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Abstract
Developing countries rely to a large extent on international donors to improve water security. Yet,
international interventions often end up with low e�ciency impacts because of the lack of a priori
comprehensive projections. With this in mind, this paper presents a scenario-based methodology to
forecast river water quantity and quality in a common multi-stressor situation, that is combined impact of
climate change, population growth and wastewater discharge. As an illustrative case, El Kalb River basin,
in Lebanon, was simulated under four scenarios up to year 2050, using Water Evaluation and Planning
(WEAP) model. The observed trends indicate that mean annual stream�ow and �ow to groundwater
could decrease by around 10 to 23% each due to climate change, while water demand is expected to
increase by 16 to 32%. As to water quality, the maximum BOD of 68 mg/L (in 2019) can be decreased by
introducing wastewater treatment (starting 2021 as planned by national authorities) to 44 mg/L, only to
increase again to 63 mg/L in 2050 due to population growth. Considering climate change, water quality is
expected to deteriorate further and the maximum BOD would reach 118 mg/L and 147 mg/L in 2050
under RCP 4.5 and RCP 8.5 scenarios, respectively. Even though the planned wastewater treatment
facilities would reduce BOD by 34%, it was shown that the river would never meet water standards –
under any of the proposed scenarios. The approach adopted in this paper is recommended for
quanti�cation of the e�ciency of river protection plans in developing areas.

Highlights
This paper forecasts river water quantity and quality in a multi-stressor situation

Climate change causes 10-23% decrease in stream�ow and 16-32% increase in water demand

Wastewater treatment decreases BOD level, which will increase again to 78-97 mg/L by 2050

The scenario approach showed that the river water protection plan is not e�cient on the long run

1. Introduction
Over the last decades, weather data showed an increasing warming trend at the surface of Earth, and
climate models predict further warming and climatic changes throughout the rest of the century
(Trenberth 2014; Talib and Randhir 2017). Climate change projections reveal a higher frequency of
droughts, accompanied by warmer temperatures that will speed up evaporation from water and land
surfaces (Wasimi 2010; Verner et al. 2018). These changes impact the various components of the
hydrological cycle, as well as water supply and demand (Alavian 2009; Upadhyaya 2016; Steveninck et al.
2018). On the supply side, water quantity is affected by the changes in runoff, stream�ow, groundwater
levels and recharge rates. Water quality is also affected by increased saltwater intrusion, due to the rising
sea level, and faster biochemical contamination, under higher temperatures. On the demand side, an
increased need for water is expected in different sectors, particularly agricultural and residential, due to
expected increase in temperature and evapotranspiration, and reduction in precipitation and soil moisture
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(Alavian 2009; Steveninck et al. 2018). These effects are exacerbated by population growth and their
impact is pronounced in developing and vulnerable regions of the world.

In Lebanon, a typical developing country of the Middle East, temperature projections show an increase of
1.2°C under Representative Concentration Pathway (RCP) 4.5 and 1.7°C under RCP 8.5 by 2050, relative
to the baseline period of 1986 to 2005. Also, precipitation rates are expected to decrease by 4 to 11%
under RCP 4.5 and RCP 8.5, respectively, with drier conditions by the end of the century (MoE et al. 2016).
The anticipated climatic changes are presumed to increase the vulnerability of freshwater resources in
the country and aggravate the already observed stresses. Lebanon has experienced a rapid decrease in
surface water resources in the last four decades (Shaban and Houhou 2015) and a gradual depletion of
groundwater, caused by poor water resources management (MoEW and UNDP 2014). In addition,
population growth and the in�ux of the Syrian displaced population have led to a drop of the individual
share of annual renewable water resources from more than 1,000 m3/cap.yr to 770 m3/cap.yr (Walnycki
and Husseiki 2017). The water demand is expected to rise from 1500 MCM in 2020 to 1800 MCM in
2035, with irrigated agriculture being the largest water-consuming sector in the country (Al-Housseiny
2016).

From a water quality perspective, surface water resources in Lebanon already suffer from high levels of
bacteriological, chemical, organic, and inorganic contamination (Haydar et al., 2014). The anticipated
changes in weather parameters, associated with climate change, may alter the dilution rate, and thus
increase the concentration of pollutants during periods of reduced precipitation and increased
evaporation (Sjerps et al. 2017). Also, higher temperatures reduce the dissolved oxygen content in water
streams, enhance the dissolution of contaminants, and increase the rate of algal and bacterial growth
(Delpla et al. 2009). The above-mentioned facts, combined, have attracted the attention of international
donors to support water resources protection projects in Lebanon, with emphasis El Kalb River.

