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Abstract: Biological wastewater treatment (BWWT) has been demonstrated to be a suitable procedure
to degrade organic pollutants by utilizing natural processes. This paper presents a validated model
to map land suitability for BWWT systems under the climatic conditions of Lebanon and the Litani
River basin, using the Geographic Information System (GIS) and a machine learning approach for
the Litani River Basin and Lebanon. The model was validated using fuzzy 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.
Results show that spatial distribution of the suitable areas for BWWT sites differs for each of the
criteria and the total extent of these potential areas is 162.94 km2 all over Lebanon and 42.62 km2 in
the Litani basin areas. This area covers around 1.55% of the Lebanese areas and can help more than
30 regions while the total number of beneficiaries can reach a minimum of 60,000 and a maximum of
180,000 which represents 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 and can contribute
to the riparian forest ecosystem and mitigate the impact of climate change.

Keywords: land suitability; biological wastewater treatment; geographic information system; Litani
River Basin; Lebanon

1. Introduction

In Lebanon, the demand on water resources for domestic, commercial, industrial,
and agricultural use is dramatically increasing [1], due to fast population growth and
demographic change [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. As declared by the Litani River Authority the Litani
River, stretches for more than 140 km, and has an annual flow of 920 million cubic meters,
and is cited as Lebanon’s longest river. 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 East. 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 mm, 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, there
are severe limits. Despite having had sufficient water until the late nineties, Lebanon will
experience a severe water crisis in 2030, with only 2700 Mm3 of net exploitable resources [3].
Non-conventional water resources, such as treated wastewater, have a big 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 [4].

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 si-
multaneously producing wastewater, may be reused for agricultural uses, making it an
economically viable proposal [5]. What appeared to be a lucrative business opportunity
in Lebanon has turned into a significant environmental problem. In fact, as water sup-
ply projects have been prioritized above wastewater initiatives, wastewater management
remains one of the most difficult challenges facing the Lebanese people [6]. 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 [7]. 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 [8].
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 [5,9]. To
avoid the negative environmental and health effects of poor wastewater irrigation tech-
niques, risk management and preventative solutions are urgently needed [10–12]. These
effluents are rarely treated or controlled, and when they are, it is only rudimentary [8].
Twelve wastewater treatment plants (WWTPs) have been proposed by the National Emer-
gency 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 is 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 ground-
water, and the sea [13]. That is why, in 1995, a Damage Assessment Report was developed
to construct a policy framework for Lebanon’s wastewater sector [14,15]. This assessment
revealed that 88 sewers reach the sea along the Lebanese coast, with 58 being domestic
and 29 being industrial [15]. 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. Otherwise,
if the treated wastewater is not reused it could be typically dumped into water bodies.
If the WWTPs are operating at full capacity, the value of reused water will be around
US$62.3 million [15–17].

Lebanon is regarded as a “HotSpot” for biodiversity in the Mediterranean due to its
geographic location, with more than 4630 plant species [8]. Due to this high biodiversity,
and contrasting geomorphological areas (e.g., coastal zone, the Mount Lebanon chain, the
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plain of Beqaa, the Anti-Lebanon chain, and South Lebanon), Lebanese forest ecosystems
encompass almost 140,000 hectares dominated by Quercus, Pinus, and Juniperus species,
although there are also Cedrus and Abies forests. However, forests are threatened by
disease, tree cutting, summer fires, land pressure, infrastructures, and land uses changes
(e.g., agriculture and urbanization). The vast urbanization of rural areas is the main cause
of the fragmentation and loss of terrestrial ecosystems [17,18].

Biological wastewater treatment (BWWT) is a procedure that aids in the degradation
of organic pollutants by utilizing natural processes. The purpose of biological wastewater
treatment is to design a system where the decomposition products can be conveniently
collected and disposed of properly [17–19]. The plants used within the BWWT system, are
fast-growing grasses that absorb contaminants and regulate soil conditions [19,20]. The
system is made up of a succession of sloped and vegetated terraces, with wastewater distri-
bution at the top and a runoff collection channel at the bottom. These water purification
techniques can restrict the flow of water across the land, causing sediment and connected
nutrients to settle on the land before reaching the stream channel [20,21]. 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 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 ve-
locity along banks, surface and/or deep soil cohesion and stabilization, drainage, drift
sand, and sediment deposition, enhancing soil roughness therefore prevent erosion and
avalanche release [20–22]. In addition, BWWT has a lot of benefits such as low operating
costs, high and steady processing performance, the ability to use local materials, low en-
ergy 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 land-
scape [22,23]. 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 wa-
ter 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. 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, and could be simplified and
customized for municipal usage.

