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1. Background 

 

The supply available in the water system, compared with the provision requirements, is usually 

presented in the form of a “water balance”. The national water system balance presented below 

incorporates figures, assumptions and basic parameters of the national water system which indicate 

Israel’s development in all the areas (population, industry etc.) along a time axis, together with the 

planning targets and policy of allocating water resources (for example: agriculture). The presented 

balance does not pretend to offer an accurate forecast of the planning and operating requirements, 

rather a representative situation of the expected patterns based on the best available knowhow and the 

policy trends as they appear in the master plan, as part of the basic scenario expected in each field. The 

balances indicate the current government decisions and the implications of realizing Israel’s national 

targets relating to the national water system. The balances were devised for the planning horizon of 

2050 whereby, naturally, there is great accuracy in the short time, which decreases in the longer term. 

The national water system needs to prepare for extreme situations in all areas, in accordance with a 

probability analysis of the discrepancy between supply and demand, and its examination on a cost-

benefit level. The following analysis shows the discrepancies between the expected demand and supply 

of natural water within the framework of the basic scenario. Later there is an analysis of the gap 

between supply and demand in relation to the framework of various scenarios. In the next stage of the 

master plan (the implementation plan), there will be in-depth analyses of the regional balances. 

 

The basic balance is based on the following principal assumptions: 

 

Natural freshwater sources: the water sources considered in the present paper include those connected 

to the national system: Sea of Galilee, Yarkon-Taninim aquifer, coastal aquifer, Western Galilee and 

Carmel. Appendix 4 contains the annual enrichment data for these sources, and the total quantity for 

1932-2009. The figures are based on an enrichment series of the TAHAL Group, up to 2000, and on work 

carried out by the Hydrological Service (August 2010) on determining the subsequent annual refill 

values.  

 

The natural supply figures, in all parts of Israel, indicate a dramatic change compared with what was 

considered, until a decade ago, as potential that could be utilized. According to the filler figures for 

1993-2008, with allowances for losses (overflows and water that flows into the sea) for water defined as 

freshwater, the current volume of natural water is only about 1,200 million cu.m. a year, adjusted to the 

existing water arrangements with the Palestinian Authority and the Kingdom of Jordan. It should be 

noted that the filler average for the period of 1993-2009 was about 1,400 million cu.m. a year. 

 

Analysis recently carried out by the Hydrological Service indicates that, if the quality of water is taken 

into account, in terms of salt content (assuming that freshwater is water with a saline content of less 

than only 400 mg/L of chlorine), then the total quantity of renewable freshwater available to the Israeli 

national water system is even less than 1,100 million cu.m. a year, on average.
1
 If we taken into account, 

polluting elements and additional salts, it is reasonable to assume that the volume of freshwater 

available for use is event lower. The following water balance table does not include a distribution 

according to the quality of the water, and one should consider that, out of 1,200 million cu.m. a year of 

natural water around 100-150 million cu.m. a year require treatment and enhancement (primarily the 

coastal aquifer) in order to allow the supply of drinkable water.  

 

                                                           
1
  



In addition to the figures to date, consideration was given to a gradual decrease of about 15% in the 

supply of natural water, in relation to the historical average (1993-2008), up to 2050m due to various 

factors (climate change, decline in water quality, forestation, increases losses due to rehabilitation of 

reservoirs and geopolitical issues). In other words, in 2050 the average natural filler will be 1,020 million 

cu.m. a year. 

 

There is a plan to desalinate salty water at various locations around Israel, with a total volume of 70 

million cu.m. a year. There is additional potential to produce and desalinate water in the Negev and 

other places (primarily fossil water which are not renewable on annual basis). The viability of producing 

such water (including removing brine concentrate) should be examined down the line, as it is gradually 

declining due to a drop in the alternative cost – of water desalination along the Mediterranean coast. As 

such, these volumes have not yet been included in the current water balance. 

 

 

 

• Rehabilitating the natural reservoir system: the natural operational reservoir system will be 

rehabilitated to an average of about 1,500 million cu.m. a year above the red lines (or 2,000 million 

cu.m. a year above the black lines) by 2020 (the total volume of the reservoir system should be 

measured at the end of fall). 

• Population: As of the end of 2008 the population totaled nearly 7.5 million. An annual population 

increase of 1.8% was assumed. This rate is characteristic of the trend reported by the CBS (Central 

Bureau of Statistics) in recent years. Analysis of the scenarios, below, also takes into account a 

slower growth rate (gradual decline to 1.3% a year). 

• Urban consumption and per capita consumption: past consumption forecasts were adjusted 

upwards because they incorporated an assessment that the rise in the standard of living would 

generate an increase in consumption, and considerations of supply reliability. Based on the results 

of action taken in the field of consumption management and raising water tariffs, for the purpose of 

analysis of future consumption patterns, it was assumed that the average annual per capita 

consumption would continue to be maintained around the 100 million cu.m. per capita a year level 

in 2010, and would be 95 million cu.m. per capita a year in 2050, despite the expected rise in the 

standard of living. The drop to 95 million cu.m. per capita a year in 2050 takes into account 

increased efficiency of water usage together with the use of treated wastewater for watering urban 

gardens. Nevertheless, a steady decrease in per capita consumption will only be achieved if the 

appropriate resources for savings in water usage are invested. These values represent general 

patterns on the national level for the purpose of planning supply systems (calculating diameters 

etc.). In addition to these values, the supply reliability factors should also be taken into 

consideration, in accordance with the plan level. These issues are addressed as part of the definition 

of the scenario framework.  

• Industrial consumption: a fixed annual change of 0.5% in consumption of freshwater compared with 

the current level (around 90 million cu.m. a year in 2010) by 2050, which reflects the expected 

expansion of industrial activity. It was assumed that industry will grow by a higher rate but will 

become more efficient in terms of water consumption, and the integration of gray water in supply. 

An increase of 0.5% a year, for 40 years, bring the average annual industrial consumption level in 

2050 to about 109 million cu.m. a year. 

• Volume of treated wastewater: the volume of treated wastewater is derived from a factor multiple 

of reclamation for demand levels along the time axis (0.6 on the domestic sector, and 0.2 in the 

industrial sector). The principal designation of treated wastewater will be for agriculture, and the 



remainder will be designated for nature and landscape, and for other uses such as watering public 

gardens and for industry. 

• Agricultural use: a drop in the consumption of freshwater, from about 500 million cu.m. a year in 

2010 all over Israel to about 450 million cu.m. a year in 2050. Maximum utilization of high quality 

reclaimed treated wastewater volumes. It is important to note that a drop of over 450 million cu.m. 

a year is contingent on solutions offered for regions which do not currently have a conversion 

alternative, removing restrictions on protection radius issues and raising the quality of treated 

wastewater, to allow unlimited agricultural activity. 

• Water for nature: the quantity of water for nature and for landscape, with regard to the quantity 

deducted from the national water system balance, and supplied directly for this purpose, will 

increase from the current level of 10 million cu.m. a year to 50 million cu.m. a year in 2020, and will 

remain at this level until 2050. In addition, the provision of at least about another 30 million cu.m. a 

year of treated wastewater, of relatively high quality, particularly for the Yarkon and Sorek Rivers. In 

addition to the direct iterations, nature and landscape will also benefit from the appearance of 

natural water, due to rehabilitation of the natural reservoir. 

•  Regional water supply: including water supply from the sources included in the aforementioned 

balance calculation to the Kingdom of Jordan and the Palestinian Authority. The supply of water to 

Jordan is based on existing agreements. The assumption of an increase in supply to the Palestinian 

Authority of 4% reflects the expected increase in the coming years alone. The increase in supply is 

expected to rise to 200 million cu.m. a year in 2020 (in Table 1, this appears in the Regional column). 