El Kalb River is one of Lebanon’s fourteen major rivers and its basin partly overlaps with the catchment of
the Jeita Spring, which delivers most (70%) of the water demand of the capital (Beirut). Thus, the climate
induced changes in the hydrological cycle may have detrimental impacts on national water supply
(Schuler 2012; Shaban 2021). From a quality perspective, the river is under high physical, chemical, and
biological contamination, mostly associates with uncontrolled discharge of liquid and solid wastes from
the highly populated surroundings (Schuler 2012; Schuler and Margane 2013). In response, two
wastewater treatment plants are planned by the national authorities along El Kalb River (CDR 2018b) to
limit the source of pollution.

The Water Evaluation and Planning system (WEAP) is an integrated decision support system that is
applied to develop water resources management models at catchment scale (Leong and Lai 2017).
WEAP has been repeatedly used to simulate �ows, analyze water demand trends, and project the impacts
of various natural and anthropogenic factors on water quantity and quality in different regions of the
world (Amin et al. 2018; Kumar et al. 2019; Pallavi et al. 2021; Majedi et al. 2021). Reported WEAP-based
studies in Lebanon include a hydrological balance assessment of the Jeita Spring catchment (which
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includes El Kalb River). Yet, until this date, there exist no projection of stream�ow and �nal water quality
of El Kalb River, under the anticipated climatic changes, that takes into consideration the effectiveness of
environmental protection actions, such as the construction of new wastewater treatment plants.

The combined impact of climate change, population growth and wastewater discharge (or interrupted
discharge) is speci�c to (and common for) rivers in developing countries. It is in line with attempts from
international organizations to assist national authorities to better plan the exploitation of major rivers and
neighboring watersheds. Yet, this combination has been seldom approached from a scenario perspective,
with a comprehensive analysis of both quantity and quality projections. Therefore, this study applies
WEAP to the case of El Kalb River, accounting for population growth, climate change and/or wastewater
treatment, aiming to develop a systematic approach to generate simple and easy to understand, yet
su�cient, data for informed decision making.

2. Materials And Methods
2.1 Study site and measurement locations

El Kalb River, with a length of 31 km, is located north of Beirut in Mount Lebanon Governorate. The river
originates from the highlands of the Kesrouane area and is fed by inter�ow and runoff that occur shortly
after events of rainfall and snowmelt. It runs from the Jeita Grotto to the Mediterranean Sea. The river
catchment, having a total area of about 249 km2, consists of four sub catchments joining to form the
main branch of the river (Doummar and Aoun 2018).

The watershed of El Kalb River and the boundaries of the sub catchments within the basin were
delineated using ArcMap 10.4. Fig. 1 shows the watershed surface, the sub catchments areas, the stream
gauge station (Sea Mouth), and the BOD sampling sites (S1 to S4).

2.2 Flow and BOD measurements

Flow data for the years 1993 to 2017 have been obtained from a stream gauge station, situated
downstream of the river course (Fig. 1). The mean annual �ow is 5.5 m3/s, with the highest mean
monthly �ow occurring in January (14.3 m3/s) and the lowest in August (0.3 m3/s) during �ow recession
periods.

Water quality was assessed through a sampling campaign during the wet and dry seasons of year 2019.
The samples were tested for biochemical oxygen demand (BOD) – considered indicative of wastewater
contamination. Sampling points (S1 to S4) are shown on Fig. 1. BOD values varied from 32.5 mg/L to
58.3 mg/L in January 2019, and 42.1 mg/L to 69.7 mg/L in August 2019 (see Table S1 of the supporting
information for water temperature and BOD values at each sampling location).

