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Abstract

:

This paper discusses the effectiveness of rooftops rainwater harvesting (RRWH) in addressing domestic water scarcity, emphasizing the West Bank (Palestine) as an example of arid to semi-arid areas with limited water resources. The paper deals with the actual and future water demand by considering climate-change impact and urban growth. The analysis is based on the evaluation of (i) the supply–demand balance index (SDBI), which designates the ratio between the total water supply (TWS) and total water demand (TWD), and (ii) the potential of RRWH. Applying this methodology to the West Bank shows that the potential RRWH can contribute by about 40 million cubic meters/year in 2020, which is approximately the same amount of water as the municipal water supply (42 million cubic meters/year). This contribution can effectively reduce the suffering governorates from 64% to 27% in 2020. Furthermore, it can support water-related decision-makers in the arid to semi-arid areas in formulating efficient and sustainable water resources strategies. The analysis also shows that the domestic water scarcity in 2050 will be worse than in 2020 for all governorates. For example, 73% of the West Bank governorates are expected to suffer from extreme to acute water scarcity in 2050 compared to 64% in 2020. Thus, RRWH appears to be highly efficient in mitigating the current and future domestic water scarcity in the West Bank.
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1. Introduction


This paper aims to analyze the capacity of rooftops rainwater harvesting (RRWH) in addressing the domestic water scarcity in arid and semi-arid areas, such as the West Bank in Palestine. Domestic water scarcity is defined as the inability of available freshwater to satisfy the needed domestic water demand [1]. According to the World Health Organization (WHO), such scarcity adversely affects water consumption and hygiene [2]. Areas suffering from domestic water scarcity are classified as risky to human health [2]. This scarcity increases the spread of infectious diseases (e.g., influenza, Ebola, and SARS) that could be controlled by adopting the needed washing and hygiene measures [3,4,5]. The U.N. Sustainable Development Goal (SDG-6.4) expressed the necessity of decreasing or even eliminating the number of people affected by domestic water scarcity [6]. Domestic water scarcity is of increasing concern globally, especially in arid and semi-arid areas [7]. This could be attributed to the increasing water demand and the vulnerability of water resources under climate change [7,8,9]. In the West Bank, Palestine, the domestic water supply–demand gap reached 58 million cubic meters/year (40% of the water demand) in 2018 [10].



Assessing water scarcity constitutes a vital step in addressing water scarcity [11,12]. Various indices are used to evaluate domestic water scarcity. The Falkenmark index uses the per capita water availability as an indicator of water scarcity [13,14]. Refs. [15,16] proposed to use the criticality ratio index to estimate water scarcity. Refs. [7,12,17] used water poverty index for water scarcity assessment. This indicator considers the average of the following elements: water availability, accessibility, capacity, use, and environment. According to [18], the supply–demand balance index (SDBI) is the only index that directly considers both water availability and citizens’ water needs. It provides a simple way of assessing domestic water scarcity by estimating the ratio of the water supply to the water demand. It has a single value that characterizes the water scarcity level on a scale ranging from “extreme” to “no” water shortage [18].



RRWH is commonly adopted to support the insufficient conventional water resources in arid and semi-arid areas [19]. It is widely used in Pakistan [20], Kenya [21], East Africa [22], Ghana [23], Afghanistan [24], Zambia [25], Sri Lanka [26], Bangladesh [27], Iran [28], Egypt [29], and Jordan [19,30]. RRWH efficiency depends on many factors, including rainfall (RF) volume, patterns and distribution, catchment area, and catchment type [31,32].



Climate change directly influences the availability of water resources and the RF volume, patterns, and distribution [33]. In addition, the projected water demand should consider the demographic changes [34]. Accordingly, assessing the domestic water scarcity and the potential RRWH volume could be viewed as a dynamic process. Moving from temporary to sustainable water resources management requires considering, quantifying, and analyzing climate change and demographic growth [9]. The literature review shows that the estimation of potential RRWH and its consequences on domestic water scarcity (through SDBI) is not yet clearly defined by considering the climate change impact.