• Unforeseeable water supply requirements: the issue of including the supply of water to the 

Palestinian Authority, in part or all of it, on the operative level, is contingent on future political 

arrangements. There is great uncertainty over the volume and timing of the water supply in the 

future. As such, a forecast was assumed which is based on a continuing increase in regional supply 

requirements, in accordance with what we know from the last few years (appears in Table 1 in the 

Unforeseeables column). If dedicated desalination plants are constructed, for the purpose of 

providing water to the Palestinian Authority (on Palestinian Authority land), there will be a smaller 

gap between demand and supply than that shown in the following balance table. 

 

The basic national balance indicates a need for an overall supplement to the natural supply, of at least 

around 1,500 million cu.m. a year in 2050 (total of columns: seawater desalination, brackish water 

desalination and additional further completion ). Out of this total, around 500 million cu.m. a year  

(33%) is for supplying water to neighbors (Kingdom of Jordan and the Palestinian Authority). Analysis 

based on a scenario framework and high level supply reliability policy indicates that the needs are 

greater (see below). 

 

Note:  Uncertainty over the future degree of dependence of the national water system on regional 

agreements will necessitate periodic re-examination of the balance, as well as updating decisions with 

regard to planning and developing the main infrastructures for absorbing desalinated water and supply 

of water. The balance and the development program show here are based on an assumption of 

“business as usual”, in other words development based on existing arrangements and the reality in the 

field. 

 



Table 1- The National Balance – Basic Scenario 

 
Population  Water Sources (million cu.m. a year) 

Year National pop. 

(m.) 

Per capita consumption 

(million cu.m. per capita 

a year) 

 Year Natural 

freshwater 

(1) 

Brackish 

water (direct 

consumption) 

Treated 

wastewater 

(incl. Dan 

Region 

sewage 

purification 

plant 

Brackish 

water 

desalination 

Seawater 

desalination 

(2) 

Required 

completion 

(3) 

Total 

required 

supplement 

Total 

supply 

2010 7.6 100  2010 1,200 174 450 23 280 4 307 2,131 

2020 9.1 99  2020 1,140 150 573 50 750 9 809 2,672 

2030 10.9 98  2030 1,080 140 685 60 750 50 860 2,765 

2050 15.6 95  2050 1,020 130 930 70 750 671 1491 3,571 

 

In 2008 another 46 million cu.m. of floodwater, which was not taken into consideration in the balance, was used. 

(1) Total mean enrichment of natural freshwater, less losses for water under 400 mg/L of chlorine. 

(2) “Seawater desalination” – in accordance with approved government decisions. 

(3) “Required completion” – the difference between total freshwater consumption (lower table) and total sources of freshwater. 

 

Year Urban 

Water Consumption (million cu.m.) 

Industry Agriculture 

Regional* Reservoir 

rehabilita-

tion 

Nature and 

landscape** 

Unfore-

seeables 

Total 

consump-

tion Fresh-

water 

Saline Total Fresh-

water 

Saline Treated 

wastewater 

(incl. Dan 

Region 

sewage 

purification 

plant 

Total   

2010 764 90 30 124 500 144 400 1,044 143 0 10 60 0 2,131 

2020 902 95 30 124 490 120 528 1,138 143 200 50 95 70 2,672 

2030 1,064 99 30 129 470 110 645 1,225 143 0 50 90 114 2,765 

2050 1,482 108 30 138 450 100 900 1,450 143 0 50 80 278 3,571 

 

* Regional consumption including supply to the Palestinian Authority and kingdom of Jordan 

** Some of treated wastewater used for nature and landscape is unused treated wastewater which flows through riverbeds 

*** The decrease in freshwater consumption for agriculture is contingent on high quality treated wastewater conversion, and a change of 

definitions relating to protection radii, which will make it possible to water additional areas with treated wastewater. 

 



These tables reflect a deterministic forecast based on “main” assumptions with regard to consumption and sources. The aim of the current 

paper is to explain and demonstrate a probabilistic forecast, as will be shown below. 

 



2. Document Objective 

 

The objectives of this paper are as follows: 

 

i. To document the methodology of scenario analysis for assessing the discrepancy between demand 

and supply along the time axis in conditions of uncertainty with regard to various components of the 

balance, as was performed in the national water system master plan. 

ii. To extend the presentation of the results and discussion of the conclusions. 

 

 



3. Integrated Analysis of Supply and Demand Scenarios 

 

Thus far supply reliability on the national level was performed based on the variance in the supply of 

water alone. In other words, the national water system planners made pre-determined (deterministic) 

assumptions with regard to demand long the time axis (population, per capita consumption, scale of 

agriculture, volume of supply to neighbors etc.) and examined the state of the water system in changing 

enrichment situations. 100% reliability meant that there were no shortages in any of the examined 

enrichment situations. The 2002-2010 (transition) master plan (Planning Division, Water Commission) 

examined select historical time series (which maintain the historical continuity of the enrichment years) 

and a continuous series of the annual mean value. A position paper issued after 2006 (Miki Zaide, Mo 

Provizor) recommended the level of desalination based on use of the aggregative model developed by 

TAHAL Ltd. (Yehoshua Schwartz, 2002) which takes into account all existing historical time series 

(including some artificial) based on the Ensemble Forecasting method (see clause 3.1) which maintains 

the historical sequence of the appearance of the enrichment years. The importance of maintaining the 

historical sequence lies in: a. preparing the future national water system for events that have previously 

occurred (at least); b. the accumulative shortage is the parameter that impacts the most on the system 

and determines the need for the natural reservoir volume as a strategic reservoir. 

 

This paper includes the first integrated probability analysis performed by the Water Authority 

planning division, of the chances of the supply changed scenarios occurring (including in addition to 

the known historical hydrological timing difference), together with the chances of the occurrence of 

scenarios that impact on the demand components. 

 

The analysis was carried out for the general national level, in other words the total demand and the 

total supply of natural water, in the whole of Israel whereby the consequential water storage in the 

system primarily refer to the total water storage of the national system (see schematic description of 

the total water storage in Appendix 5). 

 

The analysis was carried out using a combination of the aggregative model (this is currently being 

updated) with risk solver analysis software manufactured by Frontline Ltd. (Excel application). 

 

The model’s input data: 

- Supply data: natural enrichment, scale of development of seawater and brackish water desalination 

plants, importing. 

- Function of losses from the total water storage. 

- Guidelines for operating the sources and the maximum operative total water storage. 

- The demand data in all the sectors: domestic, industry, agriculture, nature and landscape, 

neighbors/regional according to rates of growth along the time axis, or deterministic values (see 

details below). 

The main results (output data) along the time axis: 

- The volume of the total water storage above the various operating lines. 

- Shortages (translated into supply reliability, as explained below. 

- Scale of losses. 

- Scale of shutdowns of desalination plants. 

- Scale of cuts in water supply.) 

 

In addition to the supply of freshwater available for use there are two components: 

• Supply of natural water (enrichment less losses from the total water storage, see Appendix 3). 



• Supply of artificial water (desalination of seawater and saline, water imports). 

 

Demand for freshwater comprises the total of the following sectors: 

• Urban consumption (including depreciation) : as a multiple of population of annual per capita 

consumption: primarily domestic, public institutions, public gardens. 

• Agricultural consumption. 

• Industrial consumption. 

• Supply to outside parties (Jordan, Judea and Samaria, Gaza). 

• Water supply for nature. 

 

 

 

 

 

 

 



3.1 Natural Water Supply 

 

Future enrichment is based on historical enrichment figures, from between 1935 and 2009, and their 

statistical characteristics. Enrichment comprises the total refill data for the natural water sources within 

the national system (refill from rain, fill from agricultural irrigation, contributions from neighboring 

aquifers etc.) in the basins of the national system: the Sea of Galilee basin, Yarkon-Taninim aquifer, 

coastal aquifer, the Carmel coast and the aquifers of the Western Galilee. The series is based on figures 

of various levels of reliability and from different sources. Up to 1992, this was based on figures from 

TAHAL Ltd, and thereafter on figures from the Hydrological service (which do not include data from 

before the 1970s). The series figures are included in Appendix 4 of the document. 