2.3 Land use, soil, and hydrogeology
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The land use (Fig. 2a) and soil cover maps (Fig. 2b) of the study area were generated in ArcMap 10.4
using data extracts from the “OpenStreetMap” project (GEOFABRIK downloads 2018). Eight land use
classes were identi�ed (Fig. 2a) with be non-irrigated (rainfed) lands being more abundant than irrigated
(agricultural) areas (Table S2 of the supporting information). Groundwater basins in the study catchment
were also delineated in ArcMap with reference to the United Nations Development Programme (UNDP)’s
map of groundwater basins in Lebanon (MoEW and UNDP 2014). The main aquifers, identi�ed in Fig. 2c,
are the High Central Mount Lebanon Cretaceous Basin, the Kesrouane Jurassic Basin, the Metn Shouf
Cretaceous Sandstone Basin, and the Aptian-Albian Basin. Areas above the Jurassic unit are expected to
have an in�ltration rate of 50 to 60% of effective precipitation, while those above the High Central Mount
Lebanon cretaceous unit are expected to have an in�ltration rate of about 80% of effective precipitation.
The remaining units are semi-aquifers which may allow minor in�ltration and storage of groundwater
(Schuler 2012; Schuler and Margane 2013; MoEW and UNDP 2014). Transmissivity values of the different
geologic units were estimated between 0.01 to 1 m2/s for the Jurassic and the Cretaceous basins, and
between 0.00001 to 0.0001 m2/s for the Cretaceous Sandstone basin. Moreover, the potential thickness
of each aquifer was determined as follows: 200 to 600 m for the Cretaceous Basin, 10 to 300 m for the
Cretaceous Sandstone Basin, 1000 to 1500 m for the Jurassic Basin, and 50 m for the unproductive
Aptian-Albian Basin (MoEW and UNDP 2014; Badoux et al. 2014).

2.3.1 Population and water demand

Kesrouane and El Metn are the two districts that partly overlap with El Kalb River basin, with population
densities of 544 p/km2 and 1991 p/km2, respectively (Lebanese Republic 2018) and 1% annual
population growth rate (CDR 2018a). Fifteen domestic water demand sites were de�ned in Fig. 2d,
considering 220 liters per capita per day (lcd) average unit demand rate (El Amine 2016).

To determine actual evapotranspiration and irrigation water requirements of different crops in WEAP, the
crop coe�cient, required for each land class type (Sieber and Purkey 2015; SEI 2016) was adopted from
the “National Guidelines for Greenhouse Rainwater Harvesting Systems in the Agricultural Sector of
Lebanon” (MoE and UNDP 2016). Particularly, monthly values of the crop factor for all irrigated crops
incorporated in the model were developed (Table S3 of the supporting information), with the assistance
of local farmers and following FAO guidelines (FAO 2020). An irrigation e�ciency of 60% was assumed,
as suggested by previous studies in El Kalb River basin (Schuler 2012).

2.3.2 Weather data

In general, the climate is seasonal and is classi�ed as Mediterranean, with the highest precipitation
between November and March, and relatively little to no precipitation during summer. The mean
precipitation is about 450 mm per year, and the average temperature is 14.6 oC. Average monthly values
of weather parameters (precipitation, air temperature, wind speed, relative humidity, cloudiness fraction –
and calculated solar radiation) were obtained from the station of Qartaba (shown on Fig. 1) for the years
2012 to 2017 (World Weather Online 2020).
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2.3.3 Water storage and wastewater treatment plants

To date, the only existing reservoir for surface water storage in the vicinity of El Kalb River basin is
Chabrouh Dam. It is designed to deliver 60,000 m3/day to Kesrouane district and leaks up to 200
liters/second due to the karstic nature of the geological formations in the area (MoE et al. 2011; ECODIT
LIBAN 2015). The monthly storage and discharge rates of the dam for the year 2010/2011 were used in
this study (Schuler 2012). In addition, two wastewater treatment plants were planned to start operation in
2021 – at a capacity of 6000 m3/day (to serve 35,000 to 40,000 people) (UNDP 2013). Secondary
treatment, with 85% BOD removal e�ciency, was assumed for both plants (Salman et al. 2016).

2.3.4 Current wastewater management

The daily generation of domestic wastewater was assumed to be 165 lcd (Karam et al. 2013) and a
corresponding average water supply rate of 220 lcd. A BOD load of 31 kg/capita/year was assumed –
calculated based on domestic wastewater generation �gures across Beirut and Mount Lebanon (58603
Mg of BOD5/year (MoE et al. 2014) for a population of 1,887,122 residents (CDR 2018a). It is assumed
that the untreated wastewater is equally discharged into: (1) El Kalb River and other streams through
direct discharge, and (2) underground hydrogeological units via leaking cesspits (Schuler 2012).