Prior academic investigations have identified a number of biological wastewater treat-
ment (BWWT) approaches using 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 several sources [22–24]. Because GIS allows
for quick data manipulation and display, and multi-criteria evaluation gives a consistent
ranking of possible land suitability areas based on various 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. However, as far
as we know, there have been studies in the Middle East region employing a machining
learning approach for BWWT land suitability selection. Thus, the main objective of this
study was to develop a land suitability assessment method for a biological wastewater
treatment system in Lebanon based on fuzzy logic and the analytic hierarchy process (AHP).
The Litani River Basin site was selected as an example to be used at a small catchment
level. Results will allow spatial classification of potential areas hosting BWWT based on
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environmental and soil component criteria in other countries of the region with similar
wastewater management problems.

2. Materials and Methods
2.1. Study Sites

Lebanon is home to fifteen rivers (Figure 1), all river water has recently experienced
a decrease in flow and deterioration in water quality, posing a hazard to public health
and agricultural sustainability [24,25]. As a result, Lebanon serves as a model hydrologic
system for linking water-related SDGs (particularly SDG 6) to features of long-term wa-
ter management. The Litani River Basin is divided into two primary hydrologic units
(Figure 1). These are the Upper and the Lower Litani Basins, which meet in the middle of
the basin at Qaraaoun Lake to form the Litani River Basin. 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, mainly from overused fertilizer [24–28]. 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.
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2.2. Criteria and Specification for the Application of Biological Wastewater Treatment System

This study uses geospatial data from a Geographic information system (GIS) map
to examine and analyze several parameters to find possible places for biological wastew-
ater 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 percentage are among the parameters utilized to choose
prospective regions. Information was obtained from the SDATL (National Physical Master
Plan of the Lebanese Territory) and the CNRS (National Council for Scientific Research)
(see Figures S1–S3 of Supplementary Material).

2.2.1. Land Use

Biological wastewater treatment plants should be strategically placed near suitable
agricultural and grassland areas. That is why the high potential of BWWT according to land
use was grasslands and barelands. Woodlands were then secondarily used as acceptable
for the application of BWWT plants. On the other hand, wetlands and water lands had the
lowest potential for BWWT application.

• High: barelands and grasslands
• Acceptable: woodlands
• Low: wetlands and water lands
• Not applicable: urban and other lands

2.2.2. Soil Components

If percolation to groundwater is a disposal option, the site soils should be character-
ized [28,29] (Table 1). For a successful deployment of BWWT to preserve aquifers and avoid
percolation and contamination, erosion must be minimal. The land application approach
was created for places with low soil permeability and when conventional land application
methods were unavailable [28–30]. 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 according to vegetation commonly utilized in BWWT plant applications
(Arundo plinii, Populus alba, Pseudotsuga menziesii, Ricinus sp, Salix alba) [29–32].

Table 1. 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 30 cm >40% clay
Not applicable Very high less than 30 cm <40% clay

Soils were classified using the USDA Natural Resources Conservation Service accept-
ability for wastewater irrigation [31–33] (Table 1). The best soil types for the application of
BWWT are sandy loams [32–34] and the unlikely ones are clay and silt [30].

2.2.3. Population Number

BWWT 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 [27–29]. 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. Therefore, location of BWWT sites was restricted to rural communities.

2.2.4. Precipitation

A range of minimum precipitation rates between 300 mm to 1400 mm, with the
majority preferring high precipitation rates of more than 700 mm was established. This
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range is based on the above-mentioned tree and plant precipitation preferences used in
the BWWT system. Because faster-growing species require more rainfall, wastewater
purification has to be carried out more quickly or in larger volumes. As a result, the greater
value [33–35] is used and the highest potential for BWWT use is between 700 and 1400 mm,
whereas the lowest is between 200 and 400 mm [35–37]. Antecedent precipitation and soil
moisture conditions can be correlated to provide an operating scheme for the system [37,38].

