. Most of these lands are located on fertile soils and in areas of 
climatic conditions favorable for agriculture. Deep groundwater wells have been 
dug on these lands, especially in the Israeli colonies of the Jordan Valley, and are 
used to irrigate about 53,000 dunums.  

Table 8 Designated use of Israeli confiscated state land, area in dunums, and 
percentage of total state land 

Use Area (dunums)  % state-land of total 

Israeli colonies 66,262.5 2.28 

Closed military areas 1,127,110.0 38.71 

Military bases 10,855.3 0.37 

Nature reserves 269,702.1 9.26 

Forests 26,494.5 0.91 

Retained as state land 1,410,884.6 48.47 

Total 2,911,309.0 100.00 

Industrial Zones 

There are seven Israeli industrial zones and seven Palestinian industrial zones in 
the West Bank. Several problems, such as improper disposal of solid and liquid 
waste which affects agricultural areas and pollutes groundwater resources, are 
associated with these areas. 



Dumping Sites 

There are more than 100 dumping sites scattered across the West Bank, most of 
which are located in agricultural areas.  

Quarries 

There are three Israeli quarries, located in the West Bank at Tulkarm, Ramallah, 
and Hebron. Palestinian quarries are distributed across the West Bank. 
Environmental and agricultural factors were not considered in the selection of the 
sites for quarries or in their method of operation. These quarries can reduce the 
amount of land devoted to agricultural production.  

By-Pass Roads 

More than 276 Km of by-pass roads have been built in the West Bank since the 
signing of the Oslo II Interim Agreement and a further estimated 452 Km are 
planned. To create the safety buffer zone that the Israelis feel they need, the 
construction of these by-pass roads has required the confiscation and destruction 
of approximately 1,092,000 dunums of Palestinian land, most of which is 
agricultural land. Many farm lands have been totally destroyed by the 
construction of by-pass roads, thus depriving owners of their main source of 
income. Other farm lands have been split into several sections, rendering it 
impossible to cross from one part of the land to another. 

Socio-economics of Irrigated Agriculture 

Socio-economics is very important in understanding the processes and procedures 
by which decisions are made in regard to what methods of plantation and 
irrigation are to be used and what crops are to be planted. The main socio-
economic factors affecting irrigated agriculture and the decision-making process 
are marketing products, financial support for farmers, land tenure and farm size, 
ownership of springs and water quotas, especially in the Jordan Valley, and 
pricing systems of irrigation water. 

The Size of Farm Holdings  

The results of the survey show that 50% of holdings in the West Bank are being 
less than 20 dunums.  

The size of the farm holdings in the Jordan Valley is relatively larger than that in 
the other districts (Figure 23). Reduction in the size of farms has occurred as a 
result of inheritance laws and also of rental and sharecropping systems which 
increase land fragmentation and dispersion of portions of the same holding. 



 

Figure 23 - Size, in dunums, of farm holdings and percentage of total irrigated 
area 

Land Tenure Patterns 

The field survey reveals several forms of tenancy in the West Bank. Most of the 
irrigated lands in the Jordan Valley are cultivated through the sharecropping 
system . While in the other districts both ownership and rental patterns are more 
frequently practiced (Figure 24). 

 

Figure 24 - Patterns of Land tenure and percentage in the study area 

Age of Farmers  

Figure 25 shows the age-groups of farmers in the study area. 



 

Figure 25 - Age-groups of farmers as percentages of total number of farmers 

Educational Level of Farmers 

Educational level can affect the speed of transfer of agricultural technologies; a 
high level of education gives farmers more opportunities for technology transfer, 
and so they can adopt more of the new technologies than can low well-educated 
farmers. Figure 26, shows the educational level of the farmers surveyed in the 
study area 

 

Figure 26 - Educational level, in years of education, of farmers surveyed in the 
study area 

Educational level of the members of the farmers’ families 



Figure 27, shows the educational level of the members of the farmers' families. 

 

Figure 27 - Educational level, in years of education, of the members of the 
farmers' families, by gender and percentage of total number of family members 

Labour 

Figure 28, shows the types of labour, by gender. 

 

Figure 28 Types of labour, by gender and percentages of total number, in the 
study area 

Decision-making 

Despite of the important role of the woman in agriculture , the man is generally 
considered the decision maker in the agricultural practices relating to cropping 



patterns, planting techniques, irrigation methods, purchasing of agricultural 
equipment and machinery, marketing products and other agricultural practices.  

