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EXECUTIVE SUMMARY 
 
This report shows the results of the SMART II research activities dealing with the costs, 

economic benefits, added values and financial implications of IWRM strategies (Delivera-

bles 706 & 707). 

In the chapter ñIntroductionò, the goals of the study and the methodological tools 

employed will be explained. PART I and II contains the results of the two case studies ñJer-

icho areaò and ñJordan Valleyò. Financial aspects, discussed in the case studies, will be 

summarised in PART III. In both case studies, the cost benefit analyses (CBA) plays a key 

role in appraising water management options and IWRM strategies. This approach ad-

dresses the question how water shortage problems can be tackled in an economically effi-

cient way within the planning period from 2012 to 2031. It could be proved that generally 

the benefits outweigh the costs, resulting in economic values added and increased welfare 

for the water users. IWRM strategies are defined as combinations of single water man-

agement options. 

In order to find out the most cost-beneficial IWRM strategies within the planning pe-

riod, priorities are to be allotted to different water management options according to their 

economic efficiency. For instance, at the Jericho east sub-basin due to its high values add-

ed the water reuse option has the first priority, followed by the desalination of brackish 

groundwater and rainwater harvesting (Table below). This means, that not all the manage-

ment options are to be realised at the same time. A time-sequence is needed showing the 

time intervals, within which the options should be implemented in order to minimise the 

costs and maximise the benefits.  

In developing the IWRM strategies the capacities of the new resources are to be 

taken into account, whereby the size of these capacities should be subject of the manage-

ment decisions as well. By that, the time-referenced cost-benefit analyses provide guide-

lines for water managers, who have to decide in which year and with which capacities wa-

ter projects should be installed. 

The following overview points out, by which factors the water management process 

is significantly influenced in the areas of investigation. For instance, the values added of 

IWRM strategies can be increased, if the cost of projects will be reduced (e.g. lower rates 

of interest) and the economic benefits will be raised (e.g. higher water tariffs). Capital cost 

can be lowered by distributing the investments over the planning period. For example defi-
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cient networks should not be rehabilitated at the same time, but stepwise in the course of 

time. 

 

Water demands 
 

Size of population; agricultural production 
 

Water availability 
 

Precipitation; geo-hydrological conditions 
 

Cost of water projects 
 

Investment and operation cost; rate of interest 

Value of water 
 

Water tariffs; water profitability in agriculture 
 

 

At the sub-areas under investigation, the added values were estimated and the most cost-

beneficial IWRM strategies determined within the planning period 2012 and 2031. The fig-

ure below shows by example the values added for the Jericho east sub-basin. 

The fluctuations of the values can be explained by the fact that in the first years the 

capital costs can be higher than the benefits, because the capacities are not fully utilized: 

there is no cost recovery, but in the following years the benefits will exceed the costs.  

It is important to emphasise, that the influencing factors mentioned above can affect 

the shape of the curve: for instance, if the water values rise within the planning period, the 

curve will become steeper.  

With special regard to the municipal water users the values added can be raised by 

higher water tariffs. As mentioned earlier, often the tariffs do not reflect the real cost of wa-

ter services and understate the willingness to pay of water users. However, the ability to 

pay of many families in Palestine is lower and may correspond actually to the current water 

tariffs.  

The water profitability in irrigated agriculture can be increased, if more high-valued 

crops would be cultivated ï as suggested recently by the Palestinian Ministry of Agriculture. 
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At the Jericho central sub-area, intersectoral water transfer from agricultural to municipal 

users is one of the options with relatively high values added: the Jericho municipality wants 

to increase the water supply and can do that by taking over the water rights in Duyuk 

Spring of the agricultural users. The cost of the water transfer includes the capital cost for a 

storage tank and pipe line. Also the expenses are to be taken into account reflecting the in-

come losses of the farmers due to less water availability. As long as the costs of the water 

rights are lower than the benefits of the municipality, values added will be created and the 

water transfer will pay.  

Due to the current water losses of the networks, the values added of the options 

rainwater harvesting and rehabilitation of groundwater wells are low (Table below). There-

fore, measures to prevent water losses should be undertaken first to improve the economic 

efficiency of these options.  

