
 

 



TITULO: Practical Riverside Restoration and Bioengineering Guide, Based on
Water Purifying Plant Technique Litany River, Lebanon

AUTOR: Georgio Kallas

© Edita: UCOPress. 2022 
Campus de Rabanales
Ctra. Nacional IV, Km. 396 A
14071 Córdoba

https://www.uco.es/ucopress/index.php/es/
ucopress@uco.es



 

                                                       

COTUTELLE DOCTOR AWARD 

Programa de Doctorado 

BIOCIENCIAS Y CIENCIAS AGROALIMENTARIAS 

Practical Riverside Restoration and Bioengineering Guide, 

Based on Water Purifying Plant Technique 

Litany River, Lebanon 

Guía práctica de restauración y bioingeniería de la ribera, 

basada en la técnica de una planta purificadora de agua 

Litany River, Líbano 

Memory presented by Georgio J. Kallas 

To qualify for the degree of Doctor by the University of Córdoba and the Lebanese University 

The directors of the thesis,  

Dr. Rafael Mª Navarro Cerrillo Dr. Guillermo Palacios Rodríguez 

Full professor 

Universidad de Córdoba 

Researcher 

Universidad de Córdoba 

                       Dr. Samir Medawar                                              Dr. Salim Kattar 

                              Full professor                                                      Full professor 

                          Lebanese University                                           Lebanese University  

Georgio J. Kallas 

Córdoba (Spain), 17 December 2021 

 

                                   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All rights reserved. The total or partial reproduction of this thesis is not 

authorized without the prior written permission of the Lebanese University, 

Doctoral School of Letters and Human and Social Sciences. 

© Universidad de Córdoba and the Lebanese University (2021). 



TÍTULO DE LA TESIS: PRACTICAL RIVERSIDE RESTORATION GUIDE. 
MODELING GREEN FILTER AND BIOENGINEERING TECHNIQUES: LITANI RIVER, 
LEBANON 

DOCTORANDO: Georgio KALLAS 

INFORME RAZONADO DEL/DE LOS DIRECTOR/ES DE LA TESIS 

El doctorando presenta y desarrolla en su tesis un trabajo original en el campo 
de la modelización y la restauración hidrológica, así como el uso de nuevas técnicas 
para el aprovechamiento y tratamiento de aguas residuales, en entornos bajo riesgo 
de cambio climático en la cuenca mediterránea. Se trata de un trabajo novedoso, de 
gran actualidad y demanda en la región donde se desarrolla en estudio, el Líbano, un 
país bajo grave riesgo de los efectos de cambio climático y cuya gestión del agua 
supone un importante desafío a resolver dada la enorme dependencia de sector 
agrícola y forestal de este recurso y la situación crítica esperada bajo los escenarios 
previstos de cambio climático. 

La tesis se centra en la evaluación de la capacidad y aptitud del territorio para 
la ubicación potencial de nuevos sistemas de tratamiento de aguas residuales basados 
en bioingeniería, y la modelización hidrológica y el comportamiento de la mayor 
cuenca hidrográfica del país, la del río Litani, en función de los cambios de uso del 
suelo y los escenarios futuros esperados de cambio climático, optimistas y pesimistas, 
con la disponibilidad de recursos hídricos en la zona de estudio. Los procesos de 
modelización hidrológica desarrollados ofrecen la posibilidad de evaluar la 
disponibilidad actual y futura de recursos hídricos como herramienta de apoyo a una 
adecuada planificación territorial sostenible a nivel ambiental, social y económico, así 
como para el diseño de actuaciones de restauración de las áreas degradas y de 
tratamiento y reutilización de aguas residuales con fines agronómicos y forestales. 

Los resultados presentan interés científico y suponen una novedad en el 
contexto geográfico en el que se desarrollan, y además son de aplicación en el diseño 
de actuaciones de restauración hidrológico-forestal y la planificación territorial en 
zonas semiáridas como el Líbano, donde la falta de información técnica y científica en 
estos campos suele limitar la capacidad de toma de decisiones y la ejecución de las 
actuaciones. De este modo, los resultados obtenidos en este trabajo son transferibles 
a las instituciones encargadas de la gestión territorial, habiendo despartado un gran 
interés en la Litani River Authority, encargada del diseño y ejecución de actividades 
restauración hidrológico-forestal, gestión de los recursos hídricos y gestión del 
territorio ocupado por la cuenca hidrográfica del río Litani. 

El desarrollo metodológico es correcto y riguroso tanto en su planteamiento 
teórico como en su desarrollo posterior, lo cual asegura la validez de los resultados 
obtenidos, y permite su generalización en posteriores trabajos de investigación. En 
este sentido cabe destacar la innovación de las técnicas de modelización utilizadas en 



el contexto en el que se realiza la tesis, y su aplicación a un ámbito territorial con 
elevado interés ambiental y socioeconómico. 

 
El resultado es original en el contexto de la gestión territorial y la evaluación de 

la capacidad y aptitud de uso de la tierra, como ha sido reconocido con la aceptación 
con cambios del artículo “Assessment of land suitability for site selection of the 
biological wastewater treatment system as support of climate change effects mitigation 
in Lebanon and the Litani River Basin” en la revista indexada Forests (JCR Q1) para 
su número especial de 2022 sobre Forest Management to Climatic Change. 
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REASONED REPORT OF THE THESIS SUPERVISORS 

 
The PhD student presents and develops in his thesis an original work in the field 

of modelling and hydrological restoration, as well as the use of new techniques for 
treatment and reclamation of wastewaters in susceptible to climate change environments 
of the Mediterranean basin. This is a novel work, highly topical and in demand in the 
region in general and in Lebanon in particular, being a country under serious risk of the 
effects of climate change. The water management in the country is a major challenge 
requiring urgent solutions, given the enormous dependence of the agricultural sector on 
this resource and the critical situation expected under the predicted climate change 
scenarios. 

 
The thesis focuses on the evaluation of land suitability for the potential installation 

of new wastewater treatment systems based on bioengineering techniques, and 
hydrological modelling of the behaviour of the Litani River basin, the largest river in 
Lebanon. It takes into consideration changes in the land-use and the expected future 
scenarios of climate change, along with the availability of water resources in the study 
area. The developed hydrological modelling offers the possibility to evaluate the current 
and future availability of water resources as a tool to support adequate sustainable 
territorial planning at environmental, social and economic levels, as well as for the design 
of actions for the restoration of degraded areas and the treatment and reuse of 
wastewater for a safer agriculture sector. 

 
The results are pertinent and of valuable scientific interest representing a novelty 

in the geographical context. They are also applicable to the design of hydrological-
forestry restoration actions and territorial planning in semi-arid areas such as Lebanon, 
where the lack of technical and scientific information in these fields often limits decision-
making capacity and the implementation of actions. Thus, the findings of this work are of 
big interest for the involved Lebanese authorities, namely the Litani River Authority, in 
charge of the design and execution of reclamation activities, water resources 
management and management of the Litani River basin and its buffer are. 

 
The chosen methods are correct and based on rigorous literature review. Such 

meticulous approach ensured the validity of the obtained results, allowing them to be 
generalised in subsequent research work. In this sense, it is worth highlighting the 
innovation of the modelling techniques used in the complex context in which the thesis 
is carried out, in a place of high environmental and socio-economic interest. 

 
The result is original in the context of land management and the assessment of 

land-use capacity and suitability, as has been recognised with the acceptance of the 
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Abstract 

In Lebanon, the demand for water resources for domestic, commercial, industrial and agricultural 

use is increasing dramatically (Jaber, 1997), due to rapid population growth and demographic 

change (EMWATER, 2004). In southern Lebanon, the Litani River provides a vital water supply. 

The river rises west of the city of Baalbek, in the Beqaa valley, and empties into the Mediterranean 

Sea north of the city of Tire. The Litani River, which stretches for more than 140 kilometers and 

has an annual flow of 920 million cubic meters, is the longest in Lebanon (LRA, 2010). Climate 

change and water scarcity are affecting the availability of water for irrigation and agricultural 

production in a country with the highest number of renewable water resources per unit area in the 

Middle East (Darwish et al., 2012). Lebanon is a country facing water stress and food insecurity, 

with more than 7 million people and less than 2 billion m3 of available water (Hamade, 2012), a 

situation that has been partly generated by a model of use and management of inappropriate 

territory (Dwarakish and Ganasri, 2015). In this context, an adequate knowledge of the behavior 

and dynamics of hydrological resources is essential to design an adequate strategy for their 

management, as well as for land management. For this, hydrological modeling, supported by other 

remote sensing data sources and managed in GIS environments, are fundamental tools for the 

development of comprehensive and sustainable management plans for natural resources and land 

use. In addition, the use of future models and scenarios allows long-term decision-making taking 

into account the expected environmental conditions as a consequence of climate change, and the 

design of adaptation and mitigation plans for its effects. 

The main objectives of this doctoral thesis have been a) to develop and present a methodological 

approach and the application of the method of assessing the suitability of land use at the river basin 

level in a GIS environment to identify the suitability of location of systems of biological 

wastewater treatment in Lebanon and the Litani river basin region; b) model and analyze the 

hydrological behavior of the Litani river basin in Lebanon and analyze the effects of land use 

change on the main hydrological parameters using the WimMed modeling software for the period 

2009-2019; c) evaluate the potential impacts of climate change on the hydrological variables of 

the Litani river basin in Lebanon using the CCSM4 GCM model (Gent et al., 2011) under two of 

the future scenarios defined by the IPCC (RCP2.6 and RCP8 .5). 

In this doctoral thesis, the Litani River Basin (Lebanon) is used as a model hydrological system to 

link the water-related SDGs (especially SDG 6) with long-term aspects of water management. The 

objective of this research has been to evaluate water management in the study area and investigate 

the effects of land use change and climate change on the hydrological variables that define the 

behavior of the Litani river basin (Lebanon). The first model was evaluated using fuzzy set theory 

and analytical hierarchy process (AHP) modeling theory in GIS environment, and a suitability 

mapping for biological wastewater treatment (TBA) in Lebanon was developed, based on specific 

criteria. The results found that the spatial distribution of the regions eligible for BWWT sites varies 

based on the criteria, with a total area of 162.94 km2 all over Lebanon and 42.62 km2 in Litani 

basin areas for these potential locations. These potential sites are selected using land suitability 

classes in order to preserve the remaining BWWT lands for future generations while mitigating 

climate change. The model was tested in the field and found to have an overall accuracy of 89%. 
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Subsequently, we use the WiMMed hydrological model (Aguilar et al., 2010) to characterize how 

the change in land use has affected the hydrological parameters in the study area, the Litani river 

basin, taking the years 2009 as reference years. , 2014 and 2019. The results obtained showed that 

the change in land use between 2009, 2014 and 2019 had a detrimental impact on the hydrological 

parameters of this river basin, reducing the infiltration capacity and soil moisture in the second 

layer. Based on the simulation results, it can be inferred that low differences in runoff were 

observed at all stations between 2009, 2014 and 2019. 

Finally, the current hydrological variables of the study area (infiltration, runoff, soil moisture in 

the first and second layers) were compared with the variables simulated in 2040 under two future 

scenarios defined by the IPCC (2008), RCP 2.6 and RCP 8.5, with the assumption that future land 

use is the same as the current one (2019 land use and cover map). An increase in temperature 

followed by a decrease in precipitation will lead to a decrease in infiltration, in soil moisture in the 

second layer in all seasons, and in runoff during spring and winter under the same conditions of 

use ground. For all stations, all hydrological indicators within the research area are expected to 

decrease under RCP 8.5 compared to RCP 2.6. 

The results of this doctoral thesis indicate that the land use patterns of the study area, the Litani 

river basin, should be adjusted according to the determined land suitability classes in order to 

preserve the remaining productive lands, for future generations. This work has been useful to 

evaluate changes in land use and their influence on the hydrological behavior of the study region, 

analyzing both what happened in the last decade (2009-2019) and under different future scenarios 

of climate change in the 2040 horizon. It should also be concluded that in order to suggest 

restoration activities and reduce the negative effects of land use change and climate change, more 

detailed studies are needed to define the correct type of land use and design mitigation actions for 

the effects of climate change in the Litani river basin.  

The results of this study provide an important tool to assess the status and hydrological behavior 

of the Litani River basin in Lebanon. In addition, they can contribute to defining adequate policies 

and strategies for land use and management, in terms of land use. An adequate territorial planning 

oriented to productive and sustainable development in this region of Lebanon should consider the 

influence that possible changes in land use could have on the available water resources. Since the 

2009 land capacity map and the one published in this study used essentially the same approach, 

with different results, they now have the potential to propose a more appropriate adjustment of the 

centrally established land use strategy on the basis of of large-scale maps. The reduced spatial 

resolution used in the 2009 classification did not allow the variety of soil characteristics to be 

considered adequately, which has been corrected in this analysis by significantly increasing the 

spatial resolution of the analysis for the Litani river basin. 
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Resumen 

En el Líbano, la demanda de recursos hídricos para uso doméstico, comercial, industrial y agrícola 

está aumentando drásticamente (Jaber, 1997), debido al rápido crecimiento de la población y al 

cambio demográfico (EMWATER, 2004). En el sur del Líbano, el río Litani proporciona un 

suministro vital de agua. El río nace al oeste de la ciudad de Baalbek, en el valle de la Beqaa, y 

desemboca en el Mar Mediterráneo al norte de la ciudad de Tiro. El río Litani, que se extiende a 

lo largo de más de 140 kilómetros y tiene un caudal anual de 920 millones de metros cúbicos, es 

el más largo del Líbano (LRA, 2010). El cambio climático y la escasez de agua están afectando a 

la disponibilidad de agua para el riego y la producción agrícola en un país que cuenta con el mayor 

número de recursos hídricos renovables por unidad de superficie de Oriente Medio (Darwish et 

al., 2012). Líbano es un país que se enfrenta al estrés hídrico y a la inseguridad alimentaria, con 

más de 7 millones de personas y menos de 2.000 millones de m3 de agua disponible (Hamade, 

2012), una situación que ha sido en parte generada por un modelo de uso y gestión del territorio 

inadecuado (Dwarakish y Ganasri, 2015). Ante este contexto, un adecuado conocimiento del 

comportamiento y la dinámica de los recursos hidrológicos es fundamental para diseñar una 

adecuada estrategia de gestión de los mismos, así como de gestión del territorio. Para ello, la 

modelización hidrológica, apoyada en otras fuentes de datos de sensores remotos y manejada en 

entornos GIS, son herramientas fundamentales para el desarrollo de planes de gestión integrales y 

sostenibles de los recursos naturales y del uso del territorio. Además, el uso de modelos y 

escenarios futuros permite la toma de decisiones a largo plazo teniendo en cuenta las condiciones 

ambientales esperadas como consecuencia del cambio climático, y el diseño de planes de 

adaptación y mitigación de sus efectos. 

Los principales objetivos de esta tesis doctoral han sido a) desarrollar y presentar un enfoque 

metodológico y la aplicación del método de evaluación de la idoneidad del uso de la tierra a nivel 

de cuenca hidrográfica en un entorno SIG para identificar la idoneidad de ubicación de sistemas 

de tratamiento biológico de aguas residuales en el Líbano y la región de la cuenca del río Litani; 

b) modelizar y analizar el comportamiento hidrológico de la cuenca del río Litani en el Líbano y 

analizar los efectos del cambio de uso de la tierra en los principales parámetros hidrológicos 

utilizando el software de modelado WimMed para el período 2009-2019; c) evaluar los impactos 

potenciales del cambio climático sobre las variables hidrológicas de la cuenca del río Litani en 

Líbano utilizando el modelo CCSM4 GCM (Gent et al., 2011) bajo dos de los escenarios futuros 

definidos por el IPCC (RCP2.6 y RCP8.5).  

En esta tesis doctoral, la cuenca del río Litani (Líbano) se utiliza como sistema hidrológico modelo 

para vincular los ODS relacionados con el agua (especialmente el ODS 6) con los aspectos de la 

gestión del agua a largo plazo. El objetivo de esta investigación ha sido evaluar la gestión del agua 

en la zona de estudio e investigar los efectos del cambio de uso del suelo y del cambio climático 

en las variables hidrológicas que definen el comportamiento de la cuenca del río Litani (Líbano). 

El primer modelo se evaluó utilizando la teoría de los conjuntos difusos y la teoría de modelización 

del proceso de jerarquía analítica (AHP) en entorno GIS, y se desarrolló una cartografía de 

idoneidad para el tratamiento biológico de las aguas residuales (TBA) en el Líbano basado en 

criterios específicos. En los resultados se encontró que la distribución espacial de las regiones 

elegibles para los emplazamientos de BWWT varía en función de los criterios, con una superficie 
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total de 162,94 km2 en todo el Líbano y 42,62 km2 en las zonas de la cuenca del Litani  para estas 

posibles ubicaciones. Estos posibles lugares se seleccionan utilizando clases de idoneidad del 

terreno con el fin de preservar las tierras restantes de BWWT para las generaciones futuras y, al 

mismo tiempo, mitigar el cambio climático. El modelo se probó sobre el terreno y resultó tener 

una precisión global del 89%. Posteriormente, utilizamos el modelo hidrológico WiMMed 

(Aguilar et al., 2010) para caracterizar cómo el cambio de uso del suelo ha afectado a los 

parámetros hidrológicos en la zona de estudio, la cuenca del río Litani, tomando como años de 

referencia los años 2009, 2014 y 2019. Los resultados obtenidos mostraron que el cambio de uso 

del suelo entre 2009, 2014 y 2019 tuvo un impacto perjudicial en los parámetros hidrológicos de 

esta cuenca fluvial, reduciendo la capacidad de infiltración y la humedad del suelo en la segunda 

capa. Basándose en los resultados de la simulación, se puede inferir que se observaron bajas 

diferencias en la escorrentía en todas las estaciones entre 2009, 2014 y 2019. Por último, las 

variables hidrológicas actuales de la zona de estudio (infiltración, escorrentía, humedad del suelo 

en la primera y segunda capa) se compararon con las variables simuladas en 2040 bajo dos 

escenarios futuros definidos por el IPCC (2008), RCP 2.6 y RCP 8.5, con el supuesto de que el 

uso futuro del suelo es el mismo que el actual (mapa de uso y cobertura del suelo de 2019). Un 

aumento de la temperatura seguido de un descenso de las precipitaciones dará lugar a una 

disminución de la infiltración, de la humedad del suelo en la segunda capa en todas las estaciones 

y de la escorrentía durante la primavera y el invierno en las mismas condiciones de uso del suelo. 

Para todas las estaciones, se prevé que todos los indicadores hidrológicos dentro del área de 

investigación disminuyan bajo el RCP 8.5 en comparación con el RCP 2.6.  

Los resultados de esta tesis doctoral indican que los patrones de uso de la tierra de la zona de 

estudio, la cuenca hidrográfica del río Litani, deben ajustarse de acuerdo con las clases de 

idoneidad de la tierra determinadas con el fin de preservar las tierras productivas restantes para las 

generaciones futuras. Este trabajo ha sido útil para evaluar los cambios en el uso del suelo y su 

influencia en el comportamiento hidrológico de la región de estudio, analizando tanto lo 

acontecido en la última década (2009-2019) como bajo diferentes escenarios futuros de cambio 

climático en el horizonte 2040. También debe concluirse que para sugerir actividades de 

restauración y reducir los efectos negativos del cambio de uso de la tierra y del cambio climático, 

se necesitan estudios más detallados para definir el tipo de uso de la tierra correcto y diseñar 

acciones de mitigación de los efectos del cambio climático en la cuenca del río Litani. 

Los resultados de este estudio proporcionan una importante herramienta para evaluar el estado y 

el comportamiento hidrológico de la cuenca del río Litani en el Líbano. Además, pueden contribuir 

a definir políticas y estrategias adecuadas de gestión y ordenación del territorio, en cuanto a la 

utilización del suelo. Una adecuada planificación territorial orientada al desarrollo productivo y 

sostenible en esta región del Líbano debería considerar la influencia que los posibles cambios en 

el uso del suelo podrían tener sobre los recursos hídricos disponibles. Dado que el mapa de 

capacidad de la tierra de 2009 y el publicado en este estudio utilizaron esencialmente el mismo 

enfoque, con resultados diferentes, ahora tienen el potencial de proponer un ajuste más adecuado 

de la estrategia de uso de la tierra establecida centralmente sobre la base de mapas a gran escala. 

La reducida resolución espacial utilizada en la clasificación de 2009 no permitía considerar la 

variedad de características del suelo de manera adecuada, lo que se ha corregido en este análisis 

aumentando de manera importante la resolución espacial del análisis para la cuenca del río Litani. 
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1 Chapter Introduction  

Climate Change is the defining issue of our time and we are at a defining moment. From shifting 

weather patterns that threaten food production, to rising sea levels that increase the risk of 

catastrophic flooding, the impacts of climate change are global in scope and unprecedented in 

scale. Without drastic action today, adapting to these impacts in the future will be more difficult 

and costly (UN, 2020). It refers to significant, long-term changes in the global climate (Keyman 

et al, 2011). More frequent droughts and shifting precipitation patterns lower water levels in rivers, 

lakes and streams, leaving less water to dilute pollutants. Higher temperatures cause more frequent 

algal blooms and reduce dissolved oxygen levels, both of which can cause fish kills and do 

significant harm to ecosystems (American Rivers, 2021). Riverine ecosystems are particularly 

vulnerable to climate change because: (1) Many species within these habitats have limited 

dispersal abilities as the environment changes; (2) Water temperature and availability are climate-

dependent; and (3) Many systems are already exposed to numerous anthropogenic activities 

pressures (Woodward et al. 2010).  

During the 21st century, the average global temperature is projected to increase by 1.8–4.0 °C by 

2050 (IPCC 2007a). Increases in surface air temperature associated with climate change will vary 

seasonally and will be greater in some regions than others thus more strongly affecting rivers 

(Rosenzweig et al, 2008). Because streams and rivers are generally well mixed and turbulent, they 

respond to changes in atmospheric conditions easily and thus they will become warmer (Eaton and 

Scheller 1996; Kaushal et al, 2009). At higher latitudes temperature changes will be pronounced 

as will changes in discharge due to earlier snowmelt (Milner et al, 2009). Little or only small 

changes in total annual precipitation are expected in many Lebanese regions; however, the 

distribution of that rain throughout the year will likely vary. 

Another important, human-induced impact that directly affects water temperature and thermal 

regimes is deforestation and removal of riparian vegetation. The removal of riparian vegetation 

can have tremendous effects on water temperatures as increased energy input from radiation 

induces heating. Small streams with lower heat capacity are quite vulnerable to this impact, 

especially where a full canopy of riparian vegetation naturally occurs. Stakeholders, decision-

makers, local councillors, governors and planners must rethink how they can maintain high levels 

http://www.dictionary.com/browse/climate-change
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of agricultural food production while also maintaining good drinking water quality, limiting 

greenhouse gas emissions, and safeguarding the social and economic benefits of their landscapes 

(Brown et al., 2008). Land capability evaluation is critical for managing land resources because it 

tells us whether the resources are degraded or improved in quality (Girmay et al., 2018). Land 

capability classification systems define and communicate biophysical land use constraints such as 

climate, soils, and topography. As a result, they can provide an accessible format for both scientists 

and decision-makers to share knowledge about the effects of climate change and adaptation 

(Brown et al., 2011). Land suitability based on capability at the region level would assist decision-

makers in identifying different soil types in accordance with their suitability for sustainable soil 

fertility management. The agricultural land suitability map could provide a general orientation on 

how to best use the soil to increase land productivity and mitigate the effects of climate change. 

Therefore, achieving sustainable land use is the first step toward adapting to climate change and 

mitigating its effects. As a result, a current assessment of land characteristics is required. In 

general, the water sector (hydrosphere) comes after the land sector (lithosphere). Water is an 

essential component of human activities, influencing the expansion of human communities and the 

development of local economies across landscapes (Hartter et al., 2018). Hydrological modeling 

is one method that will play an important role in mitigating the effects of climate change and in 

providing early warning of climate disasters. For over 40 years, modeling methods have been 

widely used for a variety of purposes, but almost all modeling tools have been primarily developed 

for humid area applications (Wheater et al., 2008). Despite the critical importance of water in 

riparian areas (lands that occur along watercourses and water bodies, typical examples include 

flood plains and streambanks. They are distinctly different from surrounding lands because of 

unique soil and vegetation characteristics that are strongly influenced by the presence of water.), 

hydrological data in Lebanon, especially in the litany river basin region has traditionally been 

severely limited. The lack of high-quality observations has been widely cited as a major constraint 

to the development of riparian-zone hydrology (Pilgrim et al., 1988). 

Hydrological modeling and the necessary supporting data are critical for developing riparian zones 

and areas that are typically stressed by environmental factors. Various parameters needed for 

modeling will be derived from remote sensing data, such as a digital elevation model (DEM), 

drainage and permeability data of the soil, soil type and depth map, soil erosion and land 

degradation level/rate/vulnerability map and so on. Scientists have recently turned to satellites to 
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find this vital flow data (Gleason et al., 2018). Remote sensing approaches and methods are critical 

tools for guiding spatial planning. Satellite remote sensing provides a systematic, synoptic 

framework for advancing scientific knowledge of the Earth as a complex system of geophysical 

phenomena that frequently result in natural hazards, both directly and through interacting 

processes. Improved and integrated measurements, combined with numerical modeling, are 

allowing for a better understanding of where and when a specific hazard event is most likely to 

occur and have a significant socioeconomic impact. Accurate modeling will necessitate estimating 

the spatial and temporal distribution of water resource parameters. Engineers and planners have 

shown a growing interest in using Geographic Information System (GIS) and satellite-based 

remote sensing (RS) technologies to extract land surface parameters, which existed as a threshold 

in the early days to approach reasonable results in hydrological modeling. GIS and RS have 

become efficient tools for integrating spatial and non-spatial databases for hydrological modeling 

as computer technology has advanced (Gandodagamage, 2001). 

Due to rapid population growth and demographic change (EMWATER, 2004) the demand for 

water resources for domestic, commercial, industrial, agricultural and aesthetic-touristic use in 

Lebanon is skyrocketing (Jaber, 1997). The Litani River is an important source of water in 

Lebanon. The river rises west of Baalbek in the fertile Beqaa Valley and flows into the 

Mediterranean Sea north of Tyre (South of Lebanon). The Litani River, which stretches for more 

than 140 kilometers and has an annual flow of 920 million cubic meters, is Lebanon's longest river 

(LRA, technical report, 2010). Climate change and water scarcity are affecting water availability 

for irrigation and agricultural output in a country with the most renewable water resources per unit 

area in the Middle East. According to the annual precipitation map, the Litani River falls under 

two main rainfall ranges. In its upper sections, the Litani area receives 1,100 to 1,200 mm of rain 

per year, while its lower section receives 800 mm of rainfall per year (Atlas Climatique du Liban, 

1969). Precipitation ranges varies between 1000-1400 mm with an area of 2809.8 km2, 700-1000 

mm with an area of 3695.92 km2, 400-700 mm with an area of 2405.1 km2 and 300-400 mm with 

an area of 479.1 km2. The evaporation coefficient from the Litani River is estimated to reach 68.2% 

because of the dry nature of the climate in southern Bekaa and in the south. This value is probably 

less significant during wintertime. The coefficient of infiltration of rainfall water from the Litani 

watershed into the aquifers formations and other basins varies according to the nature of the 

geological formations and the faulting system (UNDP 1970). The seepage from the Litani 
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Riverbed into the ground water was estimated at 22% (UNDP 1970). As indicated by the Litani 

Water Authority, in terms of recharge, most of the wells do not belong to the Litani Watershed and 

are being used for domestic consumption with approximate yields ranging between 2000 and 4000 

m3/day (FAO 1970).  