Housing 

Forty-five percent of the farmers of the Jordan Valley live in small temporary 
houses in their fields during the growing season where they have virtually no 
services. At the end of the season, they return to their own houses, which are in 
different locations. This arrangement is necessary to the sharecropping pattern in 
that area. 

Sources of Income 

Eighty-six percent of the farmers surveyed in the Jordan Valley depend 
exclusively on the income from irrigated agriculture, while in the northern 
districts, 77% of the farmers surveyed depend solely on the income from their 
farms. The rest of the farmers have other jobs beside their work in the farms 
because the income from their farms is insufficient to meet their needs.  

Agricultural Credit 

Institutional Sources of Credit  

Prior to the occupation in 1967, the agricultural sector obtained credit for long and 
medium-term projects from branches of Arab banks in the West Bank. Short-term 
loans were obtained from cooperative agencies, such as the former, Jordan 
Central Cooperatives Union. Since the Israeli occupation, all the Arab banks and 
the branches of the Agricultural Credit Corporation (ACC) have been closed. 
Cooperatives are the main sources of agricultural credit. Funds for cooperatives 
were available through the Jordan Cooperative Organization (JCO), the 
Jordanian-Palestinian Committee until 1985, the Private Voluntary Organization 
(PVO’S) and the European Economic Community (EEC).  

Non-institutional Sources of Credit 

The study shows that most of the farmers depend on their saves or on non-
institutional sources of agricultural credit include private firms, commission 
agents and merchants of agricultural inputs. Their role has been critical in meeting 
short-term credit needs.  

Agricultural Institutions 

Governmental Institutions 

The Palestinian ministry of agriculture is the governmental body responsible for 
different agricultural activities in the West Bank. The main aim of the ministry of 



agriculture is to improve and develop the agricultural sector in Palestine by 
transferring new technologies to farmers through their extension staff as well as 
formulating the long- and low-term Palestinian agricultural policy. The ministry 
of agriculture has nine departments distributed among various districts of the 
West Bank. The ministry of agriculture has also seven agricultural stations for 
conducting field agricultural demonstrations and experimental plots. 

Non-Governmental Agricultural Institutions 

During the Israeli occupation, there has been a decline in the role of agricultural 
departments in the West Bank. This promoted several local groups to establish 
non-governmental institutions which are specifically targeted to fill this gap in the 
absence of the Palestinian National Authority.  

Extension Services  

During the Israeli occupation, the Israeli authorities decreased the budget of the 
Palestinian agricultural departments, as well as they decreased the staff of the 
extension agents also the experimental agricultural stations were closed after the 
occupation. The study shows that extension services are rather limited, with only 
an average of 45% of the farmers surveyed having contact with the extension 
activities 

Agricultural Marketing 

Marketing and trading issues play a critical role in the Palestinian agricultural 
economies. The major markets for agricultural produce in the West Bank are the 
domestic Palestinian markets as well as Israeli and Jordanian markets. The 
Agricultural Cooperative Union (ACU) was established in 1986 through an 
agreement to coordinate the activities of eight Palestinian agricultural marketing 
cooperatives. Marketing problem appears from time to time as a result of many 
reasons such as:  

• = Lack of clear marketing policy, which depend on studying the 
requirements of both local and external markets.  

• = The local markets are unable to absorb all of the agricultural products.  
• = Inadequate marketing infrastructure such as packing and grading centers, 

refrigerators, manufacturing and means of transportation.  
• = Israeli produce flows freely into the Palestinian markets. While restrictions 

are imposed by the Israeli authorities on entering of the Palestinian 
produce to the Israeli markets.  

• = Most of the exporting traditional markets in the Gulf countries were closed 
in front of the Palestinian produce especially after the Gulf war.  

• = Restrictions imposed by the Israeli on the Palestinian peoples from time to 
time, such as curfew and closures. Delaying the products on the check 



points and bridges due to the Israeli security measurements, causing 
decrease in the quality or damaging the products.  

• = The farmers are used to cultivate traditional crops such as tomatoes, 
cucumber, eggplants and squash. In some growing seasons, the supply of 
these products are increased over the demand causing reduction in their 
prices.  