At the Jericho Shosa / Duyuk and Nueimah sub-areas, the values added from re-

placing open channels with a pipeline network are high in comparison with storm water 

2012 2018 2026 2031 
0
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2
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8

Million 

USD/yr  
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harvesting. However, even if both options would be implemented, the water needs in irri-

gated agriculture - the main users ï will continuously exceed the water supply in the plan-

ning period. 

A similar situation can be found at the eastern Lower Jordan Valley, where the three 

options discussed are not sufficient to solve the water problem. The water reuse option has 

the highest ranking, followed by the Kufranjeh dam project and improvements in irrigation 

technologies (Table below). Further measures, such as water transfers (e.g. Disi convey-

ance system), artificial groundwater recharge and more reservoirs are required and will 

lead to probably to considerable values added.  

The following table gives an overview of the estimated added values per m³ at each 

of the sub-areas. 

 

Water management options at different 
sub-basins 

Values added (USD/m÷) 

 Agriculture Municipality 

Jericho east sub-basin 

¶ Desalination of brackish water 

¶ Rain water harvesting 

¶ Wastewater reuse 

 

0.76 

1.11 

2.06 

 

 

 

Jericho central sub-basin 

¶ Rain water harvesting *) 

¶ Rehabilitation of groundwater wells 

¶ Intersectoral water transfer 

¶ Rehabilitation of networks 

¶ Demand management 

 

-0.033 

0.05 

 

 

 

 

0.23 

-0.57 ï 0.42 

0.07 ï 0.37 

Jericho Shosa / Duyuk and Nueimah sub-basin 

¶ Rain water harvesting 

¶ Replacement of open channels 

Lower Jordan valley eastern sub-basin 

¶ More irrigation efficiency 

¶ Kufranje dam 

¶ Wastewater reuse 

 

0.66 

1.01 ï 1.11 

 

0.16 

0.84 

1.07 ï 1.2 

 

*) Minus v alue  mainly due to water losses  

 

Not surprisingly, the values added vary considerably because of the different local condi-

tions. Moreover, the calculations are often based on uncertain data. Nevertheless, the table 
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provides a first idea on their ranges: Wastewater reuse, replacement of open channels and 

rain water harvesting are obviously the best choices.  

However, how should the costs and benefits of IWRM strategies be distributed to 

ensure their financial feasibility? 

Both the ówater user pays principleô and ópolluter pays principleô should be applied. 

According to these principles the costs of both water supply and sanitation have to be paid 

fully by the users. Usually, projects are financed by charging the water users, such as 

farmers, citizens and entrepreneurs. All the costs of water projects should be taken into 

account in water pricing as far as possible. Otherwise, the water users would not get the 

right information about the financial requirements of IWRM strategies. In special cases, 

however, they cannot fully afford the costs. Other funds are required, such as governmen-

tal, private or international donors. 

With special regard to the costs of wastewater reuse in irrigated agriculture ï one of 

the most cost-beneficial options at the Lower Jordan Valley -, there are two different views: 

The total cost of wastewater treatment or only the extra cost of higher quality standards for 

using the effluents (together with the costs of storage and conveyance) should be taken 

into account. The value added of water reuse in the first case is lower than in the second 

case.  

It can be expected, that the incomes particularly of farmers will rise inducing them to 

join the water reuse projects and to contribute to the costs. An example can be found at the 

Jericho east sub-area. The financing of such projects can be facilitated if farmers with high 

income gains would contribute to the cost as far as possible. Negotiations appear to be the 

best way to find an agreement about the cost sharing. In case, the municipality cannot af-

ford the cost, the national government or / and international donors should support the pro-

ject. This is always justified, if considerable values added can be expected, which include 

not only the gains in agriculture but also the benefits of municipal water users. Even in cas-

es where the economic values added are low, the financing of projects can be worthwhile 

due to their positive environmental impacts (e.g. restoration of groundwater levels, less 

water pollution, etc.). 

As outlined in the Jordan Valley case study, the financing scheme can influence the 

annual costs. For instance, at the Built Operate Transfer (BOT) approach applied increas-

ingly for public infrastructures, the concession right is granted to private contractors to in-

vest and to operate the water project within a certain period. If BOT is applied, the annual 

capital cost will be significantly higher compared with the estimated value used in the CBA. 
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The payback period (amortisation) is, for instance, 20 years and shorter than the supposed 

usable lifetime (depreciation). 

