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1. Introduction and Background

This report is the final report to the project "Support to Infrastructure in the Palestinian Autonomous Territories with Emphasis on Water Management in 2008". The Czech Republic – Czech Development Agency (CzDA), following the decision of the Government of the Czech Republic on an extraordinary financial assistance for development projects in the Palestinian Autonomous Territories no. 801/2008 of 27th June 2008, calls for a tender on services in order to support infrastructure with emphasis on capacity building in water management in the Palestinian Autonomous Territories. The objectives of the Czech assistance are:
· Acceptance of WAS in the Palestinian Autonomous Territories for both domestic and transboundary (Palestinian-Israeli and Palestinian-Jordanian) use as well as for the wider peace process in the region.

· Introduction of WAS as a governmental tool in finding the best strategies and making the best decisions concerning water allocation.

· Effective water management in the region of the Middle East based on a comprehensive spectrum of parameters.

The report includes in addition to this introduction a brief background about the WAS model and a description of the activities that has been completed under this project. It also includes a section that describes the existing conditions of the water sector in Palestine which is called the baseline conditions and a chapter on future scenarios and testing of different infrastructure projects using the capabilities of WAS and MYWAS. 

2. About WAS and MYWAS

The first version of the Water Allocation System (WAS) was first developed in 1992 under the auspices of the Institute for Social and Economic Policy in the Middle East, directed by Leonard Hausman. The Institute was then located at the John F. Kennedy School of Government at Harvard University. But the intellectual genesis of the Middle East Water Project occurred at a conference the Institute held in London in 1990. The ensuing work went on from late 1993 into early 1996. The project operated in teams: three (non-governmental) "country teams" and a "central team" in Cambridge, Massachusetts. Although the country teams were primarily responsible for data collection and  model construction in their respective countries and the central team was primarily responsible for model-building theory and coordination, those responsibilities were often shared more widely than such a division indicates, and a good deal of interaction took place.

The second phase of developing WAS was formally concluded in early 1999. During that phase, each of the three regional parties worked on the construction of a model of its own water economy. That work was largely bilateral, with each regional team working with the central team. There were, however, occasional joint meetings and discussions on common topics and problems. The models were single-year, steady-state ones (although the conditions for the single year can be varied). Construction of a full multiyear model has begun but is not far advanced.

The most recent publications that came as a result of the project work are a book entitled "Liquid Assets" published by Resources For the Future and a journal article entitled "Optional Water Management and Conflict Resolution" published in the Water Resources Research Journal in 2002. Both of the above publications dealt with WAS as a Regional Tool. A third publication that uses "WAS" on a national level was the paper published at An-Najah University Journal by Anan Jayyousi, the team leader in this proposal, entitled "Application of WAS to the Palestinian-Israeli Water Conflict". After 2000 and due to the starting of the Intifada, no regional work was materialized on the use of WAS neither as a planning tool nor as a negotiation tool.

WAS is a single year, or steady-state annual model, although the conditions of the year can be varied and different situations evaluated. A related but more powerful tool – MYWAS for “Multi-Year Water Allocation System” -- permits consideration of a sequence of years or seasons.  I discuss WAS first.
The country or region to be studied is divided into districts. Within each district, demand curves for water are defined for household, industrial, and agricultural use of water. To assure sustainability, extraction from each natural water source is limited to the annual average renewable amount. Allowance is made for treatment and reuse of wastewater and for inter-district conveyance. This procedure is followed using actual data for a recent year and projections for future years.

Environmental issues are handled in several ways. As stated, water extraction is restricted to annual renewable amounts; an effluent charge can be imposed; the use of treated wastewater can be restricted; and water can be set aside for environmental (or other) purposes. Other environmental restrictions can also be introduced.

The WAS tool permits experimentation with different assumptions as to future infrastructure. For example, the user can install wastewater treatment plants, expand or install conveyance systems, and create seawater desalination plants.

