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Figure 1: The geography of the Jordan River Basin. Basin boundary and stream network data were collected from HydroSHED database. 
Digital Elevation Model (DEM) was achieved from SRTM 1sec. Location of main dams was collected from FAO GeoNetwork database. 
Location of populated cities was collected from NaturalEarth database. 
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Figure 2: Transboundary aquifers delineation and depletion rate. The major groundwater discharge and abstraction area are also located. 
Source of data is from the International Groundwater Resources Assessment Center (IGRAC).

Therefore, sharing information about water availability is important not only to support integrated 
water resources management, but also geopolitical stability of the basin. However, different sources report dif-
ferent values and often at sub-basin level (Al-Omari et al., 2009; Comair et al., 2012; Courcier et al., 2005; Gunkel 
and Lange, 2012; Klein, 1998; UN-ESCWA and BGR, 2013) or administrative level (Abu-Sharar and Battikhi, 2002; 
FAO, 2016a), which makes it difficult to develop water accounts of the whole basin.

1.3.	 Objective of water accounts

The purpose of this study is to assess water availability, consumptive use, and non-consumptive use in 
the Jordan River Basin using remote sensing derived data from FAO WaPOR database in conjunction with other 
open-access data sources. In particular, the study seeks to investigate:
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2.	 Materials and Methods 

In this chapter, we describe: [2.1] key datasets from WaPOR database used for WA+; [2.2] preliminary 
assessment of WaPOR data using other global datasets and available observations; and [2.3] the rapid assessment 
procedure for WA+ Sheet 1 Resource Base.

2.1.	 WaPOR datasets

The WaPOR v2.0 database contains information at three different spatial resolutions. At continental 
level, data is available at 250m resolution (Level 1). For selected countries and basins, data is available at 100m 
resolution (Level 2). For detailed crop water productivity analyses for selected irrigation systems, 30m resolution 
data is available (Level 3). In this study, we used the Level 1 Precipitation data (5 km resolution) and Level 2 Land 
Cover Classification (LCC) and Actual Evapotranspiration and Interception (AETI) data (100m resolution). The 
AETI data is further indicated as ETa in this report.

2.1.1.	 Precipitation

WaPOR precipitation data is based on the CHIRPS database created by the United States Geological 
Survey (FAO, 2018; Funk et al., 2015). Temporal variation of precipitation in WaPOR data can be seen in Figure 5. 
The monthly-average precipitation shows that hydrological year typically starts in September at the end of the dry 
season.  Therefore, for annual values aggregation, the hydrological year period was used and indicated as the year 
in which it ends. The annual precipitation over the Jordan River Basin varied between 210 to 260 mm/year during 
the period of 2010-2018.  Figure 4 shows the spatial variability of the mean annual WaPOR precipitation (P) in the 
Jordan River Basin for the hydrological years 2010-2018. It can be seen clearly in the precipitation map that most 
of the precipitation falls north of the Dead Sea while the biggest land area of the Jordan River Basin receives less 
than 200 mm/year. 

2.1.2.	 Actual Evapotranspiration and Interception

The WaPOR evapotranspiration (ETa) layer estimates the total evapotranspiration, including inter-
ception. Figure 4 also shows the spatial variability of  ETa in comparison with precipitation in the Jordan River 
Basin. The highest ETa value is observed in water bodies while the vast bare land has ETa much lower than 200 
mm/year. It can be seen from this map that the agriculture development along the Jordan River and King Abdullah 
Canal has relatively high ETa. The inter-annual variation of basin average ETa follow similar trend with precipita-
tion but in a lower range between 150 to 185 mm/year, which means in total, the basin has net water generated from 
precipitation (Figure 5). In contrast, the monthly variation of ETa follows different pattern from precipitation. 
During the driest month when there is no precipitation, the average ETa of the Jordan River Basin is relatively high 
(about 16mm/month) which means evaporated water is mostly sourced from stored water of the previous months.
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The land cover area of cropland classes varies between 2011 and 2015; total area of rainfed cropland de-
creased while that of irrigated cropland increased (Figure 6A). It should be noted that the irrigated cropland class 
in WaPOR�s LCC layers is identified by applying a water deficit index that takes into consideration seasonal cumu-
lated values of precipitation and actual evapotranspiration (FAO, 2019). The total change in cropland area is due 
to two major changes in the basin: the growing area of irrigated cropland in the Jordan Valley, and the decreasing 
area of cropland (both irrigated and rainfed) in the Syrian territory of Yarmouk sub-catchment (Annex VI), which 
might be an impact of the conflict since 2011 (ESA, 2017).