By means of cost benefit analyses the most economically efficient sequence of 

IWRM strategies in the course of time can be identified (as done in the case studies at the 

Jericho east and central sub-areas). Such an optimal sequence ensures that the values 

added will be maximised over the years resulting in less financial requirements for the 

planned projects.  

Follow-up research projects should address the costs and economic benefits of en-

vironmental regulations. Furthermore, it should be investigated how changes in precipita-

tion, population and other socioeconomic factors (e.g. crop prices, water tariffs, rates of 

interest, etc.) affect the values added (ñscenariosò). Financial aspects should be analysed 

in greater detail. Last but not least, the applicability of the WEAP model for CBA studies 

should be explored in more in-depth analyses. 

In the annex of this report, the reader will find a synopsis of all the WP7 socioeco-

nomic studies performed in SMART II (a separate document). 
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Abbreviations, acronyms and definitions 
 

  
CBA Cost-benefit analysis 

 
GW Groundwater 

 
IWRM Integrated Water Resources Management  

 
IWRM strategy Combination of different water management options 

 
KAC 
 

King Abdullah Channel in Jordan 

MCM 
 

Million Cubic Meter 
 

MWI 
 

Ministry of Water and Irrigation in Jordan 

Net benefit Difference between benefits and costs of water man-
agement options for individual water users, such as ag-
riculture, industries and municipalities 
 

PHG 
 

Palestinian Hydrologic Group in Ramallah 
 

Scenario IWRM strategy influenced by various external factors, 
such as precipitation, population growth and crop prices 
 

Value added 
 

Sum of net benefits for water users, such as agriculture, 
industries and municipalities 
 

Water management option Measure to change water utilization, such as water re-
use, desalination of brackish water and rainwater har-
vesting 
 

Water productivity 
 

Increase of agricultural yields per additional cubic water 
for irrigation 
 

Water profitability 
 

Increase in farmersô incomes (profits) per additional cu-
bic water for irrigation 
 

WEAP 
 

Water Evaluation and Planning System 

WWTP Wastewater treatment plant 
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INTRODUCTION 
 
 

1.  Purpose of the report  
 

This report will provide the results for both the SMART II deliverable 706 ñCost-benefit 

analysis of alternative IWRM strategies at watershed levelò and deliverable 707 ñAssess-

ment of the financial feasibility of IWRM strategiesò. 

 

2.  Goal s, subject s and methodologies  of the research 
activities  

 

The cost-benefit analysis (CBA) of IWRM strategies at watershed level addresses the 

socioeconomic dimensions of water management in the Lower Jordan Rift Valley. Other 

studies of work package 7 (in total 11) deal with advanced IWRM technologies, including 

decentralized wastewater treatment and reuse, artificial groundwater recharge and desali-

nation of brackish water (701-705; 707-711). The institutional and political challenges in 

tackling water problems and resolving water-related conflicts (709-710; 712) have been 

analysed as well. Various methodologies were applied, such as the cost-effectiveness 

analysis (705), cost-benefit analysis (D704) and the multiple criteria analysis (711). The 

synopsis in the Annex of this report contains a summary of the results from the WP7 stud-

ies. 

This report focuses on the values added of alternative IWRM strategies for dif-

ferent water users - agriculture and municipalities - in terms of costs and economic bene-

fits. It intends to provide advices how to identify appropriate water management strategies 

from the viewpoint of economic efficiency and financial feasibility. Climate changes (e.g. 

decline of precipitation), population growth, changes in pricing structures (e.g. agricultural 

products) and legal rules (e.g. restrictions of farming practises in water protection areas) 

are to be considered in follow-up studies. The areas of investigation - two case studies - 

are the Jericho area in Palestine and the eastern Lower Jordan River Valley (JV) (Fig. 

1).  

In both case studies, alternative IWRM strategies will be appraised in terms of 

costs, benefits, and values added. Different water resources (groundwater desalinated 

brackish water and treated wastewater), infrastructures (water conveyance networks, res-
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ervoirs and wastewater treatment plants) and water demands (such as agricultural and 

domestic users) are considered.  