Economics  

Economics plays an important role in agriculture and other water-related issues. 
The study includes the economic evaluation of agricultural production in terms of 
both output and input values. Output value is determined on the basis of average 
prices of the products per durum at the farm gate. Input value includes the 
variable costs of production per durum of such items as labour, fertilizers, 
pesticides, seeds/seedlings, water, plastic, transportation, maintenance and 
polishing. Fixed costs are not included in this study. Total Output value of the 
irrigated products is about $ 101,342,000 while the total value of the variable 
input production costs is about $ 42,730,000 

Irrigation Activities and their Effects on the Environment and 
Public Health  

Use of Fertilizers 

The total quantities of fertilizers estimated to be 305000 to 406000 cubic meters 
of organic fertilizers and 20212 tons of chemical fertilizes. Of which 75 percent is 
used in vegetables  

Nitrogen fertilizers are mostly water soluble and the nitrate form is easily mobile 
in the soil. During heavy rain, irrigation process or soil leaching, nitrate is readily 
carried into the surface water by the runoff water, or carried downward through 
deep percolation. In addition, use of fertilizers may affect the chemical and 
physical properties of the soil by accumulating the salts in the soil producing 
saline soils. Large amounts of ammonia can be volatilized from manure and other 
nitrogenous compounds. Volatilization process increases with the increase in the 
temperature. Volatilization of the ammonia can burn plant leaves and pollute the 
air.  

Currently, there is no evidence for direct effect of fertilizers on groundwater 
resources of the study area since the analyzed water samples show low values of 
nitrates, but due to the current application of organic and inorganic chemical 
fertilizers, the West Bank water resources may be affected in the future.  

 

 



Use of Pesticides 

The total quantity of pesticides used in irrigated agriculture is estimated to be 
155.2 tons (Figure 29 ), as well as 372 tons of methyl bromide is being used to 
control soil- born diseases. 

 

Figure 29 - Total quantity of pesticides consumed in the irrigated agriculture in 
the West Bank, by type and cropping pattern 

The study shows that: 

• = Approximately 18 percent of the pesticides used is internationally banned.  
• = Eight percent of the farmers surveyed were affected from spraying process 

through inhalation, whereas 4 percent were affected through skin 
contamination  

• = Sixty five percent of the farmers in the study area do not adhere to the 
instructions labeled on pesticide containers because they are usually 
labeled in Hebrew.  

• = Most of the farmers depend on their experience or on the advice of 
merchant of the agricultural inputs in dealing with pesticides.  

• = Seventy nine percent of the farmers don’t wear appropriate protective 
clothing during spraying process.  

• = About ninety percent of the farmers surveyed do not adhere with the safety 
period.  

• = Forty seven percent of the farmers surveyed believed that their immunity 
have developed against pesticides with the time through repeated usage 
and exposure.  



• = Spraying operation and volatilization of some pesticides may cause a 
serious air pollution.  

• = Seventy five percent of the farmers get rid of the empty containers of 
pesticides by burning them at the farm borders, releasing toxic smokes 
into the air. Twenty percent discard them at the farm borders, these 
containers could be reached to the irrigation water in open canals and 
ponds causing water pollution, 3 percent of the farmers bury them in the 
soil, causing soil pollution and 2 percent collect and dispose the empty 
containers at a dumping site.  

• = About 40 percent of the farmers who are using methyl bromide do not 
adhere with the safety period  

• = One percent of the farmers surveyed are affected from methyl bromide 
fumigants  

• = Soil solarization is being used instead of methyl bromide by 0.5 percent of 
the farmers in the Jordan Valley and has achieved good results  

Use of plastic  

The total quantity of plastic used is estimated to be 4173 tons. At least 50 percent 
of them become solid waste.  

Eighty-eight percent of the farmers surveyed collect and burn the plastic wastes 
on the field. About 5 percent of the farmers surveyed collect the plastic wastes 
and dispose them at dumping sites. Others are either bury the plastic waste in the 
soil, or they dispose it at the farm borders. 

Irrigation impacts on Public health  

The use of pesticides, Methyl Bromide and smokes released from the burned 
plastic sheets and empty containers have harmed not only the physical 
environment but also it harmed the human beings as mentioned before. There is 
also another impact of irrigation on the human health represented by a water-
related diseases such as Dysentery and leishmaniasis. The study shows that 1 
percent of the farmers surveyed were infected by Dysentery and 1.8 percent were 
infected by leishmaniasis. 

Part III - Irrigation Management and Planning 

Introduction 

Irrigation in the West Bank is needed to maximize production where rainfall is 
insufficient for optimum crop production. However, agriculture in competition 
with other sectors will face increasing problems of water quantity and quality 
considering the limited conventional water resources and growing future 
requirements. If the amount of water that is added to the soil is less than the 



amount requires by the crop, reduction in growth occurs. Most plants have critical 
periods of growth during which a lack of water is the most damaging. 