 

Diagram of the historical series: 

 

Diagram 3.1 Historical Enrichment Series for all the Basins in the National System 

 
 

For the 75 year period from 1936 to 2009, inclusive: Multi-year mean = 1,380 million cu.m. a year, 

standard deviation = 461 million cu.m. a year, minimum = 600 million cu.m. a year, maximum = 3,690 

million cu.m. a year. Maximum accumulated deficiency compared with the mean = 2,311 million cu.m. 

which occurred between 1993 and 2009. Shortfall is defined here as: the total of the deviations from the 

mean value (1,380) in a continuous series of years in which the value was less than this mean. 

 

In addition, a supply decrease factor was applied to usage of the historical enrichment figures, as they 

are, which reflects the impact of various elements which are liable to reduce the supply of natural water 

available for use in the future (climate change, decline in water quality, geopolitical issues, forestation 

etc.). The factor reflects a policy of assessments for conditions of uncertainty due to the above 

elements. On the policy level (after approval of the master plan by the Authority Council steering 

committee), it was assumed that preparations should be made for a drop of 15% in the natural water 

supply which will be available to the state of Israel – from 1,200 million cu.m. a year, net, in 2010 to 



1,020 million cu.m. a year in 2050 (according to Table 1 above) – whereby the natural water supply 

decreases from 1,200 million cu.m. a year, net, in 2010 to 1,020 million cu.m. a year in 2050, and 

adjusted to the enrichment figures in the model, prior to deductions for losses (mean losses in the 

model are 150 million cu.m. a year in the planning period). The factor was selected so that when it is 

multiplied by the enrichment figures the mean of the enrichment figures dropped linearly from 1,350 

million cu.m. a year in 2010 to 1,170 million cu.m. a year in 2050(i.e., the basic water balance figures 

with an additional 150 million cu.m. a year of losses). 

 

It should be noted that, based on the annual balance, the value of the losses is deducted from the 

enrichment values.  The annually deducted losses value is an empirical function of the volume of the 

total water storage accumulated in that year (see Empirical Function in Appendix 3). 

 

Note: The enrichment figures and forecast have to be updated periodically, due to the development 

of monitor and evaluation facilities and the accumulation of new data, the use of hydrological models 

and the basic premises for their operation. This is also necessary because occasionally there are 

differences between different sources of data. 

 

Forming Synthetic Series 

The series of figures that appears in Table 3.1 serves as a basis for forming 75 synthetic series which are 

not actual (historical) series, even though they maintain the historical sequence as shown schematically 

in Table 3.1 It is important to maintain historical continuity, as sequences of dry years, and the 

contribution of rainy years, between them generate a need for additional supply in order to meet the 

necessary level of reliability. The synthetic series are formed by “shaking up” the historical series and 

changing the first item in the series, as described in Table 3.1: the first series starts with the enrichment 

of 1935 and continues until 1975. The second series starts with enrichment in 1936, continues until 

1976, followed by enrichment in 1935 etc. 

 



Table 3.1: Representation of 

Enrichment Series in a Model 

 

 

 

 

 

 

75 enrichment values per year 

 

 

 

 

Whereby X1 – enrichment (millions 

of cu.m. a year) in 1935, X75 –

enrichment in 2009. Each series is 

moved compared with its 

predecessor in one year, and the 

years that were deducted at the 

start of the year are added at the 

bottom of the series, in a sort of 

circular move. 

 

As a result, each year along a time 

axis to the planning horizon, n enrichment figures are calculated as the length of the historical series (we 

currently have 75 years). The initial state of the water reserves in all the series is identical and is keyed in 

by the user. A “horizontal view” of the above table indicates that the total enrichment of the initial state 

/ start of the run until the planning horizon is different, according to the historical sequence (assuming 

that the planning horizon is not equal throughout the series). 

 

The advantage is that each year along the time axis (“from a vertical angle”), to the planning horizon, 

experiences all the historical enrichment situations in an identical fashion. The disadvantage is that 

there may be situations in which the result deficiency, compared with the demand needs of the 

aggregate shortfall, was not caused by a true historical sequence, rather from a synthetic connection of 

series (this subject is important in terms of reposting and decision making). 

 

3.2 Demand Scenarios 

 

As noted, for the first time demand scenarios were incorporated alongside supply scenarios. The 

scenarios were categorized into two groups: 

 

1. Fixed policy variables (which do not need to have probability distribution defined for them). The 

policy variable keyed in by the user, and its occurrence along the time axis, was assumed in 

advance, 

2. Random policy variables – can be presented in terms of probability. This group includes the 

following subgroups:  

2.1 With a selected probability distribution (for which there is historic or other information) – 

represented by a continuous division, see clause 3.2.2.1. 

Series no. Forecast Year 

2011 2012 

... 

2050 

1 X1  =1685 

)1935(  

X2 =832 

)1936(  

X40 =1643 

)1974(  

2 X2 =832 

)1936(  

X3 X41 =1368 

)1975(  

3 X3 =1491 

)1937(  

X4 X42 =1261 

)1976(  

4 X4 =1795 

)1938(  

X5 ... 

5 X5 =1692 

)1939 (  

X6 ... 

6 X6 =1450 

)1940(  

X7 ... 

7 1280=X7 

)1941(  

... ... 

... ... ... X75 =974 )2009(  

... ... ... X1  =1685 

)1935(  

74 ... X75 ... 

75n= X75 =974 

)2009(  

X1 X39 =2281 

)1969(  

One of the 75 enrichment 

series 

75 enrichment values per year 

 



2.2 With a discrete breakdown, see clause 3.2.2.2. 

 

The determination with regard to the way the scenario is presented is primarily a policy premise which 

is set in accordance with the nature of the variable, and the system’s management ability in that regard. 

The supply of water to nature is subject to a policy decision and, as such, was classified as a fixed policy 

variable. On the other hand, the expected rate of population growth is not controlled by the decision 

makers and, therefore, should be represented as a random policy variable with a select statistical 

distribution (for example: normal breakdown). 

 

The feasibility of transferring water from the Two Seas Canal is also a random policy variable. 

Nevertheless, it is difficult to associate a continuous statistical division and, as such, its impact was 

evaluated by defining the probability its implementation. For example, out of a project of 2 billion cu.m. 

a year (gross) around 900 million cu.m. a year were produced for use by all the parties (mainly Jordan). 

The question is what volume the Israeli national water system will take into account for its needs out of 

this amount? It was assumed that the chance that 100 million cu.m. a year of this would be transferred 

to Israel is 10% in 2003. As such, the meaning is that 90% of the iterations in this scenario model have 

not impact at all, and 10% of the iterations include a contribution of 100 million cu.m. a year as a 

supplement to the balance. In other words, we would expect that the contribution of the life expectancy 

of this scenario representation is 10 million cu.m. a year to the addition to demand. 

 

3.2.1 Fixed Variables 

 

A fixed variable is a policy variable which is placed by the user, and by its occurrence, on a 

predetermined time axis. The following are the fixed variables and data in the model: 

 

• Agricultural consumption: a linear decrease from 500 million cu.m. a year in 2011 to 350 million 

cu.m. a year in 2050. The analysis was performed with an value of 350 million cu.m., although 

when the master plan was approved on July 4 2011 this value was adjusted to 450 million cu.m. 

a year. 

• Supply for nature and landscape: a linear increase from 7 million cu.m. a year to 50 million cu.m. 

a year in 2019, after which the value remains constant. 

• Supply to the Kingdom of Jordan:  100 million cu.m. a year – fixed value. 

• Desalination: up to 2012, according to Table 2.3.2. For the following years the required 

desalination level is set by means of trial and error, based on meeting the criterion of supply 

reliability (detailed explanation below). 