The general objective of this work is to present a methodological approach and application of land 

suitability assessment method which is designed for use at a small catchment level, in a GIS 

environment to find the best land suitability for a biological wastewater treatment system in 

Lebanon and the Litani River Basin region. As studying the hydrological behavior of Litani River 

Basin in Lebanon and analyzing effects of land use change on soil moisture using the WIMMED 

modeling software for the period 2009-2019. Equally it has the objective to assess the potential 

impacts of climate change on hydrological variables of the Lebanese part of Litani river basin 

using CCSM4 GCM model (Gent et al., 2011) under 2 representative concentration pathways 

(RCP2.6 and RCP8.5). The achievement of this general objective was developed in the following 

specific objectives: 

 Assessing potential areas that can host biological wastewater treatment systems according to 

criteria: land use, soil components (erosion, depth, and type), precipitation, population number, 

and slope. 

 For ten years, 2009 and 2019, a distributed physically-based watershed model (WiMMed) was 

used in the Litani River Basin. 

 Using this model, generating the hydrological variables that characterize the water balance in 

the unsaturated zone of the soil in the study region between 2009 and 2019. 

 Comparing the land use maps from the two years and identifying the changes in land use in 

terms of type and area of change. 

 Investigating the link between soil moisture measurements and land use changes in the Litani 

River Basin between 2009 and 2019. 

 Drawing inferences on how changes in land usage may affect the second layer's soil moisture 

in a riparian area. 

 Generating the hydrological variables (infiltration, run-off and soil moisture of second layer) 

of Litani river basin using WIMMED model and the current climatic conditions as inputs.   

 Perturbing the historical time series of climatic data according to RCP2.6 and RCP8.5 

scenarios. 



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           17 
 

 Simulating the hydrological characteristics of our study area under the perturbed climate using 

the calibrated hydrological model.  

 Comparing the model simulations of the current and possible future hydrological 

characteristics. 

 Drawing conclusions on how climate change would affect hydrological characteristics in a 

Lebanese riparian area. 

Lebanon's goal is to develop its land resources while maintaining an ecological balance and 

conserving the diverse biological resources found there. Combating land degradation is at the heart 

of this country's environmental programs. Integrate remote sensing data with several other data 

types into a GIS is used for this purpose to develop various models for monitoring and exploring 

land surface changes and degradation, as well as for producing dynamic information, because 

satellites can cover vast and inaccessible areas and provide long-term repetitive data. Some studies 

in Lebanon used remote sensing techniques as a tool for assessing and managing land degradation; 

but we couldn’t find studies use remote sensing techniques as a tool for assessing wastewater 

treatment system in Lebanon or in Litani River Basin specifically. Some applications and studies 

related to the study area (Litani river basin area) are listed below: 

 Litani river basin management support program by USAID focusing on feasibility study for 

constructed wetlands in the Litani river basin. 

 State of Art about water uses and wastewater management in Lebanon showing the real 

situation about management of water and wastewater in Lebanon and focusing on problems 

related to urban water pollution released in environment.  

 Restructuring water sector in Lebanon: Litani river authority facing the challenges of good 

water governance targeting the agricultural research, the rural development, studies and 

construction of dams and irrigation projects, the management of hydrometric gauge stations 

on all the Lebanese rivers, the monitoring and the prevention of pollution. 

 Water Demand Management in Some Arab Countries Using GIS to show how Geographical 

Information Systems (GIS) can be used to support infrastructure planners and analyst on water 

demand of a local area in some Arabs countries. 

After reviewing existing knowledge on the application of remote sensing and hydrological 

modeling in land management in Lebanon, it is discovered that this field is understudied. Climate 

change-related maps and future scenarios continue to be lacking. This study focuses on the use of 
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remote sensing and the application of a hydrological model (WiMMed) to mitigate the effects of 

climate change in Lebanon (case study: Litani River Basin). Climate change mitigation refers to 

efforts to reduce or prevent greenhouse gas emissions. Mitigation can take the form of 

implementing new technologies and renewable energies, upgrading older equipment to be more 

energy efficient, or altering management practices or consumer behavior. Mitigation also includes 

preserving forests, watercourses, and lands, as well as researching soil capacity. 

Land suitability is defined as the ability to accept a specific type and intensity of land use 

indefinitely or for a specified period of time under certain management conditions without long-

term degradation (Houghton & Charman, 1986). If you understand and respect the capabilities of 

each land, you can reduce the risk of soil damage while also contributing to climate change 

mitigation and assisting countries in transitioning to a low-carbon society. Mapping land suitability 

at the district level in a spatial and timely manner can provide a tool for conserving and managing 

natural resources, thereby reducing the negative effects of climate change. We will present a 

validated modeling procedure for assessing land suitability using available soil information and a 

DEM for the Litani River Basin to map land suitability.  

The importance of assessing the land suitability and the potential areas hosting biological 

wastewater treatment system in the development and preservation of the environment, health and 

water sources, as well as a solution for treated water able to be used in irrigation was emerged after 

having the clear results of BOD and COD levels from the wastewater treatment system applied in 

Bqaatouta Lebanon. Bqaatouta’s biological wastewater treatment system is characterized by low 

costs and low energy consumption. It is also known for its environmental ways in treating 

domestic, industrial and agricultural liquid wastes. The whole biological system lies on a surface 

of 3 000 m2, divided into 2 levels: the first one using the vertical system on a surface of 900 m2 

and is feeded by wastewater through 6 estuaries, and the second level using the horizontal system 

on 2 000 m2 and is feeded by wastewater from level 1 through 2 estuaries (Fig.1, Fig. 2 and Fig. 

3).  
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Figure 1 Level one and two of the biological wastewater treatment system in Bqaatouta (G. Kallas, 2018) 

    

Figure 2  Reed unit at time of planting and after several days (G. Kallas, 2018) 

After the wastewater comes out from the whole system (2 levels vertical and horizontal system) 

with a clear color without any odor or any harmful effects, it is tested. We advise that like these 

solutions should be spread over many medium-sized villages. Samples are analyzed in professional 

laboratories with the collaboration of the Lebanese University faculty of Agriculture. Results are 

shown in the table 1 and figure 3.  
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Table 1: Concentrations of various parameters collected 

Parameters 

 

Samples 

1 2 3 Acceptable 

Average for 

irrigation use of 

water (FAO, 2010)  

Biological Oxygen Demand 

(BOD) mg/l 

73 Less than 5 mg/l Less than 5 mg/l 25 

Chemical Oxygen Demand 

(COD) mg/l 

182 Less than 30 mg/l Less than 30 mg/l 125 

Ph 8.5 8.4 8.4 6.5-8.5 

Total Phosphorus mg/l 9.1 6.4 0.7 8 

Total Suspended Solids (TSS) 

mg/l 

102 21 8 60 

Total Kjeldahl Nitrogen mg/l 55 41 15 34 

Total dissolved solids (TDS) 

mg/l 

665 663 640 829 

Sulfide mg/l Less than 

0.05 mg/l 

Less than 0.05 

mg/l 

Less than 0.05 

mg/l 

- 

Chloride mg/l 57 78 82 - 

Total coliforms (MPN/100ml) ˃2.4 x 103 ˃2.4 x 103 ˃2.4 x 103 ˂200 

E.coli (MPN/100ml) ˂1 ˂1 ˂1 - 

 

 

Figure 3 Results and variations of treated wastewater 
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The results show that the quality of water after treatment is better than the acceptable average 

for irrigation. So, this treated water can be used to irrigate the landscape with public access (parks, 

lawns, golf courses...) and crops slightly according to the Acceptable Average for irrigation use of 

water (FAO, 2010). After several years of studies in worldwide countries, the biological 

wastewater treatment plant showed a large improvement in the domain of filtered wastewater. This 

system is implemented in “Bqaatouta” as a solution for the water crisis in Lebanon and the 

treatment of wastewater in rural and urban areas. This system is thus a successful system since it 

decreases the impact of pollution on the rivers and sea borders by 40%. The vertical and horizontal 

systems both work on the reduction of physicochemical pollutant parameters such as total 

phosphorus, total suspended solids, total nitrogen and total dissolved solids. Biological wastewater 

treatment is well recommended in Lebanon especially in the rural areas where large lands are 

available. 

Changes in land use in a watershed can influence water quality and supply (Turner et al., 2001). 

As a result, assessing land use patterns and changes at the Litani river basin level is critical to water 

resource and land use planning and management in a watershed (Butt et al., 2015). The state of 

land cover/land use in Lebanon has been marked by constant change over the last few decades. A 

lack of land management plans and/or proper urban restrictions has severely harmed both the 

natural and built environments. As a result, uncontrolled urban sprawl at the expense of natural 

environments has been facilitated (MoE & UNDP, 2011). 

In this study, an attempt was made to compare the current hydrological variables of the study area 

using WIMMED hydrological model (infiltration, run-off, second-layer soil moisture) to the 

simulated variables in 2050 under two RCP scenarios: RCP 2.6 and RCP 8.5, assuming that future 

land use is the same as current land use (2019 land use/land cover map). Seasonal variations of 

hydrological variables (infiltration, runoff, and soil moisture of second layer) due to future climate 

change were observed because the study region has highly variable precipitation for each season 

due to the existence of four seasons and the influence of topographical variation. Changes in 

climate under representative concentration pathways (RCP) scenarios affect infiltration, run-off, 

and soil moisture in the second layer of the Litani river basin in Lebanon. Changes in mean and 

total infiltration, run-off, and soil moisture of the second layer were calculated for the years 2013-

2040 using the RCP 2.6 and 8.5 scenarios. The findings show that climate change affects all these 
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variables, albeit at varying rates. As a result, the river basin will almost certainly be subjected to a 

variety of negative consequences. Where both RCP 2.6 and 8.5 demonstrated decreases in the 

mean values of infiltration, run-off, and soil moisture of the second layer across all seasons when 

compared to current values of these hydrological parameters. The findings of this study are 

required to forecast the spatiotemporal variability of hydrological parameters in order to design 

policies for long-term water resource development. And help to mitigate the negative 

consequences of climate change, such as extreme drought or flooding. 

As a result, the following are the general and particular aims of each chapter of this thesis: 

I. The general goal of the first half of this study (Chapter 2) was to offer a 

methodological approach and implementation of a land capability assessment method 

developed for usage at a local catchment level for biological wastewater system 

locations, utilizing readily accessible soil data and the DEM.  

II. The basic goal of the second section (Chapter 3) was to investigate the link between 

the hydrological variables involved in water balance at a watershed scale and land use 

change in Lebanon's Litani river basin between 2009 and 2019. The following 

particular objectives were created to help attain this broad goal: 

 Using a distributed physically based watershed model (WiMMed) in the Litani river basin 

for 10 years, 2009 and 2019. 

 Using this model, generating the hydrological variables that characterize the water balance 

in the unsaturated zone of the soil in the research region between 2009 and 2019. 

 Comparing the land use maps from both years and finding changes in land use in terms of 

type and area of change. 

 Investigating the link between the hydrological variables acquired and land use changes in 

the Litani river basin between 2009 and 2019. 

 Drawing inferences on how changes in land use will affect soil moisture in the second layer 

in a Lebanese riparian area. 

III. The overall goal of the final section of the research (Chapter 4) was to analyze the 

possible implications of climate change on hydrological variables and the biological 

wastewater treatment system locations in the Lebanese part of Litani river basin using 

the CCSM4 GCM model (Gent et al., 2011) and two typical concentration routes 
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(RCP2.6 and RCP8.5). The following particular objectives were created to help attain 

this broad goal: 

 Using the WiMMed model and current climatic conditions as inputs, generate the 

hydrological variables (infiltration, run-off, and soil moisture of the second layer) of the 

Litani river basin. 

 Projecting present climatic data according to RCP2.6 and RCP8.5 scenarios in order to use 

the WiMMed hydrological model to replicate the hydrological features of our research 

region under the predicted climate. 

 Contrasting model simulations of existing and potential future hydrological features. 

 Making predictions about how climate change may alter hydrological parameters in a 

Lebanese riparian area. 

IV. Finally, to consolidate all of the material obtained in this thesis, a General Discussion 

(Chapter 5) and General Conclusions (Chapter 6) will be offered. 
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2 Chapter Assessing land suitability for biological wastewater treatment 

system option in Lebanon and Litani River Basin, using an integrated GIS-

based decision support system. 

Abstract: : This paper presents a validated model to map land suitability for biological wastewater 

treat-ment systems under the climatic conditions of Lebanon and the Litani River basin, using a 

Geo-graphic Information System (GIS) and the available information and criteria (land use, soil 

components, precipitation, population number, and slope) for the Litani River Basin and Leba-

non. The model was validated using fuzzy set theory and the analytic hierarchy process (AHP) 

modeling theory, and a final suitability map was created in Lebanon that combined potential areas 

for Biological Wastewater Treatment (BWWT) based on particular criteria. The study shows that 

spatial distribution of the suitable areas for BWWT sites differs for each of the criteria and the 

total area of these potential areas is 42.62 162.94 km2 allover Lebanon and 42.62 km2 in Litani 

basin areas. This area covers around 1.55% of Lebanese areas and can help more than 30 regions 

and the total number of beneficiaries can reach by a minimum 60000 and a maximum of 180000 

which represent between 1.5% and 3.75% of the total population. These potential areas are 

identified through land suitability classes to sustain the remaining BWWT areas for future 

generations and can mitigate the impact of climate change.  

 

Key words: Land suitability; Biological wastewater treatment; Geographic Information System; 

Litani River Basin; Lebanon. 
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2.1 Introduction 

In Lebanon, the demand on water resources for domestic, commercial, industrial, and agricultural 

use are dramatically increasing (Jaber, 1997), due to fast population growth and demographic 

change (EMWATER, 2004). Domestic wastewater was discharged straight into the sea in Lebanon 

during the war years (1975-1990), in the lack of institutional control and monitoring bodies. In 

1991, the total volume of raw sewage created in the country was 165 Mm3/year, with home 

wastewater accounting for 130 Mm3 and industrial effluents accounting for 35 Mm3. Only 4 Mm3 

of wastewater is processed, with 2 Mm3 being used in agriculture and the remainder being disposed 

of in the marine environment by direct diversion to rivers or infiltration into groundwater via deep 

seepage. In recent years, environmental consequences linked with the open sea discharge of 

untreated wastewater have generated international and local concerns, especially with the ever-

increasing population and the rise of major coastal and hinterland cities. Several efforts were made 

by the authorities in the postwar period to identify immediate short-term corrective measures as 

well as long-term planning schemes for the entire country. The government's main concerns in this 

regard were the necessity to rehabilitate existing wastewater collection and disposal systems, as 

well as the development of new treatment facilities. Lebanon generated an estimated 248 

Mm3/year of wastewater in 2010, with a total Biological Oxygen Demand (BOD) load of around 

119,348 tons, according to the World Bank. Water supply and consumption are inextricably linked 

in domestic wastewater flow. Because both the production and distribution networks are 

insufficient and irregular, data on the flow of wastewater generated is erroneous, because the 

average water supply delivery rate, which is around 160 liters per capita per day (l/c/d), is 

influenced by additional water provided from private water wells, which eventually ends up in the 

sewage flow (MoE/LEDO/ECODIT, 2001). Data on wastewater, on the other hand, can be 

approximated by multiplying the daily per capita wastewater generation rate by the population. The 

average daily per capita rate varies by place and season. For estimation reasons, the current average 

rate for Lebanon has been stated to be around 120 L/capita/day. This average, like solid waste 

creation, is predicted to rise with time. By 2040, an annual rise of 1.5 percent will bring the average 

wastewater generation rate to 240 L/capita/day. Table 4 summarizes the characteristics and total 

quantity of home and commercial wastewater generated in a baseline scenario.The majority of 

wastewater collected by sewage networks is discharged into the sea. Wastewater from buildings 

that aren't connected to a sewage system ends up in septic tanks or rivers (Geara et al., 1992). 



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           26 
 

Many farmers use untreated wastewater for irrigation in an unofficial manner. However, there is 

no precise data on how much wastewater is used for irrigation. This amount, according to the FAO, 

could be around 2 million m3 year-1.  

Table 2: Characteristics and total quantity of domestic and commercial wastewater for the entire 

Lebanon (CDR, 2001). 

Year  

Population 

             '000  

Wastewater  

Mm3  

BOD 

'000 tons  

COD 

'000 tons 

N 

'000 tons 

1994 3725 163 20.9 102.8 16.3 

2005 4390 226 29.0 142.7 22.6 

2015 5092 305 39.0 192.1 30.5 

2040 7388 642 82.1 404.3 64.2 

 

In southern Lebanon, the Litani River provides a vital supply of water. The river begins west of 

Baalbek in the rich Beqaa Valley and drains into the Mediterranean Sea north of Tyre. The Litani 

River, which stretches for more than 140 kilometers and has an annual flow of 920 million cubic 

meters, is Lebanon's longest river (LRA, 2010). Climate change and water shortages are affecting 

water availability for irrigation and agricultural output in a country that has the highest number of 

renewable water resources per unit area in the Middle. Lebanon is a country facing water stress 

and food insecurity, with more than 7 million people and fewer than 2 billion m3 of available water. 

The average annual rainfall of Lebanon is estimated to be 823 millimeters, ranging from 600 to 

900 mm at the coast to 1400 mm in the high highlands, and dropping to 400 mm in the east and 

less than 200 mm in the north-east. Precipitation above 2000 m is mostly snow, which helps to 

maintain a base yield for roughly 2000 springs during the dry season. Within the MENA region, 

Lebanon is thought to have a reasonably good water balance.  
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However, due to limited water supply during the six dry months of summer (Jaber, 1997), 

there are severe limits. Tables 1 and 2 show the country's annual available resources and estimated 

water use, respectively. Despite having sufficient water until the late nineties, Lebanon will 

experience a severe water crisis in 2030, with only 2700 Mm3 of net exploitable resources (Shaban, 

2008). Non-conventional water resources, such as treated wastewater, have a lot of potential in 

terms of balancing the supply. These supplementary supply resources are especially well adapted 

to the needs of the agricultural sector, which utilizes roughly 70% of the total available water. 

Furthermore, when properly managed, the re-use of treated wastewater in Lebanon has the added 

benefit of reducing environmental degradation. To make matters worse, rapid urbanization and the 

expansion of intensive agriculture have put an inexorable strain on the already scarce water and 

land resources. According to current estimates, Lebanon consumes one and a half times the yearly 

ground and surface water replenishment. This has resulted in greater water shortages, abuse of 

groundwater in coastal areas, and greater competition for water from non-agricultural industries. 

Overuse of groundwater causes seawater intrusion into the coastal aquifer, resulting in a decline 

in its quality (Allen; Palaniappan, 2010). If existing unsustainable and uneven supply and demand 

patterns continue, Lebanon, will face a water shortage (EMWATER, 2004). In this environment, 

a scarcity of resources makes the use of wastewater (black and grey water) a requirement. As 

urbanization increases, domestic water usage while simultaneously producing wastewater, may be 

reused for agricultural uses, making it an economically viable proposal (Qadir et al., 2010) (Qadir 

et al, 2007). What appeared to be a lucrative business opportunity in Lebanon has turned into a 

significant environmental problem. In fact, as water supply projects have been prioritized above 

wastewater initiatives, wastewater management remains one of the most difficult challenges facing 

the Lebanese people (Geara et al., 1992). Wastewater management is a high priority issue in all 

administrative regions in the absence of operating wastewater treatment plants, because effluents 

from coastal agglomerations are dumped into the sea, while effluents from towns in the hinterlands 

are disposed of in rivers, streams, on open land, or underground (EC, 2006). Actually, most towns 

and villages lack wastewater infrastructure, with the exception of traditional household septic tanks 

or the method of draining wastewater into bedrock boreholes, which then reaches the groundwater 

(MoE, 2004). Non-treated wastewater is currently used mostly in agriculture in Lebanon, but 

without considering the negative impacts on human health and the environment and the harmful 

effects caused by microorganisms, heavy metals, and other unwanted elements. For example, 
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sewage water is used to irrigate vegetables in the central Bekaa valley and other agricultural areas 

of Lebanon, without any oversight or national legislation (Dib and Issa, 2003) discharged into 

rivers and the Mediterranean Sea. To avoid the negative environmental and health effects of poor 

wastewater irrigation techniques, risk management and preventative solutions are urgently needed. 

These effluents are rarely treated or controlled, and when they are, it is only rudimentary (MoE, 

2004). Twelve wastewater treatment plants (WWTPs) were proposed by the National Emergency 

Reconstruction Program (NERP) along the coast. Aside from the NERP-proposed wastewater 

treatment plants, many non-governmental organizations (NGOs) have set up small wastewater 

treatment plants in various parts of Lebanon. It's also worth noting that many private businesses 

operate their own WWTPs, with the wastewater being used for landscape irrigation. Since 

dumping sewage and industrial effluents into the sea and rivers is a common and widespread 

practice, the World Bank's recommendations focus on the construction of sewage treatment plants 

for cities with populations of more than 100,000 people to mitigate the effects of continuous 

contamination of the rivers, the groundwater and the sea. That’s why, in 1995, a Damage 

Assessment Report was developed to develop a policy framework for Lebanon's wastewater sector 

(Khatib and Alami, 1997). This assessment revealed that 88 sewers that reach the sea along the 

Lebanese coast, with 58 being domestic and 29 being industrial (CDR, 2002). Furthermore, in 1995, 

a Damage Assessment Report was developed to develop a policy framework for Lebanon's 

wastewater sector (Khatib and Alami, 1997). 88 sewers reach the sea along the Lebanese coast, 

with 58 of them being domestic and 29 being industrial (CDR, 2002). As a result of implementing 

a control system, wastewater treatment plant effluent can be reused as a reliable source of water for 

agricultural irrigation, landscape irrigation, industrial recycling, reuse, and groundwater recharge. 

When rivers are perennial, treated wastewater is typically dumped into water bodies and diluted if 

it is not reused. If the WWTPs are operating at full capacity, the value of reused water will be 

around US$62.3 million (Karam, 2013). Many studies on wastewater reuse for agriculture and its 

effects are being undertaken at research institutions and universities such as the utilization of 

treated wastewater on Pinus Pinea and Castanea is one of these experiments (Korfali and Jurdi, 

2010).  
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Table 3: Annual available resources (Million cubic meters) (MoE/LEDO/ECODIT, 2001). 

Source  Mm3 

Precipitation  8,600 

Evapo-transpiration  4,500 

Losses  

Rivers to neighbors 

1,400 

(700) (700) 

Total renewable resources  

Surface water 

2,700 

2,700 

Net Exploitable resources 2,700 

 

Table 4: Estimated water consumption and projected water demand in Lebanon for 2015-2030 (El 

Moujabber et al, 2006) 

Year  

Domestic  Industry  Agriculture  Total  

Mm3/ year 

1990 271 65 875 1,211 

2007 195-405 36-65 670-875 901-1345 

2015 900 240 1,700 2,840 

2020 850 250 1,500 2,600 

2025 876 693 1,500 3,069 

2030 900 589 2,160 3,658 

Biological wastewater treatment (BWWT) is a procedure that aids in the degradation of organic 

pollutants by utilizing natural processes (Fig. 1). Due to their importance, this study will evaluate 

the territory of the whole country for its suitability to hold treatment plans. Particular attention will 

be given to Litani River Basin, the biggest and most important river in Lebanon, and the most 

polluted one. The purpose of biological wastewater treatment is to design a system where the 

decomposition products can be conveniently collected and disposed of properly (Roy and Saha, 

2021). The grasses used and contained in the BWWT system, are fast-growing grasses that absorb 
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contaminants and regulate soil conditions. Large clumps of thick rhizomes are produced by these 

species, and oxygen transported through the roots may be sufficient (Brix, 2003). The system is 

made up of a succession of sloped and vegetated terraces, with wastewater distribution at the top 

and a runoff collection channel at the bottom. Bioengineering techniques that can contribute to 

restoration by boosting sustainability and biodiversity will be supported by systems such as green 

filters or established biological purifying approaches for wastewater treatment. Water purification 

techniques such as the green filter can restrict the flow of water across land, causing sediment and 

connected nutrients to settle on the land before reaching the stream channel (Mandi et al, 1996). 

Some of the nutrients being carried can be taken up and removed by riparian vegetation. 

Subsurface waters are used extensively by trees, deep-rooted plants, and grasses. Riparian 

vegetation has the potential to affect subsurface water flows as well as the nutrients, salt, and other 

contaminants that may enter the stream. Natural riparian vegetation can be combined with a 

planted grass filter strip between it, the grass strip slows overland flow and traps sediment and 

nutrients connected to it, and this process is repeated in the natural vegetation along the stream 

bank (Culp et al, 2007). Natural riparian vegetation also has the added benefit of giving shade to 

the stream (lowering water temperatures and the growth of nuisance plants), as well as assisting in 

bank stability technical functions: Protection of soil surface from wind, precipitation, frost, and 

flowing water erosion, protection from rock fall, elimination or binding of destructive mechanical 

forces, reduction of flow velocity along banks, surface and/or deep soil cohesion and stabilization, 

drainage, wind protection, assisting snow, drift sand, and sediment deposition, enhancing soil 

roughness and therefore preventing erosion and avalanche release (Culp et al, 2007). BWWT has 

a lot of benefits as; low operating costs, high and steady processing performance, the ability to use 

local materials, low energy consumption, no chemical additives, ease of management, including 

sludge for the vertical flow die, acceptance of hydraulic and organic overloads for the vertical flow 

die, water and river purification, and integration in the surrounding environment and landscape 

(Capodaglio and Olsson, 2019). The implementation of a biological wastewater treatment system 

improves the resilience of river systems and provides the foundation for long-term multifunctional 

river use. Biological wastewater treatment is an important component of long-term water 

management and directly supports the goals of national and regional water policies. However, the 

wastewater sector is being affected by climate change in various ways. For example, higher 

amounts of pathogens could be carried to the wastewater treatment plant (WWTP) if it is connected 
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to storm water collection systems. Higher levels of rainfall also can increase flows of sewage fed 

via the collection system. These biological techniques for river restoration, combined with water 

purification techniques, will be one of the first projects in Lebanon aimed at developing riverside 

restoration. The administration will use innovative ecological and sustainable methodologies, 

concepts, and practices as a tool (government, ministries ...).  Some of the outputs might be 

simplified and customized for municipal usage, resulting in practical and simple-to-implement 

solutions. This research will offer practical recommendations and information aimed at optimizing 

the environmental, social, and economic benefits. Prior academic investigations have identified a 

number of biological wastewater treatment (BWWT) approaches (Flasse et al. 1991; Loukili et al., 

2006; Hartani, 2007; Laurent, 2013; Bouabid et al. 2014; Ncibi et al., 2016; Bienvenue Sène et al., 

2016; El Amraoui et al. 2017.  