Based on the literature review and the critical water scarcity in arid and semi-arid areas, the paper contribution could be summarized by: (i) the use of SDBI to assess the current domestic water scarcity in arid and semi-arid regions, (ii) the investigation of the potential RRWH ability in addressing this scarcity, (iii) analysis of the role of potential RRWH in addressing future water scarcity considering the demographic and climate changes.



The paper is organized as follows. First, it presents the research methodology, including the estimation of SDBI and RRWH. It describes the case study with emphasis on data collection, and finally, it discusses the impact of RRWH in addressing the domestic water scarcity in the West Bank, Palestine.




2. Materials and Methods


2.1. Methodology


The methodology adopted in this research is illustrated in Figure 1. It includes two phases. It starts by identifying and quantifying the total water supply (TWS) in (million cubic meters/year), the total water demand (TWD) in (million cubic meters/year), and SDBI. The second phase focuses on estimating the potential RRWH volume in (million cubic meters/year) and its effect on the SDBI. Both phases are carried out for 2020 and 2050.



2.1.1. Assessment of the Domestic Water Scarcity


The assessment of domestic water scarcity starts by identifying and quantifying the sources of water supply (e.g., surface water, groundwater, desalination, etc.). Accordingly, the current TWS is estimated. The domestic water consumption rate (DWCR) is specified considering the recommendation of WHO [2]. Such rate, along with the population statistics, are used to estimate the TWD:


    TWD  i  =      DWCR ∗ POP   i   ∗  365   1000    



(1)




where




	
TWDi is the TWD for the ith year in (cubic meters/year)



	
POPi is the population for the ith year in (capita)








Scholars adopted various models to characterize the effect of climate change on water resources availability. Such models include (i) Water Balance Model developed by the Research Center for Climate Change (RCCC-WBM) [35], (ii) Hydrologiska Byrans Vattenbalansavdelning model (HBV) [36], (iii) Soil and Water Assessment Tool (SWAT) [37], and (iv) Soil-Vegetation-Atmosphere Model (SVAT) [9]. According to [38], the SVAT has the following strengths compared to the other models: (i) consideration of fine time-step analysis that goes in line with the time steps of the physical processes simulations, (ii) flexibility of the input parameters and their time-steps records, and (iii) consideration of the under-ground layer (e.g., soil layer), on-ground layer (e.g., vegetation layer), and over-ground layer (atmospheric layer) [38]. In this research, SVAT model is used for the determination of TWS in 2050 considering the influence of climate change [9]. The model has a resolution of 18 × 18 km2 and involves rainfall, climatic, vegetation, landscape, and soil parameters as inputs. Rainfall parameters include the rainfall depth, patterns, and spatial distribution. Climatic and vegetation parameters involve the solar radiation and the leaf area index, respectively. Landscape parameters imply the elevation, slope, and land use, while the soil parameters include soil type, texture, and field capacity [9].



The schematic overview of the SVAT model is shown in Figure 2. First, the model considers the different inputs. Then, characterizing the infiltration, percolation, interception, transpiration, and runoff is carried out. Finally, the vertical and horizontal water flow is estimated at the different time steps [9].



Projected population (POPp) and DWCR in 2050 are employed to quantify the projected TWD for the year 2050.



Current and projected TWS and TWD are used to estimate the SDBI for 2020 and 2050 [18]. This index is used for the assessment of domestic water scarcity. SDBI could be used at the regional and national levels [18]. It is estimated by the ratio between TWS and TWD:


    SDBI  i  =     TWS  i      TWD  i     



(2)




where



	
SDBIi: supply–demand balance index for the ith year



	
TWSi: total water supply for the ith year in (million cubic meters/year)



	
TWDi: total water demand for the ith year in (million cubic meters/year)






According to [18], five domestic water scarcity levels are identified, as summarized in Table 1.