• Initial total water storage: 350 million cu.m. above the black line, which represents a level of 150 

million cu.m. below the red line. 

• Operating lines, see Appendix 5 – a schematic description of the total water storage. 

• Maximum operative water storage (between the black line and the upper line): 3,500 million 

cu.m. (in accordance with assessments by the Hydrological Service). 

• The level of total water storage in excess of which desalination plants are shut down: 3,500 

million cu.m. 

 

 

Table 3.2: Table of Desalination Plants Planned up to 2014 

 

Plant Source water Estimated desalination, million cu.m. a year Region 



2011 2012 2013 

Ashkelon Seawater 120 120 120 South 

Palmachim Seawater 45 45 45 Center 

Hadera Seawater 130 130 130 Sharon 

Sorek Seawater  30 150 Center 

Western Galilee Seawater    North 

Total desalinated 

seawater 

 295 385 545  

      

Atlit Brackish water 1.5 1.5 1.5 North 

Naaman Kordani Brackish water 5 5 5 North 

Asher reservoirs Brackish water 6.5 6.5 6.5 North 

Maagan 

Desalination  

Brackish water 16.5 16.5 16.5 Sharon 

Mayan Zvi-Naveh 

Yam 

Brackish water 6.5 6.5 6.5 Sharon 

Maagan Mekorot Brackish water 1 1 1 Sharon 

Granot Brackish water 13.2 13.2 16.5 Center 

Gat 10 Brackish water 1.4 1.4 1.4 South 

Lahat Brackish water 13.2 13.2 13.2 South 

Ketziot Brackish water 2.5 2.5 2.5 South 

Total desalinated 

brackish water 

 67.3 67.3 70.6  

      

Total  362.3 392.3 515.6  

 

 

3.2.2 Random Variables 

 

Random variables are represented, as said, by a continuous statistical distribution (normal breakdown), 

discrete breakdown, whereby a series of values is attributed to the variable, and each value has a 

realization probability level. 

 

3.2.2.1 Random Variables with Continuous Distribution  

 

This type of variable is represented by a truncated normal distribution by defining life expectancy values 

and a standard deviation (see Appendix 2), and limiting the distributions in the domain of 2 standard 

deviations from both sides of the life expectancy division, in order to avoid more extreme values while 

waiving about 2% of the possible values in the normal distribution. This means that the decision maker 

forewent presentation of the most extreme situations, in advance, when the probability of their 

feasibility is less than 2%. 

 

One can, of course, attribute other distributions to the variables, for example three-point distribution 

over a defined domain and an apex which does not have to be in the center of the domain. However as, 

in general, there is no agreed distribution for the historical database we opted for a normal distribution 

which is considered acceptable in statistics, with truncation of the extreme situations in accordance with 

the situation described above. On the other hand, analysis of the results of the trial model operation 



featured emphasis on selection of assessments for extreme situations, based on the assumption that 

even more extreme, “more difficult” situations are not included in this calculation (situations in which 

we ignore the possibility of their existence due to truncation of the distributions extremities). The 

following are the variables to which a truncated normal distribution function was adjusted:  

 

1. The rate of population growth: in 2008 Israel’s population totaled about 7.5 million and the rate of 

growth in recent years was about 1.8% a year. In the model, the rate of population growth for 2010-

2020 is represented by a normal distribution with an life expectancy of 1.7% and standard deviation 

of 0.1%. The rate of growth decreases for each of the next three decades, to an life expectancy of 

1.3% in 2050. In order to express the future uncertainty, which increases over time, it was assumed 

that the standard deviation will rise from 0.1% in the first decade (2010-2020) to 0.4% in the last 

decade (2040-2050) – see details in Table 3.3.1. 

2. Per capita consumption: in recent years the past forecasts of the national water system for per capita 

consumption were found to be rounded up and largely reflected a need for supply reliability as 

weighted within the forecast. According to the policy and the master plan, the expected per capita 

consumption forecast should be separated from a defined consumption target. The current paper 

does not relate to a target, instead it was assumed that the future forecast is best represented in the 

life expectancy by the last known figure. This is in light of the successful activities carried out in 

recent years in the area of consumption management: raising water tariffs, and a water saving media 

campaign. As such, it was assumed that the mean annual per capita consumption level will continued 

to be held around the 90 cu.m. per capita a year level, despite the expected increase in the standard 

of living. The distribution taken into account for per capita consumption: life expectancy of 90 cu.m. 

per capita a year, fixed along the time axis up to 2050, and a rising standard deviation which, in view 

of future uncertainty, rises from 3 cu.m. in the first decade to 6 cu.m. per capita in the last decade. 

3. Industrial consumption: 88 million cu.m. a year in 2010. Up to 2050 there will be an annual increase 

(in %) represented by a normal distribution with an life expectancy of 0.5% and a standard deviation 

of 0.3%. 

4. Consumption in the Palestinian Authority: in 2010 – 91 million cu.m. a year (transfer from the system 

– self-production etc.) The rate of increase in water supply to the Palestinian Authority up to 2050: 

normal distribution with an life expectancy of 4% and a standard deviation of 0.4% (fixed distribution 

in all the years of the forecast). 

 

3.2.2.2 Random Variables with Select Distribution 

 

These variables constitute scenarios and were defined by discrete distribution (a given set of values with 

their probability levels) as a continuous distribution cannot be attributed to them. For each discrete 

variable, in each year, along the 2010-2050 horizon there are two possible discrete values with their 

probabilities *see Table 3.3.2). The following are the discrete variables that appear in the model: 

 

 

5.  Loss from the western mountain aquifer: total of 330 million cu.m. a year, the chance rises from 0% 

in 2020 to 50% in 2050. 

6.   Increasing the supply of water to nature: transfer of an additional 50 million cu.m. a year, the chance 

rises from 10% in 2020 to 90% in 2050. 

7.  Reducing the volume of freshwater for agriculture: a drop in demand by another 100 million cu.m. a 

year, from 2020, rising from 50% in 2020 to 90% in 2050. 

8.  The Two Seas Canal: a supplement of 100 million cu.m. a year, the chance rises from 0% in 2020 to 

20% in 2050. 



9.  Loss from the coastal aquifer: a decline in supply of 125 million cu.m. a year, the chance rises from 

20% in 2020 to 50% in 2050. 

10. A drop in the supply of water from the Sea of Galilee: loss of 100 million cu.m. a year, the chance is 

30% in all the forecast years. 

 

 

 

 

 

3.3 Pooling the Scenarios, and the Parameters of Their Statistical Distributions 

 

Pooling the scenarios and their distribution over time is illustrated in Tables 3.3.1 and 3.3.2. The values 

remain constant throughout the decade and do not vary year from year to year. 

 

Table 3.3.1: Variables with Normal Distribution 

 

For the 

decade 

ending 

in 

1 2 3 4 

Annual population 

growth % 

Per capita 

consumption, 

cu.m./per capita/year 

Annual additional 

industrial 

consumption % 

Annual increase of 

supply to the 

Palestinians % 

 Expectancy Standard 

deviation 

Expectancy Standard 

deviation 

Expectancy Standard 

deviation 

Expectancy Standard 

deviation 

2020 1.7 0.1 90 3 0.5 0.3 4 0.4 

2030 1.5 0.2 90 4 0.5 0.3 4 0.4 

2040 1.4 0.3 90 5 0.5 0.3 4 0.4 

2050 1.3 0.4 90 6 0.5 0.3 4 0.4 

 

Assumption: Statistical non-dependence and functional non-dependence between the different random 

variables. 