Figure 6: Temporal variation from 2010-2018 (A) and spatial variation in 2018 (B) of land cover area in the Jordan River Basin based on 

WaPOR L2_LCC_A layers. Maps of the individual years are provided in Annex III.

2.2.	 Preliminary assessments

Before using the data for the Water Accounting Plus, several checks were performed including (1) com-
paring WaPOR data with in situ observations, (2) mapping net water generation and consumption and identifying 
net consumer land cover class, and (3) assessing WaPOR-derived basin scale water balance using remotely sensed 
total water storage.

2.2.1.	 Comparison with in situ observations 

In situ precipitation measurements were collected from the Global Historical Climatology Network 
(GHCN) open-access database by the National Oceanic and Atmospheric Administration (NOAA) (Menne et al., 
2012). The location of GHCN stations with data available for the study period are shown in Figure 1. Unfortu-
nately, most stations are located outside of the basin, with only Har Kenaan and Jerusalem central are located in 
the basin. The monthly precipitation measured from these two stations are compared with monthly precipitation 
derived from WaPOR datasets at the location of the station in Figure 7. The data was available from 2009 to 2015. 
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Overall, WaPOR precipitation data shows adequate agreement with in situ observations at these locations except 
in the highest precipitation months. However, comparison with only two stations is insufficient to validate the 
precipitation map of the whole large area of the Jordan River Basin, thus, stations within the range of latitude and 
longitude were also selected for comparison with WaPOR monthly precipitation.

As can be seen from Figure 7 and 8, stations that are close to the coast (Bet Dagan, Ben Gurion, Beer 
Sheva City and Elat) show high overestimation of precipitation (from +23 up to +75% bias) while the more inland 
stations (Beer Sheva) show stronger agreement with WaPOR data (only +5% bias). Unfortunately, there were no 
records at locations in the bare land area in the west and south of the Jordan River Basin, thus, a large part of the 
precipitation map was not validated. 

There are no actual evapotranspiration measurements in the Jordan River Basin to validate the WaPOR 
ETa map. However, compared to reported evaporation in natural lakes, WaPOR ETa over open water bodies seems 
to be underestimated. Courcier et al. (2005) has consolidated several secondary data sources and reported that 
evaporation over Lake Tiberias is about 285 Mm3/year, which is divided by the average surface area to be about 
1,700 mm/year. This is about 55% higher than the average ETa of Lake Tiberias (1,100 mm/year) from WaPOR data-
set as seen from Figure 4.

Figure 7: Monthly precipitation derived from WaPOR data compared with measurements from GHCN stations in the Jordan River Basin 
between 2009 and 2019.
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Figure 8: Monthly precipitation derived from WaPOR data compared with measurements from GHCN stations Beer Sheva, Beer Sheeva 
city, and Ben Gurion between 2009 and 2019
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Figure 9: Monthly precipitation derived from WaPOR data compared with measurements from GHCN stations Bet Dagan and Elat be-
tween 2009 and 2019

