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Introduction

This paper is based on the work implemented to date within the framework of the project entitled “Optimisation for Sustainable Water Resources Management” (OPTIMA), an EU sponsored three-year regional research project, which started on July 1st 2004, and is implemented in Lebanon by Earth Link and Advanced Resources Development (ELARD) s.a.r.l and the National Center for Remote Sensing (NCRS).  The overall aim of the project is to develop, test, and critically evaluate an innovative approach to water resources management in the Mediterranean region.  The core of the project evolved around the application of the Water Resources Model (WRM) prepared by Environmental Software and Services Gmbh, Austria.
The study covers the Lower Basin of the Litani River (LBL) in Lebanon. The Litani River is the longest and largest river in Lebanon. With a length of 170 kilometers, it originates from al oleic springs in Hosh Brada in the Bekaa Valley with a southward flow, and discharges into the Mediterranean Sea, 7 km north of Tyre, an ancient Phoenician city.
This paper presents the work methodology, watershed characterization, river conceptualization and baseline scenario preparation, and the basis for the optimization process.
Methodology

Preliminary activities included the familiarization with the Water Ware software and the identification of key issues and data needs. Various stakeholders involved in the decision making process provided valuable information on the baseline conditions of the Litani basin along with the various activities found and planned on the Litani river, including agricultural, recreational, industrial, domestic, and environmental ones.
Preliminary reconnaissance visits conducted in the Lower Basin of the Litani River were instrumental for the preparation of a preliminary topology model for the Basin.  Input data needed for the model was collected during several site visits to the area.  Major inflow (input flow) and outflow (demand) points were determined on the River, based on which the topology model was further updated.

Application of the WRM entailed the integration of the collected data in the model through nodes, reaches, and Time Series files (CSV format).  The model along with the statistical information provided by the stakeholders helped identify the strengths and weaknesses of the resource management scheme of the Litani Lower basin.  The water resource model topology along with its associated models aim at conceptualizing the real model of the Lower Litani Basin, and subsequently run optimization scenarios taking into account the economic factor along with the water supply, availability, demand, and quality.

As part of the project participatory approach, stakeholders in the Optima project were involved in the identification of issues of concern in the basin, data collection, conceptualization of the basin, identification of objectives and constraints, and the optimization process.  Several tools were used to involve stakeholders including questionnaires, one-to-one meetings, individual presentations and multi-stakeholder participatory workshops. Stakeholders involved at the decision-making level also contributed to the identification of potential development schemes of the lower basin of the Litani River, helped set objectives, potential future scenarios, and potential problems of optimization of the Lower Basin of the Litani River.

Characterization of the Lower Litani River Basin

Facts and figures

The Litani River is the longest and largest river in Lebanon, with a length of 170 kilometers and an estimated average discharge rate of varying from 8 to 9 cubic meters/seconds (UNDP, 1940).  This perennial river originates from al oleic springs in Hosh Brada in the Bekaa valley and flows southward parallel to the Lebanese coastline. It deviates to the west in a deep V-shaped valley southwest of Marjayoun to finally discharge into the Mediterranean Sea, 7 km north of Tyre.

The Litani River drains nearly one fifth of the waters of Lebanon and has a watershed of 2.168 km2 that extends between latitudes 33-50-34-50 and longitude 35-15-36-25. Geomorphologically, the Litani basin is divided into two sub-basins with the upper one stretching from the Bekaa plain to the Qaraoun dam. The Qaraoun dam completed in 1956 is 110 meters long and 61 meters high, forming Lake Qaraoun. The Lower Litani River extends from Qelia Village, after the Qaraoun Lake, down to the Qasmiyye outlet at the sea north to Tyre.