Finally, the user specifies policies toward water. Such policies can include: specifying particular price structures for particular users; reserving water for certain uses; imposing ecological or environmental restrictions, and so forth.  This is where social values that are not simply private values come in.
Given the choices made by the user, the model allocates the available water so as to maximize total net benefits from water. These are defined as the total amount that consumers are willing to pay for the amount of water provided less the cost of providing it.
MYWAS, on the other hand, offers a much more convenient treatment and moves away from the single-year, steady-state treatment of WAS.    MYWAS deals readily and directly with problems over time by maximizing the present value of net benefits over a number of future years or time periods using a discount rate specified by the user.  Capital costs are treated as cash outflows when they occur. 

Here is a (presumably partial) list of applications.  In all of them, as in all WAS applications, system-wide effects and opportunity costs are automatically dealt with, and the user’s own decisions and values are implemented.

a. The Timing, Order, and Capacity of Infrastructure Projects: MYWAS allows the user to specify a menu of possible infrastructure projects, their capital and operating costs and their useful life.  The program then yields the optimal infrastructure plan, specifying which projects should be built, in what order, and to what capacity.
  This is a major advance.

b. Storage Management: Most obviously, it is now easy to deal with storage issues, in particular the decisions as to how much water should be stored or released from reservoirs.  The decisions involved can be for inter-year or for inter-seasonal storage.  

c. Aquifer Management: Man-made storage is not the only kind.  Water can also be transferred between time periods by increasing aquifer pumping when water is relatively abundant and reducing it when water is relatively scarce.  This means that the use of aquifers and other natural water sources no longer needs to be restricted to the average yearly renewable amount in the model (with that average adjustable by the user).  Rather, by specifying the effects of withdrawal on the state of the aquifer, the user can obtain a guide to the optimal pattern of aquifer use over time, including guidance as to aquifer recharge.

d. Fossil Aquifers:  The rate at which a fossil aquifer should be pumped can also be determined endogenously through the use of MYWAS rather than being specified exogenously by the user.  That rate will generally vary over time as conditions change.

e. Climatic Uncertainty:  Of course, optimal planning over time will depend on the climate, and climate – especially rainfall – is variable and uncertain.  MYWAS enables the systematic study of the effects of such uncertainty on optimal planning by providing the means to examine optimal decisions as a non-linear function of climate variables.  Other uncertainties, such as those involved in population forecasts, can also be dealt with.  

f. Global Warming:  Of course, the multiyear nature of MYWAS makes it suitable for examining the effect of different global warming scenarios on optimal infrastructure.

g. Water Quality:  If desired, MYWAS (or WAS) can be adapted to permit a more sophisticated treatment of multi-dimensional aspects of water quality than available in the original version of WAS.

h. Effect of Discount Rate:  Obviously, MYWAS can be used to examine the effects of the choice of discount rate on all aspects of the optimal solution.

3. Project Implementation Process

3.1 Data Collection and Setting up WAS for Palestine

WAS requires updating of already existing information to maintain its value. For that, it was necessary to undertake preparatory to prepare a running version of WAS the represents the present conditions, year 2007, of the water sector. This present conditions run will be used to develop other future scenarios and respond to different questions regarding new infrastructure schemes. To prepare the needed data for such a version, the following tasks took place:

· Review WAS and its capabilities and figure out what date is needed.
· Data collection including domestic water supply, water resources, conveyance system and water prices data. Most of this data was collected from Palestinian Water Authority (PWA) and West Bank Water Department (WBWD).

· Agricultural water supply data and irrigated and irrigable land data was collected from Ministry of Agriculture.

· All the collected data were included into WAS and the prepared run to represent the existing conditions was performed and tested.

Based on the above, it is fair to say that WAS has been prepared to be used to test different infrastructure scenarios and projects in Palestine.
3.2 Training Workshop at MIT 

A course for three participants from the Palestinian team was held in Cambridge for four days to present to Palestinian study team the most updates on MYWAS in addition to planning future activities. The meeting was held between the 10th and the 14th of October, 2008.
This meeting was centered on planning the upcoming events to be held in Ramallah, the West Bank, plus a review and training of the development and status of the WAS/MYWAS programs. It was emphasized that the goal is to have WAS/MYWAS endorsed by the Palestinian Water Authority (and others, if possible), in order to seek funding for the development and utilization of the programs within a PWA unit tentatively called “Programming and Planning Decision Support Unit”. For that, a draft Memorandum of Understanding to be signed by the Head of the PWA during the November meetings is drafted. 

