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A B S T R A C T   

This study explores the suitability of Menteşe Region in Türkiye for the installation of solar PV farms, given the 
significant increase in energy demand in the country and the need to reduce reliance on fossil fuels. The 
Analytical Hierarchy Process (AHP) method, which has been widely used in previous studies, is employed to 
identify the most influential criteria for site selection, including environmental, economic, and social factors. 
However, this study introduces two new factors, flood hazard and erosion indices, to the analysis, which are 
crucial in areas susceptible to these hazards. The results show that approximately 7.5% of the study surface area 
is suitable for solar PV production. The study reveals that flood hazard and erosion indices have an effect on the 
suitable sites despite their relatively lower weights in the AHP. In addition, the study illustrates that site selection 
can be carried out using topographic data of lower resolution, as long as the data is resampled to match the 
resolution of land use data. The study is novel in its integration of flood and erosion risk indices in the decision 
process and its investigation of the influence of topographic resolution on site selection for solar PV panels.   

1. Introduction 

Energy is a critical element for the advancement of society, with 
increasing energy consumption being driven by the rise in global pop
ulation and the industrialization of many countries. The primary energy 
production, accounting for more than 80% of the total, is derived from 
fossil fuels [1]. However, the distribution of fossil fuel reserves across 
the globe is uneven and limited, which implies that economic and po
litical conflicts are likely to ensue in the foreseeable future [2]. Addi
tionally, climate change driven by burning fossil fuels causes damage to 
ecosystems and economies of several nations. To limit global warming 
due to climate change, the Paris Agreement was adopted in 2015. Ac
cording to the agreement, all countries, including 194 states and EU that 
represents approximately 98% of globally emitted greenhouse gases, are 
committed to reduce their emissions regarding their total emission share 
[3]. Accordingly, many countries submitted Nationally Determined 
Contributions (NDCs) outlining their emission reduction targets and 
strategies [4] and they revised their NDCs to increase their ambition in 
subsequent years. Additionally, efforts to mobilize climate finance, 
including the establishment of the Green Climate Fund, were strength
ened [5]. Global stocktaking processes were established [6]. Annual UN 

climate conferences (COP) continue to serve as important platforms for 
collaboration and monitoring progress. These developments reflect 
ongoing efforts to address climate change and implement the commit
ments made under the Paris Agreement. 

Environmental concerns and the surge in energy prices have resulted 
in a growing demand for renewable energy sources, which provide a 
more sustainable and eco-friendly solution [7]. In essence, the current 
energy supply system, which primarily relies on fossil fuels, should be 
replaced with a system based on renewable energy [8]. Compared to 
other sources of energy, the adverse effects of renewable energy sources 
on the environment are minimal, and these sources are inexhaustible. 
Hydro, wind, and solar power are the most widely used renewable en
ergy sources for power generation [9]. Additionally, significant ad
vancements in policies supporting the development of bioenergy, 
leading to an unexpected 8% increase in energy generation from 
biomass between 2019 and 2020, surpassing the projected 7% rise were 
observed (IEA, 2022b). Furthermore, in 2021, solar photovoltaic (PV) 
generation increased by approximately 22% throughout the world, 
marking the second largest growth of all renewable energy technologies 
[10]. This growth is attributable to the efforts of developed nations, with 
China, the United States, and the European Union accounting for the 
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most substantial increase in solar power generation, at 38%, 17%, and 
10%, respectively. Solar PV is the third largest renewable energy tech
nology behind hydropower and wind [11]. 

Parallel to the global increase in energy demand, the annual gross 
electricity consumption of Türkiye increased by 8.74% in 2021 [12]. 
The sources of electricity generation comprised natural gas (33.2%), 
coal (30.9%), hydropower (16.7%), wind (9.4%), solar (4.2%), 
geothermal (3.2%), and other sources (2.4%) in the same year. Despite 
Türkiye’s abundant solar energy potential, the share of solar energy in 
the country’s electricity mix remains relatively low. Specifically, 
Türkiye receives 1.02 million TWh of solar radiation annually, yet the 
solar power generation amounts to only 12.8 TWh per year [13]. In 
addition, 63% of country’s surface area is technically and economically 
appropriate for the solar power production [14]. Given the significant 
gap between Türkiye’s solar energy potential and its installed solar ca
pacity, the installation of new solar PV farms in various regions is 
expected. 