Institutional framework

The management of the Litani River falls under the jurisdiction of three main institutional bodies: the Ministry of Energy and Water (central authority), the South Water and Wastewater Establishment (potable water supply), and the Litani River Authority (irrigation water supply and discharge monitoring).  The management of activities on the Litani River is controlled by the Litani River Authority, which reports to the Ministry of Energy and Water. The management of exploitation of the surface water in the Litani River is restricted to the South Water and Wastewater Establishment, especially the water authorities that are benefiting from the Litani water, such as Jabal Aamel water authority. The Litani water quality and quantity is monitored by the Litani River Authority, which conveys all the data to the Ministry of Energy and Water.  The Ministry of Health monitors the quality of the water that is supplied for domestic use from the Litani River.

Demography

The lower Basin of the Litani River encompasses eight district or administrative caza (Bekaa West, Marjeyoun, Nabatiyyeh, Saida, Tyre, Jezzine, Hasbaya, and Bent Jbail) hosting a population of about 133,000 capita living in 104 communities (Statistics 2005).  The female to male ratio in the Litani Lower Basin is about 1.022.  The demographic change in the area of the Lower Litani Basin was characterized by abrupt decrease from year 1980 until year 1994 because of the political conflicts that have prevailed during this period.  The total population of the Litani Lower Basin decreased by 25% from 140,000 (1980) to 105,000 (1994) capita.  In 1999, after the retreat of foreign army from southern Lebanon, the area witnessed a demographic boom characterized by an annual demographic percentage increase of 2.16%.

Geomorphologic sections

The Lower Litani basin located downstream to the Qaraoun Lake has a total surface area of 616 km2.  The study area encompasses the lower portion of the Litani River, which starts from Qelia South to Yohmor Area at an elevation of 500m asl, where it trends in a North-south direction.  Near Deir Mimess area, at an elevation of 480 m asl, the Litani River changes its direction towards an east-west orientation. The Litani River altitude gradually decreases from 300m to 50m, until it reaches the sea outlet at the Qasmiyye area. The Lower Litani River area is characterized by maximum elevation reaching 500-600m asl. The maximum drop that amounts 600m in a very short distance, observed along the Litani River is at the zone located between the Qelia and Khardale.  The lower portion of the Litani River consists of one (1) main river segment and eight (8) secondary branches. Three main geometric points where the river bends and changes direction were defined on the River topology model.
Climatic Data

Precipitation and Temperature
According to the annual precipitation map, the Litani River falls under two main rainfall ranges. In its upper sections, the Litani area receives 1100 to 1200 mm of rain per year, while its lower section receives 800 mm of rainfall per year. The quantity of rain water per year were calculated from monthly basis rainfall data from the two pluviometric stations located in Baissour (978 m asl), and Tyre (5 m asl); (Beirut International Airport). The average temperature recorded in the area of the Litani River varies according to altitude. The temperature values are recorded monthly on the temperature monitoring stations in Baissour (978m asl) and Tyre (5m asl).
Evapotranspiration

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 (UNDP, 1970). The evapotranspiration from rainfall exceeds 55% (UNDP, 1970) probably due to climate of the area and the intensity of forests trees at the Litani flanks, which decrease the surface runoff. This value is probably less significant during wintertime.

Geology and hydrogeology

Geology

The Lower Basin of the Litani River passes through three (3) groups of geological formations: the Jurassic, the Cretaceous, and the Eocene groups (Table 1).
Aquifers

The main aquiferous formations in the study area are the Kesrouane-Bikfaya (Jurassic), the Sannine-Maameltain (Cenomanian-Turonian), the Eocene formations, and the Quaternary deposits.  The coefficient of infiltration of rainfall water from the Litani watershed into the aquiferous formations and other basins such as the adjacent Zahrani Basin, varies according to the nature of the geological formations (UNDP, 1970) and the faulting system especially the Room (N-S) fault located in the vicinity of Khardale area. The seepage from the Litani River bed into the ground water was estimated at 22% (UNDP, 1970).

