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Abbreviations and acronyms 
 

AETI Actual Evapotranspiration and Interception 
CHIRPS Climate Hazards Group InfraRed Precipitation with Stations 
CNRS National Council for Scientific Research (Lebanon) 
DGIS Ministry of Foreign Affairs of the Government of The Netherlands 
E Evaporation (from soil) 
EWR Environmental water requirements 
ETa Actual Evapotranspiration 
FAO Food and Agricultural Organization of the United Nations 
GBWS Greater Beirut Water Supply project 
GIS Geographical Information System 
GWF Global Grey Water Footprint 
GRACE Gravity Recovery And Climate Experiment 
I Interception 
IWMI International Water Management Institute 
LAI Leaf Area Index 
LARI Lebanese Agricultural Research Institute 
LRBMS Litani River Basin Management Support Program 
LCC Land Cover Classification 
LRA Litani River Authority 
MoEW Lebanese Ministry of Energy and Water 
NGO Non-government organization 
NPP Net Primary Production 
P Precipitation 
T Transpiration 
UNDP United Nations Development Programme 
USGS United States Geological Survey 
WA+ Water Accounting Plus 
WaPOR FAO portal to monitor Water Productivity through Open access of 

remotely sensed derived data 
WDPA World Database on Protected Areas 
WP Water Productivity 
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Local partners in Lebanon have joined this demonstration project to develop the water accounts for the 

Litani basin. These local partners are: the Lebanese Ministry of Energy and Water (MoEW), the Litani River 

Authority (LRA), and the National Council for Scientific Research (CNRS), the Lebanese Agricultural 

Research Institute (LARI), and the Green Plan. 

The present study shows the results of the implementation of the Water Accounting+ framework in the 

Litani basin for the period 2010 to 2016 using WaPOR data, identifying the current water challenges, the 

sustainable water withdrawals, and the key areas where future actions can have a profound impact.  
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2 Methodology 
 

2.1 WaPOR database 
The WaPOR v1.0 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). For this study we used the Level 2 (100m resolution) data. Before 

using the data for the Water Accounts, various checks of the data were performed such as 1) precipitation 

data was compared with observed rainfall data 2) water balance of the basin using WaPOR data and 3) 

identification of source and sink per land use classification.   

2.1.1 Precipitation 
Figure 2 shows WaPOR average annual precipitation (P) for the period 2010-2016. WaPOR rainfall data is 

based on the CHIRPS database created by the United States Geological Survey (Funk et al., 2015; FAO, 

2018). Additional local validation of the precipitation was done based on observed rainfall data in the 

basin at Zahle and Tal Amara (Figure 2).   

 

Figure 2: WaPOR annual precipitation (mm/yr) for the Litani River basin averaged for 2010-2016 (on OpenStreet Map 
background) 
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The Zahle and Tal Amara meteorological stations are located in the Bekaa valley and therefore represent 

the climatic conditions of the Bekaa valley. The Zahle station contains observations for the period of 

January 1981 to March 2014. The Tal Amara station covers the period of September 1997 to August 2014. 

Figure 3 shows a comparison between the station data and CHIRPS for monthly and annual precipitation 

amounts. The CHIRPS data has been downloaded from the USGS website because data from WaPOR starts 

in 2009. The historic CHIRPS data shows good agreement with the station data. CHIRPS slightly under-

predicts (8% annually; 11% monthly) the measured precipitation, but two stations are not sufficient for 

conducting a bias correction, especially when considering the scale mismatch between a single CHIRPS 

pixel (5 km x 5 km) and a point location in the form of a rain gauge. Hence, WaPOR precipitation has been 

used further in the analyses without any bias correction. 

 

Figure 3: Monthly (left) and annual (right) precipitation from CHIRPS compared with rain gauges in the Northern Bekaa Valley 
for a period of 30 years (Zahle) 

The average annual precipitation in the basin for this period was 630 mm/year (Table 1), which is higher 

than the country average, and in line with data reported by other sources (e.g. Dragan et al., 2005). The 

mountains at the western edge of the Litani basin receive an annual amount up to 900 mm/yr. The north-

eastern part near Baalbek receives less than 400 mm/year annually, confirming a clear gradient with 

declining rainfall amounts when moving in the direction of Syria. The variability of rainfall has a great 

impact on the provision of water resources. For example, the period 2014-2016 received 26% less rainfall 

compared to the period 2010-2014 (Figure 4a). Hence, inter-variability of rainfall can be 26% or more. The 

average rainfall in 2012 was 816 mm/year while the year 2014 received only 456 mm/yr. Figure 4b shows 

a clear mono/modal rainy season, with little to no rainfall observed during the months from June to 

September. Provision of water during this period requires redistribution of water from the rainy season 

through storage. Some natural storage is provided by snow and groundwater. In addition, the Qaraoun 
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reservoir stores 220 Mm3 (source: LRA), but this is located downstream of the Bekaa valley where most 

agricultural activities are taking place.  