In the West Bank about 93 MCM are used for agriculture that form 68% of the 
total water consumption of all sectors. While in Israel and Jordan about 1275 
MCM and 652 MCM are used for agriculture in both countries respectively. 

Therefore, irrigation management is considered to be a priority under the current 
condition. 

 

Figure 30 - Agricultural water use, MCM, in the West Bank in comparison with 
the neighbour countries 

Water Development and management practices 

As discussed earlier the available water for irrigation is about 93 MCM which is 
not enough for current level of development. Thus the farmers in the West Bank 
have tried to over come water shortage through the following: 

• = Constructing agricultural ponds. These ponds are being fed from spring 
and/ or rainfall where water is conveyed through open concrete or earth 
canals to be used at the time of irrigation. Soil agricultural ponds with 
plastic covers are the most dominant in the West Bank.  

• = Rainfall harvesting by plastic houses is another way used by farmers to 
over come water shortage. Some Palestinian farmers are using the plastic 
houses to harvest rainwater in cisterns and/ or ponds. This method is of 
high potentials, but most farmers have no sufficient money to construct 
such ponds with their conveying network, so financial support is needed.  

• = Reuse of treated wastewater.  



Table 9 Potential Harvest from High plastic tunnels and Plastic houses (Areas of 
1995-1996) 

Harvested rainfall 
volume (80 % of 
rainfall) 

Average annual rainfall Total Area District 

(MCM/Y) (mm/Yr.) (Dunum)   

0.053 144.4 461 Jordan Valley

0.249 528 589 Jenin 

4.097 641.7 7980 Tulkarm 

0.011 642.6 22 Nablus 

0.004 722.6 7 Ramallah 

0.010 579.8 21 Bethlehem 

0.017 602.1 36 Hebron 

4.4   9116 Total 

Water use efficiency 

Two different exercising efficiency are recognised, the first one is the efficiency 
applies to performance in accomplishing a specific goal without using more water 
than necessary which means determining the irrigation efficiency on the farm 
level, while the second is return to water use which indicates how much food 
and/or fiber a cubic meter of water can produce.  

 

Irrigation Systems in the West Bank 

• = Surface Irrigation  
• = Sprinkler Irrigation  
• = Drip Irrigation  

 



Crop Water Requirements 
An estimate of the amounts of water needed to be applied to different crops was 
done using Modified Penman-Monteith method. This method was used by 
CROPWAT software to estimate crop water requirements based on different 
monthly weather parameters (average temperature, humidity, sunshine hours). 

ETcrop = Kc * ET0. 

ETcrop = Crop Water Requirements 

Kc = Crop Facto 

ET0 = Reference evapotranspiration 

ET0 for Plastic Houses 

Penman equation used for calculations of ET0 for open field planting. However, 
weather conditions inside plastic houses differ from those found in the open field 
due to differences in wind speed, humidity, sunshine and temperature. This will 
cause ETcrop to vary from that found in the open field. This variation results from 
the reduction in ET0. 

Reference crop evapotranspiration can be calculated using the following equation: 

ET0 for plastic house = (0.67 * Rg * Kt)/ L  

where:  

L : potential heat for evaporation (constant value) = 2.51 MJ/Kg, 

Rg : sunshine radiation MJ/m2/day and 

Kt : transfer factor of sunshine to the plastic house (equal  

0.7 for plastic houses and 0.9 for glass houses) 



 

Figure 31 - Locations of weather stations that were used to calculate ETO 



 

Figure 32 - Distribution of ET0 for Open Field Crops in the West Bank 

  



 

Figure - 33 Distribution of ET0 under plastic houses in the West Bank 



Farm Irrigation Requirements 

The irrigation requirement of a crop is the total amount of water that must be 
supplied by irrigation to a crop. It includes water consumed by crops (ETcrop) 
plus the losses during the application of irrigation water and the quantity of water 
required for leaching; it does not include water from natural sources such as 
precipitation that crops can effectively use. 

In the Jordan Valley, no substantial crop yields would be possible without 
irrigation, while irrigation can bridge drought periods and ensure more stable and 
reliable production in the northern West Bank and in the mountainous areas. 
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Figure 34 - Crop water requirements and irrigation requirements for crops in 
Tulkarm and Jericho 



 

Figure 35 - Distribution of effective rainfall in the West Bank 



On-farm irrigation management efficiency 

On-farm irrigation management efficiency can be expressed as the ratio between 
the quantities of irrigation water effectively used by the crops and the total 
quantities delivered. It is affected by the design of the irrigation system, the 
degree of land preparation and the skill and care of the irrigator. 