Table 1. Main characteristics of the geological formations in the Litani Lower basin

	Period
	Epoch
	Formation
	Unit
	Lithology

	Quaternary
	Quaternary
	Quaternary  Deposits
	Q
	Reddish brown soil, River deposits, 

	Tertiary
	Neogene
	Thanetian-Ypresien (?)
	Paleocene-Eocene
	e2
	Marly limestone with chert nodules-limestone and dolomites

	
	
	Lutetian-Bartonian
	Eocene
	e1
	Marly limestone/ Limestone and dolomites

	Mesozoic
	Cretaceous
	Senonian
	Chekka
	C6
	Marls

	
	
	Cenomanian-Turonian
	Sannine-Maameltain
	C4-C5
	Intercalations of limestone and marly limestone with chert nodules, Limestone, Dolomite.

	
	
	Albian
	Hemmana
	C3
	Marly limestone, marls

	
	
	 Upper Aptian
	Mdairej
	C2b
	Limestone

	
	
	Barremian-Berriasian
	Chouf - Abeih 
	C1-C2a
	Sandstone, Marls

	
	Jurassic
	Bathonian
	Bikfaya
	J6
	Dolomite and dolomitic limestone

	
	
	Kimmeridjian
	Bhaness
	J5
	Volcanics

	
	
	Lias (?) -Oxfordian
	Kesrouane
	J4
	Dolomite/limestones


Wells 

A well survey in the study area revealed the presence of 44 main municipal wells in the lower basin of the Litani River. Most of the wells are tapping the Sannine aquifer at depths exceeding 300 m. Most of wells are being used for domestic consumption with approximate yields ranging between 2000 and 4000 m3/day.

Springs

There are 23 surveyed springs in the Litani Lower basin. Some of the springs do not belong to the Litani Basin, yet contribute significantly to the Litani River especially in the region of Khardale, and at Qasmiyyeh. Monitoring discharge data related to such contribution is not available. 

Hydrology

Table 2 shows the location of the four monitoring stations on the Litani River sections. The Qasmiyye monitoring station recorded an average volume of 420 Mm3 of water for the years 1944-1950, 1965-1975, 1991-2001.  The flow rates from subcatchments of the Litani, such as springs and ephemeral springs that depend on the rainfall seasons, were calculated using the rainfall-runoff model when applicable. The computation of flow rates using rainfall-runoff model relies preliminary on the subcatchment size, the basin length, the channel length, and precipitation.

Table 2. Location of the five monitoring stations (Litani River Authority)
	 NAME
	Section
	Location
	X (m)
	Y (m)
	Z (m)
	Average flow (m3/sec; 2002-2003)*
	Average flow (m3/sec; 2003-2004)

	Qelia
	1
	Start of LB/Qelia
	142111
	167232
	500
	-
	3.57

	Khardale
	2
	Khardale
	131653
	156199
	250
	25.4
	7.82

	Gandouriye
	4
	South of Ouadi Ghandouriye
	121917
	152729
	100
	34
	8.4

	Qasmiye
	4
	Qasmiyye
	104802
	155839
	5
	31.41
	8.9

	Total Karaoun-Qasmiyye 
	276


* Year of extreme flooding (LRA)

Water supply and Water demand from the Litani River

There are no major infrastructures on the Litani River Lower Basin. Some recreational sites destined for touristic purposes, a domestic water pumping station at El Taibe Area, and an irrigation canal extending from Qasmiyye to Brake (in the North) and Tyre (in the South) at the coast are the only structures existing on the Litani River in its Lower basin.
Touristic and recreational resorts

Four significant touristic sites were identified on the Litani River, at places where the river crossing the road is easily accessible. About four (4) small resorts are established on the river during the summer period (June-September) or through the year. These resorts are withdrawing water from the river by the mean of 2” pumps yielding approximately 2 L/sec.  The calculation of resort water demand from the Litani River was performed on the basis of 2 L/sec 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.