It was also agree that the first visit of Professor Franklin Fisher of the Massachusetts Institute of Technology (the founder of these programs, an Economist) will be on November 10, 11, and 12th, 2008.  Professor Fisher will arrive around noon of the 10th – and an evening dinner/work session will being at 6:00 PM with the Head of the PWA and his concerned staff.  Meetings are to be arranged for the afternoon of the 10th, and the days of the 11th and 12th with: - 

· The Ministry of Agriculture ( Qassem Abdu and Essam Nofal)

· The Environment Authority 

· The Ministry of Planning ( Dr. Cairo Arafat, Badr abu Zahra and Waddah Hamdallah)
· The Minstry of Local Government Ministry ( Eng. Hani Kayed )

· The NGOs and universities together (example, Birzeit University, An-Najah National University)
· Dr. Amjad Aliewi – House of Water and Environment

· Dr. Abdel Rahman Tamimi – Palestinian Hydrology Group

Following these meetings, the official WAS/MYWAS presentation meeting will be held on December 1st, 2008.  The USA consultants (Professor Franklin Fisher and Dr. Annette Huber-Lee (a Ph.D. Environmental Engineer and one of the original founders of these programs) will arrive on November 30th.  The presentation meeting will be held from 12-2 on December 1st, followed by lunch.  Both Professor Fisher and Dr. Huber-Lee will make presentations – along with Dr. Anan Jayousi who will present some results of computer runs using Palestinian data. 
The next three days (December 2, 3, and 4) are set aside for training.  The training component will be led by Dr. Annette Huber-Lee.  The training days will be from 9-3pm followed by lunch.  The number of trainees will be around 10 people, inlcuding PWA, the Ministry of Agriculture, utilities and major municipalities – plus two people from Jordan.

The first day of training will concentrate on different types of computer runs, i.e., Palestinian domestic water runs, changing or building infrastructure and/or changing the quantities of water available in different localities.  The second day of training will concentrate on “cooperation versus no cooperation” – i.e., regional issues between Palestine, Jordan, Israel – and others.  The third day of training is left open for questions, explanations, and planning for the future.  It was suggested by Dr. Karen Assaf that the trainees compile inputs for trial runs, present these to the class, and two or three of these trainee data runs/trials be run on the WAS/MYWAS program as an experiment.

During the remaining time, the Palestinian Team will be making runs on three or four options or scenarios that will be presented at the December 1st presentation meeting.  For example – 

· The Red-Dead Canal

· The West Ghor Canal

· Main dual (fresh water and wastewater) carrier lines along the mountain ridge in the West Bank

· Main dual (fresh water and wastewater) carrier lines lengthwise in the Gaza Strip, or

· Policies, such as fixed prices versus subsidies, and

· Different water qualities.

A grant for the full support of the development and utilization of WAS/MYWAS within the PWA will be drafted for submission to the Czech Republic for long-term funding.  MYWAS is to be developed to look at 

· Timing, order and capacity of infrastructure

· The life-span of infrastructure

· Aquifer storage and management

· Climatic uncertainty and global warming.

It is envisioned that there will be close cooperation and coordination with the Jordanian Team in order to develop a working MYWAS program and interface at the national level (and hopefully in the future, at the regional level).

.

3.3 Preparing the Ground in Palestine

To prepare for the next project meetings, symposium, training course and to prepare the ground to introduce WAS properly in Palestine, the WAS project team met with different government authorities and other key individuals and introduce them to the updated project and its goals. They will be invited to host and take part in organising a two-day symposium to demonstrate the benefits of the tool and how it works. 

The main purpose of the above meetings was to introduce WAS and its usefulness in the Palestinian Water Sector. The main meetings were with PWA officials including the new Head of PWA, Dr. Shaddad Attili. These discussion with PWA include the institualization of WAS in Palestine. 
The main outcome from the visit is the Memorandum of the Palestinian Water Authority concerning the Water Allocation System (WAS) and the Multi-Year Water Allocation System (MYWAS) for Palestine signed by his excellency Dr. Shaddad Attili, the Head of Palestinian Water Authority. A copy of this Memorandum is included with this report.