2.3.5 WEAP model development

Upon establishing the boundaries of the study area, the watershed components were de�ned (river
tributaries and mainstem, subcatchments, domestic demand sites, water supply sources), as well as the
planned wastewater treatment plants (Hrajel and Jeita) and the stream gauge station (Sea Mouth).
Hydrological modelling was performed using the Soil Moisture Method in WEAP. This method
incorporates the impacts of land use and soil types on water availability and allows the characterization
of surface runoff, evapotranspiration (including irrigation), and subsurface �ows (Sieber and Purkey
2015; SEI 2016). Flow to groundwater was simulated by connecting each catchment node to a
groundwater node through an in�ltration link.

The generated model, illustrated in Fig. 3, accounts for surface water-groundwater interaction by
simulating groundwater discharge to the stream, but does not consider inter�ow and external in�ows and
out�ows from and to surrounding catchments and aquifers.

The oxygen balance in the river was simulated using the water quality module in WEAP. It is based on the
Streeter-Phelps model which accounts for consumption of organic matter (BOD exertion) and reaeration
across the air-water interface. The model incorporates water temperature, depth and velocity, and the
rates of reactions, decomposition and re-aeration (Kumar et al. 2017). The water quality model factors
and constants were adopted from the literature (Sieber and Purkey 2015).

2.4 Model calibration and validation
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Stream�ow values at Sea Mouth, for years 2012 to 2015, were used for calibration of the hydrological
model; �ow data for the years 2016 and 2017 were used for validation. The parameters needed for the
Soil Moisture Method (soil water capacity, root zone conductivity, runoff resistance factor and preferred
�ow direction), as well as the discharge rate of groundwater to the river, were adopted from the literature
(Sieber and Purkey 2015; Quoc 2016; SEI 2016; Amin et al. 2018). The calibration of the water quality
model was done manually, by adjusting the river geometric characteristics (stage and water width) and
BOD generation rate to �t the observed values (Kumar et al. 2017; Kumar et al. 2019). The Nash Sutcliffe
e�ciency index (NSE), the percent bias (PBIAS), and the coe�cient of determination (R2) were used to
evaluate the model performance (Quoc 2016; Leong and Lai 2017; Rauf and Ghumman 2018; Yaykiran et
al. 2019).

2.Simulated scenarios

The scenarios simulated in this analysis span from year 2012 (baseline year) to year 2050, and consider
three factors: population growth, wastewater treatment and discharge, and climate change. The business-
as-usual condition was represented by a reference scenario (Scenario 1), with an annual population
growth rate of 1%, while climatic changes and the implementation of the wastewater treatment plants
were modeled as scenarios that represent future deviations from the current conditions. Climate change
projections are based on two Representative Concentration Pathways (RCPs) de�ned by the
Intergovernmental Panel on Climate Change: RCP 4.5 and RCP 8.5. By midcentury, a temperature increase
of 1.2°C and 1.7°C, with a decrease in precipitation of 4% and 11%, are expected under RCP 4.5 and RCP
8.5, respectively (MoE et al. 2016).

Scenario 1: Reference – The purpose of Scenario 1 is to quantify current water quantity parameters of the
catchment, and the impact of prolonged wastewater discharge on water quality of the river, considering
population growth only.

Scenario 2: 2-A (RCP 4.5) and 2-B (RCP 8.5) – Scenario 2 analyzes the effects of climate change on the
catchment hydrological components and river water quality. The yearly changes in temperature and
precipitation were assumed to be linear, at the following respective rates: +0.4°C per decade and -1.33%
per decade under Scenario 2-A (RCP 4.5), and +0.56°C per decade and -3.66% per decade under Scenario
2-B (RCP 8.5). Under this scenario, the wastewater treatment plants remain non-operational.

Scenario 3 – Compared to Scenario 1, Scenario 3 analyzes the impact of the proposed wastewater
treatment plants on the river water quality – considering that operation starts on year 2021. The
discharge of untreated wastewater into the river is stopped. Instead, an out�ow of wastewater from
generation sites to the treatment plants and an in�ow of treated wastewater to the river were introduced.