Agriculture

The agricultural activity is not equally developed all along the Lower Basin of the Litani River. The most important irrigated crops consists of banana and citrus found at the coastal stretches from both sides of the Litani River, in addition to olive trees, fruit tress, vineyards, and protected agriculture existing in the Inner Litani Lower Basin.

According to the Litani River Authority, the Lower part of the Litani River is supplying through an irrigation canal (Qasmiyye Canal) a volume of 26 Mm3 of water for the areas located on the coast north and south to Qasmiyye (the outlet of the Litani River).  The Qasmiyyeh canal was constructed in 1944, and then rehabilitated in 1996, after 50 years of its construction. There are currently 1281 subscribers to the Qasmiyyeh water conveyor, which is providing water for an area of 3,220 hectares of citrus and banana.  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.

The canal is derived from the Lower Litani River at the Zrariye village; water is generally conveyed by gravity.  After the rehabilitation (1996-1999), the irrigated surface have increased by 15%, the total water consumption has decreased by nearly 45% due to more efficient distribution and decreasing leaks, as well as the addition of regulating gates. The water shortage was decreased by 64%.

According to the land use change map, the irrigated lands are mostly banana and citrus trees. The ratio of banana to citrus areas irrigated with the Qasmiyyeh Canal is 1:1. The banana crops account for around 50% of the total volume of water supplied by the Qasmiyye canal, and that the citrus trees account for the other 50%. The water demand was estimated based on the CROPWAT software that accounts for the cultivated area, crop demand, and total volume of water provided by the Qasmiyye Canal and on a irrigation water demand study conducted by ELARD in 2002.  Several points of water withdrawal were also detected during field visits and from stakeholder’s feedback, such as in the area located between Qelia and Al Ghandouriyye (18 Mm3/year; LRA), and many other illegal water use in Zrariye area (10 inches pumps).

Domestic consumption

According to the South Water and Wastewater Establishment, only one pumping station at the Litani River, located in the Taibe area, is extracting a volume of 18,000 m3 per day from the Litani River. This pumping station is conveying water to Taibe area, which in return distribute it - after chlorination - to numerous villages (estimated population is 10,000 capita; Jabal Aamel Water Authority) located south to Litani River for domestic use. If the losses through network are estimated at 50% loss, the average water consumption in this area is 900 L/capita/day, which exceeds normal rates by at least 400%.

Water Quality

Water quality in the Litani River is not being monitored yet by the concerned authorities although the LRA has recently created an environmental unit that will implement a comprehensive water quality monitoring program. Due to the lack of water quality data, a campaign of selective sampling on the Litani River was undergone on October 14th 2005 in order to check the level of contamination at different locations in the Litani River. The main parameters that were analyzed are the Biological Oxygen Demand (BOD), fecal coliform, nitrates, phosphates, and Total Dissolved Solids (TDS) (Figure 4).
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Figure 4. Approximate location of the water river sampling on the Litani River

Fecal coliform values increase in the sampling locations that are located downstream to a touristic resort, as well as in the location of waste water discharge at Deir Mimess. Values of BOD are relatively below detectable limits, which may be due to the dilution effect because the sampling has not been performed during river recession period. Levels of nitrates, orthophosphate and TDS are significantly high in the Litani River at the coastal end (respectively 6.5 mg/l, 0.39, and 432 mg/l) which result from high agriculture activity and irrigated water return flow from surrounding banana irrigated lands. In this same area, values of fecal coliform amount to 150 CFU/100ml.