 

Table 3.3.2: Variables with Discrete Distribution 

  

 5 6 7 8 9 10 

Changes  in Demand  Changes  in Supply 

Decrease in 

freshwater 

for 

agriculture 

Supplement 

for nature 

and 

landscape 

Loss from 

the 

mountain 

aquifer 

Supplement 

from the 

Two Seas 

Canal 

Coastal 

supply 

decrease 

(quality) 

Drop of 

supply from 

the Sea of 

Galilee 

Maximum 

variable 

value, 

million 

cu.m. a year 

100 50 33-0 100 125 100 

2020 50% 10% 0% 0% 20% 30% 

2030 60% 30% 10% 10% 30% 30% 

2040 70% 50% 30% 15% 40% 30% 

2050 90% 90% 50% 20% 50% 30% 



 

 

 

3.4 Model Formulation 

 

• A definition was devised for the balance equation which determines the discrepancy between the 

total of the demand variables (for iteration results, see below) and the variables of natural supply 

(for time series data, see above). The difference can be made up by desalination of brackish water, 

seawater desalination, cutting water usage, importing water etc. The total demand for year y is 

calculated according to the following formula: 

yybycy ConstSSD ++= ,,  

Scy – total demand supplements resulting from the realization of scenarios with continuous variables, 

millions of cu.m. a year 

Sby – total demand supplements resulting from the realization of scenarios with discrete variables, 

millions of cu.m. a year 

Consty – total fixed demand, millions of cu.m. a year 

 
 
 
 
 
 
 
 

Gr1,y – factor of the growth of the population in Israel* in year y, % 

∏
y

yrG
1

,1
)

~
– multiple (Pi) of the values of the annual factor from the start of the period up to the year 

in question y. The multiple is a factor of compound interest. 

P – the population at the start of 2010, in millions. 

CRy – per capita consumption in year y, cu.m. per capita a year. 

GR2y – factor of the increase in total water supply to the Palestinian Authority* in year y, %. 

PA – supply to the Palestinian Authority at the start of 2010. 

I – industrial consumption at the start of 2010. 

GR3y –annual change in industry, in percentages, compared with the quantity in the base year, % 

b1 – b6 – demand supplements as a result of realization of the binomial scenarios (see Table 3.3.2 – 

Scenarios 5-10), millions cu.m. a year 

Ay – supply to agriculture in year y, millions cu.m. a year 

Ny – supply to nature in year y, millions cu.m. a year 

J - supply to the Kingdom of Jordan, in accordance with treaties (fixed values) 

Y1– start year for planning horizon 

 

The values with ~ above them are allocated for each year.  

* Progress over the years: if the variable comprises an annual growth percentage (such as population 

growth or supply to the Palestinians) it is allocated anew for each year, based on the distribution 

determined for the period (see Table 3.3.1). 

 

Total supply is calculated as:  
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Ry – net enrichment (after deduction of losses) for year y. 

DESy – volume of supplement of artificial water (primarily desalinated seawater and desalinated 

brackish water) for year y. This figure is input by the user (explained below). 

 

• 500 iterations of all the random variables (4 continuous and 6 binomial, see Table 3.4) are carried 

out using the Solver Risk (version 10.0) tool, by means of Monte Carlo simulation, whereby 40 

annual demand values are obtained from each iteration (according to the number of years until the 

planning horizon). 

• 500 iterations provide adequate cover for all possible results (see Appendix 6). 

 

Table 3.4: An Example of a Set of Values of Iteration Results of Random Variables  

Obtained from a Single Model Iteration (our of all the iterations) 

 

Year 2011 2012 2013 2014 2015 2016 … … 2048 2049 2050 

Iterated Variables 

Annual 

population 

growth rate, 

% 

1.67% 1.56% 1.62% 1.61% 1.72% 1.54% … … 1.52% 1.73% 1.40% 

Per capita 

consumption, 

cu.m./per 

capita/year 

93 87 88 91 89 89 … … 92 93 98 

Annual 

increase in 

industrial 

consumption, 

% 

0.78% 0.28% 0.63% 0.93% 0.48% 0.51% … … 0.70% 0.75% 0.78% 

Annual 

increase in 

supply to 

Palestinians 

4.20% 4.14% 3.26% 3.52% 4.22% 3.39% … … 3.73% 3.33% 3.95% 

Loss from 

mountain 

aquifer, 

million cu.m. 

a year 

0 0 0 0 0 0 … … 0 330 0 

Supplement 

for nature and 

landscape, 

million cu.m. 

a year 

0 0 0 0 0 0 … … 50 50 50 

Decrease for 

agriculture, 

million cu.m. 

a year 

0 0 0 0 0 0 … … -100 -100 -100 



Supplement 

from the Two 

Seas Canal, 

million cu.m. 

a year 

0 0 0 0 0 0 … … 0 100 0 

Decrease in 

supply at the 

coast (quality) 

, million cu.m. 

a year 

0 0 0 0 0 0 … … 125 125 125 

Decrease in 

supply from 

the Sea of 

Galilee, 

million cu.m. 

a year 

0 0 0 0 0 0 … … 100 0 0 

Result Variables  

Total demand, 

million cu.m. 

a year 

1,473 1,491 1,534 1,542 1,553 1,583 … … 2,260 2,312 2,408 

 

 

This set of demand figures is subject to 75 series of natural enrichment values, and an annual balance 

is calculated in accordance with the above formulae (Table 3.5). The calculation of the balance 

equation monitors the development of the water storage over the years until 2050, according to the 

variables allocated for each year and the natural enrichment value appropriate for the year. When 

there is a need to complete demand from total water storage a check is conducted to see whether 

there is sufficient water. If that is the case – the quantity is pumped out in order to complement the 

deficiency on demand, and is deducted from the final reserves quantity. The remainder result of the 

reserves comprises the initial reserves figure for the following year, and the value of the deficiency is 

zero. If there is not enough water in the reserves all the water in the reserves will be produced and 

the difference between the total demand and the volume required for that year for total supply 

(including available water storage) will be considered as a shortfall, and the initial total water storage 

for the follow year will be zero (the current model does not allow the level to drop below the red 

lines). If surplus exceeds demand the water storage will fill up. If the total water storage reaches 

levels which make it impossible to accommodate the supply surplus the desalination plants will shut 

down. The decision regarding the point at which desalination is shut down is a variable of the policy, 

and in current test runs this is set at the maximum level of the capacity of the total water storage (full 

water storage). 

 



Diagram 1: Flowchart for Calculating the Balance in One Iteration 
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Has total water storage reached the 

shutdown level? 
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Whereby: 

Vo – initial total water storage, million cu.m. 

Vmax – maximum operative total water storage, million cu.m. 

VDS – threshold total water storage, beyond which desalination is shut down, million cu.m. 

Defy – deficiency in year y, million cu.m. 

NFy – overspills, million cu.m. 

DSy – desalination plant shutdown volume, million cu.m. 

Nts – number of enrichment series (based on the length of the basis of the enrichment figures) 

Vy – total water storage at year end, million cu.m. 

t – number of years in planning horizon (in the current model edition – 40) 

y – specific year along the time axis (up to the final planning horizon), in the current model: 2011-

2050. 

 

Note: The process based on the above schematic diagram occurs according to the chosen number of 

iterations, d (in model 500. 

 

The following is an example of a balance after operation of one enrichment series in a single 

allocation: 

 

Table 3.5: Example of Water Balance after One Allocation 

 

 Balance components 

(million cu.m. a year) 

Start 

level 

2011 2012 2013 … 2050 

Figures 

and 

policy 

variables 

Natural enrichment  825 1417 1686 ... 1,140 

Losses  -69 -64 -101 ... 247 -  

Total net natural 

supply 

 

756 1,353 1,585 

... 893 

Desalination approved 

to date 

 

362 392 516 

 516 

Total supply  1,118 1,745 2,101  1,409 

Total demand  1,473 1,491 1,534 ... 2,408 

Contribution of 

discrete scenarios 

 0 0 0 ... -280 

       

Results Desalination = 

difference between 

demand and supply, 

plus water storage 

rehabilitation 

 

362 392 516 

 

... 