The values added from IWRM strategies represent generally increases in welfare 

and improvements in the wealth for communities and the society as a whole. They emerge 

whenever the economic benefit exceeds the cost of water management measures. Note, 

that economic benefit for a group (such as higher incomes of farmers) do not necessarily 

lead to overall values added, for the total cost of a IWRM strategy can exceed the sum of 

the benefits of the stakeholders involved. In such a case, the IWRM strategy will be defini-

tively economically not efficient and would lead to economic losses, even though other 

benefits occur, such as restoration of aquifers or conservation of aquatic biotopes. In those 

situations, the community and politicians have to weigh up the economic losses caused by 

sticking to such a strategy against the benefits that can be achieved instead (trade-off be-

tween costs and non-monetary benefits).  

To simulate alternative IWRM strategies the WEAP model was employed. It allows explor-

ing the impacts of water management options (e.g. improved water demand coverage) and 

ï to some extent - to appraise their costs and benefits. For single water management op-

tions, the capital costs and operation & maintenance costs (for instance, constructing a 

new conveyance system) can be estimated. The same applies to the economic benefits by 

evaluating improvements in water supply. The benefits for municipal users (such as house-

holds, business, and public administration) can be calculated by multiplying increases in 

water supply with the water tariffs. This approach assumes that water prices reflect the 

readiness of consumers to pay for water services. But it can lead to an underestimating of 

the benefits, if water prices do not cover the full cost of these services. In the case studies 

below, however, this approach was carried out only in part by using WEAP due to problems 

in computing. In follow-up research activities, these problems should be addressed. In ap-

praising IWRM strategies a simplified approach was applied by using the Excel software.  

With special regard to agricultural users, the economic benefits were not calculated 

by using water prices, but by considering the water profitability, defined as increase in 

farmersô income per cubic meter additional water supply. 

Since the investments in water infrastructure are generally of long-term nature (cov-

ering often more than 20 years), both the costs and benefits are to be calculated in terms of 

present and annualised values by using a suitable rate of interest (ódiscount rateô). The 

costs and benefits can vary significantly over the years, and it is important to consider at 

which years such changes occur. By using the present value analysis the time streams of 

future costs and benefits can be diverted (ódiscountedô) each to single numbers. The differ-
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ence between both values is the present net benefit: if greater than 0, the investment would 

be worthwhile. If there are several optional water management strategies, the one with the 

highest net present value should be chosen.  

Another calculation method refers to the annualised costs and benefits. The an-

nual cost is computed by multiplying the present value of investment with the capital recov-

ery factor. By using this factor the yearly amount of money required to return the invest-

ment (i.e. initial capital cost) over the project life can be determined. Again, discount rates 

are used. This method is preferable, if major focus will be put on water prices. However, 

as mentioned already both on the cost and benefit side, not all of the consequences of 

IWRM strategies can be evaluated in economic terms. Examples are the contamination of 

aquifers due to using effluents in irrigation or the rehabilitation of groundwater levels. By 

using limit values, such as environmental standards, the adverse and positive impacts can 

be assessed. As mentioned above, in special situations, the trade-offs between economic 

values added and ecological impacts can be important. 

A further issue in water management are the financial implications of IWRM 

strategies. Here, the economic efficiency is to be distinguished from the financial feasibil-

ity. The first term means that an IWRM strategy is economically justified, if its economic 

benefit exceeds its cost. The second terms refers to the question, who pays and who bene-

fits. If the farmers located at a specific basin, for instance, would have to pay the full cost of 

being provided with treated wastewater, it may be that they cannot afford these payments. 

Provided the water reuse project is economically efficient, somebody else should share the 

cost, such as the municipality, the government or/and the water utility. Otherwise the pro-

ject would not be financially feasible, and cannot be implemented (even though it is eco-

nomically efficient).  

To which extent farmers should share the costs, depends on the economic benefits 

they enjoy from the water reuse project, such as cost savings in fertilizing, more yields and 

less expenses for freshwater. Farmers should be encouraged to use reclaimed water 

through adequate economic incentives; otherwise they would not be ready to join the pro-

ject (unless they would be forced by law). In special situations, this can be institutionalised 

by markets, where farmers have to purchase effluents. How much the other cost payers 

should contribute depends on to which extent they will benefit. For instance, if farmers re-

lease freshwater in exchange of treated wastewater, municipals may enjoy an increase in 

water availability and thus cost savings in developing new water resources to meet growing 

domestic demands.  
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In this example, the cost sharing will be worthwhile for the municipality, provided 

the benefit exceeds the total cost of the project. If a water utility provides reclaimed water to 

the farmers and belongs to the municipality (i.e. it is a public company), cost sharing will 

not cause serious problems, provided the municipality can actually fund it. In contrast, pri-

vate utilities should have sufficient economic incentives to join the project. Negotiations 

between all the parties involved appear to be most appropriate way to find an agreement 

on the distributions of the costs and benefits. Important financial implications of IWRM 

strategies will be highlighted (PART III). 