Land Use Change

Land use change patterns has been calculated from the analysis of both the landuse/ land cover of the years 1998 and 2005, digitized from satellite images. The variation of land use patterns has been performed based on the level (Unchanged features such as river, road,Urban Fabric 100, Agricultural terrains 200, Wooded land 300, Grass land 400, Non productive lands 600). Variation in distribution of individual crops was also analyzed. 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%. This relatively significant increase of urbanization results from the liberation of the area that started in 1997. This is also well represented in the drastic increase of population that was initiated in 1994.
The areas of banana, and citrus crops, as well as the protected agriculture, and some field crops areas have decreased by respective annual coefficients of -0.03, -2.17, -3.6, and -1.69. On the contrary, the areas of cultivated vineyards, olives, and fruit trees have increased by relatively considerable annual coefficients.  This land use change patterns have implications on water use in the area. Olive trees for instance are less-consuming crops with respect to banana and fruit trees crops. The shift to less consuming crops resulted in a decrease in theoretical annual water consumption by nearly 1%.

Water resources Modeling tools

Water Resource Model (WRM)

The characteristics of the Litani Lower Basin were input in a topology model using a Water Resource Model (WRM), which allows translating the real model into a baseline model. The major points of water discharge, recharge, diversion, demand, and control on the River were input into different types of nodes to form a baseline WRM for the Litani Lower Basin. The collected data during field visit and literature review allowed drawing a baseline scenario. This baseline scenario was updated following the first participatory workshop. The model topology is shown in Figure 5.  Sixty-two (62) input- output nodes were conceptualized on the Litani Lower Basin as follows: 

	Basin nodes
	Demand 

	· Aquifer Node (input/output)

· Subcatchment Node (Springs/ streams; input) 

· Control nodes (calibration)

· Geometric nodes 

· Start- End Nodes (input)
	· Touristic (output)

· Agricultural (output)

· Domestic (output)

· Discharge nodes/effluent (input)

· Diversion nodes
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Figure 5: The topology water resource model baseline scenario 

Rainfall Runoff model

Ten surface water sub-catchments contributing to the Litani Lower basin lack monitoring stations. A rainfall runoff model was attributed to each sub-catchment in order to compute the daily contribution. As such, the daily runoff was attributed to each start (subcatchment) node in WRM.  The main required data for the rainfall runoff model is grouped into two data sets: the variable basin specific parameters such as the basin and the model parameters and the basin constant parameters. The basin parameters including the basin size, maximum and minimum elevations, channel characteristics, land use/ land cover, and elevation distribution were calculated and deduced from the digital elevation model, the topographic contour map, and the recent generated land use/land cover map (2005). The model parameters were also calculated from literature related to the Litani Lower Basin (FAO, 1970, 1972).

Economic analysis

Conceptualization of the real model topology helps assess the economical efficiency of the baseline model scenario, such as the supply to demand ratio and the cost/benefit ratio. The calculation of the economic value of the currently existing infrastructures on the Litani River was based on local cost of water imposed by the local authority. The Litani water authority provides 26 Mm3 of water volume through the Qasmiyyeh Irrigation canal after its rehabilitation for a total area of 3,220 hectares. The LRA provides water from the Litani Irrigation canal through the main and secondary channels to the local farmers at a cost of 34 Euros per 1000 m2 per year for surface irrigation, and at a cost of 23 Euros per 1000 m2 per year for trickle irrigation. About 10% of the total irrigated area (333 hectares) are equipped with modern irrigation techniques such as trickle irrigation and consequently benefit from the reduced tariff.  The unit cost of water for irrigation amounts to an average of 0.05 Euros/m3.  The unit cost for domestic purposes amounts to 0.37 Euros/m3.  The water authorities are not charging the touristic resorts existing on the Litani River. The touristic resorts are withdrawing around 0.08 Mm3 of water from the Litani River. The LRA can benefit from quantities for either domestic or irrigation purpose. An estimated rate of 0.23 euro per m3 could therefore be attributed to the water withdrawn for touristic demand.  A summary of the economic factors input in the Water Resource Model for each of the infrastructure existing on the Litani River is displayed in Table 6.