All of the research above uses a geographic information system (GIS) approach for land 

suitability mapping, which is excellent for these types of investigations since it can manage 

enormous amounts of geographical data from a number of sources (Kontos et al, 2003). Because 

GIS allows for quick data manipulation and display, and multi-criteria evaluation gives a 

consistent ranking of possible land suitability areas based on a number of criteria, the combination 

of GIS and multi-criteria evaluation is a valuable tool for assessing land suitability for biological 

wastewater treatment systems in Lebanon and the Litani River Basin. There has been no 

international study that has employed a methodical approach for BWWT land suitability selection.  

This paper presents a methodological approach and application of land suitability 

assessment method which is designed for use at a small catchment level, using fuzzy logic and the 

analytic hierarchy process (AHP) in a GIS environment to find the best land suitability for a 

biological wastewater treatment system in Lebanon and the Litani River Basin site. A description 

of the study area is presented first, followed by the methodology of land suitability criteria. Results 

are presented after to spatially classify potential areas hosting BWWT based on the several criteria. 
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Figure 4. Schematic of the biological wastewater treatment system using vertical flow and horizontal 

subsurface flow (Tilley et al, 2014). 

Fuzzy logic is a type of soft computing reasoning that is used to handle complex problems that are 

difficult to address with traditional approaches (Huanga et al, 2010). Fuzzy logic varies from 

traditional dichotomous logic in that it allows items to belong to more than one set and has 

intermediate values (Donevska et al, 2012). As a result, a membership function specifies the fuzzy 

set, and the function represents any object on a continuous scale (Eastmanet al, 1993). The 

membership function's bounds are not applicable, low, acceptable, and high, signifying full non-

membership to full membership, respectively. The analytical hierarchy process (AHP) is a 

decision-making approach that may be used to assess and support decisions with many, even 

competing goals (Saaty, 2008). A decision hierarchy (Erkut and Moran, 1991) is used to break 

down a difficult problem into a series of smaller challenges. After the hierarchy has been formed, 

each element within each level is compared using a pairwise comparison matrix. Participants can 

compare and contrast each piece inside each level, which is linked to the levels above and below 

it, in order to mathematically connect the complete scheme. In terms of the overall goal, AHP is 

frequently used to analyze the relative suitability of a small number of alternatives. The "1" 

presented in the table 5 represents the indifference or equal importance between all the criteria this 

is referring to the nine-point scale used in normal analytic hierarchy in-vestigations, which ranges 

from 1 (indifference or equal importance) to 9 (strong prefer-ence or absolute importance). For 

example, the precipitation criterion is as important as the population number criterion, the soil 

components criterion, the land use criterion and slope criterion.  

Table 5: The comparison scale in AHP (Saaty, 2008) 

Intensity of importance  Definition  

1 Equal importance  
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The primary goal of knowing the applicable areas for the application of biological wastewater 

treatment systems in Lebanese lands in general and in Litani specifically is to allow domestic 

households and industrial effluents in rural areas to be disposed of without endangering human 

health by reducing water contamination from raw sewage discharges or causing unacceptable 

environmental harm by removing pollutants. This application is important because of the lack of 

any wastewater treatment plant in these areas and all wastewater was discharged in several types 

of water courses or even in forests. The second purpose of choosing this type of wastewater 

treatment because it is more successful and cost-efficient than many mechanical or chemical 

methods around the world and this can be a part of finding economically-based solutions for 

Lebanon who is facing all these economic crises. The third objective is to locate this system near 

agricultural lands because biological wastewater treatment is to design a system in which the 

byproducts of decomposition can be conveniently collected and disposed of. So Lebanese farmers 

can benefit from these products since organic fertilizer is very expensive for most of them. 

2.2 Material and methods 

Description of the study area 

Lebanon is home to fifteen rivers (see Figure 5) and around 2000 significant springs. Lebanon's 

longest and greatest river, the Litani, flows wholly inside its borders. It rises in the Bekaa Valley 

from the Oleik spring (about 1,000 meters above sea level), west of the ancient city of Baalbeck, 

and flows southward then westward till it reaches the Mediterranean Sea near the city of Tyre. The 

total journey is almost 170 kilometers long, with flow ranging from 14.2 m3/s during the rainy 

season to roughly 4.4 m3 s-1 during the dry season (LRA, 2010). The Litani River basin is separated 

into three sub-basins from a geomorphological standpoint, with the largest being the Upper Basin, 

which stretches from its source to the Qaraoun dam at an elevation of 850 to 800 meters above sea 

level (MASL), as seen in Figure 2. The Litani River is fed by various perennial tributaries, 

primarily Berdawni, Ghzayel, Qib Elias, and Chtoura, which have an estimated area of 1,400 km2. 

The Qaraoun reservoir has a capacity of roughly 220 million cubic meters (MCM), with 160 MCM 

being used for irrigation and hydropower generation. The Qaraoun reservoir is monomictic, 

meaning it mixes from top to bottom once a year, according to isotope fractionation research 
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(Jaber, 1993). With a length of around 172 km and a basin area of 2186 km2, the Litani River is 

the largest Lebanese river, with a discharge of roughly 360 million m3 year-1 (LRA, 2010).  

  

Figure 5:  Litani River Bassin (Shaban, 2011) 

 

The Litani River Basin is divided into two primary hydrologic units (figure 5). These are the Upper 

and Lower Litani Basins, which meet in the middle of the basin at Qaraaoun Lake to form the 

Litani River Basin (i.e., capacity of 220 milion m3). The river basin's diverse land uses, particularly 

agricultural, leave it prone to a variety of pollution issues. As a result, agricultural pollutants are 

enormous, with a focus on fertilizer. As a result, pollution components include heavy metals, 

microorganisms, and nutrients.  

With a catchment area of around 2150 km2 (Shaban, 2011), the Litani River, together with the 

Qaraoun Reservoir, is a highly important basin in Lebanon. Since the previous few decades, the 

Bekaa Plain, which encompasses the majority of the Litani River Basin (LRB), has been plagued 

by substantial water quality and quantity issues, which jeopardize people's right to clean water, 

jeopardize food security and safety, jeopardize sustainable agricultural methods, and wreak havoc 

on ecosystem functioning. The Litani River Authority (LRA) has been taking hydrological 

measurements on the river since the early 1960s, providing extensive input on flow regime via 

changing climatic circumstances and community growth. River water has recently experienced a 
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decrease in flow and deterioration in water quality, posing a hazard to public health and agricultural 

sustainability (Shaban, 2011). As a result, in the basin, long-term water management is a key 

concern. As a result, the Litani River Basin serves as a model hydrologic system for relating water-

related SDGs (particularly SDG 6) to features of long-term water management. The Litani River 

Basin is extremely important to the national economy. It meets the water needs of nearly one 

million people who live in the basin, as well as social, industrial, and energy needs, as well as 

watershed ecological functions such as soil and forest cover (IDRC, CNRS-L, LRA and DSA, 

2007). The importance of this hydrologic system has prompted a number of studies, policy briefs, 

working papers, and projects. The Litani River is in the worst position it has ever been in, and it 

has been dubbed a "dead river" (Shaban, 2011). The river basin's dire state has been aggravated by 

rising population, untreated wastewater discharge, a changing climate, low water productivity, and 

a slew of unsustainable activities (Jomaa and Shaban, 2018). Some of the causal elements 

influencing the basin's health include solid waste bulk disposal facilities on riverbanks, direct 

discharge of untreated sewage and industrial fluids, and irrigation with contaminated waters. As a 

result, bacterial and chemical contamination of water and sediments has grown widespread, 

surpassing international criteria. Diseases, soil, crop, and air contamination have resulted from the 

mentioned decline in water quality, posing a concern to public health, the environment, food 

security, and safety, as well as ecosystem services. However, the application of created knowledge 

and information to the development and implementation of sustainable policies for the 

management and monitoring of water quality in the basin, leading to its protection and long-term 

usage, remains limited (Darwich et al, 2018). In the northern half of the basin, according to the 

environmental Master plan for the Litani River and Qaraoun Lake catchment area project (2000), 

at least seven sewer networks dump raw untreated effluent directly into the Litani River or its 

tributaries. Furthermore, industrial effluent from sugar beet factories, paper mills, lead recovery 

plants, limestone crushers, agro-industries, poultry farms, tanneries, and slaughterhouses are 

discharged straight into the river. However, no real actions to compel the treatment of industrial 

and agricultural wastes were done until 2019.  

As long as bacteriological and chemical contaminations are not cleaned or controlled, water 

pollution spreads to soils, crops (Mcheik et al, 2018), and animals, and represents a barrier to the 

socio-economic growth and well-being of riparian communities (USAID, 2014), the Litani River 

poses a hazard to public health. The Litani River's microbiological water quality is a major danger 
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to food safety and a major cause of water-borne diseases in the country, with solid waste and 

wastewater management being two main challenges in the Bekaa. Several research has 

investigated the contamination of soil and groundwater with trace elements and nitrates, as well as 

the risk to human health from dietary intake.  Pollution in the river has harmed the quality of the 

water in the Qaraoun Reservoir, which is becoming increasingly contaminated as toxic effluents 

are expelled and accumulated without being treated. Irrigation with cyanotoxic Qaraoun water has 

been shown to affect the growth and development of irrigated vegetables such as tomato and 

cucumber (Temsah et al, 2016). Furthermore, irrigating seeds, fruits, and vegetables with 

cyanotoxin-containing water has the potential to introduce these toxins into the food chain, posing 

a health risk (Chen et al, 2010). 

Rivers ecosystems dynamics are affected by natural and environmental conditions and 

anthropogenic activities (Tejerina-Garro et al, 2005). The goal of studying the impact of a 

biological wastewater treatment system and its performance according to various criteria under the 

climatic conditions of Lebanon and the Litani River basin is to find a solution for wastewater 

discharged into rivers that would improve habitat for fish and animals and support aquatic 

communities, following years of water and wastewater mismanagement and over fertilizing, in 

relation to climatic conditions in Lebanon and, in particular, in the Litani River, as well as to reduce 

or eliminate the damage caused by various operations on the river's side. Water supplies in the 

Middle East are far insufficient to meet demand, resulting in conflict (Diep et al, 2017). 

 Tools 

This study uses geospatial data from a Geographic information system (GIS) map to examine and 

analyze several parameters to find possible places for biological wastewater treatment plant 

application in Lebanon and the Litani River Basin. It considers the qualities of the location, 

meteorological data, soil qualities, topography, and other natural factors. Furthermore, land usage, 

soil erosion, soil depth, soil type, population number, precipitation range, and slope % are among 

the parameters utilized to choose prospective regions. Shape files, which are basic formats for 

recording the geometric location and attribute information of geographic features, are used to add 

these criteria to the GIS system. These shape files come from the SDATL (National Physical 

Master Plan of the Lebanese Territory) and the CNRS (National Council for Scientific Research). 

Each shape file is added to a map of Lebanon or Litani River Basin, and certain points from the 
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attribute table are selected and overlaid with other shape files and layers to create a clear map for 

each criterion that shows the precise areas and delineations. Selection of appropriate fuzzy 

functions that yield continuous fuzzy classifications of standardized criteria is part of the process. 

Expert knowledge and a literature review are used to implement the fuzzy function. For criteria 

standardization, choosing appropriate fuzzy functions is critical. This standardization method 

produces a result that conveys a relative degree of belonging to a fuzzy set, ranging from not 

applicable to very high. For example, membership values for each criterion on fuzzy maps range 

from not applicable to low, acceptable, and high, with not applicable representing the least suitable 

locations and high being the most ideal regions for BWWT plants. The application of AHP to 

calculate the relative weights of the criterion was the next stage. This phase entailed creating a 

comparison matrix and using the pairwise comparison method to determine weights. Because the 

BWWT is based on biological components rather than mechanical ones, all of the factors and 

criteria utilized in this situation are of similar value Table 6. 

Table 6: The comparison scale in AHP of each selected criterion 

Criteria  Intensity of importance  

Land use 1 

Soil  1 

Population number  1 

Precipitation  1 

Slope 1 

 

Criteria and specification for the application of biological wastewater treatment system  

Land use  

Biological wastewater treatment plants should be strategically placed near suitable agricultural and 

grassland areas. Because agricultural use of treated effluent is so important, planning, developing, 

and maintaining effluent irrigation projects should be as methodical as feasible, and the public 

should be kept informed at all phases (EPA, 2011). That’s why the high potential of BWWT 

according to landuse is in the grasslands and barelands. Woodlands are then secondly used or 
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acceptable for the application of BWWT plants. On the other hand, wetlands and water lands have 

the lowest potential of BWWT application.  

 High: barelands and grasslands 

 Acceptable: woodlands  

 Low: wetlands and water lands  

 Not applicable: urban and other lands 

Soil components 

If percolation to groundwater is a disposal option, the site soils should be characterized 

(EPA,2011) (Table 7). For a successful deployment of BWWT to preserve aquifers and avoid 

percolation and contamination, erosion must be very minimal. Otherwise, the degraded terrain will 

be unable to support this system, and the BWWT plant will fail (Table 7). Arundo plinii, Populus 

alba, Pseudotsuga menziesii, Ricinus sp, Salix alba, and other vegetation commonly utilized in 

BWWT plant applications require a certain soil depth for root formation. Higher application rates 

and lower land area needs are related with higher levels of pre-application treatment, while the 

ranges indicated for field area required and application rates include wastewater quality from raw 

sewage to secondary effluent. Although soil permeability is not crucial in this type of land 

management, the effects on groundwater in highly permeable soils should not be neglected (Farjon, 

2013). The land application approach was created for places with low soil permeability and when 

conventional land application methods were unavailable (Heldman and Moraru, 2011). For the 

application of BWWT plants, a depth of at least 90 cm is necessary, followed by an acceptable 

potential of 30-90 cm and a low one of less than 30 cm.  

In general, soils having a permeability classification of moderate to moderately rapid (0.6 

to 6.0 inches/hour) from the USDA Natural Resources Conservation Service are acceptable for 

wastewater irrigation (Lovell, 2002). Groundwater and drainage conditions, on the other hand, 

must be suitable. Without drainage improvements, soils that are poorly drained, have high 

groundwater tables, or contain restrictive subsurface soil layers are not appropriate for slow-rate 

land treatment (Georgia, 2010). Phosphorus and trace elements are removed through sorption on 

soil clay colloids and precipitation as calcium, iron, and aluminum insoluble complexes (Farjon, 

2013). They thrive in the Entisols, Inceptisols, Mollisols, Spodosols, and Ultisols soil groups, 
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which are abundant in Lebanon. The best soil types for the application of BWWT are sandy loams 

(ndsu, 2021) and the unlikely ones are clay and silt (Farjon, 2013). 

Table 7: Soil erosion, depth and type according to their suitability in BWWT  

Soil  Soil erosion  Soil depth  Soil type  

High  very low and low  ˃90 cm  ˃64% sand  

Acceptable  medium  30-90 cm  ˃50% silt  

Low  high less than 30cm ˃40% clay 

Not applicable  Very high  less than 30cm ˂40% clay 

Population number 

These sites should not be near residential areas, but even isolated terrain may not be acceptable to 

the general public if social, cultural, or religious attitudes reject wastewater irrigation (EPA, 2011). 

The possible health risks associated with wastewater irrigation can make this a very sensitive topic, 

and public anxiety can only be alleviated if tight control measures are implemented. The process 

is well suited for rural communities and can produce fairly high-quality treatment (Heldman and 

Moraru, 2011).  

Precipitation 

Conifers, Arundo plinii, Populus alba, Pseudotsuga menziesii, Ricinus sp, Salix alba, and other 

vegetation commonly utilized in the application of BWWT plants require sites and locations with 

minimum precipitation rates of 300 mm to 1400 mm, with the majority preferring high 

precipitation rates of more than 700mm. This range is based on the above-mentioned trees and 

plants' precipitation preferences used in the BWWT system. Because faster-growing species 

require more rainfall, wastewater purification is carried out more quickly or in larger volumes. As 

a result, the greater value (msu, 2021) is used and the highest potential for BWWT use is between 

700 and 1400 mm, whereas the lowest is between 200 and 400 mm. Antecedent precipitation and 

soil moisture conditions can be correlated to provide an operating scheme for the system (Georgia, 

2010).   

 High: ˃1400-700 

 Acceptable: 700-400 

 Low: 400-200 
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 Not applicable: less than 200 mm 

Slope 

Slope is unquestionably one of the most significant elements to consider when determining 

capability. The slope gradient, as a topography factor, has a significant impact on the intensity of 

soil erosion. Higher slopes would enhance runoff of pollutants from the site, increasing pollution 

of the surrounding area, hence slope is also significant when applying a BWWT plant site. 

Maximum grades for wastewater spray fields for row crops are often limited to 7%, which explains 

why the high application potential of BWWT plants is between 2 and 8% (Georgia, 2010). Sloping 

sites increase lateral subsurface drainage and reduce the likelihood of ponding and protracted soil 

saturation compared to level sites (Georgia, 2010). Water-tolerant grasses are an important 

component of the system, as wastewater should flow evenly down the slope to collecting ditches 

at the area's bottom edge (Pescod, 1992). The site's topography is critical, as the terrace slopes are 

limited to 2-8 percent with sufficient length to allow for enough treatment travel time. A slope of 

less than 2% can result in wastewater ponding, while a slope of more than 8% can result in soil 

erosion. Terraces are usually 30-60 meters long. In general, impermeable soils are appropriate, but 

soils with considerable permeability should meet the slow-rate process conditions (Heldman and 

Moraru, 2011). The use of BWWT plants on steep slopes is not suggested (Heldman and Moraru, 

2011). 

 High: 2-8% 

 Acceptable: 0-2% / 8-12% 

 Low: 12- 20% 

 Not applicable: ˃20% 

After selecting and specifying all the above-mentioned criteria, all the criteria must be 

merged to come up with suitable areas for the implementation of BWWT. The high values and 

shape files of land use, soil, population number, precipitation and slope are merged, and High areas 

for the application of BWWT are identified. The same method is used to identify acceptable, low 

and not applicable areas for the application of BWWT. 

  



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           41 
 

2.3 Results 

Assessing land suitability for biological wastewater treatments 

GIS and AHP were used to select suitable BWWT locations for the case study of Lebanon and the 

Litani River Basin. According to the biological application of BWWT and an exhaustive literature 

research, as well as accessible data and input from, seven site selection limitations were adopted. 

The fuzzy membership functions from Table 4 were also used to standardize these criteria, and 

criterion maps were created as a result. For Lebanon (Table 7) and the Litani River Basin, the 

restrictions criteria employed in this study were land use, soil components (type, depth, and 

erosion), slope, precipitation, and low population number (Table 8). 

The tables below show the areas of each criterion. The zero value indicates that soil type or depth 

required didn’t exist in this area e.g.  ˃90 cm of soil is not present in Litani River basin.  

Table 8: Fuzzy set memberships, membership functions and areas used for BWWT system in 

Lebanon  

Criteria  Area  

Land use  

High  3510 km2 

Acceptable  2385.2 km2 

Low  32 km2 

Not applicable  26.8 km2 

Soil type 

High  2568 km2 

Acceptable  1908 km2 

Low  4177 km2 

Not applicable  3 km2 

Soil depth  

High  0 

Acceptable  7635 km2 

Low  2073 km2 

Not applicable  0 

Soil erosion  

High  945 km2 

Acceptable  4862 km2 

Low  1848 km2 
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Not applicable  22 km2 

Slope   

High 1359 km2 

Acceptable  3559 km2 

Low  834 km2 

Not applicable  34 km2 

Precipitation  

High  1062 km2 

Acceptable  2405 km2 

Low  857 km2 

Not applicable  105 km2 

Low population number criteria 

Applicable   9936.68 km2 

Not applicable  101.72 km2 

Table 9: Fuzzy set memberships, membership functions and areas used for BWWT plants in Litani 

River Basin 

Criteria  Area  

Land use  

High  2448 km2 

Acceptable  734.5 km2 

Low  4.4 km2 

Not applicable  45 km2 

Soil type 

High  436.4 km2 

Acceptable  0.26 km2 

Low  0 

Not applicable  0 

Soil depth  

High  0 

Acceptable  710 km2 

Low  2073 km2 

Not applicable  0 

Soil erosion  

High  648 km2 

Acceptable  4652 km2 

Low  1870 km2 
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Not applicable  2.9 km2 

Slope   

High 969 km2 

Acceptable  2754 km2 

Low  520 km2 

Not applicable  4.7 km2 

Precipitation  

High  5905 km2 

Acceptable  1589 km2 

Low  439 km2 

Not applicable  55 km2 

Low population number 

criteria 

Applicable   638.2 km2 

Not applicable  31.8 km2 

Figure 6 shows standardized maps for each criterion in Lebanon, whereas Figure 7 shows 

standardized maps for the Litani River Basin.  
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Figure 6. Lebanon maps according to criteria for the application of BWWT 
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Figure 7. Litani River Basin maps according to criteria for the application of BWWT 

Suitability map for biological wastewater treatment system 

The final suitability map is shown in Fig. 8. It merges the highest, acceptable and lowest potential 

areas hosting BWWT according to all the above-mentioned criteria in Lebanon.  The high values 

on the maps indicate more suitable areas for BWWT plants. It is important to note that the spatial 

distribution of the suitable areas for BWWT sites differs for each of the criteria.  The total area of 

these potential areas is 162.94 km2, distributed as follow: 

 High (showed in red) potential suitable areas to apply the BWWT based on the best acceptable 

all the above-mentioned criteria with an area of 30.40 km2, from this area, we should deduct 

an area of 10 km2 because the BWWT is not applicable there due to the existence of roads and 

buildings. Thus, the applicable area is 20.40 km2; 

 Acceptable (showed in magenta) potential suitable areas to apply the BWWT based on the 

intermediate acceptable all the above-mentioned criteria with an area of 173.3 km2 from this 

area, we should deduct an area of 31 km2 because the BWWT is not applicable there due to 

the existence of roads and buildings. Thus, the applicable area is 142.3 km2; 

 Low (showed in purple) potential suitable areas to apply the BWWT based on the lower 

acceptable all the above-mentioned criteria with an area of 0.24 km2 (absence of roads and 

buildings in this area). 
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 Not applicable (showed in white) areas show the areas not recommended for the application of 

BWWT or that could be applied with exceptional design and operations. 

 

Figure 8: Potential areas hosting BWWT system according to all criteria 
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The final suitability map is shown in Fig. 9. It merges the highest, acceptable and lowest potential 

areas hosting BWWT according to all the above-mentioned criteria in Lebanon.  The high values 

on the maps indicate more suitable areas for BWWT plants. It is important to note that the spatial 

distribution of the suitable areas for BWWT sites differs for each of the criteria.  The total area of 

these potential areas is 42.62 km2, distributed as follow:  

 High (showed in red) potential suitable areas to apply the BWWT based on the best acceptable 

all the above-mentioned criteria with an area of 2.29 km2, from this area, we should deduct an 

area of 0.55 km2 because the BWWT is not applicable there due to the existence of roads and 

buildings. Thus, the applicable area is 1.74 km2; 

 Acceptable (showed in magenta) potential suitable areas to apply the BWWT based on the 

intermediate acceptable all the above-mentioned criteria with an area of 44.7 km2, from this 

area, we should deduct an area of 3.89 km2 because the bwwt is not applicable there due to the 

existence of roads and buildings. Thus, the applicable area is 40.81 km2;  

 Low (showed in purple) potential suitable areas to apply the BWWT based on the lower 

acceptable all the above-mentioned criteria with an area of 0.07 km2 (absence of roads and 

buildings in this area) 

 Not applicable (showed in white) areas show the areas not recommended for the application of 

BWWT or that could be applied with exceptional design and operations. 
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Figure 9: Potential areas hosting BWWT system according to all criteria 
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2.4 Discussion  

The final aggregation of the seven intermediate suitability maps shows the importance of each 

criterion for BWWT use in Lebanon and Litani River Basin, respectively. Its importance consists 

of reusing water, this efficient resource, for other usage in order to maintain the clean water, 

protects people from disease, yet three in ten people lack access to it. 

Wetlands and water lands are excluded from hosting BWWT as well as urban lands where the 

population number is high. Arundo plinii, Populus alba, Pseudotsuga menziesii, Ricinus sp, Salix 

alba, and other vegetation commonly employed in the application of BWWT plants require 

specific soil types for root development, particularly where sand content is greater than 70%, as 

selected in the above-mentioned maps. (Meikle, 1984). The biological and physical properties of 

these species have vital role with regard to the removal of different types of pollutants and their 

purifying effect on water pollutants owing to different plant specie’s different physiological 

properties, therefore, selection of plant species for wastewater treatment is very important and it 

one of the key factors that affects water purification efficiency of the technique. The role of these 

plants comes after the water passes between the gravels/soil that embrace it, and then extends to 

its dense roots, forming a basic area of movement of the bacteria, which eat all the sediments and 

particles that are not fractured resulting from the passage of water, after being oxidized by these 

species of plants. They grow quickly; they produce large clumps of thick rhizomes, oxygen 

transfers through the roots may be sufficient. Due to thick and sturdy rhizomes it is planted to help 

control soil. Because these faster-growing species require a good rainfall, wastewater purification 

is carried out more quickly or in larger volumes where the precipitation rate is higher than 700mm. 

Consequently, these species perform better in the mentioned area and absorb higher level of 

nutrients. The areas that have high percentage of stoniness and steep slopes make them unsuitable 

for BWWT and decrease the probability of their well treatment.  

The land suitability map for BWWT could provide a general overview of its application in various 

places. Because they have no restrictions, all high-class lands could be utilized for BWWT. The 

research of land suitability is insufficient to advise land use activities; this study should be followed 

by further specific investigations to indicate appropriate land use for each parcel in this location. 
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The produced map provides greater insight on the potential BWWT-hosting lands in the research 

area, allowing public management organizations to use it as a planning tool to aid in more effective 

land planning. 