In addition to signing the above mentioned memorandum, the team had met with many other Palestinian officials. Before these meetings, an information package including background information about WAS and MYWAS and some journal articles had been distributed to the different Ministries and to PWA. The following is a summary of the outcomes from the different meetings.

· Meetings with PWA

Two major meetings took place with his Excellency Dr. Shaddad Attili and his team. The PWA team consist of PWA Director Generals who might benefit from the use of WAS and MYWAS and who will be involved in the section to be established within PWA to institutionalize WAS and MYWAS. The main outcome is the memorandum signed by Dr. Attili mentioned above.

· Meetings with Czech Representative 

The meeting was held at the Czech representative Office in Ramallah and was attended by his Excellency Mr. Shilhavy. The team thanks his Excellency for his great support to the project. His Excellency Mr Shilhavy presented some ideas based on his experience in the West Bank such as the ability of WAS and MYWAS to consider inflow of refugees, recycled wastewater and the issue of Tourism in Bethlehem area. His Excellency emphasized the need to have real outcome from the project especially to service providers such as Municipalities. 

· Meetings with Ministry of Local Government

The meeting was held at the Ministry of local Government in Ramallah and was attended by his Excellency Mr. Shilhavy and the Minister of Local Government Engineer Ziad Bandak. The team thanks his Excellency Eng. Bandak for his support to the project. His Excellency the Minister asked some questions regarding the model capabilities and whether the model can be used to evaluate certain issues even at small scale such as municipality level. The team responded to Eng. Bandak questions. At the end of the meeting, his Excellency the Minister emphasized his full support to the project and offer to provide any help needed to bring this project to success, 

· Meetings with HWE and PHG

House of Water and Environment (HWE) and Palestinian Hydrology Group (PHG) are leading Palestinian NGO's in the water sector in Palestine. The WAS team had met with both NGO's, presents the model capabilities to them and responded to their questions and concerns. At the end of the two meetings, both the head of HWE, Dr. Amjad Aliewi and the Head of PHG, Dr. Abdel Rahman Tammimi offered their willingness to help and support and confirm their participation in the December Symposium. 

· Meetings with Ministry of Agriculture

The meeting was attended by Director General of soil and irrigation, Engineer Qasem Abdo and Director General of the Ministry, Eng. Isam Nofal. There main concern was the fact that the model would give a priority to other users over the agricultural use. Prof. Fisher explained that this could be the case but if a high social value is associated with the agricultural secotr, which is the case, then the model will allocate water to the agricultural sector as to its optimal use.

Prof. Fisher also mentioned the Agricultural sub-model AGSM that is available to be used with WAS and MYWAS and the benefits of using such a model. At the end of the meeting, both Director Generals express their willingness to support the use of WAS and MYWAS and are looking forward to the symposium in December.  

· Meetings with Ministry of Planning

The meeting was attended by Director General of Mapping Bashar Jumah, the Director General of aid management Waddah Hamdallah and couple of Ministry employees working on infrastructure. Many issues were raised by the Ministry of Planning team concerning actual outcome of WAS and MYWAS and the data needed for such models to give realistic results. They have also mentioned that they are looking forward to the December symposium to learn more about the model and its capabilities. 

· Meeting at President Abbas Office

The meeting was attended by Dr. Sabri Saidam, President Abbas advisor on technology and telecommunication. Dr. Saidam expressed his full support to the project and mentioned some environmental initiatives that he had worked on in the past. Dr. Fisher gave a brief introduction to the model and answered the questions of Dr. saidam. Dfr. Saidam also mentioned his hope to see the model running in Palestine both on the national level but also on the regional level.

To conclude, it is believed that the meetings were able to achieve there objective of preparing the ground in Palestine for the use of WAS and MYWAS. In addition to the signed Memorandum by PWA Head, Dr. Attili, a great interest in attending the December Symposium and learn more is expressed by the different people we met. For that, a list of people to attend both the general symposium (40 to 50) and people to attend the training workshop ( 10 to 15) is being prepared.