2.2.2.	 Water generation and consumption analysis

The WaPOR datasets for precipitation, actual evapotranspiration and interception, and land cover 
class were used to describe precipitation excess (water generation), and thus, lateral transport of water from wa-
ter surplus to net water consumption per land cover class. Land cover classes that satisfy P > ETa are considered 
water generating areas while those fulfil ETa > P  are net consumers of water (Bastiaanssen et al., 2014). The yearly 
average precipitation excess or deficit (P - ETa) for the hydrological years from 2010 to 2018 is mapped in Figure 10. 
As can be seen in this map, the net water consumers are water bodies and croplands. Most parts of the Jordan River 
Basin are net water generating areas yielding between 0 and 200 mm/year. However, the total area of these parts is 
large so even a small excess can accumulate into a large amount of water. The western area adjacent to the Red Sea 
and in the highland area to the south-west of the Dead Sea have relatively high precipitation excess (between 250 
and 500 mm/year). The total P - ETa of the whole basin and each land cover class are reported in Table 1 and Table 2.
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The basin wide long-term precipitation excess is 66 mm/year with positive value reported for all years 
between 2010 and 2018 (Table 1). If values from WaPOR data are accurate, it implies that, as a whole, the Jordan 
River Basin generates water. Excess precipitation that is not consumed via evapotranspiration can generate sur-
face runoff, interflow, drainage, groundwater recharge, seepage, and baseflow (Bastiaanssen et al., 2014). Since 
the Jordan River Basin is an endorheic basin, which means there is no surface water outlet, excess water can only 
exit the basin through groundwater outflow, man-made inter-basin transfers or in the form of recharge to deep 
groundwater storage which is no longer accessible in the basin.

Table 1: The total annual precipitation (P) and actual evapotranspiration and interception (ETa) from WaPOR data for the 
Jordan River Basin for hydrological years from 2010 to 2018 
 

 
Year

P

 (mm/year)

ETa 

(mm/year)

P - ETa 

(mm/year)

P 

    (mm3/year)

ETa 

    (mm3/year)

P � ETa 

      (mm3/year)
2010 256 198 58         11,071         8,570         2,501 
2011 208 170 38           8,978         7,340         1,638 
2012 225 155 71           9,746         6,689         3,057 
2013 262 167 95         11,330         7,208         4,122 
2014 221 147 74           9,550         6,369         3,181 
2015 247 176 72         10,694         7,602         3,092 
2016 226 170 56           9,759         7,356         2,404 
2017 214 163 51           9,240         7,046         2,194 
2018 263 184 80         11,376         7,938         3,439 
Average 236 170 66         10,194         7,346         2,848 

Figure 10: Yearly average of difference between 
total Precipitation and total Actual Evapotranspi-
ration and Interception (P � ETa) from hydrological 
years 2010 to 2018. The blue to light blue color rep-
resents the net water producers and the red to light 
orange color represents the net consumers. Maps 
of the individual years are presented in Annex IV.
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The same calculation was done for each land cover class to identify net water generating and consum-
ing land cover classes (Table 2). It can be seen here that 50% of the Jordan River Basin area is made up of the bare/
sparse vegetation class, which is the biggest net water generator (+2,536 Mm3/year). This class receives 32.7% of 
total precipitation, while only contributing 10.9% of the total ETa (Figure 11). The excess precipitation (P � ETa) of 
this class is 77% of its precipitation (3,332 Mm3/year), which means the runoff coefficient is very high. Grassland 
and fallow are the second and third largest net water producers, and generated +934 and +568 Mm3/year respec-
tively. Table 2 also clearly shows that the rainfed croplands are net water generators, which might not be easi-
ly seen from Figure 10 due to these small areas being scattered across the landscape. Though having the largest 
contribution to total ETa (25.3%), the rainfed crop also receives significant share from total precipitation (18.7%) 
(Figure 11), which resulted in a net water generation. The built-up (urban) class yields the highest average P � ETa 
(+147 mm/year), which is due to high runoff coefficient of the impermeable surfaces.

Figure 11: Contribution of the land cover classes to mean annual precipitation (P) and actual evapotranspiration (ETa) of the Jordan River 
Basin for the hydrological years from 2010 to 2018. The land cover classes that contribute less than 0.1% are not presented in the graphs. 

Contribution from all tree cover classes are summed together.

The biggest net water consumers are water bodies (-1,157 Mm3/year), followed by the irrigated crop-
lands class (-217 Mm3/year). Figure 11 shows that �water bodies� class receives only 1.2% of total precipitation, 
while it contributes to 18.1% of total ETa. Though all tree cover classes are net water consumers, they account for 
very small area (less than 2% of the Jordan River Basin), thus, the total volume of net water consumption is rela-
tively insignificant. It can also be seen here that needle-leaved tree consumes much less water (-15 to -50 mm/year) 
than broadleaved trees (-380 to -430 mm/year).