2.5 Conclusion  

This research demonstrates how GIS may be used to overlay many layers of data and create a land 

suitability map. This map will undoubtedly aid decision-makers in limiting the use of BWWT in 

appropriate locations based on important land suitability criteria. They can now propose fine 

adjustment of the centrally designed land use planning based on small scale maps. Controlling land 

use change, slope degrees, precipitation rates, population numbers and soil components, as well as 

urban expansion, can help to prevent land degradation and promote awareness about the need of 

local government for the protection and sustainable use of BWWT regions in the region. It is 

necessary to raise policymakers' knowledge of potential BWWT-hosting sites and give land use 

planners with information on the land's optimal usage in order for it to be effective. If early actions 

are undertaken, excellent communication between experts and decision makers is likely to enhance 

sustainable land use and aid in environmental conservation. 
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3 Chapter Modeling the Hydrological Behavior of Litani River Basin in 

Lebanon and Analyzing Effects of Land Cover Change on Soil Moisture 

Using WiMMed for the period 2009-2019 

Abstract 

The relationship between the hydrological variables involved in the water balance of Lebanon's 

Litani River and land cover change in all year seasons between 2009, 2014 and 2019, is deeply 

tackled in this review. In the study area, the WiMMed distributed physically based watershed 

model was used to generate the following hydrological variables across the years (2009, 2014 and 

2019): rainfall (mm), snow (mm), infiltration (mm), runoff (mm), first layer soil moisture (mm) 

and second-layer soil moisture (mm). Infiltration at the basin level has decreased between 2009, 

2014 and 2019, according to the findings of this study. This decline was notably noticeable in the 

spring season, when infiltration was reduced by 70% compared to the same period in 2014 and by 

20% comparing 2009 to 2014. Similar hydrological behavior has been seen in the soil moisture of 

the first and second layer, with the highest decreases in 2019 compared to 2014 and 2009, in the 

spring and summer seasons with a slight increase in the autumn season. This hydrological behavior 

is directly linked to changes in land cover in the study area. In the Litani River Basin, shrubs 

dropped by 29.28 ha in 2014, and by 796.25 ha in 2019. Herbaceous vegetation decreased 65.11 

ha in 2014 but increased 154.93 ha in 2019. In 2014, Cultivated and controlled 

vegetation/agriculture (cropland) increased by 34.89 ha, and in 2019, it increased by 442.15 ha. In 

2014, urban areas grew by 46.43 ha, and by 136.43 ha in 2019. In 2014, bare land increased by 

5.28 ha, but declined by 9.95 ha in 2019. In addition, between 2014 and 2019, the number of 

permanent water bodies has grown. Herbaceous wetland area increased from 19.27 ha in 2014 to 

55.99 ha in 2019. Closed forests, like open forests and open seas, have exhibited no changes or 

minor losses in both areas. As a result, it can be stated that the change in land cover in the Litani 

River from 2009, 2014 to 2019 has had a detrimental impact on the river's hydrological features, 

reducing infiltration capacity and soil moisture in the first and second layer in this location. 

Key words: Land cover, hydrological modelling, Litani River, soil moisture, Lebanon. 
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3.1 Introduction 

Rivers ecosystems dynamics are affected by natural and environmental conditions and 

anthropogenic activities (Tejerina et al, 2009). Water supplies in the Middle East are far 

insufficient to meet demand, resulting in conflict (Diep et al, 2017). Growing water extractions, 

along with new social expectations for environmental services and protection, are increasing 

competition for limited water resources around the world (Kahil et al., 2015). Groundwater use is 

expected to become unsustainable. Aquifer drawdown is already so severe in many areas of the 

world, certainly in degraded areas as the Litani Basin where the problem is most prevalent, that 

future dependence on this resource is no longer possible (Arab Water Council, 2009). The Litani 

River is a vital source of water in Lebanon. The river rises west of Baalbek in the fertile Beqaa 

Valley and flows north of Tyre into the Mediterranean Sea. Lebanon's longest river, the Litani, 

extends for more than 140 kilometers and has an annual flow of 920 million cubic meters (LRA, 

2010). It has environmental issues that necessitate a better knowledge and management of land 

and water resources. Given the urgent need to address the population's high vulnerability in water 

polluted areas (Midgley et al., 2012), increasing land cover management's capability to adapt to 

water scarcity and minimize its effects is critical. Hydrologic modeling is critical for determining 

seasonal water availability, which is crucial for making water resource management decisions 

(Dwarakish & Ganasri, 2015). For over 40 years, modeling methods have been used for a variety 

of purposes, but almost all modeling tools have been developed primarily for humid area 

applications. Despite the crucial necessity of water for agriculture and human practice in this area 

and this environments, historical hydrological data has been severely restricted. The paucity of 

high-quality observations has long been cited as a fundamental constraint to the development of 

Litani Basin hydrology. In recent years, there have been significant improvements in data 

availability, as well as a number of more extensive studies that have helped us better understand 

the characteristics of Litani Basin environments. An application of a hydrologic model that 

analyzes spatiotemporal watershed characteristics aids in precise forecast of a watershed's dynamic 

water balance in order to tackle current and potential future challenges with reference to freshwater 

availability. However, given the absence of data, i.e., the lack of an adequate monitoring system, 

and the necessity to understand how the system would respond under situations and/or actions that 

differ from previous sequences, physically based models are the sole alternative for simulating 

non-monitored systems (Aguilar et al., 2010). The WiMMed model is a physically based 
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distributed hydrological model that may be used to simulate a watershed's water and energy 

balance. The WiMMed model was used in this work to compute all of the mechanisms that govern 

water flows throughout the watershed in Litani Basin areas for the different years (2009, 2014 and 

2019), especially the sections between 01/09/2009 – 31/08/2010, 01/09/2013 – 31/08/2014 and 

01/09/2018 – 31/08/2019. The model's outputs depict the watershed's hydrological behavior as a 

function of the following variables: snowfall (mm), precipitation (mm), infiltration (mm), run-off 

(mm), first-layer soil moisture and second-layer soil moisture (mm). These five variables were 

estimated for summer, autumn, winter, and spring hydrological years. The study of the results 

reveals changes in infiltration, runoff, and soil moisture in the first and second layer between 2009, 

2014 and 2019, which is beneficial for a better understanding of the hydrological processes in the 

Litani River basin. After comparing these data from 2009, 2014 to 2019, the relationship between 

land cover change and soil moisture of the first layer and second layer was investigated. Water 

resource planning and management require a thorough understanding of hydrological process 

variability and change, as well as their implications for water availability (Gebremicael et al., 

2019). The seasonality of hydrological parameters is one of the most important factors influencing 

the growth and stability of natural ecosystems. A comparison of different hydrological variables 

between different years and seasons is undertaken to evaluate long-term climatic behavior and 

comprehend flood occurrence (Parajka et al., 2009). Anthropogenic changes in land cover have 

influenced changes in soil physic chemical characteristics, soil fertility, soil erosion sensitivity, 

and soil moisture content (Sharif et al., 2014). Land cover change has the potential to affect a 

variety of natural and biological processes, including soil nutrient, soil moisture, soil erosion, and 

land productivity (Chen & Pen, 2000). Land cover effects infiltration rates, runoff, and 

evapotranspiration in river basins, all of which are important for crop development and vegetation 

regeneration (Niu et al., 2015). Because it reflects the balance between arriving (precipitation) and 

outgoing (evapotranspiration and runoff) volumes, soil moisture is one of the most important 

factors in crop productivity. Assessment, evaluation, and prediction of dry or runoff conditions 

that could cause crop damage or indicate a potential drought or flooding are critical for mitigation 

efforts and crop yield forecasting, which can serve to warn farmers, prepare humanitarian aid for 

affected areas, or give international commodities traders a competitive advantage. Land cover 

effects infiltration rates, runoff, and evapotranspiration in river basins, all of which are important 

for crop development and vegetation regeneration (Niu et al., 2015). Because it reflects the balance 
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between arriving (precipitation) and outgoing (evapotranspiration and runoff) volumes, soil 

moisture is one of the most important factors in crop productivity. Assessment, evaluation, and 

prediction of dry or runoff conditions that could cause crop damage or indicate a potential drought 

or flooding are critical for mitigation efforts and crop yield forecasting, which can serve to warn 

farmers, prepare humanitarian aid for affected areas, or give international commodities traders a 

competitive advantage. Soil moisture conditions may also act as a warning for future floods if the 

soil has become too saturated to hold any extra runoff or precipitation. In areas where active 

deforestation is occurring, soil moisture measurements help predict run-off, evaporation rates, and 

soil erosion (CCRS, 2002). A study of land cover change between 2009, 2014 and 2019 has been 

established to evaluate how land use transformation effects soil moisture in the first and second 

layer. 

Changes in land cover and climate may have both immediate and long-term effects on terrestrial 

hydrology, changing the balance between rainfall and evapotranspiration, as well as the runoff that 

results (Li et al., 2007). Changes in land cover, which are mostly caused by human activities, have 

an impact on hydrological processes including evapotranspiration (ET), interception, and 

infiltration, resulting in changes in surface and subsurface flows (Zangh et al., 2016). There has 

been no major change in meteorological and pedological conditions in the research region between 

2009, 2014 and 2019 (LARI, 2019), hence land cover is the most important factor affecting the 

water balance. The major goal of this research is to use the WiMMed model to derive hydrological 

variables that represent the water balance of the Litani River Basin for 2009, 2014 and 2019, 

analyze their variance, and examine the sensitivity of soil moisture to land cover changes at a 

watershed scale. In relation to climatic conditions in Lebanon and, in particular, in the Litani River 

basin, studying the hydrological behavior of Litani River and its performance according to these 

climatic conditions will help in understanding and finding possible solutions for this watershed, 

who would improve habitat for fish and animals and support aquatic communities, as well as 

reducing or eliminating the damage caused by various operations on the river's side.  

The overall goal of this research was to investigate the relationship between hydrological variables 

involved in water balance at a watershed size and land cover change in Lebanon's Litani River 

Basin between 2009, 2014 and 2019. These specific objectives were developed to help attain this 

broad goal: between 2009, 2014 and 2019, a distributed physically-based watershed model 

(WiMMed) was used in the Litani River Basin; Using this model, generating the hydrological 



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           57 
 

variables that characterize the water balance in the unsaturated zone of the soil in the study region 

between 2009, 2014 and 2019; Comparing the land cover maps from the years  2009, 2014 and 

2019 and identifying the changes in land cover in terms of type and area of change; Investigating 

the link between soil moisture measurements and land use changes in the Litani River Basin 

between 2009, 2014 and 2019 and drawing inferences on how changes in land usage may affect 

the first and  second layer's soil moisture in Litani River Basin area.  

3.2 Material and methods 

3.2.1 Description of the study area 

There are fifteen rivers in Lebanon (see Figure 10), as well as roughly 2000 important springs. The 

Litani, Lebanon's longest and largest river, runs entirely within its borders. It begins in the Bekaa 

Valley, west of the ancient city of Baalbeck, at the Oleik spring (approximately 1,000 meters above 

sea level), and flows southward, then westward, until it reaches the Mediterranean Sea near the 

city of Tyre. The overall distance traveled is nearly 170 kilometers, with flow rates ranging from 

14.2 m3/s during the rainy season to roughly 4.4 m3/s during the dry season (LRA, 2010). The 

Litani River Basin is divided into two primary hydrologic units (figure 1). These are the Upper 

and Lower Litani Basins, which meet in the middle of the basin at Qaraaoun Lake to form the 

Litani River Basin (i.e., capacity of 220 milion m3). The Litani River basin is separated into three 

sub-basins from a geomorphological standpoint, with the largest being the Upper Basin, which 

stretches from its source to the Qaraoun dam at an elevation of 850 to 800 meters above sea level 

(MASL), as seen in Figure 1. The Litani River is fed by various perennial tributaries, primarily 

Berdawni, Ghzayel, Qib Elias, and Chtoura, which have an estimated area of 1,400 km2. The 

Qaraoun reservoir has a capacity of roughly 220 million cubic meters (MCM), with 160 MCM 

being used for irrigation and hydropower generation. The Qaraoun reservoir is monomictic, 

meaning it mixes from top to bottom once a year, according to isotope fractionation research 

(Jaber, 1993). With a length of around 172 km and a basin area of 2186 km2, the Litani River is 

the largest Lebanese river, with a discharge of roughly 360 million m3 year-1 (LRA, 2010).  

The river basin's diverse land cover, particularly agricultural, leave it prone to a variety of pollution 

issues. As a result, agricultural pollutants are enormous, with a focus on fertilizer (Jaber, 1993; 

Shaban, 2011; Fawaz, 1992). As a result, pollution components include heavy metals, 

microorganisms, and nutrients. With a catchment area of around 2150 km2 (Shaban, 2011), the 

Litani River, together with the Qaraoun Reservoir, is a highly important basin in Lebanon. Since 
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the previous few decades, the Bekaa Plain, which encompasses the majority of the Litani River 

Basin (LRB), has been plagued by substantial water quality and quantity issues, which jeopardize 

people's right to clean water, jeopardize food security and safety, jeopardize sustainable 

agricultural methods, and wreak havoc on ecosystem functioning. 

 

Figure 10 Litani River Bassin (Shaban, 2011) 
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The Litani River Authority (LRA) has been taking hydrological measurements on the river since 

the early 1960s, providing extensive input on flow regime via changing climatic circumstances 

and community growth. River water has recently experienced a decrease in flow and deterioration 

in water quality, posing a hazard to public health and agricultural sustainability (Shaban, 2011). 

As a result, in the basin, long-term water management is a key concern. As a result, the Litani 

River Basin serves as a model hydrologic system for relating water-related SDGs (particularly 

SDG 6) to features of long-term water management. The Litani River Basin is extremely important 

to the national economy. It meets the water needs of nearly one million people who live in the 

basin, as well as social, industrial, and energy needs, as well as watershed ecological functions 

such as soil and forest cover (IDRC, CNRS-L, LRA and DSA 2007). The importance of this 

hydrologic system has prompted a number of studies, policy briefs, working papers, and projects 

(Jaafar et al, 2020). The Litani River is in the worst position it has ever been in, and it has been 

dubbed a "dead river" (Shaban, 2011). The river basin's dire state has been aggravated by rising 

population, untreated wastewater discharge, a changing climate, low water productivity, and a slew 

of unsustainable activities (Jomaa et al, 2018). Some of the causal elements influencing the basin's 

health include solid waste bulk disposal facilities on riverbanks, direct discharge of untreated 

sewage and industrial fluids, and irrigation with contaminated waters. As a result, bacterial and 

chemical contamination of water and sediments has grown widespread, surpassing international 

criteria (Mcheik et al, 2018; Nehme el al, 2018).  In the northern half of the basin, according to the 

environmental Master plan for the Litani River and Qaraoun Lake catchment area project (2000), 

at least seven sewer networks dump raw untreated effluent directly into the Litani River or its 

tributaries. However, no real actions to compel the treatment of industrial and agricultural wastes 

were done until 2019.  
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Figure 11. Lebanon main river network 

3.2.2 Watershed integrated hydrological model 

a. Description of the model  

WiMMed (Watershed Integrated Model in Mediterranean Environments) is a physically based, 

fully distributed hydrologic model that incorporates the diversity of scales in space and time that 
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characterizes the Mediterranean climate into an operational suite. At the cell size, the model 

focuses on spatial interpolation of meteorological variables and physical modeling of the water 

and energy balance (raster format). Aspects of Mediterranean watersheds that have an impact on 

spatial and temporal variability (torrential rainfall events, semi-arid conditions, and a high risk of 

drought at hyper-annual scales) are carefully studied, as are processes where topography may have 

a significant impact on the outcomes (Herrero et al., 2009). It may link GIS-based watershed 

representations with advanced algorithms to model the energy and water balance on a physical 

level. The model's algorithms were created with input data shortages in mind, especially in hilly 

locations, such as the distribution of meteorological stations, time series of recorded 

meteorological series, or the length and quality of the series (Herrero et al., 2014). The WiMMed 

model was used in this work because it is the best technique to calculate all of the mechanisms that 

determine water flows in semiarid areas (Gómez-Giráldez et al., 2014). WiMMed also takes into 

account characteristics of Mediterranean watersheds that have an impact on spatial and temporal 

variability (torrential rainfall events, semi-arid conditions, and a high risk of drought at hyper 

annual scales), as well as processes where topography may have a significant impact on the results 

(Herrerro et al., 2014). WiMMed focuses on (a) spatial interpolation of meteorological variables 

at the cell scale, (b) physical modeling of the energy and water balance at each cell, and (c) taking 

different time scales into account when performing calculations, depending on the process being 

simulated (Egüen et al., 2012). 

As described in the next section, the model requires certain input data. Once the study area has 

been defined and the input variables have been introduced to the model, the implicit interpolation 

mechanisms have been applied to each variable, state variables involved in the simulated 

processes, and intermediate variables, results on meteorological variables can be obtained. The 

derived variables' findings can be shown as maps for distributed variables such as precipitation 

and infiltration, or as tables of values for point variables (e.g., flow) or distributed but aggregated 

in space (e.g., mean precipitation of the basin or sub-basin). The proper spatial and temporal scales 

are determined based on the study's needs (Herrero et al., 2009). 

The cited literature contains a full explanation of each step as well as associated parameter 

characterization/calibration. Herrero et al. (2011) provide a user's manual for the WiMMed 

interface for Windows, as well as the theoretical foundation for the water balancing hydrological-

hydraulic model and flow calculations.  
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b. Input data required for modeling  

At each cell of the watershed's Digital Elevation Model, a distributed water and energy balance is 

implemented as a cascade of reservoirs (vegetation cover, snow cover, and vadose zone of the 

soil). In event situations (storms), calculations are conducted on a one-hour time step; in nonevents 

situations, calculations are made on a one-day time step (Aguilar et al., 2010). Distinct simulation 

levels, as well as different groups of resulting variables in terms of spatial and temporal resolution, 

can be chosen depending on the level of processing required for a certain result. The Surface Cycle 

simulation, which calculates the water balance in the soil's unsaturated zone, was employed in this 

study. The model requires various variables and input parameters to do this simulation. 

Topography, Meteorology and Soil are the three major groups of input data. 

A brief description of the data collected for the examined watershed and its processing for model 

application follows: 

- Topography: A digital elevation model (DEM) with a horizontal resolution of 30 m and a 

vertical precision of 1 m represents the topographic input data. The Earth Explorer DTM 

(https://earthexplorer.usgs.gov/) was downloaded. The DEM for this model's application was 

created using (Entity ID: SRTM1N34E036V3, Publication Date: 23/09/2014, Resolution: 1-ARC). 

Using the Arcmap application, a resample from 26.2709 30.1783 m to 30 30 m was performed. 

The soil map was used to project this raster (file +proj=utm +zone=37 +datum=WGS84 +units=m 

+no defs). The DTM raster of the entire Litani River Basin, as well as the Lebanese portion, was 

then retrieved. The DTM is the beginning point for each project because it determines the extent, 

coordinates, and precision (cell size) of all other maps, both as input (which must correspond to it) 

and output (Egüen & Herrero, 2009). Because of the large extent of the study region and the quality 

of the Landsat images utilized in the assessment of the plant cover, a spatial resolution of 30 x 30 

was chosen. It's a tradeoff between the Model's execution time and the level of information 

required for this research. The model creates the rest of the topographic variables involved in the 

water balance after the DTM is introduced: slope, direction, horizons, and so on (Aguilar, 2008).  

- Meteorological data: Daily records of precipitation, mean temperature, maximum and lowest 

temperature, solar radiation, wind speed, vapor pressure, and emissivity of the atmosphere are all 

needed for the model. The meteorological data used in this study came from six weather stations, 
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whose data were manually entered into the model inputs after being converted into ASCII files.txt 

format (Table 10). 

Table 10 Weather stations in Litani River Basin 

Weather station X (longitude) Y (latitude) Year 

Bar Elias 33.772579 35.883633 2009-2019 

Hasbaya 33.427703 35.631393 2009-2019 

Hawch ammiq 33.699705 35.820220 2009-2019 

Kferden 33.991048 36.085832 2009-2019 

Machghara 33.515467 35.681196 2009-2019 

Tal Amara 33.851276 35.972005 2009-2019 

- Soil data: The physiochemical and hydraulic parameters of the soil were evaluated using 

Darwish (2006)'s published 1:50,000 scale soil map of Lebanon, which included information on 

soil textures (clay, clay loam, loam, sandy clay loam or sandy loam). Saturated surface 

conductivity (mm/h), porosity (m3 m-3), Van Genuchten retention parameter (dimensionless), 

saturation and residual moisture values (cm3 cm-3), and soil thickness of layers 1 and 2 were 

utilized to construct thematic maps for the examined river (mm). This data was utilized to improve 

the WiMMed model's performance. The soil map database contains detailed information on 

landforms, lithology, slope gradient, drainage conditions, surface stoniness, texture, soil depth, 

and thickness, as well as landforms, lithology, slope gradient, drainage conditions, surface 

stoniness, texture, and soil depth and thickness. The final soil categorization system is based on 

US soil taxonomy, the revised FAO UNESCO legend, and the World Reference Base (FAO, 

1988). 

With the exception of soil thickness, which has been measured for all soil types in Lebanon and 

published with the Soil Map of Lebanon (Darwish, 2006), all of these metrics have been calculated 

based on soil texture. Darwish (2006) found five different soil textures in the examined watershed: 

clay, clay loam, loam, sandy clay loam, and sandy loam. 

Table 2 shows the ranges of saturated hydraulic conductivity (KSAT) and porosity for the USDA 

soil texture defined by Saxton and Rawls (2006). The Van Genuchten parameter n, as well as the 

residual and saturated water contents for various soil textural classes, are presented in Table 11, 

which was compiled from the Unsaturated Soil Hydraulic Database (UNSODA) database (Leij et 
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al., 1996). Table 4 shows the results of soil thickness (upper layer 1 and lower layer 2) based on 

soil type. 

Table 11 Ranges of saturated hydraulic conductivity (Ksat) and porosity for the USDA soil textural 

classes (Saxton & Rawls, 2009) 

USDA Soil Texture Class Ksat (mm/h) Porosity (m3/ m3) 

Sand 0.5091 – 0.3058 0.48 – 0.46 

Loamy sand 0.4464 – 0.1683 0.47 – 0.44 

Sandy loam 0.3553 – 0.0744 0.47 – 0.42 

Loam 0.0271 – 0.1538 0.48 – 0.46 

Silt loam 0.0402 – 0.2126 0.48 – 0.46 

Silt 0.0425 – 0.1068 0.49- 0.47 

Sandy clay Loam 0.0128 – 0.0653 0.45 – 0.42 

Clay loam 0.0122 – 0.0256 0.50 – 0.45 

Silty clay loam 0.0183 – 0.0252 0.53 – 0.49 

Sandy clay 0.0003 – 0.0088 0.46 – 0.43 

Silty clay 0.0115 – 0.0118 0.55 – 0.50 

Clay 0.0103 – 0.0056 0.56 – 0.46 

 

  



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           65 
 

Table 12 Van Genuchten parameter (n) including residual (Θr) and saturated (Θs) water content 

compiled from the UNSODA database (Leij et al., 1996). 

Textural class Θr (cm3/ cm3) Θs (cm3/ cm3) n 

Sand 0.058 0.37 3.19 

Loamy sand 0.074 0.39 2.39 

Sandy loam 0.067 0.37 1.61 

Loam 0.083 0.46 1.31 

Silt  0.123 0.48 1.53 

Silt loam 0.061 0.43 1.39 

Sandy clay Loam 0.086 0.40 1.49 

Clay loam 0.129 0.47 1.37 

Silty clay loam 0.098 0.55 1.41 

Silty clay 0.163 0.47 1.39 

Clay 0.102 0.51 1.20 

 

 



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           66 
 

Table 13  Thickness of upper layer 1 and lower layer 2 from the Soil Map of Lebanon at 1:50,000 

scale database (Darwish, 2006). 

Soil type Thickness of upper layer 1 (mm) Thickness of lower layer 2 (mm) 

Areno-eutric leptosols 500 0 

Aridic leptosols 100 400 

Aridic calcaric leptosols 0 – 80 80 – 500 

Aridic calcisols 0 – 200 200- 650 

Aridic fluvisols 0 – 120 120 – 500 

Aridic regosols 0 – 100 100 - 200 

Calcaric - fluvisols 0 – 200 200 – 550 

Calcaric leptosols 0 – 300 300 – 450 

Endocalcaro-hyperskeletic 

leptosols 

0 – 300 300 – 350 

Eutric - luvisols 0 – 600 600 – 1300 

Eutric - regosols 0– 150 150 – 620 

Leptic luvisols 0 – 200 200 – 400 

Lithic leptosols 0 – 200 0 

Petric calcisols 0 – 50 5 0– 350 

Rendzic leptosols 0 – 220 0 

Rhodic luvisols 0 – 200 200 – 700 

Calcaric cambisols 0 – 200 200 – 550 

Calcaric regosols 0 – 300 300 – 600 

Calcaro- hortic anthrosols 0 – 380 380 – 650 

Eutric cambisols 0 – 100 100 – 350 

Eutric fluvisols 0 – 400 400 – 850 

Eutric leptosols 0 – 120 120 – 250 

Haplic calcisols 0 – 200 200 – 1000 
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Hyperskeletic leptosols 0 – 200 200 – 650 

Haplic luvisols 0 – 280 280 – 420 

Haplic regosols 0 – 200 200 – 650 

Leptic andosols 0 – 200 0 

Leptic calcisols 0 – 400 400+ 

Skeletic regosols 0 – 400 400 – 1700 

Vertic cambisols 0 – 250 250 – 450 

c. Model calibration 

Hydrograph records were not available for the model's calibration and validation because there 

was no gauging station in the research area. Because calibration data for the Litani River Basin 

were not available for this investigation, data from a similar watershed was used instead. As a 

result, the calibration parameters obtained in the Guadalfeo river basin in Spain (Aguilar, 2008) 

were employed (Table 14). Both the Litani River Basin in Lebanon and the Guadalfeo River Basin 

in the Sierra Nevada Mountain Range (Southern Spain) are Mediterranean mountainous 

landscapes located in mid-latitudes, drier and warmer, where snowfall is a major component of 

overall water supplies throughout the summer (Polo et al., 2018). As a result, due to a lack of 

information to conduct a comprehensive calibration and the relative similarity of both zones, these 

previously calibrated and validated parameters are assumed to be valid in the research area. 

Table 14 Calibration parameters used in WiMMed. 

Soil property Parameter 

Soil evaporation exponent 0.60 

Soil evaporation coefficient 0.80 

 

3.3 Results 

3.3.1 Physical characteristics of the study area 

The physical properties of the watershed, such as topography, weather, soil, and vegetation, are 

entered into the model as a preliminary stage in the hydrological study. 

a) Topography 
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It is specified by the research area's DEM (Fig. 12). The slope gradients allow us to classify the 

mountains and get a sense of the diversity of landforms in the research area. The DEM shows that 

the highest altitudes (>2800m) are found in the research area's northern and eastern regions. Lands 

with the lowest elevations (0m) are found in the study area's southern and western regions, whereas 

lands with medium altitudes are found across the river basin's center and western bounds. 

 

 

Figure 12 Digital elevation model of the study area 

b) Meteorology 

The Litani River falls into two primary rainfall ranges, according to the yearly precipitation map 

(Fig. 13). The Litani area receives 1,100 to 1,200 mm of rain per year in its top sections, and 400 

mm of rain per year in its lower sections. Because of the arid climate in southern Bekaa and the 
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south, the evaporation coefficient from the Litani River is predicted to be 68.2 percent. During the 

winter, this figure is likely to be less significant. The infiltration coefficient of rainfall water from 

the Litani watershed into aquifer formations and other basins varies depending on the geological 

formations and faulting system. The amount of groundwater seepage from the Litani Riverbed was 

calculated to be 22%. Most of the wells do not belong to the Litani Watershed and are utilized for 

domestic consumption, according to the Litani Water Authority, with approximate outputs ranging 

between 2000 and 4000 m3 day-1. The precipitation ranges in the Litani river basin are depicted on 

the map below. The rainfall ranges from 1000-1400 mm over an area of 2809.8 km2, 700-1000 

mm over an area of 3695.92 km2, 400-700 mm over an area of 2405.1 km2, and 300-400 mm over 

an area of 479.1 km2. 