Site selection for solar power systems plays an important role for 
optimal energy production. While annual solar radiation is a crucial 
factor, it is also essential to consider environmental, economic, and so
cial factors in determining suitable solar PV locations. Thus, the selec
tion of ideal PV sites requires the evaluation of various criteria. Multi- 
Criteria Decision-Making Techniques (MCDMs) have been employed to 
analyze different parameters and determine the location of PV systems. 
The Analytical Hierarchy Process (AHP) is one of the most widely used 
MCDMs for this purpose [15]. Previous studies have applied AHP to 
optimal site selection for solar PV. For instance, a study conducted in 
Eastern Morocco [16] used the AHP method by choosing four criteria, 
including climate, orography, water resource and location, as well as 
eight sub criteria, to locate suitable sites for PV farms. Their AHP weight 
analysis showed that the climate criterion was the most influential with 
a weight of 59%. They found that 19% of Eastern Morocco’s surface was 
highly suitable for PV, whereas unsuitable sites represented 15%. The 
percentage of suitable areas in Eastern Morocco was relatively high 
compared to other case studies conducted in regions such as İzmir, 
Türkiye [17], Karapınar, Türkiye [9], Granada, Spain [18] and Murcia, 
Spain [19]. 

Similarly, a study conducted in southern Morocco [20] investigated 
the suitable location for a solar farm using AHP. They selected four main 
criteria, including location, orography, land use, and climate in AHP. 
Their AHP weight analysis suggested that the climate criterion had the 
highest weight of 59%, which was the same as the AHP weight analysis 
results in the Eastern Morocco study. The dominance of orography and 
location was 25% and 5%, respectively, compared to 23.5% and 5.7% in 
the Eastern Morocco study. They did not include water resource as a 
criterion, which was the main difference from the Eastern Morocco 
study. According to their results, 19% of southern Morocco was highly 
suitable for PV farms. 

In another study conducted in Karapınar, Konya, Türkiye [9], the 
AHP method was used to determine the suitable site for solar farms. 
They selected five criteria, including distance from residential areas 

(13.75%), land use (41.25%), distance from roads (3.20%), slope 
(8.10%) and distance from transmission lines (33.70%). Notably, solar 
radiation, which is the most dominant criterion in many studies [16,20], 
was not included in the criteria list. The percentage of highly suitable 
areas for solar farms was found to be 13.92%, while 40.34% of the 
investigated area was unsuitable for solar farms. 

In a study conducted in Malatya, Türkiye [21], AHP was used to find 
the suitable locations of PV. They used 11 criteria in the AHP method, 
which led to a lower percentage of suitable areas. A list of the AHP 
criteria used in previous studies is given in Table 1. As can be seen the 
selection of the criteria is case-specific and changes mainly with 
geographical location. 

Various criteria have been used in previous studies to determine 
suitable locations for solar power plants. While natural hazards such as 
earthquakes have been included in the criteria list by considering dis
tance to fault lines, no comprehensive study has been found where 
natural hazards are included in the criteria list by considering hazard 
indices. Therefore, the main objective of this study is to determine 
suitable locations for solar power plants by incorporating flood hazard 
and erosion risk indices into the criteria list. To the best of the authors’ 
knowledge, this is the first study to examine the effect of floods and 
erosion in the site selection of solar power plants. Additionally, a 
sensitivity analysis is performed to investigate the impact of different 
Digital Elevation Models (DEMs) on the results. 

The inclusion of flood hazard and erosion risk indices in the criteria 
list offers a more comprehensive and realistic approach for determining 
suitable locations for solar power plants. This approach takes into ac
count the increasing trend of hydrological extremes caused by global 
warming. As global warming continues, the world is experiencing more 
frequent and destructive floods, as well as excess precipitation that can 
contribute to erosion [28]. By considering these factors, the site selec
tion process can address the potential challenges posed by these hy
drological risks and ensure the long-term viability and resilience of solar 
power installations. Furthermore, understanding the sensitivity of the 
results to different DEM resolutions can provide valuable information 
for decision-makers and increase confidence in the accuracy of the site 
selection process. In summary, this study seeks to fill a gap in the 
literature by incorporating flood hazard and erosion risk indices in the 
site selection process for solar power plants, and by examining the 
impact of different DEM resolutions on the results. 