2.1.2. Effect of RRWH on the TWS, SDBI, and Associated Domestic Water Security


GIS is used to map the RF spatial distribution in 2020. Next, a Global Climate Model (GCM) (called European Centre Hamburg Model, Version 4) estimates the spatial RF distribution in 2050 [9]. Finally, this model is downscaled up to 18 × 18 km2 resolution using a Regional Climate Model (Mesoscale Model, Version 5). These models were developed and validated by GLOWA [9]. The spatial distribution of the current (2020) and projected (2050) rooftops is mapped using GIS.



Gould and Nissen-Petersen’s equation employs the current and projected RF and rooftops to estimate the potential RRWH [39]. This equation considers the RRWH collection efficiency and runoff rate [39]. An average runoff and collection efficiency coefficient (C) of about 0.9 is suggested by several scholars [30,40,41]:


    RRWH  i  =   ∑   i = 1  n       C ∗ RF    ij      ∗ A    ij    



(3)




where



	
RRWHi: potential RRWH volume for the ith year in (m3/year)



	
RFij: average RF for the jth rooftop in the ith year in (m/year)



	
Aij: area of the jth rooftop in the ith year in (m2/year)



	
n: number of rooftops









3. Presentation of the Case Study


3.1. Overview


The proposed methodology is applied to the West Bank, Palestine, which is located to the west of the Dead Sea (Figure 3). It covers 11 governorates with 5860 km2 and about 3.12 million inhabitants [42]. A significant variation in RF among the governorates is indicated [7]. Since most governorates have independent water systems [43], this research is conducted at the governorate scale.



Groundwater contributes by more than 90% to freshwater use [43]. The West Bank is characterized by a Mediterranean climate with noticeable seasonal variations [44]. Approximately 80% of the West Bank ranges from hyper-arid to semi-arid, while the rest (20%) is classified as sub-humid [7]. The West Bank is internationally classified as an arid-to-semi-arid region [45]. According to the Palestinian Water Authority (PWA), the RRWH system collected about 4 million cubic meters/year in 2016 [46]. This value is strongly inferior to the capacity of the building rooftops [47].




3.2. Data Collection


Data are collected from different sources. The building rooftops shapefile in 2020 is obtained from the Ministry of Local Government (MoLG) [47]. The historical and current population statistics are collected from the Palestinian Central Bureau of Statistics (PCBS) [42]. WHO recommended a DWCR of about 100 L per capita per day (l/c/d) [2]. Accordingly, Equation (1) is used for the estimation of historical and current TWD for the whole West Bank. Figure 4 shows the increasing trend in population and TWD. Population increases from 1.78 million capita to 3.05 million capita, and TWD increases from 65.2 million cubic meters/year to 111.4 million cubic meters/year between 1997 and 2020.



POPp (in 2050) is estimated using a dynamic population projection model (UNFPA) [48] that considers several determinants such as age, sex, fertility, international migration trends, and mortality rates. The projected rooftops area in 2050 is estimated, assuming a linear relation with the population growth. The authors are aware of the limitation of this assumption, which could be improved in the future.



Equation (1) is used for the determination of the TWD in 2020 and 2050 on a governorate scale. Table 2 summarizes the results for the 11 West Bank governorates. TWD in 2020 varies between 1.9 million cubic meters/year (Jericho) and 27.8 million cubic meters/year (Hebron), with an average value of 9.9 million cubic meters/year. In 2050, the TWD is expected to vary between 3.2 million cubic meters/year (Jericho) and 50.9 million cubic meters/year (Hebron), with an average value of 15.7 million cubic meters/year, which is about 58% higher than that in 2020.



Current RF for the West Bank is obtained from the Palestinian Metrological Authority (PMA) [49]. PMA has 75 spatially distributed rainfall stations in the West Bank governorates (See Figure 5). Table 3 summarizes the number of rainfall satiations per km2 (for each governorate). It is noticed that the station resolution (density) ranges from 0.1 (in Hebron and Jerusalem) to 0.8 (in Salfit) station per km2.