3.4 Symposium and Training Workshop in Palestine
The symposium and the training workshop took place during the period 2-4 of December, 2008. 

The WAS symposium was held in Ramallah on the 2nd of December.  Invitations went out to senior public water officials (approximately 30 attendees) in the Palestinian territories. The Symposium was attended by more than 30 officials from different authorities including some 10 employees from Palestinian Water Authority. The symposium consists of an introduction to WAS, a series of technical demonstration runs and a presentation of its possible uses. During the Symposium, Prof. Franklin Fisher officially presented the license of MYWAS model to PWA. This was followed by joint expert/public official discussions on the technical and policy feasibility for the use of WAS both domestically and in terms of regional cooperation.
After the symposium, a training course was held for 15 trainees from the different authorities. The 15 trainees are 5 from PWA, 2 from Ministry of Agriculture, 1 from Ministry of Local Governments, 2 from Environmental Quality Authority, 1 from Ministry of Planning and 4 from different NGO’s and Universities. The training course include a training on the use of WAS for both national and regional levels. Different discussions took place especially those related to different runs presented and prepared by the trainees. The training also includes a description and initial training on the use of MYWAS model. All trainees were provided with a training material and a CD that has the WAS model, the presentations, the tutorial and a couple of previous publications about WAS and MYWAS.    
4.  Existing Water Supply (The Baseline Conditions)

Palestine is among the countries with the scarcest renewable water resources per capita due to both natural and artificial constraints, amounting to only 100 cubic meter per capita per year. This is far below the per capita water resources available in other countries in the Middle East and the World.

Groundwater is the primary source of water for the Palestinians in the West Bank and Gaza Strip. The groundwater resources of Palestine are extracted from aquifers (rocks that are capable to store and transmit water). The West Bank uplands comprise the regional recharge area for the extensive aquifers, which under natural conditions discharged from springs. It is estimated that 90% of the total recharge of the aquifer basins originate in the West Bank, while the present Palestinian share of well abstractions is only 13%. The surface water in Palestine is mainly the Jordan River. 

At present water needs exceeds the available water supply. The gap between water supply and water needs is growing due to population growth, higher standard of living, the need to expand irrigated agriculture and industrialization. This growing gap is calling for the mobilization of any additional conventional and non-conventional water resources. At present, development of additional water sources is restricted and based on the approval of the Israelis since Palestinian water rights is still a subject of the results of the final status negotiations.

The historic water needs in the West Bank and Gaza Strip have been artificially constrained by non – market forces. As a result they cannot be used to forecast future needs. In fact, on the basis of various world and regional water consumption levels, the present magnitude of unsatisfied needs in the West Bank and Gaza Strip nearly surpasses current water supply quantities. Thus, it is necessary to plan for and develop more equitable, yet feasible, future water consumption rates and supply capabilities for the neeeds of the society as well as for development. 

The data that summarizes the water supply situation in the West Bank and Gaza Strip and is needed for WAS is shown in Table 1 through Table 6. This data has been inputted to WAS and is considered as the baseline run for the other runs.  
Table 1: Water Consumption Data by Sector, 2007 
(Includes unaccounted-for water) (mcm)
	Livestock and Irrigated Agriculture
	Municipal and Industrial
	District

	5.5
	5.3107
	Jenin 

	14.9
	14.5696
	Tulkarem = (Tulkarem+Qalqilia)

	25.0
	13.839
	Nablus = (Nablus+Salfeet+Tubas)