The outcomes from the case studies are based on data with uncertainties. The 

sources were local statistics and interviews, secondary literature and partly approximations. 

Thus, the case studies provide reasonable estimations rather than exact calculations.  

The main purpose of this study is to present a methodological framework for as-

sessing IWRM strategies from the socioeconomic point of view. The methodologies devel-

oped for both case studies may be applied for other water basins.  

There is a further research project using the WEAP model, the Multi-Year Water 

Allocation System (MYWAS) (Huber-Lee 2011). It is designed to be applied in Palestine 

and later in Jordan in the near future. It aims to provide advices how to economise the use 

of scarce resources. A key role plays the scarcity value of water, which often differs from 

the tariffs. It is influenced both by the production cost and the water demands. Where water 

resources are abounding, no water scarcity values exist. MYWAS is based on the WAS 

approach (Water Allocation System), developed jointly by water experts in Israel, Jordan 

and Palestine between 1992 and the beginning of 2000 (Fisher, F. M., Huber-Lee et al. 

2005). Currently, MYWAS is being tested at the areas of Hebron, Bethlehem and Jericho in 

the Southern West Bank, It can be considered as a further promising economic tool for ap-

praising alternative IWRM strategies at watershed level.  

The following main differences between WAS / MYWAS and the CBA approach 

should be pointed out: (1). WAS / MYWAS applies functional relationships between the 

water price and water demands of domestic, agricultural and other users (priceïdemand 

curves), whereas we assume generally there are no significant impacts of changes in pric-

es on the water supplies and demands of specific users. (2). WAS / MYWAS determines 

the water prices and water values (shadow values) within a water allocation optimization 

model (GAMS), whereas we refer to existing water tariffs for municipal and agricultural us-

ers. In order to find out the most cost-beneficial IWRM strategies, we use water tariffs for 

municipal users and the water profitability for agricultural users. These differences in de-

termining water values will certainly result in different net benefits and added values result-
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ing from various water management strategies. (3). In WAS / MYWAS the optimal water 

demands and supplies are being computed, whereas we deal them as exogenous varia-

bles (determined by the unmet demand of specific water users). (4). WAS / MYWAS com-

putes for different users the economic impacts of changes in water supply on the basis of 

endogenously determined water prices and shadow values, whereas we analyze the im-

pacts of increases in water availability on the net benefits of different users at given unit 

water values (cf. 2. above). (5). WAS / MYWAS analyses for confined areas with a given 

water infrastructure the system-wide impacts of new projects (e.g. a projected conveyance 

system), as it deals many variables as determined endogenously within the model, such as 

water prices, opportunity costs and shadow values (cf. 4. above), whereas we focus on the 

direct impacts of  IWRM strategies on the water users in terms of costs, benefits and added 

values, even if there are different users involved (notably in the case of interregional or in-

tersectoral water transfers, such as between farmers and municipal users). 
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Figure 1: Location of the case studies 
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PART I. JERICHO AREA 
 

The area of investigation is divided into three sub-areas with different utilization of water 

resources, infrastructures and water demands: a) Jericho east sub-area, b) central sub-

area with the Jericho City and c) Jericho north sub-area (Fig. 2). At each of them with spe-

cific problems, water management options have been identified, that are supposed to be 

appropriate in improving the water situation. Water shortage is currently not the main prob-

lem due to the availability of spring waters (e.g. Ein Sultan Spring). However, in the near 

future water supply problems will emerge. In areas, where agriculturally used land could be 

expanded, more water will be required. In other areas, growing population and additional 

commercial activities will increase the municipal water demand.  Of special relevance is 

that in the Jericho area the sanitary infrastructure is poor as no wastewater treatment 

plants (WWTP) exist. Cesspits are in use, by which the water bodies (groundwater, wadis) 

are being polluted.  