 

Figure 13 A GIS map showing the precipitation in Litani river Basin 

Evapotranspiration and average temperature show a slight increase between the 1 quartile and the 

3rd one in 2009, 2014 and 2019 (Table 6, Table 7). 
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Table 15 Average data of evapotranspiration for 2009, 2014 and 2019 in the study area 

Period (dd / mm / yyyy) Evapotranspiration (mm) 

Minimum 1st quartile Median  3rd quartile Maximum 

09/01/2009 - 08/31/2010  952.78  1352.49 1404.21 1439.09 1595.39 

09/01/2013 - 08/31/2014 998.85  1294.61 1345.12 1418.24 1641.33 

09/01/2018 - 08/31/2019 994.68  1392.97 1442.29 1479.67 1657.37 
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Figure 14 Spatial distribution of the evapotranspiration  in 2009, 2014 and 2019. 
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Table 16 Average data of temperature for 2009, 2014 and 2019 in the study area 

Period (dd / mm / yyyy) Average temperature (°C) 

Minimum 1st quartile Median  3rd quartile Maximum 

09/01/2009 - 08/31/2010  13.28 15.46 15.91 16.42 17.16 

09/01/2013 - 08/31/2014 12.80 14.29 14.82 15.28 15.77 

09/01/2018 - 08/31/2019 12.56 15.43 16.49 17.69 18.36 
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Figure 15 Spatial distribution of the average temprature  in 2009, 2014 and 2019. 
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c) Soil 

Topographic gradients influence some soil parameters, such as saturated hydraulic conductivity, 

whereas geological unit segmentation influences others, such as soil depth. Saturated The Northern 

and Southern West have the lowest hydraulic conductivity of soil in the upper and lowest layers, 

whereas the Central Western section and some patches along the Eastern half have the highest 

saturated hydraulic conductivity of soil. The highest n of Van Genuchten values is found in the 

Southern Eastern part of the research region, as well as certain patches in the Central Western part, 

while the lowest values are found in the Northern Eastern and Southern Eastern parts. 

The lowest matric potential values are found in the southern eastern half of the study region, with 

a few patches in the western central section, while the highest matric potential values are located 

in the eastern part of the study area. The highest n of Van Genuchten values is found in the 

Southern Eastern and Central Western parts of the research region, while the lowest values are 

found in the Northern Eastern and Southern Eastern parts. The lowest matric potential values can 

be found in the southern eastern part of the research area, with a few patches in the western central 

part, while the highest matric potential values can be found in the eastern part. Most of the studied 

region (the central, eastern, and western portions) appears to have a thin second layer of soil. Small 

spots in the Central Eastern and Southern Western parts of the state exhibit high soil second layer 

thickness ratings (Fig 16 and 17). 
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Figure 16: Soil parameters of the study area: Saturated Hydraulic Conductivity of soil upper layer, 

Saturated Hydraulic Conductivity of soil second layer 
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Figure 17 Soil properties of the study area: Residual moisture, Saturation moisture, Thickness of 

soil upper layer and Thickness of soil second layer 
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3.3.2 Geology  

The Lower Basin of the Litani River passes through three groups of geological formations 

(Fig. 7): The Jurassic, the Cretaceous, and the Eocene groups. A summary of the lithological 

characteristics of the Litani Lower Watershed is presented in Table 8.  

 

Figure 18 A GIS map of the study area showing the lower Litani watershed (USAID, 2013) 

Table 17 Lithological characteristics of the Litani Lower watershed (Doummar et al, 2009) 

Major watershed 

basins 

Lithology 

Karstic formations/ aquiferous formations 
Non karstic 

formations 

Jurassic Middle cretaceous Eocene  

Km2 % Km2 % Km2 % Km2 % 

Lower Basin of 

Litani Infiltration 

(%) 

49 8 135 21 263 42 183 29 

UNDP 1970 41  34.5  38.5-45  4.5  
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The Formations ranging from Mid-Jurassic to recent Quaternary deposits are exposed in the upper 

Litani basin. The Jurassic formations span from Middle Jurassic to Late Jurassic. It covers an area 

of 122 km2 of the catchment area, out of which 3 km2 are Basalts and volcanic tuff, while 119 km2 

are composed mainly of limestone rocks. The Cretaceous formations span from early Cretaceous 

to Late Cretaceous. The Cretaceous formations cover an area of 633 km2 in the catchment area, 

composed of sandstone, limestone, and shale. The catchment area has six outcropping formations 

of the Cretaceous period. The Tertiary and Quaternary formations span from Eocene to Recent 

deposits. The Tertiary and Quaternary formations cover an area of 712 km2 in the catchment area, 

composed of limestone, and alluvial/fluvial deposits. The catchment area has three outcropping 

formations of the Tertiary and Quaternary period. The Quaternary unconsolidated deposits cover 

most of the Bekaa plain within the Litani River Basin. In the center, the basin consists of a mixture 

gravels, sands, silts, and clay of various concentrations depending on the areas. The Quaternary 

deposits reach a thickness of more than 400 m in the study area. The Quaternary deposits cover 

414 km2 of the study area (Fig. 19 and Fig. 20). 

 

Figure 19 Geological Map of the Upper Litani Basin (USAID, 2013) 
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Figure 20 Cross sections showing the extent of the formations in the Subsurface (USAID, 2013) 

The map below shows the erosion risk in Litani river basin (Fig. 21). The erosion risk there, varies 

between very low erosion risk with an area of 266.15 km2, low erosion risk with an area of 445.7 

km2, medium erosion risk with an area of 4772.89 km2, high erosion risk with an area of 1362.569 

km2, very high erosion risk with an area of 1217.67 km2 and urban with an area of 3.06 km2.  

 

Figure 21 A GIS map showing the Geology in Litani river 
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3.3.3 Hydrological behavior of the study area 

The WiMMed model produced a series of raster maps with a spatial resolution of 30 x 30 m2 that 

corresponded to five calculated variables. Each hydrological year's variables were created for each 

season (autumn, winter, spring, summer) (2009, 2014 and 2019). For interpretation, the variables 

were divided into three categories: state variables, intermediate variables, and meteorological 

variables. The results of the intermediate and meteorological variables reflect the average of the 

accumulated value over the analysis period, while the results of the state variables indicate the 

instantaneous value that this variable takes on the last day of the investigated station. Infiltration 

(mm) and runoff (mm) were used as intermediate variables. As a result of the spatial variability of 

the input data, the model's output variables indicated considerable changes within the same image 

between neighbouring cells. The soil moisture of the first and second layer (mm) was computed 

as a state variable, while rainfall (mm) and snow (mm) were acquired as meteorological variables. 

When comparing the data from these years 2009, 2014 and 2019, it is obvious that the hydrological 

parameters of the land in the study region have altered and that there are significant changes 

between the cited years. Because the main goal of this study is to assess the impact of land cover 

change on hydrological behaviour, changes in hydrological variables will be compared by season 

in the following section between 2009, 2014 and 2019, as vegetation status (morphological and 

physiological) varies greatly throughout the year: summer, autumn, winter, and spring. The results 

show that there is a significant difference in infiltration (Table 18), especially in the spring season, 

with a reduction of 70% compared to the same period in 2014 and by 20% comparing 2009 to 

2014, which determines the zone's complex hydrological behaviour and highlights the distributed 

nature of the model used in the water balance calculation.  
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Table 18 Average data of Infiltration (mm) by season for 2009, 2014 and 2019 in the study area. 

Season  Autumn Winter Spring Summer 

INFILTRATION 2009 2014 2019 2009 2014 2019 2009 2014 2019 2009 2014 2019 

Mean 36.04 7.27 42.6 191.995 105.6 55.78 312.3 196 42.45 312.835 212.49 28.9 

Standard 

Deviation 
27.42 4.8 11.51 79.21986 

43.6 

 

3.4 0.29569 13.18 9.03 0.04286 0.13 0.8 

Maximum 72.08 14.54 58.18 311.85 179.9 56.42 312.75 212.3 55.91 312.91 212.67 30.55 

Minimum 0 0 27.24 72.14 15.67 55.15 311.85 179.9 28.99 312.76 212.32 27.3 

Runoff in the study area has also decreased in 2009 compared to 2014 and in 2014 compared to 

2019 (except for the autumn season) (Table 18, Table 19), although this was less than in the 

infiltration. 

Table 19 Average data of Runoff (mm) by season for 2009, 2014 and 2019 in the study area. 

 Autumn Winter Spring Summer 

RUNOFF 2009 2014 2019 2009 2014 2019 2009 2014 2019 2009 2014 2019 

Mean 54.83 1.31 13.71 364.61 62.55 53.27 619.58 129.06 82.005 619.60 135.63 84.89 

Standard 

Deviation 
46.07 1.19 11.65 185.29 27.03 14.90 0.01 4.77 1.28 0.005 0.0045 7.15 

Maximum 109.66 2.62 27.42 619.56 122.49 79.12 619.6 135.63 84.89 619.61 135.64 84.89 

Minimum 0 0 0 109.66 2.62 27.42 619.56 122.49 79.12 619.6 135.63 84.89 

 

In the first layer soil moisture, slight increases and decreases were shown between 2009, 2014 and 

2019.  
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Table 20 Average data of Soil Moisture of the Second Layer (mm) by season for 2009, 2014 and 

2019 in the study area. 

 Autumn Winter Spring Summer 

SOIL 

MOISTURE 

FIRST 

LAYER 

2009 2014  2019 2009 2014 2019 2009 2014 2019 2009 2014 2019 

Mean 54.805 32.34 45.11 92.13 67.1 62.7 52.34 55.6 54.95 28.39 29.8 28.9 

Standard 

Deviation 
18.57 3.4 11.5 18.03 

14.71 

 

3.4 12.75 12.18 58.92 0.59 1.13 0.83 

Maximum 82.37 37.45 63 124.51 99.1 70.41 75.14 78.9 56.93 29.41 32.03 30.55 

Minimum 27.24 27.24 27.24 59.76 35.25 55.15 29.54 32.27 1.37 27.38 27.64 27.3 

Similar hydrological behaviour was observed in the second layer soil moisture, the state variable 

modelled for the entire study region (Table 21; Figure 22), with the highest decreases in 2019 

compared to 2014 and 2009 in the spring and summer. However, as for the runoff, a slight increase 

was observed during the autumn season. 

Table 21 Average data of Soil Moisture of the Second Layer (mm) by season for 2009, 2014 and 

2019 in the study area. 

 Autumn Winter Spring Summer 

SOIL 

MOISTURE 

SECOND 

LAYER  

2009 2014  2019 2009 2009 2014  2019 2009 2009 2014  2019 2009 

Mean 41.38 31.2 33.8 68.84 60.6 47.2 88.61 88.6 56.9 80.83 85.4 54.65 

Standard 

Deviation 

6.81 0.08 1.59 14.39 16.9 5.52 4.19 1.58 1.37 0.62 0.39 0.15 

Maximum 51.67 31.34 36.6 95.42 89.9 57.6 95.26 91.1 58.9 81.88 86.13 54.93 

Minimum 31.09 31.09 31.09 42.26 31.35 36.8 81.97 86.19 54.9 79.79 84.72 54.3 
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Figure 22: Spatial distribution of the Soil Moisture of the first Layer depending on the season in 

2009, 2014 and 2019. 
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Figure 23 Spatial distribution of the Soil Moisture of the Second Layer depending on the season 

in 2009, 2014 and 2019. 

A difference in the rainfall (Table 22) and snowfall (Table 23) values for all seasons is remarked 

where each season mark a different value than the other one. The area's high seasonality is 

demonstrated by the lack of rain episodes during the summer months. The study area's highest 

elevations receive the most snowfall (Figure 25). In addition, precipitation and snowfall show a 

slight increase between the 1 quartil and the 3rd one in 2009, 2014 and 2019. 

Table 22 Average data of rainfall for 2009, 2014 and 2019 in the study area 

Period (dd / mm / yyyy) 

Precipitation 

Minimum 1st quartile Median  3rd quartile Maximum 

09/01/2009 - 08/31/2010  141.89 633.37 896.58 945.23 1318.28 

09/01/2013 - 08/31/2014 84.80 311.66 384.13 400.66 682.45 

09/01/2018 - 08/31/2019 135.89 186.74 637.41 1424.62 1821.90 
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Table 23 Average data of snowfall for 2009, 2014 and 2019 in the study area 

Period (dd / mm / yyyy) 

Snowfall (mm) 

Minimum 1st quartile Median  3rd quartile Maximum 

09/01/2009 - 08/31/2010  3.98 7.82 13.10 28.93 288.55 

09/01/2013 - 08/31/2014 0.58 32.89 34.22 37.98 125.21 

09/01/2018 - 08/31/2019 0.00 9.05 29.89 24.99 73.62 
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Figure 24 Spatial distribution of the Rainfall in 2009, 2014 and 2019. 
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Figure 25 . Spatial distribution of the Snowfall in 2009, 2014 and 2019. 
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3.3.4 Land cover change in Litani River Basin 

There is no major infrastructure on the Litani River Lower Basin (Fig. 26). Some recreational sites 

destined for touristic purposes, domestic water pumping station, and an irrigation canal are the 

only structures existing on the Litani River in its Lower basin. Figure 26 depicts the land cover in 

the Litani lower Basin. About four small resorts are established along the river and abstracting 

water from it. These resorts are withdrawing water from the river at a rate of 2 L s-1. The calculation 

of resort water demand from the Litani River was performed on the basis of 2 L/s for 4 months. 

The total touristic water demand from the Litani River is estimated to reach during the months of 

June to September about 0.08 Mm3 or around 0.008 m3/s. According to the South Water and 

Wastewater Establishment, only one pumping station exists at the Litani River that is abstracting 

a volume of 18,000 m3/day. The agricultural activity is not equally developed all along the Lower 

Basin of the Litani River. The land cover in the area was retrieved from Ikonos Satellite Images 

(2000 and 2005).  

The spatial analysis using GIS allowed to depict the land cover change pattern over 5 years, 

showing a drastic increase of urban area and a decrease of irrigated land. Agricultural terrains, 

grasslands, and non-productive lands have decreased by an annual coefficient that does not exceed 

1%. The urban fabrics have increased of around 18%, which is equivalent to an annual change of 

+2.38%. The most important irrigated crops in the river basin include banana and citrus found at 

the coastal stretches from both sides of the Litani River, in addition to olive trees, fruit trees, and 

vineyards. 

According to the Litani River Authority, the Lower part of the Litani River is supplying through 

an irrigation canal a volume of 26 Mm3 of water for the areas located on the coast north and south 

to the outlet of the Litani River. Additionally, a volume of 13.5 Mm3 of water is provided from the 

Qaraoun Lake, which is located outside the area of study to fulfill the water shortage existing in 

the summer. 

It was difficult to evaluate changes in land cover map of the Litani River Basin, because the CNRS 

it had over 40 categories, thus they were grouped and classed into fifteen categories. Shrubs, 

herbaceous vegetation, cultivated and managed vegetation/ agriculture (cropland), urban built up, 

bare sparse vegetation, permanent water bodies, herbaceous wetland, closed forest evergreen 
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needle leaf, deciduous broad leaf, mixed, unknown, evergreen needle leaf, deciduous broad leaf, 

open forest and open sea are among the new classifications (Figure 16). 

In the Litani River Basin, compared to 2009, shrubs have decreased in 2014 by 29.28ha and a 

decrease of 796.25 ha in 2019. Herbaceous vegetation has decreased by 65.11ha in 2014 and 

increase in 154.93ha in 2019. An increase by 34.89 ha has been shown in Cultivated and managed 

vegetation/agriculture (cropland) in 2014 as well as 442.15 in 2019. Urban areas have increased 

in 2014 by 46.43 ha and by 136.43 in 2019. Bare lands have increased by 5.28 ha in 2014 and 

decreased by 9.95ha in 2019. In addition, permanent water bodies have also increased in 2014 and 

2019. An increase in 19.27 ha is shown for herbaceous wetland in 2014 and in 55.99 ha in 2019. 

Closed forests have shown no changes or slight decreases in both areas as well as open forests and 

open seas.  

Table 24 Land cover change in Litani River watershed for the period 2009- 2014 – 2019. 

 Areas(ha) 

Land Cover Classes 2009 2014-2009 2014 2019-2014 2019 

Shrubs 92823.42 -29.28 92794.14 -796.25 91997.89 

Herbaceous vegetation 152243.20 -65.11 152178.09 154.93 152333.01 

Cultivated and managed 

vegetation/agriculture (cropland) 
78699.41 34.89 78734.30 442.15 79176.45 

Urban / built up 39980.06 46.43 40026.49 136.43 40162.92 

Bare / sparse vegetation 396.63 5.28 401.90 -9.95 391.95 

Permanent water bodies 640.10 9.96 650.06 18.05 668.11 

Herbaceous wetland 30.31 19.27 49.58 55.99 105.56 

Closed forest, evergreen needle leaf 7759.52 0.00 7759.52 -10.84 7748.68 

Closed forest, deciduous broad leaf 141.37 0.00 141.37 0.00 141.37 

Closed forest, mixed 71.87 0.00 71.87 0.00 71.87 

Closed forest, unknown 4605.06 -16.16 4588.90 -3.76 4585.14 

Open forest, evergreen needle leaf 4670.46 -2.14 4668.32 -17.55 4650.77 

Open forest, deciduous broad leaf 39.90 0.00 39.90 0.00 39.90 

Open forest, unknown 22033.94 -3.98 22029.96 29.48 22059.44 

Open sea 277.72 0.00 277.72 0.97 278.69 
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Figure 26 Land cover map of Litani River basin in 2009, 2014 and 2019. 

3.4 Discussion 

Land cover changes in a watershed can have an impact on water quality and supply (Turner et al., 

2001). As a result, assessing land cover patterns and changes at the watershed level is critical to 

the planning and management of a watershed's water resources and land cover (Butt et al., 2015). 

Over the previous few decades, the state of land cover/land cover in Lebanon has been marked by 

constant change. The natural and constructed environments have been severely harmed by a lack 

of land management plans and/or proper urban restrictions. As a result, uncontrolled urban sprawl 

has been facilitated at the expense of natural environments (MoE & UNDP, 2011). 

The current study uses a hydrological model (WiMMed) to compare the hydrological behavior of 

Litani River Basin area in Lebanon's for the years 2009, 2014 to 2019, and to assess the impact of 

land cover changes on infiltration, run-off, and soil moisture of the second layer at the water basin 

scale under the same climatic conditions. A range of natural and ecological processes, such as soil 

nutrient, soil moisture, soil erosion, and land productivity, may be influenced by land cover change 

(Chen & Pen. 2000). In rivers basin conditions, land cover influences infiltration rates, runoff, and 

evapotranspiration, all of which are critical for crop development and vegetation regeneration (Niu 

et al., 2015). 

The balance between entering (precipitation) and exiting (evapotranspiration and runoff) quantities 

is expressed by soil moisture, which is one of the most essential components. Changes in soil 
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physic chemical properties, soil fertility, soil erosion sensitivity, and soil moisture content have all 

been influenced by anthropogenic changes in land cover (Sharif et al., 2014). Because the Litani 

River Basin is a polluted and wastewater infected region, it necessitates a better understanding and 

management of land and water resources. Previous research has found that dense forests, 

shrublands, grasslands, and agricultural areas, in order of highest to lowest humidity, had a wetter 

first and second layer of soil than low density forests, shrublands, grasslands, or agricultural areas 

(Dwarakish & Ganasri, 2015). This is because grass and agricultural sites lose more moisture after 

rain than forest and shrub sites (Wang et al., 2019), and bare soils have consistently lower soil 

moisture values than the other land cover types. 

The findings suggest that infiltration has decreased at the basin level between 2009, 2014 and 

2019. This decline was notably noticeable in the summer season, when infiltration was reduced by 

70% compared to the same period in 2014 and by 20% comparing 2009 to 2014. Summer 

infiltration encompasses the effects of precipitation (rain and snow), which is why it is the most 

significant influence. The infiltration capacity of grasslands and pastures is greater than that of 

outcrops and bare rocks. By impacting surface crusting, compaction, and soil organic matter 

decrease, the loss of dense forest in favor of grasslands, fruit tree plantations, or bare rocks has an 

impact on infiltration. Without a protective vegetal or residual cover, bare soil is exposed to 

raindrops' direct impact and erosive pressures, which loosen soil particles. Surface pores are filled 

in and blocked by dislodged soil particles, contributing to the formation of surface crusts, which 

hinder water passage into the soil (Li et al., 2007). 

Although there was a decrease in runoff between 2009, 2014 and 2019, it was significantly smaller 

than the decrease in infiltration. In terms of run-off, the greatest changes are seen in the spring 

season, however these are of an order of magnitude relatively low, as the presence of rain and 

snow in the study area is very low at this time of year. The rise in runoff appears to be linked to 

the loss of dense forest. When compared to the other seasons, the run-off displays a significant 

seasonal change, being higher in the spring and winter. This could be due to soil saturation 

following winter rains. Aside from the loss of water resources for vegetation that runoff implies, 

it also has a significant impact on erosion (Hou et al., 2019), causing substantial environmental 

concerns in the study zone and complicating restoration alternatives for the most degraded zones. 
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The findings suggest that land cover change has a significant impact on soil moisture of the second 

layer, as significant differences in these variables were identified between 2009, 2014 and 2019. 

According to the findings, changes in land use in the Litani River Basin from 2009, 2014 to 2019 

result in a decrease in first and second-layer soil moisture. 

3.5 Conclusions 

The hydrological behavior of the research area was compared between 2009, 2014 and 2019 in 

this study, with land cover change as a primary contributing element. During the period 2009-2014 

and 2019, there was a significant decrease in the area covered by forests in the Litani River Basin.   

The partial disengagement of the state in the Litani River Basin region forced local farmers to 

adopt autonomous agricultural and animal farming practices to enhance their earnings and meet 

their requirements, which may be the explanation for the considerable increase in Grasslands and 

Fruit Tree areas. In addition, there was a notable increase in the area covered by urban sprawl and 

sites at the expense of open spaces. The land cover change from 2009, 2014 to 2019 had a 

detrimental impact on the hydrological features of this river basin, reducing infiltration capacity 

and soil moisture in the first and second layer in this area, according to this study. The lack of 

effective management and land cover planning is a limiting factor that will result in future forest 

losses. As a result, careful management of this region is essential; otherwise, these resources will 

be lost and will no longer be able to contribute to the area's development. 

Therefore, the results of this study can contribute to define adequate policies and strategies for 

territorial management and planning, in terms of land cover. Adequate spatial planning aimed at 

productive and sustainable development in this region of Lebanon should consider the influence 

that possible changes in land cover could have on available water resources.   
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4 Chapter Evaluating climate change impacts on hydrological variables 

under RCP scenarios for the Lebanese Part of Litani river basin 

Abstract 

Rivers basin management is generally a difficult topic, not only because of the various interactions 

between the hydro-physical systems, but also because of the multiple interactions between the 

socio-economic-political systems. In this study, an attempt was made to compare the current 

hydrological variables of the study area using WIMMED hydrological model (infiltration, run-off, 

second-layer soil moisture) to the simulated variables in 2040 under two RCP scenarios: RCP 2.6 

and RCP 8.5, assuming that future land use is the same as current land use (2019 land use/land 

cover map). Seasonal variations of hydrological variables (infiltration, runoff, and soil moisture of 

second layer) due to future climate change were observed because the study region has highly 

variable precipitation for each season due to the existence of four seasons and the influence of 

topographical variation. A rise in temperature followed by a drop in precipitation will result in a 

decrease in infiltration, soil moisture of the second layer in all seasons, and run-off of the second 

layer during spring and winter under the same land use conditions. For all seasons, all hydrological 

indicators within the research area are anticipated to decline under RCP 8.5 compared to RCP 2.6. 

However, as compared to climate variability and climate change, the impact of land use change on 

second-layer soil moisture is substantially greater, reducing drought sensitivity and erosion risk. 

Alternately, another attempt in this study was made to compare the current biological waste water 

treatment plant location regarding all variables (criteria) of the study area using GIS (precipitation, 

slope, population number, soil type and land use) to the simulated variables in 2040 under two 

RCP scenarios: RCP 2.6 and RCP 8.5, assuming that future land use is the same as current land 

use (2019 land use/land cover map). Knowing these facts allows for the development of effective 

adaptation mechanisms to the expected climate change scenarios, eliminating or at least reducing 

their negative repercussions. As a result, the findings of this study as riverside restoration 

biological techniques are required in order to forecast the spatiotemporal variability of 

hydrological parameters in order to design policies for long-term water resource development.  

Key words: Land use, hydrological modelling, WIMMED, watershed, soil moisture, climatic 

change, biological waste water treatment, Litani, Lebanon. 
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4.1 Introduction 

Riverside management and restoration is a complicated issue not only because of the various 

interactions between the hydro-physical systems, but also because of the multiple interactions 

between the socio-economic-political systems, which are further complicated by many 

uncertainties. The Litani River Basin is unquestionably intricate. However, in the last three 

decades, considerable private investments in irrigation development have been undertaken 

(Kibaroglu & Jaubert, 2016). Climate change's future effects on water resources and soil conditions 

could be disastrous. The conservation of soil and water are intertwined; strategies for controlling 

and conserving water on hillsides also conserve soil and control erosion. Improvements in soil 

conditions and soil-water regime to optimize crop production can be accomplished by runoff and 

infiltration management techniques. The variance of these factors (infiltration, run-off, and soil 

moisture) must be studied before deciding on a management strategy (FAO, 1993).  The preceding 

chapter investigated the influence of land use change on Litani basin hydrological variables, but 

no research has yet been done to analyze the impact of climate change on hydrological variables 

in the Lebanese Litani river basin. As a result, a climate-change-aware assessment is essential for 

future water allocation planning and management (Dlamini et al., 2017). Modeling the hydrologic 

effects of global climate change entails calculating climatic variables under future climate change 

scenarios and incorporating them into a hydrological model to forecast their future behavior (Jiang 

et al., 2007). 

There has long been fear that anthropogenic activities increases in greenhouse gas and aerosol 

concentrations will result in significant changes in Earth's climate in the twenty-first century 

(Nazarenko et al., 2015). As a result, changes in climate are predicted to have a major impact on 

hydrological and biological components (Basheer et al., 2016). Climate change is a global 

phenomenon that manifests itself in three distinct ways: (1) rising global average temperatures; (2) 

changes in global rainfall patterns; and (3) rising sea levels. One of the most significant effects of 

this occurrence will be on local water resource availability, which will affect a variety of industries, 

including agriculture (Dlamini et al., 2017). Increased greenhouse gas concentrations are expected 

to have a considerable impact on precipitation, run-off processes, and water supplies as a result of 

global warming (Yan et al., 2015). Water resources are likely to be adversely impacted during the 

next century, making them more prone to change and causing water shortages owing to 

precipitation reduction (Tavakoli & De Smedt, 2011; Setegn et al., 2011). The effects of regional 
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climate changes on natural and human environments are emerging, although many are difficult to 

discern due to adaptation and non-climatic drivers.  