Water losses can occur in the form of seepage from irrigation network channels, 
non-uniform distribution of the network over the field, percolation below the crop 
root zone and evaporation from the spray and plant leaves in the case of sprinkler 
irrigation.  

Table 10 The on-farm irrigation management efficiency under different irrigation 
systems, % 

  Drip  Sprinkler Basins Flooding Furrows 
Jordan 
Valley 

78 85 207 55 - 

Jenin 106 53 - - - 
Tulkarm 68 80 64 - 131 

Technical and economic efficiencies of irrigation systems in the West 
Bank 

Technical efficiency of irrigation systems was determined through correlating 
yield with volume of water used under the current cropping patterns in the West 
Bank. While economic efficiency of irrigation systems was determined through 
correlating crop production with cost of irrigation under similar cropping and 
physical conditions. The economic returns to water use were computed as gross 
margin as shown in the following equation;  

Gm = (price * yield -variable costs)/ (Qapplied +Peff.)  

Where:  

Gm = gross margin 

Qapplied = the amount of water applied for irrigation 

Peff. = effective precipitation. 

Table 11 Technical and economic efficiencies of irrigation systems in the West 
Bank 



  Yield W.U.E 

  (Kg/dun.) ($/m3) (Kg/m3)  

Jenin 2298 0.81 4.47 
Tulkarm 3577 0.76 3.81 
Nablus 2419 0.13 0.69 
Jordan Valley 2322 0.51 2.13 
Ramallah 1431 0.24 0.83 
Bethlehem 1553 0.42 2.14 
Hebron 1719 0.70 3.47 

Water allocation efficiency  

Allocation efficiency addresses how water should be allocated among crops in 
order to achieve the most worthwhile overall use. If large volumes of water are 
allocated to a crops producing low value, the total amount of value generated will 
be low.  

 

Figure 36 - Water use efficiency in relation to the irrigated areas under 
different cropping patterns in the West Bank and actual water consumption 

Agricultural water demand 

Most districts of the West Bank are suffering from water shortage where more 
quantities of water are needed to achieve the optimal crop yield.  

Table 12 Total agricultural water demand in relation to the actual water use for 
agriculture in various districts of the West Bank. 



District Total 
area 

(Dunum) 

Actual Water 
Use  

(MCM) 

Optimal Water Use  

(MCM) 

Water 
Deficit/Surplus 

(MCM) 
      (without 

LR*) 
(with LR) (without 

LR) 
(with 
LR) 

Jenin 11779 4.04 9.82 10.55 -5.78 -6.51 
Tulkarm 29345 16.62 22.33 22.53 -5.71 -5.91 
Nablus 4639 14.65 3.28 3.33 11.37 11.32 
Jordan 
Valley 

53155.5 55.92 48.99 60.24 6.93 -4.32 

Ramallah 890 1.17 0.70 0.72 0.47 0.45 
Bethlehem 814 0.37 0.45 0.45 -0.08 -0.08 
Hebron 993 0.17 0.32 0.32 -0.15 -0.15 
Total 101615.5 92.9 85.89 98.14 7.05 -5.2 

*LR = Leaching requirements 

 

Figure 37 - Cropping pattern of one single farm in Tulkarm district, Eggplant 
(6 dunum) and Pepper (2 dunum) 

  



 

Figure 38 - The on-farm irrigation m anagement efficiency for a given farm 

  

 

Figure 39 - Irrigation water requirements 



Irrigation scheduling 

Irrigation scheduling is the process of determining when to irrigate and how much 
water to apply per irrigation. Full irrigation provides the entire irrigation 
requirement and results in maximum production, while over-irrigation can reduce 
crop yields by reducing soil aeration and restricting gas exchange between the soil 
and the atmosphere. Under-irrigation can also reduce the yield, but this is 
economically justified when reducing water applications below full irrigation 
causes production costs to decrease faster than the decline revenue, thus 
maximizing crop production per unit of water applied.  

The extension services related to irrigation practices are very limited. Fifteen 
percent of the farmers receive extension on operation and maintenance of the 
irrigation systems. Most of the extension is concerned with crop protection 
activities, therefore almost all farmers irrigate their crops based on one or more of 
the following factors: 

• = Experience of the farmer  
• = Soil condition  
• = Plant appearance and stage of growth  
• = Rotation of irrigation water among the farmers  
• = Climatic conditions  
• = Crop type  

 

Figure 40 - Optimal irrigation schedualing 

 



Table 13 Irrigation schedualing for pepper 

No. of 
irrig. 