Table 6. The various parameters input in the water resource model for the calculation of cost/benefit ratio for the various demand nodes existing on the Litani Lower portion
	Infrastructure
	Capital Cost (euros)
	Fixed Operation cost (Euros/ m3)
	Variable Operation cost (Euros/ months)
	Shortfall

(Euros/
m3) 
	Durabili-ty N (years)
	Rehabilitation costs (Euro/year)
	Benefit

Pricing of water
(Euros/ m3)

	Qasmiyyeh Canal
	3x106
	-
	2000
	0.002
	60+30
	1 x106
	0.046

	Normalized
	50000
	0
	24000
	27000
	-
	30000
	1196000

	Taibe pumping station
	1 x106
	-
	500
	-
	50
	
	0.37

	Normalized
	20000
	0
	6000
	-
	
	-
	2430900

	Touristic resorts
	18400
	-
	
	-
	40
	-
	0


Limitations
The application of WRM faces few limitations such as the reliability of the collected data and the absence of additional monitoring stations to assist in the calibration of input and output data. For instance, the absence of daily flow data for the RRM model does not allow the calibration of the modeled subcatchment flow with a known data series.
Objectives and Constraints in the Lower Litani Basin

The list of objectives, and constraints was partly deduced from the lists of strengths, weaknesses, threats, and opportunities of the current Litani River Basin pointed out by the various stakeholders.

Strengths and weaknesses

According to the stakeholders, being the longest River exclusively running in Lebanon, the Litani River presents advantageous topological features and is of significant interest for all researchers and public authorities.  The volume of water that is recorded at the Qasmiyye monitoring Station ranges between 62.6 Mm3 to 400 Mm3 depending on the climatic conditions.  Therefore, the volume of water supplied by the Litani River is relatively significant.  The Litani provides work opportunities in many sectors especially the irrigation and touristic sectors.  It has been also suggested that the water of the Litani River is not significantly polluted, especially in the lower portion because of the remoteness of the Litani from the major villages and cultivated lands.
The weaknesses of the Basin reside in the lack of management/enforcement in the river basin, which leads to numerous violations on the river and to the imbalanced exploitation of its water. During wintertime, the water of the Litani River is lost to the sea because of the decrease of water consumption especially for irrigation purposes in the period from December to March.  The disposal of solid waste and wastewater in the river resulting from the absence of treatment plants in the area contributes to pollution of the River. The use of water consuming irrigation techniques leads to an imbalanced distribution of water on the River Basin, where some villages are not being provided domestic water, whereas cultivated areas are being supplied with an excess volume of water. The Litani Lower River lacks useful infrastructures that enable efficient use of water, such as hydroelectric stations and dams.

Threats and opportunities

The threats and opportunities pointed out by stakeholders and deduced from issues questionnaires allowed the definition of the major fields to account for during the selection of constraints and objectives for optimization scenarios of the Litani Lower Basin.  Opportunities for irrigation and development of the agricultural sector and electricity generation were highlighted, while threats included Increase of surface water and ground water pollution, Demographic growth; Increase of water demand, Decrease of crop productivity, Lack of citizenship spirit and coordination, unbalanced exploitation, and lack of funding and management resources.
Objectives and Constraints

The main objectives and constraints will be represented on the future scenario model with different types of nodes:

1. Environmental Level flow in the river in some portions 
The environmental flow in the river needs to be preserved. This parameter will be represented by control nodes distributed at critical sections in the River. These nodes will account for the River section, for the inflow and demand at those sections.
2. Supply meeting consumption demand

The supply meeting demand will be evaluated in the WRM output: the targeted water supply/ demand ratio is higher than 1.

3.  Benefit exceeding cost in infrastructures and economic instruments

This ratio will also be evaluated in the WRM model; the targeted Benefit to Cost ratio should exceed 1.

The objectives that were set for the future scenarios will target these issues:

1. Increase water demand efficiency

This objective aims at adopting practices in the different sectors that can secure an effective use of water, such as less consuming alternative crops, and more efficient irrigation techniques. 