Further research in the context of water management should be done in order to evaluate the effect 

of climate change on hydrological variables at a river basin scale. A global circulation model is 

one of the best instruments for simulating current and future climate change scenarios. Global 

atmospheric general circulation models (GCMs) were created to simulate today's climate and to 

forecast future climatic change (Xu, 1999). GCMs are the most reliable methods for modelling the 

global climate system's response to rising greenhouse gas concentrations right now. For the entire 

world, they provide estimates of climate variables such as air temperature, precipitation, incoming 

radiation, vapor pressure, and wind speed, among others (Prudhomme et al., 2003). The 

uncertainties that accompany GCM models are one of the most critical challenges in investigating 

climate change. These uncertainties will have an impact on the outcome of the impact assessment 

(Ashofteh & Massah, 2003). GCM projections are subject to uncertainty due to unknown future 

greenhouse gas emission scenarios and the way GCMs respond to changes in atmospheric forcing, 

which is linked to model structure, parameterization, and spatial resolution (Teng et al., 2011). 

Even when all atmospheric forcing is identical, Kite et al. (1994) found that land-phase 

parameterizations in contemporary GCMs do not agree on forecasts of major hydrological 

variables. There are numerous gaps in the link between hydrologic and climatic models. Several 

approaches could be adopted to address the issues and close the gaps between GCM capability and 

hydrology requirements. Because statistical downscaling does not require considerable processing 

resources and may more readily incorporate observations into methods, it is frequently used to 

overcome the scale gap in integrating GCM outputs with hydrological models (Fowler et al., 2007). 

However, in our case study, the lack of long data series and the poor quality of these series in the 

study area make this strategy impractical. Hydrologists frequently employ basic methods for 

altering current conditions. Climate predictions for "double CO2" conditions have become 

conventional, based on a variety of possible climate scenarios.  (Loaiciga et al., 1996).  

According to the Intergovernmental Panel on Climatic Change's Fifth Assessment Report, climate 

change has happened in almost every region of the planet over the last half-century, particularly 

in the northern hemisphere's mid-latitudes (IPCC, 2013). The Mediterranean basin has gotten a lot 

of attention, yet there haven't been many studies done on it. Ragab & Prudhomme (2002) created 
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temperature and precipitation fluctuation maps for the entire Mediterranean basin, showing a rise 

in temperature from 1.5 to 3 degrees Celsius and a decrease in mean precipitation from 3% to 15% 

by 2040. However, such global figures conceal large fluctuations within the regional distribution, 

including rises and declines, ambiguous inter-annual variations, and a variety of seasonal changes 

(Hreiche et al., 2005).   

Climate change has an impact on the Mediterranean basin in particular. Emission forecasts for the 

next few decades include a wide range of uncertainty, especially when it comes to regional trends. 

Despite this uncertainty, there is considerable agreement on a number of basic trends in the 

Mediterranean basin, which is predicted to be more influenced by climate change than other parts 

of the planet. In reality, this region serves as a meeting point for air masses from Europe, Asia, 

and Africa. The Mediterranean region is frequently subjected to many pressures, including air 

pollution exposure, as a result of its particular location and emissions. As a result of the reported 

ozone buildup, as well as the high level of industrialization and dense population, it is considered 

a "hot spot" area for climate change. There is a high degree of certainty that a number of weather 

anomalies and environmental changes that occurred in the Mediterranean region in the second half 

of the twentieth century were caused by global warming, such as the melting of glaciers in Spain 

and Turkey, extreme climate events such as heat waves in Portugal, and so on. Furthermore, 

various environmental challenges are projected in this region in the near future (2025) in four 

primary areas: energy, water, urban area, and rural area. 

The Mediterranean is one of the most sensitive regions in the world to the effects of global 

warming, according to the most recent assessment from the International Panel on Climate Change 

(IPPC, 2013). The models that were released produced a variety of possibilities for the Region, 

but they all agreed on a clear trend in the pattern of some climatic variables. In terms of the thermal 

regime, the base scenario from 1980-2000 was utilized to project a rise in average surface 

temperatures between 2.2 and 5.1 degrees Celsius for the years 2080-2100. For the same time 

period, the models predict significant rainfall regime shifts in the Mediterranean, with precipitation 

over land expected to fluctuate between -4 and -27 percent. For an instance, average temperatures 

in this region have already risen by 1.4°C since the pre-industrial era, 0.4°C more than the global 

average. Even if future global warming is limited to 2°C, as prescribed by the Paris Agreement, 

summer rainfall is at risk to be reduced by 10 to 30% in some regions, thereby enhancing existing 
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water shortages and decreasing agricultural productivity, particularly in southern countries. Due 

to climate change alone, the irrigation demands in the region are projected to increase between 4 

and 18% by the end of the century. Population growth may escalate these numbers furthers to 22-

74%. Tourism development, new industries and urban sprawl may increase water pollution, too. 

The acidification of sea water, increasing heat waves in combination with drought and land-use 

change also affect the natural ecosystems, posing risks in biodiversity and fisheries. Food 

production from agriculture and fisheries across the Mediterranean region is also changing due to 

the social, economic and environmental changes. Combined with the ongoing switch to more 

animal-based food production, southern countries are at risk to increase their dependence on trade. 

Public health is impacted by multiple trends of change, through heat waves, pollution (higher risk 

of cardiovascular or respiratory diseases), and the increased spread of disease vectors. In politically 

unstable countries, environmental change is an increasingly relevant factor for socio-economic 

risks, due to famines, migration and conflict. Human security will also be threatened due to 

extreme weather, such as a rise in sea level posing a higher risk of storm surges for people living 

in coastal areas in the region. 

In addition, Riverine ecosystems are among the most sensitive to climate change because they are 

directly linked to the hydrological cycle, closely dependent on atmospheric thermal regimes, and 

at risk from interactions between climate change and existing, multiple, anthropogenic stressors 

(Dudgeon et al. 2006; Ormerod 2009). The figure below conceptually summarizes direct and 

indirect effects of climate change, combining hydrology and temperature. The direct effects are 

mainly related to changes in hydrological cycle as well as water temperature increase, while the 

indirect effects are related to land cover change and renewable energy. Water temperature has 

received much less attention with respect to ecological effects than other facets of water quality, 

such as eutrophication, suspended sediments, and pollution. Furthermore, the interactions of 

climate change with other pressures are shortly discussed. 
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Table 25 Effects of climate change 

Climate change 

Direct effects Indirect effects 

Change in 

hydrological cycle 

Water temperature increase Land cover change More renewable 

energy 

Endured heat stress Increased water uses for irrigation and 

other man uses  

Earlier spring warming Reduced continuity due to dam 

construction  

Increase in drought frequency Deteriorated water quality  

Reduced run-off from snow and ice covers 

More rainfall in winter 

Freshwater biodiversity loss 

An increase in air temperature will directly translate into warmer water temperatures for most 

streams and rivers. This change in thermal characteristics fundamentally alters ecological 

processes. Even though over the past 30 years warming in rivers and streams is consistently 

reported from global to regional scales (e.g., Webb and Nobilis 1995; Kaushal et al. 2010; Orr et 

al. 2014), climate change is not in all cases the exclusive reason for this warming. Temporal trends 

in thermal regimes can be also influenced by human-induced pressures such as impoundment, 

water abstraction, warm-water emissions from cooling and wastewater discharges, land use change 

(particularly deforestation), or river flow regulation. However, these other causes for river 

warming are hard to quantify (Kaushal et al. 2010).  At many sites, long-term increases in the 

water temperatures of streams and rivers typically coincided with increases in annual mean air 

temperatures. Warming trends also occur in rivers with sparsely settled catchments with intact 

forest cover. A comprehensive study by Orr et al. (2014) comprising 2773 sites across the United 

Kingdom showed warming trends (0.03 °C per year) from 1990 to 2006, which are comparable to 

those reported for air temperature. Similarly, Markovic et al. (2013) showed increasing 

temperature trends for the Elbe and Danube rivers, which accelerated at the end of the twentieth 

century. Furthermore, seasonal shifts were indicated by earlier spring warming and an increase in 

the duration of summer heat phases (Hartmann et al. 2013).  

Deforestation and riparian vegetation clearance are another key human-induced influence that 

directly impacts water temperature and thermal regimes. Increased energy intake from radiation 

causes heating, hence removing riparian vegetation can have a huge impact on water temperatures. 



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           103 
 

Small streams with low heat capacity are particularly prone to this effect, especially if riparian 

vegetation is abundant. 

Due to a lack of local studies, climate change policies in Lebanon are still in the works. Effective 

adaptation efforts necessitate a thorough understanding of local changes, as well as projections 

from global climate models (Dlamini et al., 2017). This study uses the method of estimating 

average annual changes in precipitation and temperature under representative concentration 

pathways RC P2.6 and RCP 8.5 to adjust historic temperature and precipitation series by adding T 

for temperature values and multiplying the values by (1 + P/100) for precipitation. We assumed 

continuous climatic change distributions, multiplied historical precipitation records by constant 

factors, and modified historical temperatures by constant increments for the distribution of these 

annual changes throughout the year (Ng & Marsalek, 1992). We employ two RCP scenarios under 

the CCSM4 model in the climatic section, and the WIMMED model in the hydrological section. 

Climate perturbations obtained from GCMs can be utilized as model input. As a result, a number 

of climate change reaction scenarios can be predicted (Jiang et al., 2007). 

The overall goal of this study was to use the CCSM4 GCM model to investigate the potential 

implications of climate change on hydrological variables in the Lebanese half of the Litani river 

basin under two sample concentration scenarios (RCP2.6 and RCP8.5). The following specific 

objectives were developed to help attain this broad goal: Using the WIMMED model and current 

climatic conditions as inputs, generate the hydrological variables (infiltration, run-off, and soil 

moisture of second layer) of the Litani river basin. According to the RCP2.6 and RCP8.5 scenarios, 

the historical time series of climatic data are being perturbed, Using a calibrated hydrological 

model, we were able to simulate the hydrological properties of our research area under a perturbed 

environment, Analyzing and comparing model simulations of current and future hydrological 

characteristics and drawing inferences on the effects of climate change on hydrological properties. 

4.2 Material and methods 

4.2.1 Description of the study area 

There are fifteen rivers in Lebanon (see Figure 27), as well as roughly 2000 important springs. The 

Litani, Lebanon's longest and largest river, runs entirely within its borders. It begins in the Bekaa 

Valley, west of the ancient city of Baalbeck, at the Oleik spring (approximately 1,000 meters above 

sea level), and flows southward, then westward, until it reaches the Mediterranean Sea near the 
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city of Tyre. The overall distance traveled is nearly 170 kilometers, with flow rates ranging from 

14.2 m3/s during the rainy season to roughly 4.4 m3/s during the dry season (LRA, 2010). The 

Litani River Basin is divided into two primary hydrologic units (figure 1). These are the Upper 

and Lower Litani Basins, which meet in the middle of the basin at Qaraaoun Lake to form the 

Litani River Basin (i.e. capacity of 220 milion m3). The river basin's diverse land uses, particularly 

agricultural, leave it prone to a variety of pollution issues. As a result, agricultural pollutants are 

enormous, with a focus on fertilizer (Jaber, 1993; Shaban, 2011; Fawaz, 1992). As a result, 

pollution components include heavy metals, microorganisms, and nutrients. 

The Litani River basin is separated into three sub-basins from a geomorphological standpoint, with 

the largest being the Upper Basin, which stretches from its source to the Qaraoun dam at an 

elevation of 850 to 800 meters above sea level (MASL), as seen in Figure 1. The Litani River is 

fed by various perennial tributaries, primarily Berdawni, Ghzayel, Qib Elias, and Chtoura, which 

have an estimated area of 1,400 km2. The Qaraoun reservoir has a capacity of roughly 220 million 

cubic meters (MCM), with 160 MCM being used for irrigation and hydropower generation. The 

Qaraoun reservoir is monomictic, meaning it mixes from top to bottom once a year, according to 

an isotope fractionation research (Jaber, 1993). With a length of around 172 km and a basin area 

of 2186 km2, the Litani River is the largest Lebanese river, with a discharge of roughly 360 million 

m3/ year (LRA, 2010).  

 

Figure 27 Litani River Bassin (Shaban, 2011) 
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With a catchment area of around 2150 km2 (Shaban, 2011), the Litani River, together with the 

Qaraoun Reservoir, is a highly important basin in Lebanon. Since the previous few decades, the 

Bekaa Plain, which encompasses the majority of the Litani River Basin (LRB), has been plagued 

by substantial water quality and quantity issues, which jeopardize people's right to clean water, 

jeopardize food security and safety, jeopardize sustainable agricultural methods, and wreak havoc 

on ecosystem functioning. The Litani River Authority (LRA) has been taking hydrological 

measurements on the river since the early 1960s, providing extensive input on flow regime via 

changing climatic circumstances and community growth. River water has recently experienced a 

decrease in flow and deterioration in water quality, posing a hazard to public health and agricultural 

sustainability (Shaban, 2011). As a result, in the basin, long-term water management is a key 

concern. As a result, the Litani River Basin serves as a model hydrologic system for relating water-

related SDGs (particularly SDG 6) to features of long-term water management. The Litani River 

Basin is extremely important to the national economy. It meets the water needs of nearly one 

million people who live in the basin, as well as social, industrial, and energy needs, as well as 

watershed ecological functions such as soil and forest cover (IDRC, CNRS-L, LRA and DSA 

2007). The importance of this hydrologic system has prompted a number of studies, policy briefs, 

working papers, and projects (Jaafar et al, 2020). The Litani River is in the worst position it has 

ever been in, and it has been dubbed a "dead river" (Shaban, 2011). The river basin's dire state has 

been aggravated by rising population, untreated wastewater discharge, a changing climate, low 

water productivity, and a slew of unsustainable activities (Jomaa et al, 2018). Some of the causal 

elements influencing the basin's health include solid waste bulk disposal facilities on riverbanks, 

direct discharge of untreated sewage and industrial fluids, and irrigation with contaminated waters. 

As a result, bacterial and chemical contamination of water and sediments has grown widespread, 

surpassing international criteria (Mcheik et al, 2018; Nehme el al, 2018).  In the northern half of 

the basin, according to the environmental Master plan for the Litani River and Qaraoun Lake 

catchment area project (2000), at least seven sewer networks dump raw untreated effluent directly 

into the Litani River or its tributaries. However, no real actions to compel the treatment of 

industrial and agricultural wastes were done until 2019. 
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Figure 28 Lebanon main river network 

4.2.2 Watershed integrated hydrological model 

a. Description of the model  

Several hydrological models have been developed for use in hydrologic systems and the 

management of water resources. WiMMed (Watershed Integrated Model in Mediterranean 

Environments) is one such model that was used. WiMMed is a physically based, fully distributed 

hydrologic model that was designed to include the variability of scales in space and time 

characteristic of the Mediterranean climate in an operational suite (Herrero et al., 2014). It may 

link GIS-based watershed representations with advanced algorithms to model the energy and water 

balance on a physical level. The model's algorithms were created with the frequent lack of input 

data in these locations (for example, the distribution of meteorological stations, time series of 

recorded meteorological series, and the length and quality of the series). The WiMMed model was 

used in this study because it is the most appropriate way to compute all of the processes that 

determine water flows throughout the river basin (Gómez-Giráldez et al., 2014) and because 

characteristic aspects of Mediterranean watersheds with an impact on spatial and temporal 

variability, as well as processes where topography may have a significant impact on the results, 

were carefully considered (Herrerro et al., 2014).  
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WiMMed focuses on (a) spatial interpolation of meteorological data at the cell scale, (b) physical 

modeling of the energy and water balance at each cell, and (c) taking multiple time scales into 

account while completing computations, depending on the process being simulated (Eugen et al., 

2012). The Rutter and Gash models from Landsat data analysis of cover fraction and the available 

forest and crop maps are used to estimate interception by vegetation cover (Polo et al., 2011). 

During rainfall events, the Green and Ampt equation is used to compute infiltration fluxes, with 

redistribution represented by a lag period (Aguilar, 2008); during nonevents, a combination of the 

Penman-Monteith and Hargreaves equations is used to calculate the slow drying of vegetation and 

soil (Aguilar et al., 2011). Excess water in each cell for each time step is channeled down the hill 

slopes as runoff (Aguilar et al., 2016). As described in the next section, the model requires certain 

input data. Once the study area has been defined and the input variables have been introduced to 

the model, the implicit interpolation mechanisms have been applied to each variable, state 

variables involved in the simulated processes, and intermediate variables, results on 

meteorological variables can be obtained. For distributed variables, the results of the obtained 

variables can be represented as maps (precipitation, infiltration, etc.) or as tables of values in the 

case of point variables (e.g. flow) or distributed but aggregated in space, depending on the needs 

of the study, the appropriate spatial and temporal scales are decided (Herrero et al., 2009).  

Hydrograph records were not available for the model's calibration and validation because there 

was no gauging station in the research area. The surface cycle simulation, on the other hand, was 

used because it delivers the results of the water balance in the unsaturated zone of the soil without 

executing the necessary surface circulation in the channel where the calibration process is carried 

out using hydrographs. As a result, the calibration values from the Guadalfeo River Basin in Spain 

(Table 26; Aguilar, 2008) were employed. Due to a lack of information to conduct a 

comprehensive calibration and the relative similarity of both zones, these previously calibrated 

and validated parameters are believed to be valid in the research region. 

Table 26  Calibration parameters used in WIMMED. 

Soil property  Parameter 

Soil evaporation exponent 0,60 

Soil evaporation coefficient 0,80 
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b. Input data required for modeling  

At each cell of the watershed's Digital Elevation Model, a distributed water and energy balance is 

implemented as a cascade of reservoirs (vegetation cover, snow cover, and soil vadose zone). In 

event situations (storms), calculations are conducted on a one-hour time step; in nonevents 

situations, calculations are made on a one-day time step (Aguilar et al., 2010). Distinct simulation 

levels, as well as different groups of resulting variables in terms of spatial and temporal resolution, 

can be chosen depending on the level of processing required for a certain result. The simulations 

carried out in this watershed are the type of Surface Cycle simulations that perform the water 

balance in the unsaturated zone of the soil according to the calculation needs of this task. The 

model requires various variables and input parameters to do this simulation. Topography, 

Meteorology, Soil, and Vegetation are the four major groups of input data. A description of the 

data collected for our Litani river basin and its processing for model application was provided in 

the preceding chapter. 

4.2.3 Future climate scenarios selection 

This chapter compares the spatial distribution of these variables under current climatic conditions 

with that under future climatic scenarios to examine the effects of projected changes in mean 

temperature and precipitation on run-off, infiltration, and soil moisture for the Lebanese part of 

the Litani river basin (Bou-Zeid & El-Fadel, 2002). The Representative Concentration Pathways 

(RCPs) were chosen for this study to facilitate research on climate change impacts and relevant 

policy solutions (Moss et al., 2010). The RCPs cover the range of forcing levels associated with 

various emission scenarios as a whole (van Vuuren et al., 2011). RCPs forecast an increase in 

mean annual temperature and a decrease in mean annual precipitation for the Mediterranean region 

as a whole. RCP 2.6 was the initial scenario used in this research. The RCP 2.6 emission and 

concentration pathway is representative of the literature on mitigation scenarios aimed at keeping 

global mean temperature rise below 2 degrees Celsius. In terms of emissions and radiative forcing, 

this scenario is at the bottom of the scenario literature (van Vuuren et al., 2011). CO2 emissions 

are expected to decrease starting in 2020 in this iteration of the scenario. The RCP 2.6 scenario 

anticipates a 2°C increase in temperature and a 10% decrease in precipitation in Litani river basin 

region. The second scenario was RCP 8.5, which corresponds to the worst-case scenario with no 

specified climate mitigation plan (Fisher et al., 2007; IPCC, 2008), and hence to the RCPs' upper 
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bound (Riahi et al., 2011). The RCP 8.5 scenario anticipates a 5°C increase in temperature in the 

study area, as well as a 20% reduction in precipitation.  

4.3 Results 

4.3.1 Impact of climate change on hydrological variables  

Because the study region experiences highly variable precipitation throughout the year due to the 

presence of four seasons and the influence of topographical variation, predicting seasonal 

variations of hydrological variables (infiltration, runoff, and soil moisture of the second layer) as 

a result of future climate change is critical. As a result, the hydrological variables for the Lebanese 

half of the Litani river basin modelled for the 2040s under RCP 2.6 and 8.5 scenarios were 

compared to the hydrological variables from 2019, assuming that future land use is the same as 

current land use (2019 land use/land cover map). The findings revealed that the impact of future 

climate change on hydrological variables in the research area differs depending on the season. 

Since the RCP scenarios are directly related to the rainfall and precipitation rates by minus 10 to 

20 %, below is shown the current precipitation rate in the Litani river basin (figure 29), the 

precipitation rate referring to RCP 2.6 and RCP 8.5 scenarios (figure 30). 

 

Figure 29 A GIS map showing the precipitation in Litani river Basin in 2019 
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Figure 30 Simulation of total rainfall and evapotranspiration for scenarios RCP2.6 and RCP8.5 

(from left to right) in the study area 

It is seen in table 27 that the values of mean infiltration (figure 31) and runoff (figure 32) were 

56.33 mm and 2970.2 mm respectively in 2019. They decreased by 37% (for infiltration) and 12% 

(for runoff) under RCP2.6. Under RCP 8.5 an increase is shown by 15% for the infiltration and 
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31.17% for the runoff.  Soil moisture 2 value in 2019 was 33.84 mm, it increased slightly under 

RCP2.6 to 40.17 mm and decreased to 38.14 under the RCP8.5. 

Table 27 Hydrological behavior of the study area in autumn under control year and climatic change 

scenarios 

 Infiltration 

(mm) 

Runoff  

(mm) 

Snowfall (mm) Rainfall  

(mm) 

Soil 

moisture 

1 

(mm) 

Soil 

Moisture 

2 

(mm) 

 Average Total Average Total Average Total Average Total Average Average 

2019 56.33 2970.2 27.42 686.3 29.89 NA 637.41 NA 45.12 33.845 

RCP2.6 1.26 3.79 21.51 64.55 0.05 3.54 1.44 88.02 68.48 40.17 

RCP8.5  18.8 56.57 0.69 2.07 1.8 5.4 64.5 193.5 64.26 38.14 

 

 

Figure 31: Simulation of total infiltration for scenarios RCP2.6 and RCP8.5 respectively 
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Figure 32: Simulation of total runoff for scenarios RCP2.6 and RCP8.5 respectively 

The findings showed that the values of infiltration and soil moisture of second layer (figure 32) 

were 42.45 mm, and 56.9 mm respectively in 2019 and increased under RCP2.6 scenario by 46.1% 

and 11.1% showing further decreases by 41.2% and 11.1% respectively under the RCP8.5 scenario 

(Table 28). However, runoff was 84.89 mm in 2019 and decreased by 12% in RCP 2.6 and a further 

decrease by 14% in RCP 8.5. 

Table 28 Hydrological behavior of the study area in spring under control year and climatic change 

scenarios 

 Infiltration 

(mm) 

Runoff  

(mm) 

Snowfall (mm) Rainfall  

(mm) 

Soil 

moisture 

1 

(mm) 

Soil 

Moisture 

2 

(mm) 

 Average Total Average Total Average Total Average Total Average Average 

2019 42.45 3679.8 84.89 7612.55 29.89 NA 637.41 NA 42.45 56.93 

RCP2.6 194.48 583.74 70.59 211.7 0.12 11.43 0.7 65.33 43.9 70.27 

RCP8.5  176 528.04 47.9 143.74 1.31 3.94 12.8 38.49 41.05 63.42 
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Figure 33: Simulation of total soil moisture layer 1 and 2 for scenarios RCP2.6 and RCP8.5 

respectively 

As shown in table 29, the infiltration increased from 28.9 mm in 2019 to 201.8 mm in RCP2.6 and 

then decreased to 121.5 mm in RCP8.5. Regarding the runoff, it decreased to reach 70.94 mm in 
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RCP 2.6 and 32.11 mm in RCP 8.5. The soil moisture 2 increased in RCP 2.6 and then decreased 

to reach 50.38 mm in RCP 8.5. 

 Table 29. Hydrological behavior of the study area in summer under control year and climatic 

change scenarios 

 Infiltration (mm) Runoff  

(mm) 

Snowfall (mm) Rainfall  

(mm) 

Soil 

moisture 

1 

(mm) 

Soil 

Moisture 2 

(mm) 

 Average Total Average Total Average Total Average Total Average Average 

2019 28.9 2020.44 84.89 6027.1 29.89 NA 637.41 NA 28.9 54.65 

RCP2.6 201.8 606.8 70.94 212.7  00 0 0.64  3.69 28.17 65.6 

RCP8.5  121.5 364.66 32.11 96.33 0.16 0.5 3.32 9.98 27.47 50.38 

 

Table 30 shows that the mean values of infiltration increased by 13% in RCP 2.6 referring to 2019 

and decreased by 2% in RCP 8.5 referring to RCP2.6. The mean run-off values decreased in RCP 

2.6 by 35% referring to 2019 and decreased by 2% in RCP 8.5 referring to RCP2.6. While the soil 

moisture of second layer increased by 12% in RCP 2.6 referring to 2019 and decreased by 2% in 

RCP 8.5 referring to RCP2.6. 

Table 30 Hydrological behavior of the study area in winter under control year and climatic change 

scenarios 

 Infiltration (mm) Runoff  

(mm) 

Snowfall (mm) Rainfall  

(mm) 

Soil 

moisture 

1 

(mm) 

Soil 

Moisture 2 

(mm) 

 Average Total Average Total Average Total Average Total Average Average 

2019 57.7 7455.5 79.12 6564.7 10.79 NA 637.41 NA 62.78 47.275 

RCP2.6 79.58 238.7 28.16 84.5 0.8 98.24 4.281 513.7 93.8 59.22 

RCP8.5  73.25 219.7 20.09 60.27 22.64 67.9 92.7 278.2 88.79 54.17 
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Figure 34: Simulation of total snowfall for scenarios RCP2.6 and RCP8.5 respectively. 

Effect of climate change on infiltration: Compared to the current conditions, the monthly 

precipitation is projected to decrease by 80% under RCP2.6 and a slight increase by 20% under 

RCP8.5. An increase of temperature of 2°C is predicted under RCP2.6 while RCP8.5 scenario 

predicts an increase of 4 °C in the mean temperature of the study area (figure 35). Under RCP2.6 

scenario, infiltration showed a decrease pattern for the period 2019-2040 except in autumn seasons. 

Under RCP8.5 scenario, infiltration showed slight increases for the same period. The simulated 

infiltration depending on climate change showed a decreasing trend for all seasons under both RCP 

scenarios. The results showed that the mean infiltration within the study area is expected to have 

further increases under RCP 8.5 compared to the mean infiltration under RCP2.6 for all seasons. 