 

1,500 

 Total water storage -350 -100 154 721 ... 1,400 

 Water storage 

rehabilitation 

 50 254 567 ... -195 

 Sediciency  105 0 0 ... 0 

 

Note: Up to 2013 only the currently approved desalination appears, which totals 516 million cu.m. a 

year in 2013. After this year there will be greater values in the desalination line, which indicate that 



the demand is met (with the required reliability), with an increase in the volume of the total water 

storage. 

 

After one iteration results (no. of series Nts) x (number of forecast years t) = 75 x 40 = 3,000 of each of 

the balance components: shortages, reserves, shutdowns, losses etc. were obtained. The result of a 

specific iteration may be extracted from the model, for all the allocated variables. 

 

Enrichment series no. Total water storage (V), million cu.m. 

2011 2012 2013 … 2050 

1 -90 150 500 … 1,520 

2 -150 -100 100 -  … 1,210 

3 -96 40 250 … 890 

… … … ... … ... 

75 -52 0 110 … 1,800 

 

 

 

 

 

Enrichment series no. Shortfall (Def), million cu.m. 

2011 2012 2013 … 2050 

1 85 0 0 … 0 

2 150 -100 15 0 -  … 0 

3 200 0 0 … 0 

… … … ... … ... 

75 20 0 0 … 0 

 

 

 

 

 

Whereby                   - is a system of result water storages with a length of Nts for iteration of no. d for 

2011, million cu.m. a year. 

 

Whereby                     - is a system of result deficiencies with a length of Nts for iteration of no. d for 

2011, million cu.m. a year. 

 

In addition, for the purpose of statistical analysis and making decisions for each year, systems of 

desalination shutdowns 
d

yDS   and overspills      are established. 

 

 

• As aforesaid, 500 iterations are carried out, with values for each of the demand and supply variables 

(except for natural enrichment) allocated each time for the forecast years, in our case 40 years (for 

2010-2050), on the basis of which a balance calculation along the time axis is carried out 75 times, with 

a “rolling” natural enrichment series, as described above, which starts in the year in question whereby 

the total water storage comprises the annual situation variable (see Diagram 1). 

d

V 2011

d

Def
2011

d

V 2011

d

Def
2011

d
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• The balance is calculated 37,500 times (75 enrichment series multiplied by 500 iterations) for each 

year along the time axis in the model, which generates 37,500 values of decision variables, which 

comprise components of the balance: deficiencies, total water storage, desalination shutdowns, losses 

and overspills. These values are presented as on distribution of each of the following result variables: 

y
y

yy NFDefVDS ,,,  

 

• These final distributions allow statistical analysis in a specific year of the decision variables for each 

year along the time axis. 

 

 

3.4.1 Supply Reliability 

 

The deficiencies are rated in ascending order (performed automatically by the computer program) in 

order to calculate the percentile as the user chooses. In order to meet the selected level of reliability 

(this means avoiding deficiencies with the probability level represented by the percentile, which may 

also be termed “supply reliability”) the user inputs the required volume of desalination by trial and error 

into the model, until the lowest possible volume of desalination is obtained that generates the reliability 

that was set. The idea is to identify the lowest possible volume of desalination which meets the criterion 

of supply reliability which was set as a policy variable and, on the other hand, to save costs (to avoid 

setting up unneeded desalination plants) in each of the forecast years. In other words, in a certain year 

in the percentile there is any deficiency, then the user increases the volume of desalination in that year 

until the reliability criterion is met, 

 

The minimum volume of the desalination supplement is 100 million cu.m. a year, based on the 

assumption that that is the size of “an economic module: which will be devised in reality. After the 

volume of desalination required to meet the reliability criterion has been met, the model is reactivated 

and the results are analyzed (primarily deficiencies, total water storage, overspill and shutdowns). The 

process continues on a trial and error basis until the maximum deficiency in each of the forecast years 

does not exceed the value set by the user. This is an iterative action performed by the user (not 

automatically by the computer program) by simulation, to determine the optimum volume of 

desalination required for each of the forecast years, which meets the reliability requirement. 

 

Trial runs were performed, to check that various supply reliability levels were met, as well as meeting 

the requirement that the maximum deficiency should not exceed 250 million cu.m. a year, in other 

words, the deficiency in the 100% percentile should not exceed 250 million cu.m. a year. 

 

At the end of the process, series of desalination volumes are obtained that are required to meet the 

chosen constraint (reliability and/or maximum deficiency), which comprise the calculation result of the 

entire process, and which can be presented in tables and/or graphs. Similarly, it is possible to calculate 

the statistical results of the total water storage and its development over time, which will be obtained, 

and to present them in graphs and/or tables. 

 

3.4.2 Limitations of the Aggregative Analysis 

 

It is important to note that the model is a pure national balance model which does not relate to the 

physical limitations of the production systems, and the transporting and their positioning within the 



domain vis-à-vis the consumers, and not to the hydrological characteristics of the reservoirs (for 

example, accumulation through which it is possible to calculate the water level of the aggregative 

reservoir). This includes the assumption that the full quantity of water produced across the system 

(from natural and artificial sources) can be transferred to all the consumers wherever they are. 

Naturally, limitations of certain components in the production system (the individual production 

capacity of each of the sources) and of the transporting systems are liable to limit the ability to provide 

all the consumers with the full overall quantity, as it is calculated in the model. In order to incorporate 

these considerations in the calculation, a model with a suitable spatial distribution is required, that 

includes production/manufacturing capacity and a transporting capacity for all its elements (for 

example, the distribution of the three-basin model). For the current task, calculating the total deficiency 

of the natural sources which need to be filled form new sources (desalination or others), the aggregative 

model described here is currently sufficient. Its results should be spread out over space and time 

(establishing desalination plants at the required location and time) and the ability of the transport 

system to transfer the quantities produced to the consumers should be tested, or to see whether the 

system needs to be expanded/supplemented. 

 



4. The Results 

 

The following results will indicate the required desalination volumes up to 2050, and the situation of the 

various parameters derived from this (total water storage, deficiency and desalination shutdowns). 

 

Diagram 4.1: The Required Development of Desalination, to Meet Different Supply Reliability Levels 

 
 

The lines represent the difference between demand and supply of natural water, which should be made 

up by desalination, with different levels of reliability: 75%, 90%, 95% and 100% (“100%” means making 

up the largest discrepancy calculated by the described method even though, statistically, there may be 

larger values, although with a negligible probability level). The policy determines that high deficiency 

levels (several hundred million cu.m. a year) should be avoided, even if probability of that occurring is 

low. Therefore, the impact of another reliability criterion is examined and presented: a constraint that 

the maximum deficiency will not exceed 250 million cu.m. a year for reliability levels of 75%, 90% and 

95%. This additional criterion is meaningless for “100%”, as all the allocated values for this reliability 

level are covered by desalination, and there are no deficiencies at all (in the allocated series). 

 

The diagram indicates, for example, the following fact: in 2020, for reliability levels of 75%, 90% and 

95%, “maximum deficiency of 250” and “100%”, respectively, total national desalination of 510, 510, 

600, 700 and 800 million cu.m. 

 

In diagram 4.2 the required desalination volume against reliability is given for every tenth year. 

 

Diagram 4.2 Required Desalination against Supply Reliability – the Situation for Every Decade 

 



 
The following is a diagram of the life expectancy of the total water storage obtained after desalination 

was installed with the required volumes, to meet different reliability levels. 