Figure 6 shows a GIS-based spatial interpolation for average annual RF from the spatially distributed rainfall stations. This interpolation is realized at a scale of 100 × 100 m2. It is indicated that the average annual RF (in 2020) ranges from 166 mm/year (in the eastern part) to 662 mm/year (in the middle part), with a mean value of 520 mm/year. Table 4 provides the average annual RF for the different West Bank governorates in 2020. However, the used rainfall data could form a source of uncertainty in the rainfall-dependent models (e.g., climate change models for rainfall and water availability) [50,51]. Scholars confirm the sensitivity of rainfall-dependent models to rainfall uncertainty [50,51]. The highest sensitivity occurs in the rainy periods (e.g., October to March). In dry periods with few rainfall amounts, the rainfall-dependent models are less sensitive to rainfall uncertainties [50,51]. Such uncertainty could be addressed by performing a cross-validation for the rainfall records using different approaches [50,51].



By characterizing the probable sources of water in the West Bank, it is found that water desalination and surface water have no contribution to the TWS [10]. Groundwater (through the pumping wells and the springs) is the only adopted source of water to supply citizens for their needs. Therefore, TWS is quantified through the estimation of the supplied (by services providers) groundwater volumes in the study area. Such volumes are gained from the PCBS database [10]. The variation in TWS in the West Bank governorates in 2020 is illustrated in Table 5. The lowest TWS is recorded in Ramallah & Al-Bireh with about 1.1 million cubic meters/year, while the highest TWS is in Nablus (8.5 million cubic meters/year).



The rate of change in TWS and RF between 2020 and 2050 is estimated using the downscaled SVAT and GCM models developed by GLOWA [9]. The GIS-based Raster Calculator is then used to estimate the values of TWS and RF in 2050. However, SVAT, GCM, and the downscale models involve uncertainties [9,52]. To mitigate this shortcoming, available data at the highest spatial and temporal resolution were used [9,52]. Calibration of the SVAT model was carried out using historical and current TWS records (in 2015 and 2020, respectively) [10]. Due to limited data availability, this calibration is conducted for the Jenin governorate. Actual TWS in 2015 (3.63 million cubic meters/year) is used to predict the TWS in 2020 (using SVAT) for the Jenin governorate. It is found that the predicted TWS in 2020 equals about 3.68 million cubic meters/year. Such prediction is significantly close to the actual TWS in 2020, which was equal to 3.70 million cubic meters/year (with a relative error of about 0.005) [10]. This slight relative error provides a considerable level of confidence in the used model.



Figure 6 illustrates the distribution of RF and TWS in the West Bank. It indicates that all the governorates, except Jenin and Nablus, will experience in 2050 a decrease in both RF and TWS compared to 2020. This decrease could reach 15% and 26% for RF and TWS, respectively. The most significant change is expected to be on the North of the West Bank.





4. Results and Discussion


4.1. Domestic Water Scarcity and the Potential RRWH in 2020


4.1.1. Assessment of Domestic Water Scarcity


This section presents the domestic water scarcity in 2020, considering the conventional water supply (with no RRWH). Table 6 summarizes the SDBI values and the associated domestic water scarcity levels in 2020. The status “no water shortage” is observed in Jericho, Qalqilya, and Tubas, with an SDBI of about 1.5, 1.2, and 1.1, respectively. A low water shortage was observed in Tulkarm, while the rest of the West Bank governorates experienced an extreme-to-acute water shortage.



Results of the current water scarcity in the West Bank are compatible with the results of other scholars [7,53]. All governorates (except for Tubas, Ramallah & Al-Bireh, and Jerusalem) have water scarcity/poverty categories, which are similar to the findings of [7]. Compared to [53], compatible water scarcity/security categories exist in all governorates except Tulkarm and Jericho. The gap in characterizing the water status in some governorates could be attributed to the approaches and indicators adopted by scholars. For example, [7] adopted the weighted arithmetic average method (WAAM) by considering the water availability, accessibility, capacity, use, and environment for assessing the water status, while [53] used the same method but in considering other indicators such as water resources, water services, and water governance. Adopting WAAM with flexible input indicators to characterize the water scarcity/poverty was discussed by [54,55,56], who confirmed that the change in the input indicators could affect the estimation of the water poverty/scarcity status [54,55,56].