Seasonal variation for infiltration showed similar patterns of decrease in all seasons under both 

scenarios. This can be explained by the decrease of precipitation and the increase of temperature, 

therefore, the increase of evaporation rate under RCP scenarios.  
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Figure 35: Simulation of temperature for scenarios RCP2.6 and RCP8.5 respectively 

Effect of climate change on run-off: Under both scenarios, run-off showed a decrease pattern for 

the period 2019-2040 in all seasons. Under RCP2.6 scenario, it decreased by an average of 11 to 

12% per season. The simulated run-off depending on climate change showed a decreasing trend 

under both RCP scenarios. The results showed that the mean run-off values within the study area 

are expected to decrease more under RCP8.5 than RCP2.6 scenario. The similar pattern of decrease 

that affects run-off under both scenarios can be explained by the predicted decrease of 

precipitation. After comparing the current run-off with the values of run-off under RCP2.6 and 

RCP8.5, the results demonstrate that when precipitation decreases more, run-off values decrease 

further. Other researchers demonstrated the same results. Varallyay (2010) found that the decrease 

in atmospheric precipitation and the rise in temperature will result in decrease of surface run-off. 

A review done by Roudier et al., (2014) summarizes the impact of climate change on run-off in 

West Africa, and to a smaller extent also to changes in potential evapotranspiration. The seasonal 

variation of run-off is clear: higher average and total run-off values are registered in spring when 

compared to winter values under both scenarios. The high spring run-off potential can be justified 

by a saturated soil after winter precipitation.   
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4.3.2 Potential areas hosting BWWT according to rainfall criteria referring to RCP 

scenarios 2.6 and 8.5 

In the previous chapter, we discussed the land suitability to host a biological wastewater treatment 

system according to several criteria in the Litani river basin. These was using geospatial data from 

a Geographic information system (GIS) map to examine and analyze several parameters in order 

to find possible places for biological wastewater treatment plant application in the Litani River 

Basin. It considers the qualities of the location, meteorological data, soil qualities, topography, and 

other natural factors. Furthermore, land usage, soil erosion, soil depth, soil type, population 

number, precipitation range, and slope % are among the parameters utilized to choose prospective 

regions. Shape files, which are basic formats for recording the geometric location and attribute 

information of geographic features, are used to add these criteria to the GIS system. As in the 

previous chapter we will be using the same shape files that come from the SDATL (National 

Physical Master Plan of the Lebanese Territory) and the CNRS (National Council for Scientific 

Research). Each shape file is added to a map of Litani River Basin, and certain points from the 

attribute table are selected and overlaid with other shape files and layers to create a clear map for 

each criterion that shows the precise areas and delineations. Selection of appropriate fuzzy 

functions that yield continuous fuzzy classifications of standardized criteria is part of the process. 

Expert knowledge and a literature review are used to implement the fuzzy function. For criteria 

standardization, choosing appropriate fuzzy functions is critical. This standardization method 

produces a result that conveys a relative degree of belonging to a fuzzy set, ranging from not 

applicable to very high. For example, membership values for each criterion on fuzzy maps range 

from not applicable to low, acceptable, and high, with not applicable representing the least suitable 

locations and high being the most ideal regions for BWWT systems. The application of AHP to 

calculate the relative weights of the criterion was the next stage. This phase entailed creating a 

comparison matrix and using the pairwise comparison method to determine weights. In this chapter 

a simulation of rainfall criteria referring to RCP scenarios 2.6 and 8.5 will be taking into 

consideration to understand also the impact of climate change on the location of these biological 

wastewater treatment systems. In our study we assume that the biological wastewater treatment is 

an important component of long-term water management and directly supports the goals of 

national and regional water policies. However, the wastewater sector is being affected by climate 

change in various ways. For example, higher amounts of pathogens could be carried to the 

wastewater treatment plant (WWTP) if it is connected to storm water collection systems. Higher 
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levels of rainfall also can increase flows of sewage fed via the collection system. These biological 

techniques for river restoration, combined with water purification techniques, should be one of the 

first projects in Lebanon aimed at developing riverside restoration. Conifers, Arundo plinii, 

Populus alba, Pseudotsuga menziesii, Ricinus sp, Salix alba, and other vegetation commonly 

utilized in the application of BWWT systems require sites and locations with minimum 

precipitation rates of 300mm to 1400mm, with the majority preferring high precipitation rates of 

more than 700mm. This range is based on the above-mentioned trees and plants' precipitation 

preferences used in the BWWT system. Because faster-growing species require more rainfall, 

wastewater purification is carried out more quickly or in larger volumes. As a result, the greater 

value is used and the highest potential for BWWT use is between 700 and 1400 mm, whereas the 

lowest is between 200 and 400 mm (Lavender et al, 1957). Antecedent precipitation and soil 

moisture conditions can be correlated to provide an operating scheme for the system (Georgia, 

2010).   

 High: ˃1400-700 

 Acceptable: 700-400 

 Low: 400-200 

 Not applicable: less than 200 mm 

The maps below show the potential area hosting BWWT system normally and areas, referring only 

to the precipitation criteria in the current and in RCP 2.6 and RCP 8.5 scenarios.  
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Figure 36 Potential areas hosting BWWT according to precipitation criteria

 
Figure 37 Potential areas hosting BWWT according to precipitation criteria and RCP 2.6 and RCP 

8.5 scenarios 
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Table 31  Fuzzy set memberships, membership functions and areas used for BWWT systems in 

Litani River Basin 

Precipitation  Area  

Current precipitation  

High  5905 km2 

Acceptable  1589 km2 

Low  439 km2 

Not applicable  55 km2 

Precipitation referring to 

RCP 2.6  

High  5315 km2 

Acceptable  1431 km2 

Low  396 km2 

Not applicable  50 km2 

Precipitation referring to 

RCP 8.5 

High  4724 km2 

Acceptable  1271.2 km2 

Low  351.2 km2 

Not applicable  44 km2 

 

As a result we add the map of the potential areas hosting BWWT according to precipitation criteria 

regarding RCP 2.6 and RCP 8.5 scenarios, to the following criteria and specification maps to be 

able to select the potential location for the application of biological waste water treatment system 

according to RCP 2.6 and RCP 8.5 scenarios in the Litani river basin.  

1. Land use  

Biological wastewater treatment plants should be strategically placed near suitable 

agricultural and grassland areas. Because agricultural use of treated effluent is so important, 

planning, developing, and maintaining effluent irrigation projects should be as methodical as 

feasible, and the public should be kept informed at all phases (EPA, 2011). That’s why the high 

potential of BWWT according to landuse is in the grasslands and barelands. Woodlands are then 

secondly used or acceptable for the application of BWWT systems. On the other hand, wetlands 

and water lands have the lowest potential of BWWT application.  

 High: bare-lands and grasslands 

 Acceptable: woodlands  

 Low: wetlands and water lands  

 Not applicable: urban and other lands 

2. Soil components 

If percolation to groundwater is a disposal option, the site soils should be characterized 

(EPA, 2011). For a successful deployment of BWWT to preserve aquifers and avoid percolation 

and contamination, erosion must be very minimal. Otherwise, the degraded terrain will be unable 
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to support this system, and the BWWT system will fail. Arundo plinii, Populus alba, Pseudotsuga 

menziesii, Ricinus sp, Salix alba, and other vegetation commonly utilized in BWWT system 

applications require a certain soil depth for root formation (Farjon, A; 2013; Pescod, M; 1992). 

Higher application rates and lower land area needs are related with higher levels of pre-application 

treatment, while the ranges indicated for field area required and application rates include 

wastewater quality from raw sewage to secondary effluent. Although soil permeability is not 

crucial in this type of land management, the effects on groundwater in highly permeable soils 

should not be neglected (Farjon, A; 2013). The land application approach was created for places 

with low soil permeability and when conventional land application methods were unavailable 

(Hemelden et al, 2011). For the application of BWWT systems, a depth of at least 90cm is 

necessary, followed by an acceptable potential of 30-90cm and a low one of less than 30cm. In 

general, soils having a permeability classification of moderate to moderately rapid (0.6 to 6.0 

inches/hour) from the USDA Natural Resources Conservation Service are acceptable for 

wastewater irrigation (Lovell, B; 2002). Groundwater and drainage conditions, on the other hand, 

must be suitable. Without drainage improvements, soils that are poorly drained, have high 

groundwater tables, or contain restrictive subsurface soil layers are not appropriate for slow-rate 

land treatment (Georgia, 2010). Phosphorus and trace elements are removed through sorption on 

soil clay colloids and precipitation as calcium, iron, and aluminum insoluble complexes (Farjon, 

A; 2013). They thrive in the Entisols, Inceptisols, Mollisols, Spodosols, and Ultisols soil groups, 

which are abundant in Lebanon. The best soil types for the application of BWWT are sandy loams 

(Meikle, D; 1984) and the unlikely ones are clay and silt (Farjon, A; 2013). 

Table 32 . Soil erosion, depth and type according to their suitability in BWWT  

Soil  Soil erosion  Soil depth  Soil type  

High  very low and low  ˃90 cm  ˃64% sand  

Acceptable  medium  30-90 cm  ˃50% silt  

Low  high less than 30cm ˃40% clay 

Not applicable  Very high  less than 30cm ˂40% clay 

 

3. Population number 

These sites should not be near residential areas, but even isolated terrain may not be 

acceptable to the general public if social, cultural, or religious attitudes reject wastewater irrigation 
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(EPA, 2011). The possible health risks associated with wastewater irrigation can make this a very 

sensitive topic, and public anxiety can only be alleviated if tight control measures are implemented. 

The process is well suited for rural communities and can produce fairly high-quality treatment 

(Heldman, 2011).  

4. Slope 

Slope is unquestionably one of the most significant elements to consider when determining 

capability. The slope gradient, as a topography factor, has a significant impact on the intensity of 

soil erosion. Higher slopes would enhance runoff of pollutants from the site, increasing pollution 

of the surrounding area, hence slope is also significant when applying a BWWT system site. 

Maximum grades for wastewater spray fields for row crops are often limited to 7%, which explains 

why the high application potential of BWWT systems is between 2 and 8% (Georgia, 2017). 

Sloping sites increase lateral subsurface drainage and reduce the likelihood of ponding and 

protracted soil saturation compared to level sites (Georgia, 2017). Water-tolerant grasses are an 

important component of the system, as wastewater should flow evenly down the slope to collecting 

ditches at the area's bottom edge (Pescod, M; 1992). The site's topography is critical, as the terrace 

slopes are limited to 2-8 percent with sufficient length to allow for enough treatment travel time. 

A slope of less than 2% can result in wastewater ponding, while a slope of more than 8% can result 

in soil erosion. Terraces are usually 30-60 meters long. In general, impermeable soils are 

appropriate, but soils with considerable permeability should meet the slow-rate process conditions 

(Heldman 2011). The use of BWWT systems on steep slopes is not suggested (Heldman 2011). 

 High: 2-8% 

 Acceptable: 0-2% / 8-12% 

 Low: 12- 20% 

 Not applicable: ˃20% 

After selecting and specifying all the above mentioned criteria, all the criteria must be merged to 

come up with suitable areas for the implementation of BWWT. The high values and shape files of 

land use, soil, population number, precipitation and slope are merged, and High areas for the 

application of BWWT are identified. The same method is used to identify acceptable, low and not 

applicable areas for the application of BWWT. The final suitability map is shown below referring 

to changes occur to the precipitation map according the RCP 2.6 and RCP 8.5 scenarios. It merges 
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the highest, acceptable and lowest potential areas hosting BWWT according to all the above 

mentioned criteria in Litani river basin.  The high values on the maps indicate more suitable areas 

for BWWT systems. It is important to note that the spatial distribution of the suitable areas for 

BWWT sites differs for each of the criteria.   

 

Figure 38 Potential areas hosting BWWT according to all criteria 
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Figure 39 Potential areas hosting BWWT referring to RCP 2.6 and RCP 8.5 scenarios 

  

Table 33 Fuzzy set memberships, membership functions and areas used for BWWT system in 

Litani River Basin 

All criteria Area  

Potential areas hosting 

BWWT referring to 

current situation  

High  1.74 km2 

Acceptable  40.81 km2 

Low  0.07 km2 

Not applicable  0 km2 

Potential areas hosting 

BWWT referring to RCP 

2.6  

High  1.57 km2 

Acceptable  36.81 km2 

Low  0.063 km2 

Not applicable  0 km2 

Potential areas hosting 

BWWT referring to RCP 

8.5 

High  1.39 km2 

Acceptable  32.65 km2 

Low  0.056 km2 

Not applicable  0 km2 

 

4.3.3 River side restoration 

This study also recommend to apply river side restoration techniques all over Litani River Basin 

to improve its actual state. With respect to change, nothing on earth is permanent, but the scale of 

change varies from the long-term erosion of mountains to the short-term flood (Kesri et al, 2010). 
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Whereas in general to understand riverscape elements we can divide them into natural, cultural, 

social, and finally perceptual and aesthetic. River restoration is the process of managing rivers to 

reinstate natural processes to restore biodiversity, providing benefits to both people and wildlife. 

Reintroducing natural processes can reshape rivers to provide the diversity of habitats required for 

a healthy river ecosystem and ensure their long-term recovery by addressing the root cause of the 

issue. Some rivers have been extensively modified to accommodate societal needs for food 

production, flood protection and economic activity so it is not always possible or desirable to 

restore to a pristine condition. The fact that most towns and cities developed near rivers, illustrates 

their importance to humans. Naturally functioning rivers and floodplains provide ample benefits 

to society including flood regulation, freshwater supply, tourism/recreation, water purification, 

carbon storage and improved human health. Many of these benefits, along with biodiversity and 

habitat, are compromised if rivers are modified. River restoration projects encourage local 

communities to engage in their local environment, raising awareness of environmental issues. To 

ensure local communities benefit as much as possible from river restoration projects, it is important 

to involve all interested organizations and individuals from the outset (Baron et al., 2002). A key 

distinction between river restoration and other management actions is the intent to reestablish 

‘‘natural’’ rates of certain ecological processes and/or to replace damaged or missing biotic 

elements. That is, restoration is often fundamentally about enhancing ecological integrity 

(Angermeier, 1997; Baron et al., 2002). We define ecological integrity as the ability to self-sustain 

ecological entities (population, community, and ecosystem) and processes (nutrient dynamics, 

sediment transport).  

Table 34 River restoration scenarios based on five ecosystem amenities that commonly motivate 

restoration projects 

Amenity of 

interest 

Key conditions Components to model Potential restorative actions 

Clean water 

Water/sediment 

chemistry 

Pathogen density 

Contaminant/pathogen loading 

Water/sediment transport Pathogen 

population dynamics 

Clean up point‐sources of 

pollution Alter land use in 

catchment 

Uncontamin

ated food 

Body-loads of 

contaminants 

Contaminant loading 

Water/sediment transport Food 

organism/contaminant contact 

Food organism metabolism of 

contaminant 

Clean up contaminant sources 

Constrain contaminant contact 

with food organism 

Aesthetic 

appeal 

Water quality 

Bank stability 

Channel shape 

Nutrient loading Water/sediment 

transport Suspended solids 

dynamics Flow (disturbance) 

dynamics Flow/vegetation 

Alter land/water use in 

catchment Reinstate natural 

channel shape Reinstate 

natural flow regime 
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Riparian/aquatic 

vegetation 

interactions Native/exotic 

vegetation interactions 

Manipulate sediment 

composition Manipulate 

vegetation composition 

Rare or 

valued biota 

Water/ sediment 

chemistry 

Habitat structure 

Flow regime 

Production dynamics 

Other human biota 

Contaminant loading 

Water/sediment transport 

Organism/contaminant contact 

Habitat requirements/limitations 

Organism/flow interactions 

Trophic requirements/limitations 

Interactions with competitors, 

predators, parasites 

Clean up contaminant sources 

Alter land/water use in 

catchment Reinstate natural 

habitat structure Reinstate 

natural flow regime Reinstate 

natural productivity Stock 

target biota Reduce biota with 

adverse effects 

Productive 

fishery 

Water/ sediment 

chemistry 

Habitat structure 

Flow regime 

Production dynamics 

Other human biota 

Harvest regime 

Contaminant loading 

Water/sediment transport 

Organism/contaminant contact 

Habitat requirements/limitations 

Organism/flow interactions 

Trophic requirements/limitations 

Interactions with competitors, 

predators, parasites Impacts of 

harvest 

Clean up contaminant sources 

Alter land/water use in 

catchment Manipulate habitat 

structure Manipulate flow 

regime Manipulate system 

productivity Stock target biota 

Reduce biota with adverse 

effects Reduce harvest 

 

4.3.4 Techniques and strategies for river restoration 

In recent decades, interest in river restoration has considerably increased, along with the growing 

emphasis on the value of river functions and the ecosystem services provided by waterways. The 

term restoration refers to rehabilitation, enhancement, improvement, mitigation, and reclamation 

strategies. Inundation is now addressed not only erecting structural defenses but also developing 

resilience to flooding. It is globally recognized that returning rivers and catchments to a more 

natural state is a key strategy to improve the quality of the environment and biodiversity. River 

rehabilitation provides an opportunity to restore ecosystem services that have been degraded and 

lost. Additionally, the natural functions of watershed settlements become more balanced. River 

rehabilitation regards biodiversity conservation (supporting); sustainable flood management 

(regulating); physical habitat quality restoration (regulating); fisheries enhancement (cultural/ 

provisioning); pollution control (regulating); and also, cultural awareness (recreation and amenity) 

(Perini et al, 2017).  

Several river restoration techniques have focused on single aspects, in particular fish habitat 

improvement. The integrated social-ecological approach adopts holistic techniques to address root 

causes of ecosystem degradation and establish a new balance between socio-economic needs and 

sustainable watershed management. In addition, it focuses on avoiding anthropogenic interference 

in natural processes, enhancing the resilience of river-floodplain ecosystems to future disturbances. 
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This ensures that restoration plans and actions support sustainable recovery without requiring 

continual human intervention and maintenance. The aim of process-based restoration is to “re‐

establish normative rates and magnitudes of physical, chemical, and biological processes that 

create and sustain river and floodplain ecosystems” (Perini et al, 2017). 

The best combination strategies to restore the ecological values of water bodies, in fact, devise 

regulatory frameworks and planning policies to decrease anthropic pressure. This allows the self‐

regulation of natural systems, runoff reduction and habitat and water quality improvement. In 

particular, the choice of river restoration techniques depends on the specific watershed assessment, 

its issues and objectives. Techniques can be settled at different scales of intervention. Strategies 

that focus on habitat improvement of in-stream or riparian processes (e.g., channel re‐meandering, 

planting, fencing, grazing removal) are designed at the reach scale, while techniques restoring 

connectivity (e.g., barrier removal, levee setbacks, fish passage) or sediment and hydrologic 

processes (e.g., storm-water runoff regulating, in-stream flow) can be tailored at the watershed 

scale. Restoration strategies vary also in terms of time: in-stream habitat improvement and 

restoration of connectivity can result in rapid improvements, while techniques as road removal or 

riparian planting may take years to be effective. Long-term and short-term strategies can be 

implemented to provide initial benefits while enhancing the system’s resilience capacity.  In light 

of these restoration principles, river restoration techniques can be categorized into physical and 

chemical (Perini et al, 2007). 

4.3.5 Biological riverside restoration techniques 

Biological-ecological River restoration is a rather recent strategy, which covers a wide range of 

measures such as cultivation of aquatic plants, the addition of microorganisms, restoration of 

damaged ecosystems, and the restoration of the natural river configuration. Bio-ecological 

restoration strengthens the natural self-purification capability and supports succession of the river 

ecology. Microbial restoration uses microbes to decompose organic pollutants, and thus improves 

the water quality and ecology. The addition of bacteria is one of the commonly used microbial 

restoration method, which efficiently degrades pollutants and leads to the restoration of the 

damaged ecosystem. However, disadvantages such as long periods of microbial acclimatization 

and environmental boundary conditions limit the success of large-scale applications of adding 

microbes. 
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Another commonly used technique is biofilm restoration. Microbes colonize the surface of gravel 

and other natural or synthetic materials and form a biofilm. Degradation, physical adsorption, 

precipitation, filtration, and other processes involved in this technique greatly contribute to natural 

river purification. This technique has a low requirement for equipment and expenditure and is 

associated with a low ecological risk. Lightly polluted water can be treated relatively well. 

Biological restoration exploits the potential of aquatic plants and microorganisms in the removal 

of pollutants within micro-ecosystems. Aquatic plants were the most important component of a 

healthy river ecosystem, and the uptake of nutrients by plant rhizomes and/or roots can greatly 

reduce the pollutant concentrations within the water column, and increase water transparency and 

oxygen availability. Typical aquatic restoration techniques include biological floating bed 

techniques, biological submerged bed techniques, and biological manipulation techniques. 

Integrated constructed wetlands could also be used as an ecological restoration technique, which 

greatly improves the water quality by substrate adsorption and filtration, microbial assimilation 

and transformation, and wetland plant uptake. This technique can efficiently control point and non-

point source contamination and reduces heavy metals, pesticides, and nutrients contained within 

the river water. Previous studies indicated that flow patterns, hydraulic loading, plant species, 

temperature, pH, substrate type, and operational conditions can significantly affect wetland 

performance. 

Ecological river bank protection may use plants and stone to reinforce banks and to restore 

damaged ecosystems. This technique can also be applied to connect the aquatic ecosystem to the 

nearby terrain ecosystem and to reduce non-point source pollution. Basket protection, the 

introduction of plant growing substrate, and perforated concrete frames were the commonly used 

ecological river bank protection techniques within the case study catchment. 

Wetland floodplain and riverside restoration connects the nearby terrain with the river ecosystem 

and provides habitat for plants and animals. The restoration of wetland floodplains is important in 

controlling non-point source pollution, maintaining high biodiversity, and restoring and rebuilding 

healthy river ecosystems. 

River course habitat restoration mainly restores the living environment including spawn, feeding, 

and hiding sites as well as passages for fish and invertebrate. The formation of shallow and deep 

pools can be achieved through excavating and elevating the river bed, respectively. Fish passages, 
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shallow–deep pools, substrate restoration, riverbank covering, hiding places made of stone, and t-

shaped dams are commonly used restoration techniques. 

River course space reengineering is used to restore the natural river form by rebuilding the river 

curves and bends and restoring the river cross section. Restoring the river flow pattern can 

efficiently increase the oxygen supply, create enriched habitats, and restore and enhance the river 

self-purification capability, thus improving the aquatic ecological buffer ability. 

Ecological rebuilding techniques can be applied in the restoration of river courses that are 

subjected to water quantity shortage and perennial drying up. If a river cannot satisfy the ecological 

base flow, it is necessary to rebuild the ecosystem or to substitute the damaged one by constructing 

shallow lakes with a slow flow speed (Wang et al, 2010). 

Often a degraded system is characterized by species that respond differently (or not at all) to the 

historical disturbance regime that once maintained the structure and composition of the system in 

its former state. The new species (native or exotic) that comprise the degraded community often 

have distinctive traits that can change the ecosystem characteristics of the system, such as rates of 

resource turnover, nutrient distribution and disturbance regimes. Once species have changed 

ecosystem processes, positive feedbacks can increase the resistance of the system in its degraded 

state and make it resilient to restoration efforts (Suding et al, 2004). 

Several techniques could be done for a biological river side restoration such as: 

Table 35: Example of biological river side restoration techniques that could be applied in our case 

study area 

Technique 1   Native Plant Cuttings and Seed Collection 

Advantages    Inexpensive.  

 Use of local stock. 

 Better adapted to local climate and soil conditions. 

Disadvantages    Can have high mortality if collection and storage not performed correctly 

Tools needed  Hand pruners, 

  hand clippers,  

 untreated twine 

 burlap sacks (moistened and lined with wet leaves or mulch), 

 Plastic sheeting. 

For seed 

collection  
 Paper bags, cool, dry storage area 

Procedure: 

 
 Collect from 30 to 50 parent plants in good condition. Never take more than 50 percent 

of seed or cuttings from a given area. 

 Collect an equal number of seeds or cuttings from each plant. 

 Use watersheds for collection of seeds or cuttings of shrubs, forbs, grasses, and 

riparian tree species.  



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           130 
 

 For plant cuttings, use young shoots (1 to 2 years old). Older and larger stems tend to 

have higher mortality. Refer to Plant Materials section for information on preferred 

plant species. 

 Protect cuttings from wind by covering with plastic sheeting. Protecting stems from 

wind and keeping them cool and moist are essential. 

 Seeds collected should be ripe, or mature. 

 

Technique 2   Salvaging and Transplanting Native Plants 

Advantages    Inexpensive.  

Disadvantages    Can have high mortality if salvaging and transplanting not performed correctly and 

timely.  

 Soil moisture deficiency, and over exposure to air and heat, are critical factors in plant 

mortality. 

Tools needed  A flat-bladed spade,  

 metal file (for sharpening the spade),  

 hand clippers (for pruning),  

 burlap sacks (moistened and lined with leaves or mulch),  

 Plastic sheeting. 

For seed 

collection  
 Paper bags, cool, dry storage area 

Procedure:  Salvaging 

 Transplanting 

 

Technique 3   Planting Containerized and Bare Root Plants 

Advantages    Best application for long term increase in mechanical strength of soils. 

 Can be quickly applied to slopes, materials are inexpensive,  

 Creates a rooting zone over time to protect soils from erosion. 

Disadvantages    Can have high mortality if planting not performed correctly.  

 Soil moisture deficiency, and over exposure to air and heat, are critical factors in plant 

mortality. 

Tools needed  Hoedad or dibble,  

 tree planting bag,  

 Water for root dipping of bare root plants. 

Procedure:  The planting hole should be dug deep and wide enough to fully accommodate the 

natural configuration of the root system. 

 The roots should be carefully spread out so none are kinked, circling, or jammed in the 

bottom of the planting hole. 

 On-site soil should be used to backfill the hole and the plant firmly tamped, but not 

overly compacted into the ground. Add water, if available, to reduce voids that can 

desiccate roots. 
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Technique 4   Distribution of Seed, Fertilizer 

Advantages    Can be quickly applied to slopes,  

 materials are inexpensive,  

 Creates shallow fibrous rooting zone in the upper foot or so of the surface profile which 

binds near-surface soils and protects soil surfaces from surface water runoff, wind, and 

freeze-thaw erosive forces. 

Disadvantages    Not adequate alone for mitigating highly eroded surface erosion areas or for landslide 

stabilization.  

 Seeding should be applied in combination with planting trees and shrubs to provide root 

reinforcement of surface soils.  

 Best times to apply include spring and early autumn. If project is implemented in 

autumn, it is critical to allow adequate time for good root and leaf development 

(approximately 4 inches) prior to winter.  

 Seeding involves application of grass, forb, and woody plant seed mixes to erosion areas. 

Tools needed  Hand seeder,  

 Protective respiratory mask. 

Procedure: 

 

 Round top edge of slope failure. For project success, it is critical to address this 

“initiation point”, or chronic source of the erosion. A common initiation point for these 

failures is located at the upper boundary of the site. For project success, it is critical to 

remove, or round off, slope overhang. 