	35.3
	4.516
	Jericho

	2.1
	13.695
	Ramallah 

	0.6
	8.051
	East Jerusalem 

	1.4
	8.664
	Bethlehem 

	2.4
	16.863
	Hebron 

	23.4
	12.2
	Gaza North

	25.1
	28.7
	Gaza City 

	16.2
	11.9
	Deir Al-Balah

	14.8
	16.3
	Khan-Younis

	9.2
	9.2
	Rafah

	175.9
	163.8
	Totals 

	Total Consumption = 339.7


Table 2: Water Price Data, 2007 ($/m3)
	Price of water for Agriculture
	District

	0.23
	Jenin 

	0.50
	Tulkarem = (Tulkarem+Qalqilia)

	0.20
	Nablus = (Nablus+Salfeet+Tubas)

	0.50
	Jericho

	0.50
	Ramallah 

	0.50
	East Jerusalem 

	0.26
	Bethlehem 

	0.30
	Hebron 

	0.04
	Gaza North

	0.02
	Gaza City 

	0.02
	Deir Al-Balah

	0.03
	Khan-Younis

	0.03
	Rafah


Table 3: Population Data and Estimated Demand for Urban and Industrial Sectors at 2007 Prices
	Industrial demand for water at $1/m3 (mcm)
	Unpaid-for water (mcm)
	Urban demand for water at $1/m3 (mcm)
	Population (2007)
	District

	0.4
	1.7
	5.3107
	256,212
	Jenin 

	1.2
	5.5
	14.5696
	249,259
	Tulkarem = (Tulkarem+Qalqilia)

	1.1
	5.0
	13.839
	429,728
	Nablus = (Nablus+Salfeet+Tubas)

	0.4
	1.4
	4.516
	41,724
	Jericho

	1.1
	3.5
	13.695
	278,018
	Ramallah 

	0.6
	2.4
	8.051
	159,000
	East Jerusalem 

	0.7
	3.4
	8.664
	176,515
	Bethlehem 

	1.3
	6.1
	16.863
	551,130
	Hebron 

	1.0
	3.1
	12.2
	270,245
	Gaza North

	2.3
	7.0
	28.7
	496,410
	Gaza City 

	1.0
	3.1
	11.9
	205,534
	Deir Al-Balah

	1.3
	4.2
	16.3
	270,979
	Khan-Younis

	0.7
	2.4
	9.2
	173,371
	Rafah

	13.1
	48.8
	163.8
	3,558,125
	Totals 


Table 4: Available Water per District in the West Bank (mcm/year)
	Oslo II Quantities
	Available Water
	District

	9.4
	119
	Jenin 

	22.2
	170
	Tulkarem

	33.8
	89
	Nablus 

	44.4
	173
	Jericho

	8.8
	57
	Ramallah 

	----
	5
	East Jerusalem 

	0.4
	72
	Bethlehem 

	8.8
	62
	Hebron 

	127.8
	747
	Totals 


Table 5: Mekorot Supply to the West Bank (mcm/year)

	Water Supply
	District

	1.378
	Jenin 

	0.791
	Tulkarem

	4.297
	Nablus 

	1.850
	Jericho

	11.110
	Ramallah 

	7.460
	East Jerusalem 

	4.863
	Bethlehem 

	7.612
	Hebron 


Table 6: Supply Data
	Step 3
	Step 2
	Step 1
	District

	Cost 

(¢/m3)
	Quantity 

(mcm/year)
	Cost 

(¢/m3)
	Quantity 

(mcm/year)
	Cost 

(¢/m3)
	Quantity 

(mcm/year)
	

	23
	32.4
	23
	19.8
	23
	67.0
	Jenin 

	21
	15.3
	21
	14.5
	21
	140.4
	Tulkarem

	20
	7.9
	20
	8.6
	20
	18.5
	Nablus 

	28
	8.6
	28
	45.6
	28
	118.8
	Jericho

	24
	34.4
	24
	14.9
	24
	8.0
	Ramallah 

	
	
	10
	1.2
	10
	3.6
	East Jerusalem 

	26
	7.2
	26
	43.0
	26
	21.6
	Bethlehem 

	
	
	28
	43.2
	28
	19.0
	Hebron 

	
	
	
	
	3.3
	30.6
	Gaza North

	
	
	
	
	1.4
	45.1
	Gaza City 

	
	
	
	
	1.8
	23.2
	Deir Al-Balah

	
	
	
	
	3.1
	24.5
	Khan-Younis

	
	
	
	
	3.2
	14.6
	Rafah
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