Scenario 4: 4-A (RCP 4.5) and 4-B (RCP 8.5) – Scenario 4 analyzes the combined effects of wastewater
treatment and climate change on the river water quality. Consequently, the same climatic changes in
Scenario 2 were applied and wastewater treatment was incorporated following the same approach of
Scenario 3.
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3. Results And Discussion
3.1 Model performance

3.1.1 River �ow model

Figure 4 illustrates the observed and simulated monthly stream�ow results for the calibration and
validation periods. The calculated NSE values range from 0.80 to 0.90 for the calibration period and 0.81
to 0.91 for the validation period (average NSE value is 0.85). The R2 values vary from 0.82 to 0.92 for the
calibration period and 0.85 to 0.92 for the validation period (average R2 value is 0.88). These results
indicate adequate performance. The negative PBIAS values, ranging from -1.1% to -20.9% (average PBIAS
value is -11.1%), suggest that the model tends to underestimate stream�ow (see Tables S4 to S9 of the
supporting information).

3.1.2 Water quality model

Fig. 5 illustrates the observed and simulated BOD values for the months of January and August 2019.
Adequate performance was observed for all statistical indicators, with an average NSE value of 0.90, an
average R2 value of 0.95, and an average PBIAS value of -2.1% (see Table S10 of the supporting
information).

3.2 Water quantity

3.2.1 Water budget components

The impact of climate change was analyzed by comparing the model outputs at catchment level for
Scenarios 1 and 2 (Table S11 of the supporting information). Under Scenario 1, mean annual
precipitation is estimated at 160 MCM. Losses to evapotranspiration amount to at 37 MCM and represent
approximately 23% of the water budget. Surface runoff, projected at 47 MCM, corresponds to
approximately 29% of the available water resources, whereas �ow to groundwater represents the largest
component of the water balance at approximately 76 MCM (47%). This distribution of available water
resources in El Kalb River basin is closely similar to that established by previous studies for the Jeita
Spring catchment (years 2010 to 2012), where evapotranspiration, surface runoff, and �ow to
groundwater contributed to 20%, 27%, and 52% of the available water resources, respectively (Schuler
2012). It is also similar to �gures determined at the national level (2008 to 2012): 20% for
evapotranspiration losses, 27% for surface runoff, and 53% for groundwater in�ow (MoEW & UNDP,
2014). Also, the simulated �ow values con�rm the �ndings of Shaban (2019) that a great portion (> 55%)
of precipitation is lost to evapotranspiration or is rapidly absorbed into the subsurface, feeding deep
karstic aquifers.

Due to climate change, the mean annual precipitation could decrease by 6 to 17 MCM under Scenario 2-A
(RCP 4.5) and Scenario 2-B (RCP 8.5), respectively. With the anticipated rise in temperature, mean annual
evapotranspiration is expected to increase by 6 MCM (+17%) under RCP 4.5 and 10 MCM (+7%) under
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RCP 8.5. Moreover, mean annual surface runoff is expected to decrease by 5 MCM (-10%) under RCP 4.5
and 10 MCM (-21%) under RCP 8.5. This outcome concurs with observations in other main river basins in
Lebanon, reporting a runoff decrease of 18% in the Upper Litani River basin and 22% in the Lower Litani
River basin for a 2°C temperature increase and a 10% precipitation decrease (Ramadan et al. 2013). Less
�ow to groundwater is also predicted, with a decrease of 8 MCM (-10%) under RCP 4.5 and 17 MCM
(-23%) under RCP 8.5.

3.2.2 Stream�ow

The mean annual stream�ow of El Kalb River is estimated at about 91 MCM for the years 2012 to 2050
(Table S11 of the supporting information). With climate change, the stream�ow is expected to decrease
by 9 MCM (-10%), equivalent to 0.3 m3/s, under Scenario 2-A (RCP 4.5), and 21 MCM (-23%),
corresponding to 0.6 m3/s, under Scenario 2-B (RCP 8.5). This result suggests a signi�cant �ow recession
trend similar to that observed in the Upper and Lower Litani basins, where stream�ow reductions of 0.8
and 0.7 m3/s were anticipated due to climate change (Ramadan et al. 2012).

3.2.3 Domestic and irrigation water demand

For an annual population growth rate of 1%, domestic water demand increases from 14 MCM in 2012 to
20 MCM in 2050, with a mean annual value of 17 MCM, assuming that the per capita domestic water
consumption of 220 lcd does not vary with climate change. Mean annual water demand for agricultural
use is estimated at 23 MCM under Scenario 1, which represents nearly 58% of the total water demand.
Since no major industries were identi�ed in the studied catchment, these values are slightly different than
o�cial national �gures (61% for agriculture, 30% for domestic use, and 9% for industrial use) (MoE et al.,
2014). With the increase in evapotranspiration due to climate change, water demand for irrigation is
expected to rise by about 4 MCM under Scenario 2-A (RCP 4.5) and 7 MCM under Scenario 2-B (RCP 8.5).
Consequently, the mean annual water demand will increase to 44 MCM (+16%) under RCP 4.5 and 47
MCM (+32%) under RCP 8.5, accompanied by a 10 to 23% decrease in water supply.