 

 

Figure 4: Annual (upper) and monthly average (lower) Precipitation in Litani basin for a period of 9 years (2009 to 2017) 

2.1.2 Actual evapotranspiration and interception 
The WaPOR evapotranspiration (ETa) layer estimates the total evaporation, including interception. The 

ETa values are related to P for getting more insights in the balance between P and ETa (Table 1 and Annex 

I). In the Northern part of Litani basin, ETa values more or less follow the patterns of the P values (Figure 

5). The ETa in the desert landscape varies between 100 to 400 mm/year, depending on the intensity of 

local shrubs. The ETa in the irrigated valley can be 1,000 to 1,200 mm/year depending on crop rotations 
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Figure 9: Land use map of the Litani Basin using the standard Water Accounting + (WA+) classification. 
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The additional data used for the river basin analyses and for the creation of the water accounts for the 

Litani River Basin is presented in Table 7. The input data sets are based on remote sensing data, GIS layers, 

techniques and global hydrological models. Most sources are publicly available online.  

Table 7: Specification of additional (non WaPOR) data sets for estimating productive use of water resources 
Variable(s) Source Reference Used for 
Environmental flows 
requirements 

International Water 
Management Institute (IWMI) 

Smakhtin et al., 2004  WA+ sheet 1 

Grey water footprint University of Twente Mekonnen and Hoekstra, 2015 WA+ sheet 1 
Population WorldPop Gaughan et al., 2013 WA+ sheet 4 

 

 

2.3 Consistency check 
The total outflow is a result from WA+ sheet 5 on surface water (Section 3.5), which is the residual of 

surface runoff after subtracting water withdrawals for irrigation and other purposes, their return flows 

and surface water storage change of Lake Qaraoun. Figure 12 shows low flows (near zero) during the dry 

summer season, which is correct. The flows during the winter months are higher than observed. This may 

be as a result of snow not being incorporated in the current WaterPix conceptualisation. At annual 

timescale, WA total outflow consistently exceeds the measured discharge to sea and inter-basin transfers, 

which could indicate that the inter-basin transfers may not be well captured.   

The inter-basin transfer is of the same order of magnitude as the outflow to the Mediterranean Sea. As 

this particular sink of water is not always properly reported as mentioned in previous chapters, this makes 

it difficult to reasonably explain the difference between observed outflow and WA+ result especially for 

the period from 2014 to 2016. The difference between WA+ output and the observation could be a 

reasonable estimate of the inter-basin transfer, which is not captured. 

 
Figure 12: Annually (left) and monthly (right) total outflows estimated by WA+ solely from remote sensing data vs. measured  

discharges at the outlet (Sea mouth) and Markaba tunnel from 2010-2016. 
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assessment of groundwater resources (UNDP, 2014), the Southern Bekaa Neogene-Quaternary aquifer 

shows an annual deficit of 45.7 Mm3/yr. The latter value is in good agreement with our water balance. 

The GRACE measurements are with -4.6 Mm3 one order of magnitude different, but the single GRACE pixel 

does not match the Litani river basin area as explained before. The GRACE storage changes also include 

soil moisture changes, besides lakes, reservoirs and aquifers and there could be compensating factors that 

increases the gravity, besides the inclusion of the Mediterranean Sea are in the single GRACE pixel. 

Overall, the output of the WaterPix model and WA+ framework provide reasonable estimations of various 

stocks and fluxes in the Litani Basin. 

  





29 
 

environmental flow requirement of 27% of the basin outflow which is about 143 Mm3/year (Smakthin et 

al., 2004).  

The available exploitable water is 664.4 Mm3/year out of which 458.2 Mm3/year is utilized within the basin 

(69 %) and 206.2 Mm3/year (31 %) is transferred out. The non-recoverable water due to pollution is based 

on Mekonnen and Hoekstra (2015) and estimated to be 88 percent of the outflow (469.5 Mm3/year) and 

incremental ET (133 Mm3/year), which is all of the available water. After subtracting non-utilizable out 

flow of 2.4 Mm3/year, the amount remaining for environmental flow is just 58.9 Mm3/year, which is 84 

Mm3/year less than the requirement.  