4.1.2. RRWH for the Mitigation of Existing Domestic Water Scarcity


This section discusses the use of RRWH as an efficient option for addressing the domestic water scarcity challenge in the West Bank. In 2020, the potential RRWH in the West Bank can provide approximately 40 million cubic meters/year, which accounts for 95% of the water supply (42 million cubic meters/year).



Table 7 summarizes the impact of adopting RRWH on the increase in TWS. Jericho has the lowest increase (11%), followed by Tubas, Qalqilya, Tulkarm, and Nablus. The highest increase (577%) is observed in Ramallah & Al-Bireh. These results indicate the importance of RRWH in addressing the water scarcity challenges.



Considering the political and technical water supply challenges in the West Bank [43], RRWH presents a valuable alternative to address these challenges. Table 8 shows that RRWH can cover about 54% of the TWD in Salfit and between 40 and 48% in the Nablus, Bethlehem, Qalqilya, Ramallah & Al-Bireh, and Tulkarm governorates.



Figure 7 shows the impact of the RRWH on the domestic water-scarcity level in Tulkarm and Jerusalem in 2020. The highest effect is observed in Tulkarm. Exploiting about 16% of the roofs for RRWH could drop the scarcity level to “no water shortage”. The rest of the roof areas could support other purposes such as agricultural and industrial uses. The extra RRWH can also support water shortages in other governorates.



Figure 7 shows that the RRWH has low efficiency in addressing the domestic water scarcity in Jerusalem: Jerusalem faces an “extreme water shortage” after fully adopting RRWH in 2020. This low performance of the RRWH is due to the low ratio of rooftops to the population, which is about 10.7 m2/citizen, to be compared to values in the rest of the West Bank governorates, which varies between 26.5 and 42.4 m2/citizen.



Table 9 summarizes the impact of using four rooftops rates in the RRWH (25%, 50%, 75%, and 100%) on domestic water scarcity. It shows that full or partial use of the RRWH will cover the TWS in Tubas, Qalqilya, and Jericho. However, the status of “No shortage” in Slafit requires a full adoption of the RRWH. The latter is not sufficient to afford the TWS in Ramallah & Al-Bireh, and Hebron. This result argues for a national water strategy that shares the RRWH capacities.



Results confirm the findings of [7,40] concerning the potential of RRWH in the different West Bank governorates. However, [7] focused only on the optimal allocation of the RRWH in the West Bank, while [40] focused on estimating potential RRWH volume. Other scholars treated separately the allocation and the estimation of potential RRWH [57,58,59]. This research contributed to the analysis of the capacity of the potential RRWH to cover water scarcity by quantifying the influence of RRWH on the current and future domestic water scarcity.




4.1.3. RRWH Efficiency at Different Urban Scales


This section discusses the RRWH efficiency at different urban scales (city, village, and camp), emphasizing the Jenin governorate in 2020. Figure 8 shows that the full adoption of RRWH in Jenin can change the water scarcity status from “acute water shortage” to “no water shortage”. Furthermore, this full adoption can change the water scarcity status in (i) Jenin Camp from “acute water shortage” to “moderate water shortage” and (ii) in villages from “extreme water shortage” to “acute water shortage”. These results indicate that the lowest RRWH efficiency concerns the Jenin camp. The variation of the efficiency of the potential RRWH is related to the ratio of the rooftops to the population. This ratio equals 16 m2/citizen in the camp compared to 29 m2/citizen and 48 m2/citizen in the villages and the city, respectively.



Exploiting 65% of the rooftops is enough to cover the TWD in Jenin city. Therefore, full roof exploitation in this city could help mitigate or even eliminate the domestic water scarcity in the camp and villages.