Interval Date Stage of 
growth 

Net Irrig. Losses Gross 
Irrigation 

Flow 

  (Days)     (mm) (mm) (mm) (l/s/h) 
1 1 Apr 1 A 15.6 0 20.8 2.4 
2 21 Apr22 A 12.9 0 17.2 0.09 
3 14 May 6 B 15.5 0 20.6 0.17 
4 10 May 16 B 17.4 0 23.2 0.27 
5 8 May 24 B 19.3 0 25.7 0.37 
6 7 Jun 1 B 20.7 0 27.6 0.46 
7 6 Jun 7 B 21.8 0 29.1 0.56 
8 6 Jun 13 B 24.4 0 32.6 0.63 
9 6 Jun 19 B 26.8 0 35.8 0.69 
10 6 Jun 25 C 26.9 0 35.8 0.69 
11 6 Jul 1 C 27.3 0 36.4 0.7 
12 6 Jul7 C 27.4 0 36.5 0.7 
13 6 Jul 13 C 27.5 0 36.6 0.71 
14 6 Jul 19 C 27.5 0 36.7 0.71 
15 6 Jul 25 C 26.9 0 35.9 0.69 
16 6 Aug 1 C 26.7 0 35.6 0.69 
17 6 Aug 7 C 26.1 0 .34.8 0.67 
18 6 Aug 13 C 25.7 0 34.3 0.66 
19 6 Aug 19 C 25.4 0 33.8 0.65 
20 6 Aug 25 C 24.2 0 32.3 0.62 
21 6 Sep 1 C 23.8 0 31.7 0.61 
22 7 Sep 8 C 26.3 0 35.1 0.58 
23 7 Sep 15 C 25.3 0 33.7 0.56 
24 7 Sep 22 C 24.3 0 32.4 0.54 
25 9 Oct 1 C 26.2 0 34.9 0.45 
26 10 Oct 11 D 24.4 0 32.6 0.38 
27 16 Oct 27 D 25.1 0 33.4 0.24 
End 24 Nov 21 D 6       

  



Conclusions and Recommendations 

The on-farm irrigation management efficiency is relatively high in the West Bank. 
This is not due to a good management but mainly due to the shortage of water in 
the most irrigated areas.  

Application of new irrigation techniques on vegetable farms is much more 
common than it is in tree orchards in the West Bank. Drip irrigation is used 
chiefly on vegetable crops, while sprinklers are common in orchards especially in 
citrus orchards, and on some leafy vegetables such as cabbage, onions, spinach, 
and on field crops and forage.  

The economic and technical efficiencies for vegetable crops under plastic houses 
can be increased if the quantity of water applied achieved the ideal amounts. It is 
still higher than other agricultural pattern. This is related to substantial 
improvements in the levels of production technology such as planting improved 
crop varieties, using drip irrigation techniques and applying fertilizers and 
pesticides.  

In the West Bank there is a lack of extension services to work with farmers to 
improve the operation and maintenance of irrigation systems. Pressurised systems 
like drip and sprinklers requires a much higher level of knowledge on the part of 
the farmer to achieve high efficiency. The survey showed that most of the systems 
were designed and installed by the farmers. 

It is economic to plant date palm trees especially in the Jordan Valley. Date palm 
is salt-tolerant crops and require low quantity of water in comparison with other 
crops. The local demand for dates is higher than the yield, and the price is relative 
high.  

In order to maximise the efficiency of water use in irrigation, crops with low 
transpiration rates or crops that produce high dry matter yield per unit of water 
transpired should be selected. For instance, corn requires relatively small 
quantities of water to produce one Kg of dry m atter, in comparison with alfalfa 
that requires large quantities of water to produce one Kg of dry matter. The cereal 
crops, such as wheat and barley, and vegetables, such as potatoes, are 
intermediate in their requirements. 

In order to increase the irrigation water conveyance and distribution systems 
efficiency, the canal irrigation systems must be replaced with piped systems. 

As the water resources the West Bank are scarce and fluctuating and with an over 
increasing demand, a water allocation strategy needed to be build so as to make 
the best possible use of water resources available. 



Changing planting dates to reduce the crop water requirement: for example, 
growing any crop during the cool months of the season when the vapour pressure 
gradients are apt to decrease the crop water requirements and increase the 
efficiency of rainfall in irrigation. 
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