Not all utilized flow contributes to the economy. The majority of ETinc (total volume 413.2 Mm3/year) 

originates from natural withdrawals (279.6 Mm3/year) and less from human-made withdrawals (133.6 

Mm3/year), meaning that the majority of the available water resources goes to Utilized Land Use (ULU) 

and Modified Land Use (MLU). Rarely this usage of blue water appears in water allocation plans, because 

this consumption occurs naturally and is out of sight from water managers. Groundwater dependent 

ecosystems such as bushland and forests tap into shallow aquifers and intercept drainage flows. Indeed 

many of the Lebanese cedar trees get very old (hundreds of years) and root deep (10 to 30 m). Also 

seepage in valleys and outcrops of groundwater in hill torrents are an important source of water to natural 

vegetation. This appears all during the dry summer months when the natural ecosystem has to survive.  

Majority of the utilized water, 90% (603.1 Mm3/year), is attributed to Managed Water Use, which for a 

large part can be attributed to high pollution levels. The fact that natural land use classes utilize blue water 

can be explained by capillary rise and some complementary irrigation practices during periods of drought. 

Certain crops and orchards are basically rainfed, but during specific events they will get supply with mobile 

irrigation equipment (hoses and sprinklers). It remains an unresolved dispute whether these fields should 

be classified as rainfed or irrigated.  

An initial way to assessing a safe cap for water consumption in irrigated agriculture is based on sustainable 

utilisation of the water resources. The current abstraction for agriculture is 110 Mm3/year, which over-

exploits the groundwater resources by 50 Mm3/yr. When wastewater treatment is improved, about 470 

Mm3/year additional water could become available, however 206 Mm3/year is reserved for the inter-basin 

transfer (average amount from 2012-2016) for hydropower and Beirut (even though a better estimation 

of the actual demand is the transfer during wet years, about 380-400 Mm3/year). In addition, 143 

Mm3/year should be reserved for the environment according to Smakhtin et al. (2004). This potentially 
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The comparison between the WaPOR and WA+ ET split is provided in Figure 16. It shows the proportion 

of ETa components following both methods. There is a substantial difference between T and E components 

generated by WaPOR at the one hand and the WA+ algorithm at the other hand (Figure 17). WaPOR 

generally estimates substantially high T compared to the WA+ split algorithm (71% for WaPOR compared 

to 27% for WA+) (Figure 16). This affects the estimation of beneficial vs non beneficial water consumption 

as shown in Figure 17. Mul and Bastiaanssen (2019) also remarked that the WaPOR split of ETa favours T, 

and that T in reality is likely to be lower.   

   
Figure 16: Comparison between the average Evaporation, Transpiration, and Interception components (2010-2016) of WaPOR 

data and an internal procedure developed by the water accounting team  

Agriculture consumes 39.5% of ETa (Figure 17) and a fraction of 45% of the beneficial consumed water. 

Agriculture is largest consumer of water in the class Managed Water Use, which has the highest T/ET ratio 

(0.77). Agriculture is also largest consumer in the class Managed Land Use, and the T/ET ratio (0,74) is 

high as well. 

3.3 WA+ sheet 3:  Agricultural services 
WA+ sheet 3 assesses agricultural water consumption, production and water productivity. The main 

purpose is to demonstrate to what extent water in the agricultural sector is used productively. The first 

part of WA+ sheet 3 (Figure 18) describes consumptive water use by agriculture while the second part ( 

20) describes Land and Water productivity (See Section 3.3.2).  
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3.3.1 Part 1: Agricultural water consumption 
Consumptive water use for agriculture means evapotranspiration by crops. The grey water consumption 

due to agro-chemicals and over-fertilization is not considered here, to comply with the international 

standard measure of crop water productivity (Y/ETa). As we did not have information on consumptive 

water use by non-crops agricultural services (e.g. aquaculture, timber) in the Litani basin, thus were 

considered negligible. The evapotranspiration of irrigated crops (181.1 Mm3/year) and rainfed crops 

(172.9 Mm3/year) shown in WA+ sheet 2 (Figure 15) is the total evapotranspiration of these land-use 

classes through the whole year. In WA+ sheet 3 (Figure 17), water consumption through 

evapotranspiration is considered during the crop season alone. Since some of the crop types are only 

cultivated for a limited period of the year and then fallowed for the rest, the water consumption of the 

irrigated and rainfed crop classes for agriculture can be lower than that for the whole year. For irrigated 

crops, the crop season can be as long as the whole year thanks to water supply, thus, the agricultural 

water consumption (176.15 Mm3/year) is only 2.7% less than total evapotranspiration of the land. As 

rainfed crops often have shorter season, the water consumption that is beneficial for agriculture (125.96 

Mm3/year) is much less than the annual evapotranspiration (about 27%).  