2.2.3.	 Basin scale water balance

Some components of the catchment water balance in the Jordan River Basin, such as inter-basin trans-
fer, groundwater outflow, cannot be directly derived from WaPOR datasets. Therefore, to check whether WaPOR 
data can close the water balance, additional data sources must be utilised 
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2.2.3.1.	 Observed inter-basin flows

There are several water diversion projects intra-basin and inter-basin. The exact amount of these hu-
man-induced fluxes are not well reported. In this analysis, we were only able to obtain the volume of water pumped 
to the Nation Water Carrier (NWC) from Lake Tiberias to Israel between 2009 and 2019 (Figure 12).

         

Figure 12: Yearly and monthly values of volume water pumped from Lake Tiberias to the National Water Carrier for the hydrological years 
from 2009 to 2019 (Source: The Governmental Authority for Water and Sewage of Israel).

The measurements show that the annual total volume of pumped water in NWC has decreased from 
above 150 Mm3/year before 2015 to less than 50 Mm3/year for the subsequent years. Two processes could attribute 
to this decline, 1) the area around Lake Tiberias observed below average precipitation during the period after 2015 
(see also Annex I) and 2) Israel is increasing its capacity of desalination, thereby reducing its dependency on the 
NWC. Even during the year with highest value, it is much lower than the maximum capacity of the NWC. The peak 
month for the transfer is typically around mid-year, i.e. during the dry season. On average, each year in the period 
2009-2019, the NWC pumped 107 Mm3/year from Lake Tiberias, which is only a quarter of the value before 2005 
(440 Mm3/year as reported by Courcier et al., 2005). This amount is only about 3.75% of the total excess precipita-
tion P � ETa each year, which suggests that there could be other unaccounted inter-basin transfers or groundwater 
outflows.

2.2.3.2.	 GRACE Total Water Storage Change

To assess how much of the difference between P and ETa is due to change in total water storage, we 
used data from the Gravity Recovery and Climate Experiment (GRACE), a dual-satellite mission continuously 
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2.2.3.3.	 Assessment of errors in water balance 

Figure 14: The total water storage change derived from WaPOR data and GRACE TWSA for 2 selected sub-catchments of the Jordan River 
Basin: Zarqa and Yarmouk for the hydrological years from 2010 to 2015.

Figure 15: Cumulative monthly difference of WaPOR  P � ETa � Qout and GRACE TWSA for Jordan River Basin.
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The WaterPix model calculates for each pixel the vertical soil water balance (See Figure 18 and described 
below). Rainfall ET (ETrain) and incremental ET (ETincr) are separated by keeping track of the soil moisture balance 
and determining if ET is satisfied only from precipitation or stored in the soil moisture or additional source (sup-
ply) is required. The main inputs into WaterPix are provided in Table 4 and the outputs are provided in Table 5. 
Each parameter is calculated at the model resolution of 100m and available for monthly and annual time steps. 

Figure 18: Main schematization of the flows and fluxes in the WaterPix model

Table 4: Inputs of WaterPix

Variable Parameter Source Spatial Resolution Temporal resolution

Precipitation P WaPOR 5,000 m Daily 

Actual Evapotranspiration ETa WaPOR 100 m Monthly

Interception I WaPOR 100m Monthly

Land cover map LULC WaPOR 100 m Yearly

Saturated Water Content HiHydroSoil 0.008333 degree 
(about 900m at the equator)

Static

Table 5: Outputs of the water balance model at pixel level

Variable Calculation step Definition

S 1 Soil Moisture

Qsro 1,4 Surface Runoff

R 1,4 Recharge

ET 2 ET

Qsup	 3 Supply

Step 1: Compute soil moisture 

The soil moisture (Srain,t) is computed as the soil moisture storage at the end of the previous timestep 
(Srain,t-1) plus the effective precipitation (P - I) minus recharge (Rrain) and surface runoff (Qs) (eq 1):

Srain,t = Srain,t-1 + P - I -�Rrain -  Qsro,rain            (eq 1)

Where the surface runoff (Qsro,rain) is calculated using an adjusted version of the Soil Conservation Ser-
vice runoff method. The adjusted version replaces the classical Curve Numbers by a dynamic soil moisture defi-
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