• High: >1400–700
• Acceptable: 700–400
• Low: 400–200
• Not applicable: less than 200 mm

2.2.5. Slope

Slope is unquestionably one of the most significant elements to consider when de-
termining capability. Higher slopes would enhance runoff of pollutants from the site,
increasing pollution of the surrounding area, hence slope is also significant when apply-
ing 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% [36–38]. Sloping sites increase lateral subsurface drainage and reduce
the likelihood of ponding and protracted soil saturation compared to level sites [36–38].
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 [31,32]. The
site’s topography is critical, as the terrace slopes are limited to 2–8% 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 m long. In general, impermeable soils are appropriate, but soils with considerable
permeability should meet the slow-rate process conditions [28–30]. The use of BWWT
plants on steep slopes is not suggested [28–30].

• High: 2–8%
• Acceptable: 0–2%/8–12%
• Low: 12–20%
• Not applicable: >20%

After selecting and specifying all the above-mentioned criteria, they must then 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 the 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.

2.3. Modeling Theory

The fuzzy set theory is a type of soft computing reasoning that is used to handle
complex problems that are difficult to address with traditional approaches [38,39]. As a
result, a membership function specifies the fuzzy set, and the function represents any object
on a continuous scale [38–40]. 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 and even competing goals [39–41]. A decision
hierarchy [40,41] is used to break down a difficult problem into a series of smaller challenges.
After the hierarchy has been formed, each element within every 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. A value of “1” represents the indifference
or equal importance between all the criteria and this refers to the nine-point scale used
in normal analytic hierarchy investigations, which ranges from 1 (indifference or equal
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importance) to 9 (strong preference 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 the slope criterion.

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 is the next stage. This phase entails 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 use the same value.

3. Results
3.1. Land Suitability for Biological Wastewater Treatment in Lebanon and Litani River Basin

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, seven site selection limitations
were adopted. For Lebanon (Table 2) and the Litani River Basin (Table 3), the restriction
criteria employed in this study were land use, soil components (type, depth, and erosion),
slope, precipitation, and low population number. The tables below show the areas of each
criterion. The zero value indicates that the soil type or depth required did not exist in this
area, e.g., >90 cm of soil is not present in the Litani River basin.

Table 2. Fuzzy set memberships, membership functions, and areas used for the 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

Not applicable 22 km2
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Table 2. Cont.

Criteria Area

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 3. Fuzzy set memberships, membership functions and areas used for BWWT plants in the
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

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
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3.2. Cartogpahy of Land Suitability for Biological Wastewater Treatment System in Lebanon

The final suitability map is shown in Figures 2 and 3. It merges the highest, acceptable,
and lowest potential areas hosting BWWT according to all the above-mentioned criteria in
Lebanon (Figure 2). 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 follows:

• High (shown in red) potential suitable areas to apply the BWWT based on the best
acceptable of 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 (shown in magenta) potential suitable areas to apply the BWWT based
on the intermediate acceptable of 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 (shown in purple) potential suitable areas to apply the BWWT based on the lower
acceptable of all the above-mentioned criteria with an area of 0.24 km2 (absence of
roads and buildings in this area).

• Not applicable (shown 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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3.3. Cartogpahy of Land Suitability for Biological Wastewater Treatment System in the Litani
River Basin

The final suitability map is shown in Figure 3. It merges the highest acceptable and
lowest potential areas hosting BWWT according to all the above-mentioned criteria in the
Litani River Basin. 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 (shown in red) potential suitable areas to apply the BWWT based on the best
acceptable of 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 (shown in magenta) potential suitable areas to apply the BWWT based
on the intermediate acceptable of 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 (shown in purple) potential suitable areas to apply the BWWT based on the lower
acceptable of all the above-mentioned criteria with an area of 0.07 km2 (absence of
roads and buildings in this area)
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• Not applicable (shown in white) areas show the areas not recommended for the
application of BWWT or that could be applied with exceptional design and operations.

4. Discussion

Wastewater management remains one of the most difficult challenges facing Lebanese
authorities [6], while it is a high priority issue to conserve the vegetation cover, particularly
the riparian ecosystems of Lebanon. These ecosystems are under immense stress, not only
climate-related, but also anthropogenic pollution-related, with plans to construct dams
in several river valleys [8]. To mitigate the stress on these fragile formations, this study
proposes the implementation of BWWT plants along the country’s river basins.