The difference of water consumption between irrigated and rainfed area (Figure 17) depends greatly on 

the evapotranspiration and land-use classification. From agricultural water consumption (Figure 18), the 

crop classes that are mostly irrigated are cereals, root/ tuber, leguminous, and vegetables & melons. 

Meanwhile, oil crop (olives) is mostly under rainfed conditions. Fruit & nuts crop class consists of several 

crop types: banana, citrus, grapes, and other fruit trees. About half of agriculture water consumption of 

the fruits and nuts is from rainfed area (55.49 Mm3/year). It is often forgotten that irrigated crop also 

consume water from rainfall. Roughly speaking, 44% of evapotranspiration from irrigated crop area can 

be ascribed to rainfall (Figure 17), which is mainly from precipitation during rainy season. 
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Figure 17: WA+ sheet 3a for the Litani Basin and average values for the period 2010-2016 

 

Figure 18: Percentage of agriculture water consumption by Rainfed crops and Irrigated crops 

3.3.2 Part 2: Land productivity and water productivity  
In order to compute the fresh crop yield for each of the agricultural crop classes, a representative crop or 

crops have been selected. The representative crops are wheat for cereals, potatoes for tuber/root crops, 

chickpea for leguminous crops, onion and sugar beet are combined into vegetables & melons crops, and 

olives for oil crops. For fruit & nuts class, there are four major crops: banana, citrus, grapes, and other 

fruit trees (orchard). The crop-specific coefficients (harvest indices and water contents) required to 

convert total dry matter production to crop yield have been applied. Water productivity is then calculated 

based on the consumed water (evapotranspiration).  
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Figure 19: WA+ sheet 3b for the Litani Basin and average values for the period 2010-2016 

On average of the 2010-2016 period, the oil crop (olives) has the lowest land and water productivity, the 

tuber/root crop (potato) has the highest land and water productivity in the basin, following by fruit & 

vegetables groups. This can be explained mainly by the high moisture content of root/tuber, fruit and 

vegetable crops. In general, irrigated crop areas have higher land productivity than rainfed crop areas, 

and their yield is greatly enhanced by irrigation (Figure 19). This can be understood by the fact that 

irrigation is supplied during the dry months, when rainfed crop area is often fallowed, which helps produce 

more crop per land area. However, water productivity of the irrigated crop area is lower than that of 

rainfed crop area in general, which means the irrigated area actually consumes more drop per crop than 

the rainfed area. This suggests that to improve water productivity in the basin, more effort should be 

dedicated to improve irrigation efficiency in the irrigated area.  
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efforts, in conjunction with better water storage and distribution of scarce water resources. With 

sufficient irrigation water supply, the yield during below-average rainfall years should not be affected. 

Accurate irrigation practices in the fields with sensors can help to prevent production falling back during 

dry years. The required infrastructure on storage and canals should be in place to provide the water when 

needed by the thirsty crops.  

The water productivity of irrigated wheat in the Bekaa Valley is on average 0.7 kg/m3, which is below the 

global average of 1.1 kg/m3 (Bastiaanssen and Steduto, 2017), and there is thus lots of opportunities to 

grow more wheat with less water resources. A similar conclusion can be drawn for potatoes. While the 

Litani basin show a water productivity from 6.3 to 6.7 kg/m3, compared to the global average of 8.9 kg/m3 

(Blatchford et al., 2018). The interim conclusion is that WP could be improved realistically to global 

standard levels with 36% and 48% for wheat and potato respectively. 