 

Diagram 4.3: The Life Expectancy of the Total Water Storage (above the Red Line) up to 2050  

as Dependent on Supply Reliability (the situation every 10 years 

 



 
 

For example, one can see that when there is desalination with volumes that meet a 100% reliability 

criterion (with no deficiency at all) the life expectancy of the total water storage is about 2,200 million 

cu.m. above red lines, compared with about 1,400 million cu.m a year with a reliability level of 95%. This 

result indicates that, in order to meet high reliability criteria, a higher level of total water storage should 

be achieved and sustained the greater the supply reliability criterion is. Sustaining a high level of total 

water storage will make it possible to produce and supply the water while the extreme scenarios are 

occurring over a sequence of drought years. Today, the system is operating on zero total water storage 

and the reserves will fill up (a sharp rise to begin with) thanks to desalination which will be required up 

to 2020 (see diagrams 4.1 and 4.2) up to the values at which supply will be possible in accordance with a 

high reliability level (relatively straight line). 

 

 

The same results also make it possible to analyze the scales of the resulting shutdowns and desalination, 

as dependent on reliability. Diagram 4.4 shows the maximum shutdowns that appeared in simulations. 

Up to 2050 no shutdowns are expected. At a reliability level of 99%, and with a maximum deficiency of 

250 million cu.m. a year, there are a relatively low number of shutdowns. However, as one can see from 

the diagram , if a high reliability level of “100%” is necessary, and a shutdown probability of 1% is 

expected (1/100) the maximum volume of the shutdown may reach several hundred million cu.m. It 

starts to rise in the years after 2012 and is liable to reach 600-800 million cu.m. a year. For example, 

there is a probability of 1% that there will be a shutdown of 800 million cu.m. a year or more in 2020-

2027, if the planning is carried out based on a requirement of “100%” reliability (in other words, all the 

cases tested in the stochastic simulation were covered by the additional desalination). 

 

It is, of course, possible to analyze the simulation results and to present shutdown events with other 

probability levels. For example, what is the value of the shutdown whereby 50% of the shutdown 



volumes are greater than it? The results will, of course, be significantly smaller values than those that 

appear in diagram 4.4 in which the shutdown value is such so that only 1% of the values are greater than 

it. 

 

Diagram 4.4: Maximum Shutdowns (with a select probability level)  

of Desalination Plants as Dependent on Supply Reliability 

 

 

 
Note: The reason for the large discrepancy of shutdowns is the low level of probability of obtaining 

them, continuously, along the time axis. The shutdowns only take place in extreme situations (whereby 

they rarely occur based on the allocated figures). 

 

Examining the scale of losses from total water storage: 

 

Diagram 4.5: Life Expectancy of the Losses from Total Water Storage  

as Dependent on Supply Reliability 

 



 
 

The desalination volumes suitable for high supply criteria necessarily lead to the sustaining of a high 

level of total water storage and, as a result, one can see that the losses from the total water storage 

increase with respect to the volume of the total water storage (see losses function in Appendix 3). A test 

was also conducted with regard to the highest level of deficiencies that can be reached when a 95% 

reliability condition is set. If the deficiency levels are not high this level of reliability is sufficient. 

 

Diagram 4.6: Maximum Deficiencies with a Select Probability Level as Dependent on Supply Reliability 

 



 
 

Diagram 4.6 shows that there is a chance (albeit a small one) of reaching deficiency level of up 600 

million cu.m. a year – and this indicates the need to increase the requisite reliability level to a value 

higher than 95%. 

 

It was decided, therefore, to recommend a supply reliability level which allows for maximum 

deficiencies of up to 250 million cu.m. a year, if at all. 

 

The following diagram illustrates the recommended desalination level (blue line) at intervals of 5 years 

(the calculations are made for each year) up to 2050: 

 

Diagram 4.7: Required Desalination as Dependent on Supply Reliability 

 



 
The horizontal pink line represents the volume of desalination approved by the government in 2008, in 

other words 600 million cu.m. a year up to 2013 and 750 million cu.m. a year up to 2020 (from this point 

the line stays straight, as there is still no decision on the planned desalination volume after 2020). 

 

The full blue line represents policy recommended within the framework on work on the master plan 

approved by the Water Authority Council in July 2011, and represents the required desalination 

volume to cover the difference between demand and natural supply, in light of the defined scenarios 

and the supply reliability criteria. 

 

 



5. Future Necessary Work 

 

It is recommended to re-examine all the assumptions and data used to carry out the calculations, in 

order to ensure that they reflect the best knowhow and accepted assumptions. In addition, tests should 

be made on sensitivity to changes in the various parameters, in order to identify those that have the 

greatest impact on the results which also have the greatest degree of uncertainty, so that results are 

generated that reflect the amplitude of the reasonable results. A number of such tests will be shown 

below, in the appendixes. 

 

Later consideration should be given to the addition of an economic module and optimization process 

which calculate the optimum desalination volumes as dependent on the costs of the balance 

components, such as: payment of royalties for the desalinated water, other operating costs, deficiency 

costs for various sectors, desalination shutdowns etc. 

 



Appendix 1: Additional Tests 

 

Additional trial runs were implemented in order to examine the sensitivity of the model to the variables 

or different assumptions. 

 

a. Water Storage 

 

The existence of water storage is of great importance, as it makes it possible to store water in rainy 

years and to use them later, in drought years. A sensitivity test of the maximum capacity of water 

storage (which, as said, according to evaluations is about 3,500 million cu.m.) based on the need to 

desalinate water in 2050. 

 

Diagram 5.1: Required Desalination up to 2050 as Dependent on Supply Reliability,  

with and without Water Storage 

 

 

Required Desalination in 2050 as Dependent on Supply Reliability 

 

 

 
 

The red line is the discrepancy between demand and supply based on a specific probability level and the 

blue line is the discrepancy less the available water storage volume from the previous year )as explained 

earlier, with regard to the model calculation method). 

 

It is clear that the existence of water storage impacts greatly on the need for desalination: at a 100% 

reliability level the need decreases from 2,300 million cu.m. to 1,600 million cu.m. in 2050. 

 



In view of the fact that it is difficult to estimate the scale of operative water storage available to us, a 

sensitivity test was carried out for this value. It is clear that the greater the volume of maximum water 

storage the more the need for desalination decreases (as it is possible to store more water when there is 

a sequence of rainy years). The test index is the mean volume of desalination needed up to 2050 (million 

cu.m.). 

 

Diagram 5.2: Mean Volume of Installed Desalination over 40 Years (up to 2050)  

as Dependent on Maximum Operative Water Storage and Supply Reliability 

 

 

Mean Desalination Needed up to 2050 as Dependent on Maximum Operative Water Storage and Supply 

Reliability 

 

 
 

 

One can see that the maximum water storage volume available to us, of up to 2,000 million cu.m., has 

great impact, and that the supplement to a water storage volume of over 2,500 million cu.m. has little 

impact. This is because up to about 2,500 million cu.m. water storage is utilized with a high probability 

level (see Diagram 4.4, Life Expectancy), and only rarely have there been sequences of rainy years which 

fill up the water storage capacity over 2,000 million cu.m. to 2,500 million cu.m. (other than with a 100% 

reliability level when high desalination volumes make it possible not to fully utilize the water storage, 

and allow an increase in storage). In fact, with the 95% reliability level desalination volumes the total 

water storage never passes the 2,000 million cu.m. mark. 

 

b. Integrated Analysis of Supply and Demand Scenarios Compared with Enrichment Scenario Analysis 

Alone 

 

As said, up to this paper, the practice was to analyze the supply reliability on a national level based on 

the differences in water supply levels only, whereas here the impact of demand and natural supply 



scenarios on the volume desalination required in 2050 was examined (similar figures can also be shown 

for other years, prior to 2050). 

 

Diagram 5.3: The Recommended Desalination Volume together with Scenarios with Time-Sensitive 

Enrichment Series 

 

 
 

The impact of integrating the demand scenarios  can be seen in Diagram 5.3. The green line shows the 

desalination requirement in 2050, as dependent on reliability, whereby the only uncertainty is  about 

supply (the other variables were preset based on life expectancy, and there are no scenarios with 

discrete distribution from Table 3.3.2). The blue line shows the desalination requirement in 2050 as 

dependent on reliability, when there is demand scenario uncertainty (all the variables are described in 

Section 2). One can see that the combination of scenarios with time-sensitive enrichment series 

generates a need for a significant desalination supplement (up to 400 million cu.m. a year in the 100% 

percentile). 