 Smooth all eroding areas such as rills or gullies. In addition, prepare a seed bed by 

slightly roughening area. Do this by raking across slope face, never downslope. Raking 

downslope can create depressions for channeling water. 

 Create terraces on contour when slopes exceed 35 percent. Dig these terraces 10 to 14 

inches deep across slope face. Spacing usually varies from 4 to 10 feet depending on 

conditions. The objective is to accelerate establishment of plants by reducing slope angle 

and steepness between each terrace. 

 Broadcast seed, fertilizer, and weed-free straw. Make sure your seed is covered with at 

least ¼ inch of soil. Seed and fertilize as required by mix directions. For example, a mix 

may consist of 1 part seed (annual rye and forb mix) and 3 parts fertilizer (16/16/16). 

Organic amendments, in place of fertilizers, also work well. Work with local vegetation 

and soils specialists to determine desirable seed species and soil nutrient needs. In 

addition, determine if burying seed is critical for germination. 

 Hand spreading of mulch is sufficient. However, machine application spreads materials 

more evenly and requires less mulch for full coverage. As a result, machine application 

may be more economical than hand distribution. 

 In addition to mulching the site, it is critical to protect areas from additional surface 

water flow, specifically overland flow from roads. Direct water flow away from the 

project area by constructing crossdrains across the road surface several feet prior to the 

project area. Location and number of crossdrains needed will depend on several factors 

including road gradient and whether or not the road is outsloped or insloped above 

project area. Crossdrains are cut approximately 6 inches deep across road surface to a 

vegetated, stable point on the fillslope. These hand-excavated drains are a temporary 

measure until heavy equipment is available to dig deeper water diversions. An 

alternative to crossdrains, or an additional measure to consider, is to install drain rock 

and allow the water to move through the project area. 
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Technique 5   Live Staking 

Advantages    Overtime a living root mat develops soil by reinforcing and binding soil particles 

together and by extracting excess soil moisture. 

 Appropriate technique for repair of small earth slips and slumps that usually have moist 

soils. 

Disadvantages    Does not solve existing erosion problems (excluding benefits from associated mulch), 

live staking is not a short-term solution to slope instabilities. 

 Live staking involves the insertion and tamping of live, rootable vegetative cuttings 

into the ground.  

 If correctly prepared, handled, and placed, the live stake will root and grow.  

 A system of stakes creates a living root mat that stabilizes the soil by reinforcing and 

binding soil particles together and by extracting excess soil moisture.  

 Most willow species root rapidly and begin to dry out a bank soon after installation. 

Tools needed  Hand pruners and clippers,  

 untreated twine,  

 Dead blow or rubber hammer,  

burlap sacks (moistened and lined with wet leaves or mulch). 

Application and 

effectiveness 

 

 Effective streambank protection technique where site conditions are uncomplicated, 

construction time is limited, and an inexpensive method is needed. 

 Appropriate technique for repair of small earth slips and slumps that frequently are wet. 

 Can be used to peg down and enhance the performance of surface erosion control 

materials. 

 Enhance conditions for natural colonization of vegetation from the surrounding plant 

community. 

 Stabilize intervening areas between other soil bioengineering techniques, such as live 

fascines. 

 Produce streamside habitat. 

Construction 

guidelines  
 Live material sizes: The stakes generally are 0.5 to 1.5 inches in diameter and 2 to 3 feet 

long.  

 The specific site requirements and available cutting source determine sizes. 

Live material 

preparation 

 

 The materials must have side branches cleanly removed with the bark intact. 

 The basal ends should be cut at an angle or point for easy insertion into the soil. The top 

should be cut square. 

  Materials should be installed the same day that they are prepared. 

Installation   Erosion control fabric should be placed on slopes subject to erosive inundation. 

 Tamp the live stake into the ground at right angles to the slope and diverted downstream. 

The installation may be started at any point on the slope face. 

 The live stakes should be installed 2 to 3 feet apart using triangular spacing. The density 

of the installation will range from 2 to 4 stakes per square yard. Site variations may 

require slightly different spacing. 

 Placement may vary by species. For example, tree-type willow species are placed on the 

inside curves of point bars where more inundation occurs, while shrub willow species 

are planted on outside curves where the inundation period is minimal. 

 The buds should be oriented up. 

 Four-fifths of the length of the live stake should be installed into the ground, and soil 

should be firmly packed around it after installation. 

 Do not split the stakes during installation. Stakes that split should be removed and 

replaced. 

 An iron bar can be used to make a pilot hole in firm soil. 

 Tamp the stake into the ground with a dead blow hammer (hammer head filled with shot 

or sand). 



Practical Riverside Restoration and Bioengineering Guide, Based on Water Purifying Plant Technique: Litany River, Lebanon - Georgio Kallas           133 
 

4.4 Discussion 

This study examines how climate change affects infiltration, run-off, soil moisture and biological 

waste water treatment system location in the Litani river basin under representative concentration 

pathways (RCP) scenarios. The RCP 2.6 and 8.5 scenarios were utilized in this study, with the 

assumption that future land use will be the same as current land use (2019 land use/land cover 

map). Under the RCP 2.6 and 8.5 scenarios, changes in mean and total infiltration, run-off, and 

soil moisture of the second layer were computed for the years 2019-2040. Our findings reveal that 

climate change has an impact on all of these factors, although at varying rates. As a result, this 

watershed will almost certainly be subjected to a number of severe consequences. First, as 

comparison to current values of these hydrological parameters, both RCP2.6 and 8.5 exhibited 

decreases in the mean values of infiltration, run-off, and soil moisture of the second layer in all 

seasons. 

4.4.1 Effect of climate change on infiltration: 

Compared to the current conditions, the monthly precipitation is projected to decrease by 10% 

under RCP2.6 and by 20% under RCP8.5. An increase of temperature of 2°C is predicted under 

RCP2.6 while RCP8.5 scenario predicts an increase of 5 °C in the mean temperature of the study 

area. Under RCP2.6 scenario, infiltration showed an increased pattern for the period 2019-2040 in 

all seasons except in autumn, it decreased by 37%. Under RCP 8.5 scenario, infiltration showed 

decreases for the same period in all seasons except in autumn which increased by 15%. The 

simulated infiltration depending on climate change showed a decreasing trend for all seasons under 

both RCP scenarios. The results showed that the mean infiltration within the study area is expected 

to have further decreases under RCP 8.5 compared to the mean infiltration under RCP2.6 for all 

seasons. Seasonal variation for infiltration showed similar patterns of decrease in all seasons under 

both scenarios. This can be explained by the decrease of precipitation and the increase of 

temperature, therefore, the increase of evaporation rate under RCP scenarios. After comparing the 

results of RCP2.6 and 8.5 the findings showed that when precipitation is reduced by half (a 

decrease of 10% under RCP2.6 compared to a decrease of 20% under RCP8.5) the percentage of 

infiltration change clearly decreased by half in all seasons. The variation of infiltration means has 

a similar pattern to that of future precipitation change under RCP2.6 and RCP8.5 scenarios which 

means that infiltration is very sensitive to precipitation. Varallyay (2010) had the same conclusion; 
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he has proved that a rise in temperature accompanied by low precipitation decreases the water 

infiltration. 

4.4.2 Effect of climate change on run-off 

Regarding the run-off under both scenarios, showed a decrease pattern for the period 2019-2040 

in winter and spring. Under RCP2.6 scenario, it decreased by a maximum of 35% during spring 

season and a minimum of 12% during winter season. Under RCP8.5, run-off means values 

decreased by a maximum of 37% during spring season and a minimum of 14% during winter 

season.  The simulated run-off depending on climate change showed a decreasing trend during 

spring and winter seasons under both RCP scenarios. The results showed that the mean run-off 

values within the study area are expected to decrease more under RCP8.5 than RCP2.6 scenario. 

The similar pattern of decrease that affects run-off under both scenarios can be explained by the 

predicted decrease of precipitation. After comparing the current run-off with the values of run-off 

under RCP2.6 and RCP8.5, the results demonstrate that when precipitation decreases more, run-

off values decrease further. Other researchers demonstrated the same results. Varallyay (2010) 

found that the decrease in atmospheric precipitation and the rise in temperature will result in 

decrease of surface run-off. A review done by Roudier et al., (2014) summarizes the impact of 

climate change on run-off in West Africa: a correlation analysis revealed that run-off changes are 

tightly linked to changes in rainfall (R=0.49), and to a smaller extent also to changes in potential 

evapotranspiration. To study the potential future run-off evolution in view of climate change, we 

found that the future tendency of run-off changes is affected by the future precipitation changes. 

Therefore, the run-off means could decrease in the study region during the wet season because a 

decrease in precipitation pattern is predicted under RCP2.6 and 8.5 scenarios. The seasonal 

variation of run-off is clear: higher average and total run-off values are registered in spring when 

compared to winter values under both scenarios. The high spring run-off potential can be justified 

by a saturated soil after winter precipitation. The same conclusion was obtained by Ho et al., 

(2013). They have demonstrated that run-off and erosion in spring are higher than in winter. 

4.4.3 Effect of climate change on soil moisture: 

Under both scenarios, soil moisture of second layer showed an increase pattern for the period 2019-

2040 in all seasons. Under RCP2.6 scenario, it increased by a maximum of 12% during spring 

season and a minimum of 11% during winter season. Under RCP 8.5 scenario, it decreased 

referring to RCP2.6 by a maximum of 11% during winter season and a minimum of 2% during 
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spring season. The simulated soil moisture of second layer depending on climate change showed 

a decreasing trend in all seasons under both RCP scenarios. The results showed that the soil 

moisture of second layer is expected to decrease more under RCP8.5 than under RCP2.6. The 

similar pattern of decrease that affects soil moisture under both scenarios can be explained by the 

predicted decrease of precipitation and the predicted rise of temperature. After comparing the 

current soil moisture of layer 2 with the values of soil moisture of second layer under RCP2.6 and 

RCP8.5 scenarios, the results show that no significant difference is registered under RCP2.6: the 

increase percentage of soil moisture recorded in all seasons is less than 15% and a trivial decrease 

of soil moisture of second layer is recorded in all seasons under RCP8.5 scenario. In our case 

study, a decrease of 10% in precipitation and an increase of 2 °C in the mean temperature do not 

affect significantly the soil moisture of second layer. It is only under RCP8.5 scenario, after 

decreases in precipitation of 20% and a rise in temperature of 5 °C, when significant decreases of 

soil moisture of layer 2 are recorded. This study has shown that the influence of land use change 

(previous chapter results) on soil moisture of second layer is much more significant when 

compared to climate variability and climate change. The results show that climate and land use 

each exerts a control on soil moisture (Amir et al., 2016). Their effects vary depending on the land 

use change and on the level of projected climate change. A 20% precipitation reduction 

accompanied with 5°C of temperature increase is projected to decrease the soil moisture of second 

layer in a significant way.  

4.5 Conclusions 

In this study, the current hydrological variables of the study area (infiltration, run-off, second-layer 

soil moisture) were compared to the simulated variables in 2040 under two RCP scenarios: RCP2.6 

and RCP8.5, assuming that future land use is the same as current land use (2013 land use/land 

cover map). The following essential points are emphasized as a result of this research. A rise in 

temperature followed by a drop in precipitation will result in a decrease in infiltration, soil moisture 

of the second layer in all seasons, and run-off of the second layer during spring and winter under 

the same land use conditions. For all seasons, all hydrological indicators within the research area 

are anticipated to decline under RCP8.5 compared to RCP2.6. However, when compared to climate 

variability and change, the impact of land use change on soil moisture in the second layer is 

substantially greater. In this case, riverside restoration is mandatory to maintain the clean water, 

uncontaminated food, aesthetic appeal and production. 
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Climate change's direct effects on hydrological variables could have detrimental repercussions in 

the research region. We rely on recharge (water moving from the surface to the groundwater) from 

precipitation infiltration for groundwater replenishment (VADEQ, 2010). Reduced surface run-

off, on the other hand, reduces the risk of water erosion while increasing the risk of wind erosion 

on dry surfaces (Varallyay, 2010). The expected drop in second-layer soil moisture may affect 

plant water availability, influence soil biological activity and plant nutritional status, as well as 

reduce drought sensitivity and cracking and erosion risk. Knowing these facts allows for the 

development of effective adaptation mechanisms to the expected climate change scenarios, 

eliminating or at least reducing their negative repercussions (Harnos & Csete, 2008). As previously 

stated, climate change is projected to cause greater changes in hydrological variables in the 

Lebanese part of the Litani river basin.  

In Lebanon, some actions should be potentially followed for fighting climate change impact: 

1. Implementing the Paris Agreement, the UN Sustainable Development Goals and the Sendai 

Framework for Disaster Risk Reduction, all of which have been negotiated by UN member 

states. 

2. Reducing greenhouse gas emissions by 40 % by 2040. 

3. Funding efforts to address climate change through the Green Climate Fund (GCF), the 

Global Environmental Facility (GEF), the World Bank, and other multilateral funds and 

partners. 

4. Leading the way in international efforts in the field of health and climate. 

5. Promoting the phasing out of fossil fuel subsidies. 

6. Supporting sustainable urban development and the development of renewable energy, with 

a view to promoting sustainable social development and economic growth. 

7. Contributing to sustainable management of marine resources (Bou Zeid et al, 2010) 

As a result, the findings of this study are required in order to forecast the spatiotemporal variability 

of hydrological parameters in order to design policies for long-term water resource development. 
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5 Chapter General Discussion 

Riversides restoring is not a simple water management technique and its results are usually limited. 

It would be desirable to enhance fluvial systems, control flood risks, and increase city resilience 

while improving the city itself. The purpose of this study is to evaluate water management in the 

Litani River Basin in Lebanon in order to examine the impact of climate change. Two sectors were 

investigated in order to assess the consequences of water and climate change: land and water. The 

evaluation of land use planning is the first stage in assessing water management. The land 

suitability map of the Litani River Basin created in the first part of the project can be used as a 

planning tool by governors and planners to improve land use efficiency and identify potential sites 

for a Biological Wastewater Treatment system in the Litani River Basin and maybe in other 

Lebanese watersheds. Biological wastewater treatment is an important component of long-term 

water management and directly supports the goals of national and regional water policies. 

However, the wastewater sector is being affected by climate change in various ways. The final 

suitability map merges the highest, acceptable and lowest potential areas hosting BWWT 

according to the here mentioned criteria in Lebanon: land use; soil components (soil erosion, soil 

depth, soil type); population number; precipitation; slope. The high values on the maps indicate 

more suitable areas for BWWT plants. It is important to note that the spatial distribution of the 

suitable areas for BWWT sites differs for each of the criterion. The total area of these potential 

areas is 42.62 km2 after overlapping all criteria’s together .The final aggregation of the seven 

intermediate suitability maps shows the importance of each criterion for BWWT use in Lebanon 

and Litani River Basin, respectively. Its importance consists of reusing water, this efficient 

resource, for other usage to maintain the clean water, protects people from disease, yet three in 10 

people lack access to it. This study also shows the importance of the large scale when studying 

land use and land suitability. Urban lands are excluded from hosting BWWT where the population 

number is high. Arundo plinii, Populus alba, Pseudotsuga menziesii, Ricinus sp, Salix alba, and 

other vegetation commonly employed in the application of BWWT plants require specific soil 

types for root development, particularly where sand content is greater than 70% as selected in this 

study. These faster-growing species require more rainfall, wastewater purification is carried out 

more quickly or in larger volumes where the precipitation rate is higher than 700mm. 

Consequently, these species perform better in the mentioned area and absorb higher level of 
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nutrients. The areas that have high percentage of stoniness and steep slopes make them unsuitable 

for BWWT and decrease the probability of their well treatment. Accordingly, evaluating the degree 

of conformance of the zoning map's proposed lands use designations for specific parcels to the 

land suitability classification obtained in this study is a tool for evaluating the stress applied to 

each parcel of land and predicting the possible BWWT of each part of land. Slope, land use, soil 

components (type, depth and erosion), population number, and precipitation are all factors 

considered by the model. It has an overall accuracy of 89 percent, indicating that the parameters 

and weights were carefully chosen, with slope playing the most important role in evaluating land 

suitability. This could be due to the study region's landscape, which is characterized by the 

occurrence of sloping and steep lands with slope in the Litani river basin.  Although the findings 

were thought to be useful in assessing water management since they provide an overview of the 

stress placed on the land, they were not deemed to be particularly useful in assessing water 

management. To increase the efficient use of lands for BWWT, this design should be directed 

according to land suitability classes. The findings suggest that land usage is not always the best 

option in some situations. The land suitability map for BWWT could provide a general overview 

of the area's potential uses. The assessment of land suitability is not adequate to plan for restoration 

activities and advise land use; this study should be followed by further specific studies to suggest 

appropriate land use for each parcel in this region. The produced map provides more information 

about the land suitability for BWWT in the research area, allowing public management 

organizations to use it as a planning tool to aid in more effective land planning. 

To understand how a change in land use may affect the hydrological variables, we utilized a 

hydrological model (WiMMed) to examine the hydrological variables in the Litani River Basin 

between 2009 and 2019 since the application of hydrological modeling to analyze how land use 

and future climate scenarios might affect the water balance in the study region follows the 

assessment of water management using land suitability classification. Land use changes have an 

impact on water quantity and quality must be evaluated in order to manage water supplies. Over 

the previous few decades, the state of land cover/land use in Lebanon has been marked by constant 

change. The natural and constructed environments have been severely harmed by a lack of land 

management plans and/or proper urban restrictions.  
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The current study uses a hydrological model (WiMMed) to compare the hydrological behavior of 

the Litani river basin from 2009 to 2019, as well as to assess the impact of land use changes on 

infiltration, run-off, and soil moisture of the second layer at the water basin scale under similar 

climatic conditions while characterizing how these variables respond to land use change between 

2009 and 2019. 

A range of natural and ecological processes, such as soil nutrient, soil moisture, soil erosion, and 

land productivity, may be influenced by land use change. The balance between entering 

(precipitation) and exiting (evapotranspiration and runoff) quantities is expressed by soil moisture, 

which is one of the most essential components. Changes in soil physic chemical properties, soil 

fertility, soil erosion sensitivity, and soil moisture content have all been influenced by 

anthropogenic changes in land use.  

Infiltration at the basin level has decreased between 2009 and 2019, according to the findings of 

this study. This was notably noticeable in the spring season, when penetration was reduced by 70% 

compared to the same period in 2009. The effects of spring and winter precipitation are included 

in spring infiltration. This may explain why infiltration changes the greatest in the spring. The 

runoff does not indicate a significant difference between 2009 and 2019, and the greatest 

differences are only visible during the autumn season. Although the shift is small, it is significant 

because the presence of rain and snow in the study area at this time of year is relatively low. The 

rise in runoff appears to be linked to the loss of forest, which lost over 70 percent of their surface 

area throughout the research period, particularly in the upper reaches of the basin. However, there 

has been a reduction in the extent of unoccupied land, which has been converted into agricultural 

areas, pastures, or fruit crops, which appears to have mitigated the effect on runoff. When 

compared to other seasons, run-off is one of the hydrological indicators that shows a significant 

seasonal change, being higher in the spring and winter. This may be due to soil saturation following 

winter precipitation. Aside from the loss of water resources for vegetation that runoff implies, it 

also has a significant impact on erosion (Ho et al., 2013), causing substantial environmental 

concerns in the study zone and complicating restoration alternatives for the most degraded zones. 

According to the findings, changes in land use in the Litani river basin from 2009 to 2019 result 

in a decrease in second layer soil moisture in all seasons. Many hydrological variables, such as 

soil moisture, infiltration rates, runoff, and evapotranspiration, are affected by land use change. 

The balance between entering (precipitation) and exiting (evapotranspiration and runoff) quantities 
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is expressed by soil moisture, which is one of the most essential components. Changes in soil 

physic chemical properties, soil fertility, soil erosion sensitivity, and soil moisture content have all 

been influenced by anthropogenic changes in land use.  

Therefore, the following findings can aid in the development of appropriate policies and strategies 

for land use management and planning. Adequate spatial planning aimed at productive and 

sustainable development in this part of Lebanon should consider the impact of potential changes 

in land use on available water resources. The land use change from 2009 to 2019 had a detrimental 

impact on the hydrological features of this watershed, reducing infiltration capacity and soil 

moisture in the second layer in this area, according to this study. Based on the simulation results, 

it can be inferred that low differences in runoff were seen in all seasons between 2009 and 2019. 

The lack of effective management and land use planning is a limiting factor that will result in 

future forest losses. Thus, careful management of this region is essential; otherwise, these 

resources will be lost and will no longer be able to contribute to the area's development.  

After highlighting the land uses that are more efficient for the water balance and increase the soil 

moisture of the soil, this study examines how changes in climate affect infiltration, run-off, and 

soil moisture in the Litani River Basin under the representative concentration pathways (RCP) 

scenarios. The RCP2.6 and 8.5 scenarios were utilized in this study, with the assumption that future 

land use will be the same as current land use (2019 land use/land cover map). Under the RCP2.6 

and 8.5 scenarios, changes in mean and total infiltration, run-off, and soil moisture of the second 

layer were computed for the years 2019-2040. Our findings reveal that climate change has an 

impact on all of these factors, although at varying rates. As a result, this watershed will almost 

certainly be subjected to a number of severe consequences. As comparison to current values of 

these hydrological parameters, both RCP2.6 and 8.5 exhibited decreases in the mean values of 

infiltration, run-off, and soil moisture of the second layer in all seasons which the climate change 

has direct effects on. Climate change's direct effects on hydrological variables could have 

detrimental repercussions in the research region. We rely on recharge (water moving from the 

surface to the groundwater) from precipitation infiltration for groundwater replenishment 

(VADEQ, 2010). Reduced surface run-off, on the other hand, reduces the risk of water erosion 

while increasing the risk of wind erosion on dry surfaces (Varallyay, 2010). The expected drop in 

second-layer soil moisture may affect plant water availability, influence soil biological activity 

and plant nutritional status, as well as reduce drought sensitivity and cracking and erosion risk. 
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Knowing these facts allows for the development of effective adaptation mechanisms to the 

expected climate change scenarios, eliminating or at least reducing their negative repercussions 

(Harnos & Csete, 2008). As previously stated, climate change is projected to cause greater changes 

in hydrological variables in the Lebanese part of the Litani river basin. 

6 Chapter Conclusions 

The results of this study can contribute to define adequate policies and strategies for territorial 

management and planning, in terms of land use. Adequate spatial planning aimed at productive 

and sustainable development in this region of Lebanon should consider the influence that possible 

changes in land use could have on available water resources. Since the land capability map from 

2009 and the one released in this study utilized essentially the same approach, with different 

findings, they now have the potential to propose fine adjustment of the land use strategy established 

centrally based on large scale maps. The small scale utilized in the 2009 classification does not 

capture the variety of soil features as well as the big scale employed in this analysis. It should be 

mentioned that the analysis' validity is dependent on the size of the input maps. We now have 

access to a land suitability map for the Litani River Basin. 

 The first suggested restoration activity is to create a river side restoration on the Litani river 

basin that will assist decision-makers and planners in controlling land use options and 

urban expansion in order to prevent land degradation due to chaotic urban sprawl, support 

appropriate land use, and raise awareness to hasten local governance for the protection and 

sustainable use of natural resources in the area. Moreover, the land suitability map is 

insufficient to recommend more restoration actions in this area. Additional elements 

encompassing comprehensive climatic, geomorphic, and hydrological information that 

affect desertification and environmental sustainability must be assessed.  

 In the second part of work, we have compared land use change between 2009 and 2019 in 

Litani river basin. The results show that major decline with respect to area coverage in 

Litani river basin was observed in the dense forests class. During 2009 – 2019 period, the 

area covered by dense forests decreased. The main reason for the decreasing trend of forest 

areas is the frequency and intensity of the forest fires that form a real threat of the 

sustainability of the forest ecosystems in Lebanon. In addition to forest fires, this region is 
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one of the areas that are mainly affected by the pressure of overgrazing. In addition to soil 

erosion and degradation, the partial disengagement of the state in the Litani River basin 

pushed local farmers to adopt independent agricultural strategies in order to raise their 

incomes and meet their needs, which may explain the significant increase in chaotic 

agricultural areas. Furthermore, there was a notable increase in the area covered by urban 

expansion and sites at the expense of green spaces. The land use change from 2009 to 2019 

had a detrimental impact on the hydrological features of this watershed, reducing 

infiltration capacity and soil moisture in the second layer in this area, according to this 

study. Based on the simulation results, it can be inferred that low differences in runoff were 

seen in all seasons between 2009 and 2019. The lack of effective management and land use 

planning is a limiting factor that will result in future forest losses. As a result, careful 

management of this region is essential; otherwise, these resources will be lost and will no 

longer be able to contribute to the area's development. As a result, the findings of this study 

can aid in the development of appropriate policies and strategies for land use management 

and planning. Adequate spatial planning aimed at productive and sustainable development 

in this part of Lebanon should take into account the impact of potential changes in land use 

on available water resources. 

 In this study, the current hydrological variables of the study area (infiltration, run-off, 

second-layer soil moisture) were compared to the simulated variables in 2040 under two 

RCP scenarios: RCP2.6 and RCP8.5, assuming that future land use is the same as current 

land use (2019 land use/land cover map). The following essential points are emphasized as 

a result of this research. A rise in temperature followed by a drop in precipitation will result 

in a decrease or slight increase in infiltration, soil moisture of the second layer in all 

seasons, and run-off of the second layer during spring and winter under the same land use 

conditions. 

 Climate change's direct effects on hydrological variables could have detrimental 

repercussions in the research region. We rely on recharge (water moving from the surface 

to the groundwater) from precipitation infiltration for groundwater replenishment. On the 

other hand, reducing surface run-off reduces the risk of water erosion while increasing the 

risk of wind erosion on dry surfaces. The expected drop in second-layer soil moisture may 
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affect plant water availability, influence soil biological activity and plant nutritional status, 

as well as reduce drought sensitivity and cracking and erosion risk. 

 The resulted maps in the chapter 4 will undoubtedly aid decision-makers in limiting the 

use of BWWT in appropriate locations based on important land suitability criteria. They 

can now propose fine adjustment of the centrally designed land use planning based on small 

scale maps. Controlling land use change, slope degrees, precipitation rates, population 

numbers and soil components, as well as urban expansion, can help to prevent land 

degradation and promote awareness about the need of local government for the protection 

and sustainable use of BWWT regions in the region. It is necessary to raise policymakers' 

knowledge of potential BWWT-hosting sites and give land use planners with information 

on the land's optimal usage in order for it to be effective. If early actions are undertaken, 

excellent communication between experts and decision makers is likely to enhance 

sustainable land use and aid in environmental conservation. 

The findings of this study provide an important tool for assessing the state of the Litani River Basin 

in Lebanon. As previously stated, this work was useful in assessing the stress on the land and 

hydrological states of the study region under various climatic scenarios, but more detailed studies 

are needed to suggest restoration activities and reduce the negative effects of land use change and 

climate change in the Litani river basin. This study should be followed by a full land suitability 

analysis and other specific research that indicate appropriate land use for each parcel of land in 

this location. This type of work allows governors and planners to create crop management plans 

that will boost land production. 
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