4.2. Projected Capacity of RRWH to Address the Domestic Water Scarcity in 2050


This section discusses the capacity of the adoption of RRWH to address the projected domestic water scarcity in 2050. The projected RRWH is expected to provide about 59 million cubic meters/year in 2050, which is 1.5 times the projected municipal water supply. Table 10 summarizes the influence of the RRWH on both TWS and TWD. Full adoption of the RRWH is expected to increase the values of TWS from 20% (in Jericho) to 1038% (in Ramallah & Al-Bireh). This full adoption can satisfy half of the needed TWD in Salfit, and between 13 and 48% in other West Bank governorates.



Table 11 summarizes the impact of projected RRWH on water scarcity in the West Bank in 2050. Tulkarm and Qalqilya could reach “no water shortage” status. A “slight water shortage” could be reached in Jericho and Nablus by exploiting 50% and 100% of the roofs, respectively. Salfit, Tubas, and Jenin are expected to reach a moderate water-shortage status by exploiting 50%, 50%, and 100% of their roofs. In other governorates, full adoption of the RRWH will not be enough to cover the domestic water needs. A full RRWH adoption efficiently addresses the domestic water scarcity challenges in Ramallah & Al-Bireh, Bethlehem, and Hebron. For these governorates, the domestic water scarcity will be improved from “extreme water shortage” to “acute water shortage”. The best improvement from “extreme water shortage” to “moderate water shortage” is expected in Jenin. Likewise, a reasonable improvement from “moderate water shortage” to “no water shortage” is expected in Tulkarm and Qalqilya.





5. Conclusions


This paper presented an analysis of the capacity of rainwater harvesting to address the domestic water scarcity in arid and semi-arid areas. First, the supply–demand balance index (SDBI) was used to assess the current and future domestic water scarcity. Second, the rainwater harvesting capacity was determined by the rooftops surface, the local level’s rainfall, and its future variation. Finally, the proposed methodology was applied to the West Bank to (i) assess the domestic water scarcity at the governorate level and (ii) investigate the potential of rooftops rainwater harvesting (RRWH) in addressing the domestic water scarcity challenges.



Results show that the RRWH can address the current domestic water scarcity in the majority of the West Bank governorates. A national policy to share the potential RRWH capacity will increase the efficiency of the RRWH by transferring the excess water harvesting from some governorates to other governorates subjected to high water scarcity. An estimation of the potential RRWH capacity in 2050 shows that it could cover about 1.5 times the conventional water supply.



Authors are aware of the following limitations of this research, which are related to a lack of data: (i) lack of accurate rooftops projection model in 2050, (ii) absence of detailed information about the roof types (e.g., concrete, clay-tiles, steel, etc.), which affect the RRWH efficiency, and (iii) the absence of local climate-change models for predicting future rainfall and water resources availability. This research attempted to overcome these limitations by considering (i) a proportional relationship between the projected population and rooftops, (ii) an average runoff coefficient and collection efficiency of 0.9 as suggested in the literature. This research could be improved in the future by considering (i) a local rooftop model, (ii) a local climate change model to estimate the projected rainfall and water availability, and (iii) monitoring the water demand, water supply, rainfall intensity, and the rooftops water harvesting.
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Figure 1. Research methodology. 
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Figure 2. Schematic overview of the adopted Soil-Vegetation-Atmosphere Model (SVAT) model. 
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Figure 3. The geographical setting of the West Bank. 
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Figure 4. Historical and current statistics of population and total water demand (TWD) in the whole West Bank between 1997 and 2020. 
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Figure 5. Distribution of rainfall stations in the West Bank. 
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Figure 6. Variation in rainfall (RF) and TWS considering climate change. 
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Figure 7. Impact of the RRWH on the domestic water scarcity in the Jerusalem and Tulkarm governorates (in 2020). 
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Figure 8. Impact of the RRWH on domestic water scarcity for the different urban scales of Jenin governorate. 
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Table 1. Domestic water scarcity values and the associated levels [18].
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	SDBI Level
	SDBI Value





	Extreme water scarcity
	(0, 0.3)