2. Better exploitation of the River (balanced exploitation)

A better exploitation of the River can be achieved by confronting the use of minimum amount of water and the Benefit to cost ratio. It consists in analyzing the relatively most beneficial sectors or practices that could benefit from the Litani water. 

3. Control sources of pollution

The control of sources of pollution aims decreasing point source pollution such as wastewater discharge point by the construction of treatment plants, or the implementation of a wastewater network in the villages of origin.  

4. Decrease losses to the sea

In wintertime, the water availability significantly exceeds the water demand, whereas during summer time, water availability cannot meet water demand.

These objectives aims at a better control over the quantities of water between summer time and wintertime in such a way to minimize loss of water to the sea and store water for periods where water supply cannot meet the demand. This can be achieved by storage infrastructures such as dams or hill lakes. This factor will also be represented by a control node at the end of the Lower Litani basin, and by the monthly “Water supply/water demand ratio” output by the WRM.  The instruments that will be used to meet the objectives are divided into four different sectors: infrastructure, legal, awareness, and management as follows:

1. Infrastructure 

· Irrigation canal that allows the distribution of irrigation water to upstream areas; 

· Two Dams (Prospective Khardale Dam; 128 Mm3) and (Prospective Kfar Sir Dam) and/or Hill lakes which allows the retention of water during wintertime for drought seasons;

· Waste water treatment plant(s) to reduce water quality degradation due to waste water discharge; 

· Hydroelectrical plant(s) that allow the “non-consumptive” use of water for electricity production; 

2. Legal 

· Update legislation/improve enforcement;

· Decrease violations on River i.e. removal of the touristic resorts or illegal irrigation water withdraw;

3. Management 

· Water pricing;

· Improvement of the canalization (decrease of losses) at the domestic pumping station and Qasmiyyeh irrigation canal;

4. Awareness 

· Irrigation technologies (surface irrigation to drip or sprinkle) in the coastal irrigated areas;

· Alternative crops (less water consuming).

The advantages of each of the economical instrument that will be used in the future scenario model are presented in Table 8.

Table 8. Advantages of the economical instruments and their role in meeting the set objectives 
	 
	Increase in water availability
	Increase of water supply
	Decrease of water pollution
	Decrease in water demand 
	Decrease losses to the sea during wintertime 
	Increase water demand efficiency  
	Direct Increase of Benefit

	Infrastructure 
	 
	 
	 
	 
	 
	 
	 

	Irrigation canal
	 
	 
	 
	 
	 
	 
	 

	2 Dams
	 
	 
	 
	 
	 
	 
	 

	Waste water treatment plant(s) 
	 
	 
	 
	 
	 
	 
	 

	Hydroelectrical plant(s) 
	 
	 
	 
	 
	 
	 
	 

	Hill lakes
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Legal 
	 
	 
	 
	 
	 
	 
	 

	Update legislation/improve enforcement
	 
	 
	 
	 
	 
	 
	 

	Decrease violations on River
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Management 
	 
	 
	 
	 
	 
	 
	 

	Water pricing
	 
	 
	 
	 
	 
	 
	 

	Improvement of the canalization
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Awareness 
	 
	 
	 
	 
	 
	 
	 

	Alternative Irrigation technologies 
	 
	 
	 
	 
	 
	 
	 

	Alternative crops (less water consuming)
	 
	 
	 
	 
	 
	 
	 


Conclusions and future works

The Baseline scenario of the Litani Lower basin has been finalized. The set constraints/objectives will be input quantitatively under the form of nodes in the WRM model future scenario, along with the identified instruments presented by other Optima Partners.  The planned second participatory workshop and meeting will allow the validation of the actual baseline scenarios in terms of hydrological/hydrogeological and current economical input data.

The involvement of the stakeholders will help in the optimization process, allow the validation of the future scenarios and economical parameters related to the proposed instruments associated with the future scenarios.
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