For this purpose, and to identify the most suitable locations for these plants, metic-
ulous research on the factors determining the success of BWWT plants was employed,
followed by a careful criteria gradation. Combining and filtering the resulting maps al-
lowed the construction of a final map that differentiated areas into suitability classes: High,
Acceptable, and Low, according to their potential to host BWWT. The high values on the
maps are indicative of the more suitable areas for BWWT plants. It is important to note
that there were important differences in the spatial distribution of the suitability classes
among the different criteria. Overlapping the criteria revealed potential areas of around
162.94 km2 all over Lebanon, and 42.62 km2 in the Litani basin areas alone. This explains
the importance of such a project covering around 1.55% of the country’s territory, with
a span of more than 30 regions and the total number of beneficiaries reaching between
60,000 and 180,000 inhabitants, i.e., between 1.5% and 3.75% of the total population. The
importance of the implementation of BWWT goes even further than ecology conservation
and land reclamation reaching daily lives of farmers with the resulting purified water that
is in great demand for irrigation.

This study also shows the importance of large scale when studying land use and land
suitability. Urban lands are excluded from hosting BWWT where the population number
is high [20]. Vegetation commonly employed in the application of BWWT plants requires
specific soil types for root development. These faster-growing species require more rainfall
and wastewater purification needs to be carried out more quickly or in larger volumes
where the precipitation rate is higher than 700 mm [19]. Consequently, these species
perform better in areas with a high percentage of stoniness and steep slopes, making them
unsuitable for BWWT [20,21]. Accordingly, the evaluation of the degree of conformance of
the zoning map’s proposed land use designations for specific parcels, to the land suitability
classification obtained in this study, is a tool for determining the stress applied to each
parcel of land and predicting the possible BWWT for each type of land.

Slope, land use, soil components (type, depth, and erosion), population number, and
precipitation are all factors considered by the model [22,23]. It has an overall accuracy of
89%, indicating that the parameters and weights had been 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 sloping in the Litani river basin [21]. 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 the 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 on land use; this study should be followed
by further specific studies to suggest appropriate land use for each parcel in the 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. Knowing that climate change has an impact on all these
factors, although at varying rates, and climate change is projected to cause greater changes
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in the hydrological variables in the Lebanese part of the Litani river basin, one of the studies
that we suggest is how climate change can affect the location of the suitability areas.

The proposed solutions go beyond simple water management techniques and should
be part of a national riversides restoration policy. Such plants would enhance fluvial
systems, control flood risks, and increase towns’ resilience while improving the towns’
livelihoods. The resulted land suitability map of Lebanon and that of the Litani River Basin
can be used as a planning tool by authorities for their projects aimed at improving land
use efficiency and mitigating climate change effects. Biological wastewater treatment is an
important component of long-term water management and directly supports the goals of
national and regional water policies.

The kind of solution suggested which could be part of a riverside’s restoration policy
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 towns’ resilience
while improving the towns themselves. The land suitability map of Lebanon and of the
Litani River Basin 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 the
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 162.94 km2 all over Lebanon and 42.62 km2 in the Litani basin areas after
overlapping all criteria together. The final aggregation of the seven intermediate suitability
maps shows the importance of each criterion for BWWT use in Lebanon and the Litani
River Basin, respectively.

5. Conclusions

Biological wastewater treatment (BWWT) has been demonstrated to be a suitable
treatment technology to degrade organic pollutants by utilizing natural processes In the
Lebanon context, optimization of plant design and location of BWWT can guarantee high
water effluent quality contributing to river ecosystems’ conservation. In this research,
geographic layers and fuzzy theory and the analytic hierarchy process (AHP) were adopted
to identify potential areas for BWWT for Lebanon and the Litani River Basin. The results
indicated that the spatial distribution of the suitable areas for BWWT sites differs for
each of the criteria, and Lebanon presents a high relative area to implement these water
treatments. The proposed approach, coupling the GIS mapping tool with the existing
data layers and machine learning, has shown to be very useful for ranking zones with
potentially elevated suitability for BWWT sites which may be applied to other countries in
the Middle East countries, and may help government agencies identify priority risk zones.
Additionally, this methodology can contribute to riparian forest ecosystem restoration and
mitigate the impact of climate change. It is necessary to raise policymakers’ knowledge
of the potential BWWT-hosting sites and provide land use planners with information on
the land’s optimal usage 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.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/f13020139/s1, Figure S1. Maps of Lebanon showing “depth,
erosion, land use, slope, precipitation, and soil type” criteria. Figure S2. Mapping of the Litani Basin
showing “depth, erosion, land use, slope, precipitation, and soil type” criteria. Figure S3. Map of
Lebanon showing suitable areas criteria.
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