	Acute water scarcity
	[0.3, 0.6]



	Moderate water scarcity
	(0.6, 0.9)



	Slight water scarcity
	[0.9, 1)



	No water scarcity
	≥1
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Table 2. Current and projected population (POP), rooftop areas, and TWD.
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	Governorate
	POPc
	POPp
	Rooftops Area 2020 (km2)
	Rooftops Density (m2/Capita)
	Rooftops Area 2050

(km2)
	TWD 2020

(Million Cubic Meters/Year)
	TWD 2050

(Million Cubic Meters/Year)





	Jenin
	332,050
	481,000
	10.5
	31.7
	15.3
	12.1
	17.6



	Tubas
	64,507
	133,000
	1.7
	26.5
	3.5
	2.4
	4.9



	Tulkarm
	195,341
	227,000
	6.0
	30.8
	7.0
	7.1
	8.3



	Nablus
	407,754
	532,000
	11.5
	28.3
	15.1
	14.9
	19.4



	Qalqilya
	119,042
	174,000
	3.3
	27.8
	4.8
	4.3
	6.4



	Salfit
	80,225
	101,000
	2.7
	33.4
	3.4
	2.9
	3.7



	Ramallah & Al-Bireh
	347,818
	602,000
	11.7
	33.7
	20.3
	12.7
	22.0



	Jerusalem
	461,666
	642,000
	4.9
	10.7
	6.8
	16.9
	23.4



	Jericho
	52,355
	89,000
	2.2
	42.4
	3.8
	1.9
	3.2



	Bethlehem
	229,884
	354,000
	7.3
	31.6
	11.2
	8.4
	12.9



	Hebron
	762,541
	1,394,000
	21.8
	28.7
	39.9
	27.8
	50.9
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Table 3. Density of rainfall measurements in the West Bank.
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	Governorate
	No. of Rainfall Stations
	Urban Area (km2)
	Rainfall Stations Density (Station/km2)





	Jenin
	13
	23.3
	0.6



	Tubas
	3
	5.1
	0.6



	Tulkarm
	6
	21.4
	0.3



	Nablus
	9
	27.6
	0.3



	Qalqilya
	5
	6.8
	0.7



	Salfit
	5
	6.7
	0.8



	Ramallah & Al-Bireh
	11
	38.7
	0.3



	Jerusalem
	5
	37.3
	0.1



	Jericho
	3
	10.2
	0.3



	Bethlehem
	6
	27.0
	0.2



	Hebron
	9
	77.2
	0.1
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Table 4. Average annual rainfall (RF) for the different West Bank governorates in 2020.
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	Governorate
	Average Annual RF in 2020 (mm/Year)





	Jenin
	498



	Tubas
	402



	Tulkarm
	630



	Nablus
	574



	Qalqilya
	662



	Salfit
	656



	Ramallah & Al-Bireh
	579



	Jerusalem
	537



	Jericho
	166



	Bethlehem
	518



	Hebron
	487
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Table 5. Total water supply (TWS) in the different West Bank governorates in 2020.
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	Governorate
	TWS in 2020 (Million Cubic Meters/Year)





	Jenin
	3.7



	Tubas
	2.7



	Tulkarm
	6.6



	Nablus
	8.5



	Qalqilya
	5.2



	Salfit
	1.5



	Ramallah & Al-Bireh
	1.1



	Jerusalem
	1.4



	Jericho
	2.9



	Bethlehem
	2.0



	Hebron
	6.6
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Table 6. SDBI values and water scarcity levels in the West Bank governorates in 2020.
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	Governorate
	SDBI Value
	Domestic Water Scarcity Level





	Jenin
	0.29
	Extreme



	Tubas
	1.14
	No Shortage



	Tulkarm
	0.92
	Slight



	Nablus
	0.57
	Acute



	Qalqilya
	1.20
	No Shortage



	Salfit
	0.50
	Acute



	Ramallah & Al-Bireh
	0.08
	Extreme



	Jerusalem
	0.08
	Extreme



	Jericho
	1.53
	No Shortage



	Bethlehem
	0.24
	Extreme



	Hebron
	0.24
	Extreme
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Table 7. Contribution of rooftops rainwater harvesting (RRWH) to TWS (in 2020).
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	Governorate
	Increase in TWS after Adopting RRWH (%)