3.3 Water quality

3.3.1 Impact of wastewater treatment

The impact of wastewater treatment on the river water quality was examined by comparing the maximum
annual BOD concentrations of Scenarios 1 and 3 (Fig. 6a) at Sea Mouth point. Under Scenario 1, the
maximum annual BOD concentration in El Kalb River is estimated at about 68 mg/L in 2019. This value
re�ects an alarming level of pollution, as it exceeds the allowable national standard and the WHO
threshold of 25 mg/L for wastewater discharge into surface water and the sea (Karam et al. 2013; Haydar
et al. 2014). With a population growth rate of 1% and an additional volume of domestic wastewater
discharged into the river, the maximum annual BOD concentration increases to 94 mg/L (+38%) in 2050
under Scenario 1. Operating the planned wastewater treatment facilities reduces the maximum annual
BOD concentration to 44 mg/L (-33% ) in 2021 only for the BOD concentration to re-increase progressively
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to 63 mg/L in 2050. The outcome of Scenario 3 reveals that the treatment facilities under preparation are
expected to fall short in achieving adequate water quality at the downstream reaches of the river. Water
deterioration due to population growth, and the discharge of wastewater from upstream sites that are not
served by the treatment plants, outweigh the expected reduction of pollutants discharge.

3.3.2 Impact of climate change

The impact of climate change on the river water quality was analyzed by comparing the model outputs of
Scenario 1 to Scenarios 2 and 4 (Fig. 6b). Climate change aggravates the deterioration of water quality,
leading to a maximum annual BOD concentration of 118 mg/L (+25%) in 2050 under RCP 4.5. This value
becomes as high as 147 mg/L (+56%) under RCP 8.5. Introducing wastewater treatment reduces the
maximum annual BOD concentration to 78 and 97 mg/L in 2050 under RCP 4.5 and RCP 8.5,
respectively. Accordingly, the planned wastewater treatment facilities would reduce the BOD
concentration by about 34%. Yet, the river water quality would not meet national or international
standards. The scenario approach adopted in this study may be replicated to quantitively forecast the
e�ciency of national river water protection plans in developing regions of the world.

4. Conclusions
In this study, El Kalb River basin was modeled in WEAP in order to assess the future impacts of
population growth, climate change, and wastewater treatment on the catchment water balance and river
water quality, for the period between 2012 and 2050. Under climate change, mean annual surface runoff
and �ow to groundwater were projected to decrease by 10 to 21% and 10 to 23%, respectively. Mean
annual evapotranspiration could rise by 17 to 27%, while mean annual stream�ow could decrease by 10
to 23%, corresponding to a �ow recession of 0.3 to 0.6 m3/s. Moreover, mean annual water demand is
expected to increase by 16 to 32%.

Water quality simulation results showed that the maximum annual BOD concentration of 68 mg/L (in
2019) may be decreased to 44 mg/L by 2021, upon operation of two wastewater treatment facilities –
which remains above the national threshold. Afterwards, the maximum annual BOD starts to increase
again to reach 62 mg/L by 2050. Adding the effect of climate change, further deterioration of the river
water quality is expected, and the maximum annual BOD would surge to 78 mg/L to 97 mg/L in 2050,
under RCPs 4.5 and 8.5. In conclusion, the scenario approach adopted in this study shows that the river
water protection plan is not e�cient on the long run.
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Figures

Figure 1

Map of El Kalb River catchment
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Figure 2

(a) Land use (b) Soil type (c) Hydrogeology (d) Domestic water demand sites
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Figure 3

Con�guration of the hydrological and water quality model components

Figure 4
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Observed and simulated monthly stream�ow

Figure 5

Observed and simulated BOD concentrations

Figure 6

(a) Maximum annual BOD concentration in El Kalb River at Sea Mouth point: (a) under Scenarios 1 and 3;
(b) under Scenarios 2 and 4
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