Livestock production is also an important agricultural activity, especially in the Northern area of the Litani 

basin where soil fertility is low. Unfortunately, agricultural statistics are not specified for the hydrological 

basin as they are reported according to administrative division (MoA and FAO, 2010). Though there are 

few studies on the nutrient balance and number of livestock animals in the Upper Litani River basin in 

2015, the reported figure cannot represent the total livestock production in the whole basin and the trend 

through years. Due to the lack of this information, water consumption by livestock animals was not 

estimated for this water accounting report.   
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Figure 21: The yearly land and water productivity of Irrigated crops from 2010 to 2016 

3.4 WA+ sheet 4:  Utilized flow 
The average exploitable water is 664.4 Mm3/year, out of which an amount of 603.1 Mm3/year is utilized 

(see Figure 14). WA+ sheet 4 describes in more detail how this water resources are currently utilized. A 

distinction between human-made (Figure 22) and natural land-use withdrawals (Figure 23) is made. The 

gross human induced withdrawal is the sum of supplied water computed by WaterPix, which is 145.22 

Mm3/yr. This is the total amount from all the pixels that are identified to have a certain minimum period 

of time during which extra water is supplied (in addition to rainfall). A fraction of 60% is assumed to 

originate from groundwater, as groundwater is the major source of water management applications.  

The Litani River Basin is located within the region of Bekaa Water Establishment and the South Lebanon 

Water Establishment. In these establishments, the total groundwater abstraction of public wells is 

estimated to range from 50 to 70 Mm3/year (MoEW & UNDP, 2014). The total volume of groundwater 

abstraction is likely to be underestimated due to ill-defined number of private wells and inaccurate 

abstraction rates from public wells. Namely, only 25% of over 80,000 wells in Lebanon are registered and 
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Figure 25:  WA+ sheet 5 for the Litani Basin and the average values for the period 2010-2016 
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4 Conclusions 
 

The Litani River basin is facing various challenges related to over-exploitation of the water resources. 

Ground water resources are depleted by 57.5 Mm3/year high level of pollution results in non-recoverable 

water (469.5 Mm3/year), and environmental flow requirement is unmet (84 Mm3/year). Based on the 

estimated water availability, the inhabitants are facing severe water shortage (800 m3/cap/year), while 

39% of the water resources are exported from the basin as inter-basin transfers. In addition, water is 

exported from the basin through virtual water contained in crops, as the Bekaa valley is one of the key 

areas for food production in Lebanon. The actual water availability for inhabitants of the Litani River basin 

is therefore much lower. 

While the inflow into the network of streams and rivers is 655 Mm3/year and groundwater recharge is 

366 Mm3/year, the distribution in space and time as well as across natural land use and irrigation systems 

is skewed. This is caused by the dry summers and small storage facilities, located downstream of the main 

water users. The Litani River basin has an exploitable water resources of 664 Mm3/year, which for 88% 

are utilised, either through incremental ET (133.6 Mm3/year) or through pollution (469.5 Mm3/year).  

Despite the water scarcity and high pollution level within the basin, about one third of this exploitable 

water resources is transferred out of the basin for hydropower production and to the urban area in Beirut 

every year. As a result, the recommended environmental flow requirement is unmet, which leads to zero 

utilizable water remaining in the river.  

Even with an assumption of 80% irrigation efficiency, the amount of abstracted water estimated to satisfy 

incremental evapotranspiration, mostly during dry months, is still significantly high compared to natural 

flows. It is estimated that the water storage of the basin is decreasing about 50 Mm3/yr. The estimated 

groundwater withdrawal for irrigated crops alone is about 80 Mm3/year (about 72% of the total 

withdrawal for irrigated crops 110 Mm3/year). Given the situation of unregistered groundwater 

abstraction wells in the basin, more study in groundwater accounting is recommended for the basin to 

define sustainable water caps.  

Rainfed cropping, which is the traditional agricultural system in the basin, showed lower yield but higher 

water productivity than irrigated area in general. Therefore, it might be still suitable for the economic 

utilization of water resources and food security of Lebanon. The future water allocation to irrigated 

cropland depends on a number of possible strategies. One strategy is to invest more in water treatment 

plants that recovers (part of) the current non-recoverable flow (470 Mm3/year). Another strategy to 





http://wateraccounting.org/
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https://reliefweb.int/sites/reliefweb.int/files/resources/CensusofAgriculture2010-LebanonMainresults.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/CensusofAgriculture2010-LebanonMainresults.pdf
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Annexes 
Annex I: Spatial distribution of precipitation P and evapotranspiration ETa.  

Figure I.1. Spatial distribution of P and ETa and P-ETa for 2009-2016 
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Annex IV: Resource base sheets of all the years 
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