	Jenin
	133



	Tubas
	23



	Tulkarm
	52



	Nablus
	70



	Qalqilya
	38



	Salfit
	108



	Ramallah & Al-Bireh
	577



	Jerusalem
	169



	Jericho
	11



	Bethlehem
	170



	Hebron
	145
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Table 8. Contribution of RRWH to TWD in 2020.
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	Governorate
	The Ratio of RRWH to TWD (%)





	Jenin
	39



	Tubas
	26



	Tulkarm
	48



	Nablus
	40



	Qalqilya
	45



	Salfit
	54



	Ramallah & Al-Bireh
	48



	Jerusalem
	14



	Jericho
	17



	Bethlehem
	40



	Hebron
	34










[image: Table] 





Table 9. Impact of RRWH on the domestic water scarcity level in 2020.
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Governorate

	
RRWH Adoption Rate




	
25%

	
50%

	
75%

	
100%






	
Jenin

	
Acute

	
Acute

	
Moderate

	
Moderate




	
Tubas

	
No shortage

	
No shortage

	
No shortage

	
No shortage




	
Nablus

	
Moderate

	
Moderate

	
Moderate

	
Slight




	
Qalqilya

	
No shortage

	
No shortage

	
No shortage

	
No shortage




	
Salfit

	
Moderate

	
Moderate

	
Slight

	
No shortage




	
Ramallah & Al-Bireh

	
Extreme

	
Acute

	
Acute

	
Acute




	
Jericho

	
No shortage

	
No shortage

	
No shortage

	
No shortage




	
Bethlehem

	
Acute

	
Acute

	
Acute

	
Moderate




	
Hebron

	
Acute

	
Acute

	
Acute

	
Acute











[image: Table] 





Table 10. Contribution of RRWH to TWS and TWD in 2050.
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	Governorate
	Increase in TWS after Adopting RRWH (%)
	The Ratio of RRWH to TWD (%)





	Jenin
	177
	41



	Tubas
	49
	25



	Tulkarm
	60
	48



	Nablus
	89
	42



	Qalqilya
	57
	43



	Salfit
	141
	51



	Ramallah & Al-Bireh
	1038
	46



	Jerusalem
	250
	13



	Jericho
	20
	17



	Bethlehem
	285
	36



	Hebron
	296
	30
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Table 11. Impact of RRWH on the domestic water scarcity level in 2050.
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Governorate

	

	
RRWH Adoption Rate




	
0%

	
25%

	
50%

	
75%

	
100%






	
Jenin

	
Extreme

	
Acute

	
Acute

	
Acute

	
Moderate




	
Tubas

	
Acute

	
Acute

	
Moderate

	
Moderate

	
Moderate




	
Tulkarm

	
Moderate

	
Slight

	
No shortage

	
No shortage

	
No shortage




	
Nablus

	
Acute

	
Acute

	
Moderate

	
Moderate

	
Slight




	
Qalqilya

	
Moderate

	
Moderate

	
Slight

	
No shortage

	
No shortage




	
Salfit

	
Acute

	
Acute

	
Moderate

	
Moderate

	
Moderate




	
Ramallah & Al-Bireh

	
Extreme

	
Extreme

	
Extreme

	
Acute

	
Acute




	
Jerusalem

	
Extreme

	
Extreme

	
Extreme

	
Extreme

	
Extreme




	
Jericho

	
Moderate

	
Moderate

	
Slight

	
Slight

	
Slight




	
Bethlehem

	
Extreme

	
Extreme

	
Acute

	
Acute

	
Acute




	
Hebron

	
Extreme

	
Extreme

	
Extreme

	
Acute

	
Acute
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