 



Appendix 2: Normal Distribution of the Balance Components 

 

Diagram 6.1: Normal Distribution 

            

 
 

 

Table 6.1: Probability of Being within the Scope of a Specific Number of Standard Deviations  

below and above Life Expectancy 

 

Probability of Being within 

the Scope 

Scope: Number of Standard 

Deviations below and above 

Life Expectancy 

68.2% 1 

95.4% 2 

99.8% 3 

 

The distribution of the continuous variables against demand assumed for the model: 

 

Diagram 6.2: Distribution of Population Growth Rate 



 
 

Diagram 6.3: Distribution of Per Capita Consumption 

 



 
 

 

Diagram 6.4: Supplement to Industrial Demand 

 

Supplement to Industrial Demand, % of the demand level in 2010 

 
 

Diagram 6.5: Distribution of Increase in Rate of Supply to the Palestinians 



 

 
 



Appendix 3: Losses Function  

 

This function was evaluated by TAHAL Ltd. in previous papers. We will note that it is recommended that 

the water storage figures used for planning the national water system and the losses function should be 

updated by the Hydrological Service on a periodic basis, according to the accumulation of data and 

knowhow. 

 

 

Diagram 6.6: Losses Function 

 
Diagram data source: Trial runs of the three-basin model carried out at the Planning Division. 

 



Appendix 4: Historical enrichment data for basins in which salinity does not exceed 400 mg/l of chloride, 

for the period from 1932 to 2009, and the total of all these sources, and the means, standard deviations, 

maximum and minimum values for this period 

 

Table 7.1: Basin-Based Historical Enrichment Figures, million cu.m. a year 

 

Western Galilee 

and Carmel 

Coast Yarkon-

Taninim 

Sea of Galilee Total Year 

159 302 347 575 1384 Average 

55 91 122 256 461 Std 

71 163 139 183 601 Min 

513 700 1137 1478 3687 Max 

93 205 206 384 888 1932 

71 190 157 235 653 1933 

129 243 285 317 974 1934 

184 343 408 750 1685 1935 

93 260 206 273 832 1936 

210 311 466 504 1491 1937 

185 386 409 815 1795 1938 

221 393 491 587 1692 1939 

154 283 341 673 1450 1940 

125 306 278 571 1280 1941 

168 252 373 572 1365 1942 

201 445 445 814 1905 1943 

137 256 304 643 1341 1944 

238 475 528 867 2108 1945 

146 296 323 512 1276 1946 

97 179 214 475 964 1947 

144 258 320 621 1343 1948 

215 415 476 1008 2114 1949 

210 409 466 634 1719 1950 

80 163 176 183 601 1951 

199 508 442 778 1927 1952 

181 317 402 742 1643 1953 

147 332 325 1062 1866 1954 

148 290 329 369 1136 1955 

123 424 272 662 1480 1956 

178 295 394 516 1382 1957 

145 328 321 503 1296 1958 

140 230 309 376 1055 1959 

119 187 263 183 751 1960 

107 290 237 217 852 1961 

127 283 282 435 1127 1962 

146 206 324 558 1234 1963 

110 359 243 614 1326 1964 

160 419 355 609 1543 1965 



171 205 380 372 1128 1966 

116 395 257 801 1568 1967 

175 258 389 749 1571 1968 

124 405 275 1478 2281 1969 

184 249 407 659 1499 1970 

159 317 352 740 1568 1971 

165 353 366 483 1368 1972 

111 249 246 222 829 1973 

197 417 437 592 1643 1974 

160 364 354 490 1368 1975 

142 234 315 570 1261 1976 

151 346 335 699 1531 1977 

175 297 389 667 1528 1978 

129 222 285 250 886 1979 

202 382 448 845 1877 1980 

165 304 366 867 1703 1981 

150 251 332 430 1163 1982 

196 413 434 768 1810 1983 

125 200 276 525 1125 1984 

145 224 321 537 1227 1985 

128 223 283 340 974 1986 

186 388 412 806 1792 1987 

179 368 397 831 1775 1988 

146 291 323 347 1107 1989 

153 261 339 301 1054 1990 

158 258 351 221 988 1991 

513 700 1137 1337 3687 1992 

130 352 414 802 1698 1993 

130 233 296 414 1073 1994 

130 405 417 618 1570 1995 

130 298 348 562 1338 1996 

130 311 393 561 1395 1997 

130 293 329 677 1429 1998 

130 175 139 304 748 1999 

130 283 304 386 1103 2000 

146 258 264 232 900 2001 

230 293 409 434 1366 2002 

278 320 520 1149 2267 2003 

201 205 262 809 1477 2004 

160 235 340 500 1235 2005 

160 233 260 432 1085 2006 

160 216 292 407 1075 2007 

120 189 237 249 795 2008 

158 179 302 335 974 2009 

 

 



Appendix 5: Schematic Description of the Water Storage 

 

 
 

Red Line: marks the amount of water storage below which the level must not drop. 

Pink line: marks the amount of water storage below which cuts are introduced (this component was not 

applied in the current paper) 

Desalination shutdown line: marks the amount of water storage above which the desalination plants are 

shut down. 

Maximum water storage: marks the maximum amount of water storage above which water overspills 

occur, and it is not possible to accumulate water above this amount. 

 

 

 

 



Appendix 6: Distribution and Coverage of Possible Results by Implementing Iterations in the Model 

 

The question is: is a quantity of 500 iterations sufficient to adequately cover all possible results? 

 

In order to answer this, first there is a need to describe the distribution of future demand levels. As the 

selected distribution of variables is normal (except for the discrete scenarios), the spread of the future 

demand levels for each year is also close to a normal form. The example: 

 

Diagram 7.1: Distribution of Total Demand in 2005 without the Impact of Discrete Scenarios,  

with 500 repetitions 

 

 
 

Diagram 7.2: Accumulative Distribution of Demand Levels in 2050, without Discrete Scenarios 

 

Accumulative Distribution of Demand Levels in 2050, without Discrete Scenarios 

 



 
 

The distribution of the discrete scenarios, as said, is not normal, but as the weight of their contribution 

to the total demand is small compared with the contribution of the continuous variables with a normal 

distribution, it may be said that the distribution of the total future demand levels is close to normal 

distribution. 

 

The number of iterations selected (500) allows cover of 1-1/500 = 99.8% of all the results (assuming that 

the tool was sampled uniformly from each field), which leaves around 0.2% of the possible combinations 

outside the decision making field. Of these half (0.1% probability) representatives the “worst most 

extreme” situations, and the other half “the best extreme scenarios”. 

 

Diagram 7.4 Distribution of the Final Results 

 

 
 

Notes: 

- This means that there is no full solution in terms of the recommendations of desalination for 

deficiencies whereby their probability is less than 1 to 1000. 



- This is why there is never 100% supply reliability within the development recommendations. 

 

Note regarding the most extreme scenario: 

The probability of extreme scenarios occurring simultaneously in each of the scenarios is very small: 

 

 

p – probability of a single scenario occurring 

x – number of scenarios 

The probability of an extreme situation occurring for each of the continuous defined scenarios is: 

(100 – 95.2)/2 = 2.4% 

 

All told, there are 4 continuous scenarios, thus the probability of extreme situations occurring in each of 

them together, in a single year, is: 

2.4%
4
 = 3.3*10

-5
% 

 

As aforesaid, there are also discrete scenarios which further reduce the probability of the most extreme 

situation occurring simultaneously. It is not accepted to take probability levels on such a scale into 

account in the management of water resources. 
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