 

 

Figure 2: Three Jericho sub-areas 
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For the entire area of investigation a WEAP model was developed; its schematic view 

shows nodes and links, representing different water resources, infrastructures and demand 

sites, and the interconnections between them (Fig. 3). WEAP allows displaying, reproduc-

ing and processing information for various hydrological and socioeconomic conditions with-

in specific time horizons. It allows to assess the impacts of water management options (for 

instance, improvements in meeting water demands for different users), and for special cas-

es to evaluate their economic costs and benefits. Furthermore, WEAP can be run for vari-

ous conditions (ñscenariosò), such as changes in precipitation, population growth and oth-

ers. The results can be displayed through graphs and tables. 

 

 

Figure 3: Schematic view of WEAP model for Jericho area 
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Chapter 1.  The Jericho  east sub - area  
 

1. Water situation 

 

Groundwater wells are concentrated in the eastern side of Jericho City where extensive 

agriculture is exists (Fig. 4). Most of the wells are not working due to either the lack of 

maintenance and rehabilitation or the poor water quality and deep water levels. Salinity is 

the main problem and salinity increases with falling water levels that causes sea water in-

trusion from the Dead Sea. The groundwater quality is better in the western areas than in 

the eastern, because of the larger distance from the Dead Sea and the nearness to the 

Eastern Basin, where fresh water resources are available for natural recharge.  

 

 

Figure 4: Location of groundwater wells in Jericho area (PHG 2011) 
 

The Jericho East area includes 6,583 dunums in which 47% are arable lands and the rest 

is currently used for mostly vegetable crops. This area is currently supplied with about 2.8 

Mm÷/yr from groundwater wells (PHG, 2010). Only agricultural water users exist. 
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By using the WEAP model the demand of Jericho east sub-area can be projected if 

the total arable lands would be planted by a steady increase rate during the simulation pe-

riod 2011 ï 2031 (situation 1). The projected demand for water is about 5 Mm÷/yr in 2031 

(Fig.5).  

 

 
Figure 5: Jericho east water demand in 2011-2031  

 
On the other hand, the availability of groundwater is expected to decrease in the coming 

years due to increasing salinity and declining precipitation. The decrease rate of 5.6 % is 

taken from the trend line of the wells abstraction (PHG, 2010). The projected values of the 

model state that available abstraction would be about 1 MCM in 2031 only (Fig. 6). Due to 

the increase in demand and decrease in supply, unmet demand will increase rapidly that 

alert for management options (Fig. 7). 

 

 

Figure  6:  Jericho e ast  water s upply  in 2011 -2031  
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Figure 7: Jer icho east w ater unmet demand in 2011 -20 31  

 

Various assumptions regarding the expansion of agriculturally used land and declining wa-

ter availability will render different prospected developments of water shortage. As in the 

section ñCost-benefit analysisò below pointed out, it can be assumed alternatively that the 

extension of farmland is dependent on the prospected increases in water supply (situation 

2).  

2. Water management options 

 

The desalination of brackish water would improve the water situation mainly in the east 

agriculture area of Jericho. But further measures are to be considered, such as wastewater 

reuse and rainwater harvesting (Fig. 8). The following analyses will focus on these three 

options. Furthermore, a cost benefit analysis of the water protection area at the Ein Sultan 

spring will be carried out (not here, but in study 506). 
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Figure 8: Schematic View of WEAP model different water management options for 
the Jericho east sub-area 

 

3. Impact analysis 

 

The current water availability for agricultural irrigation amounts to 2.8 Mm÷/yr. As Table 1 

shows, this volume can be augmented with 3.0 Mm÷/yr by desalination of brackish ground-

water, with 1.8 Mm÷/yr by reuse of the effluents from the planned WWTP with 1.8 Mm÷/yr 

and with 1.5 Mm÷/yr by rainwater / storm water harvesting. 

 

Sup ply name  Type  Supply (MCM/ yr )  

GW Alluvial Deposits  
Current A c-

count  
2.8  

Desalination of Brackish GW  IWRM  3.0  

Waste Water Reuse  IWRM  1.8  

Rainwater Harvesting from Al 
Qilt  

IWRM  1.5  

 

Table 1: Increases of water availability in the Jericho east sub-area 




















































































































