2. Methodology 

2.1. Study area 

The Menteşe District of Muğla Province, situated in the southwest of 
Türkiye, has been chosen as the study area due to several reasons. 
Firstly, the area exhibits a high solar potential, making it suitable for 
solar power plant installation. Additionally, the region experiences 
excess precipitation, leading to a long-term average precipitation of 
1165.2 mm, which indicates a higher flood risk compared to the national 

Table 1 
Criteria list used in previous studies.  

Criterion [18] [22] [9] [20] [23] [24] [25] [16] [26] [21] [7] [27] 

Solar energy potential 
(solar radiation + LST) 

x x  x x x x x x x x x 

Orography 
(slope + aspect) 

x  x x  x x x x x x x 

NDVI      x x  x    
Distance from cities x  x x x  x x x x x x 
Land use and cover   x x   x   x x x 
Annual average rainfall         x    
Distance from roads x x x x x  x x  x x x 
Distance from transmission lines   x    x x  x x x 
Distance from transformation centers     x     x x  
Distance from water bodies        x  x x   
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average of 618.9 mm for Türkiye [55]. Furthermore, the region is known 
for its diverse topography and land use patterns, including agricultural 
areas and protected natural landscapes, providing a varied terrain to 
assess the impact of floods and erosion on the site selection of solar PV 
panels. Muğla is renowned for its warm climate and is a popular tourist 
destination due to its picturesque beaches and historic sites. The spatial 
location of the district is given in Fig. 1. 

2.2. AHP method 

The Analytical Hierarchy Process (AHP) is a widely used multi- 
criteria decision-making method that is particularly favored by re
searchers and practitioners alike. It enables the conversion of subjective 
preferences into a set of tangible mathematical problems, with the aid of 
expert opinion. AHP facilitates the resolution of complex issues that 
involve inputs that cannot be compared with one another, typically due 
to the use of different measurement units. Through the use of AHP, a 
solution model that employs homogeneous factors is developed from the 
original problem. To ensure effective comparison of the various pa
rameters, it is crucial that they share common properties, as required by 
the homogeneity axiom [29]. The method employs pairwise compari
sons within a hierarchical structure, with a scale that reflects the degree 
of dominance of one item over another with respect to a particular 
attribute [30]. The scale used in AHP is presented in Table 2. 

The method involves four key steps: problem definition, determi
nation of priorities, synthesis, and consistency analysis. 

To apply AHP in a decision-making process, the first step is to define 
the goal, which in this case is to choose the most suitable site for 
photovoltaic (PV) panels. The next stage is to establish a hierarchical 
structure of the parameters and create a pairwise comparison matrix. 
For a matrix containing n elements, a total of n(n-1)/2 pairwise com
parisons should be made. Superiority is then assigned to the parameter 
that is at the upper level compared to other parameters according to the 
scale determined in Table 2. 

To ensure consistency in the method, each element of the column is 
divided by the total of that column, and the row sum of the obtained 
values is divided by the total number of elements in the row. Addi
tionally, the consistency ratio (CR) test is implemented to validate the 
pairwise comparisons. In the pairwise comparison stage, if the effect of 
parameter a on parameter b is 3, the effect of parameter b on parameter 
a should be 1/3, following the structural axiom. By adhering to this 
axiom, the CR value will be close to 0, and a CR value below 0.10 in
dicates that the model is consistent. 

The pairwise comparison stage is essential to avoid intuitive 
behavior in the decision-making process, clarify the decision-making 
criteria, and calibrate the numerical scale for the measurement of 
quantitative and qualitative performances [31]. In this study, the pa
rameters used in the site selection for PV in the Menteşe District of Muğla 
Province are shown in Fig. 2 and elaborated in the following section. It 
should be noted that, the general criteria of solar energy potential, 
orography, distance, and environment are well-established and 
commonly used variables in the literature. However, this study 

Fig. 1. The geographical location Muğla Province and Menteşe district.  

Table 2 
Classification of AHP scales.  

Importance Definition Explanation 

1 Equal The importance of the parameters are 
equal 

3 Moderate Slightly favor one parameter over 
another 

5 Strong Strongly favor one parameter over 
another 

7 Very Strong Very strongly favor one parameter 
over another 

9 Extreme Parameter has the highest importance 
over the other parameter 

2,4,6,8 For compromise between 
the above values 

When intermediate values are needed  
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introduces two novel sub-criteria, namely flood and erosion risk indices, 
which have not been extensively explored in previous research. 

2.3. Criteria determination 

According to Miller’s psychological experiments [32], the maximum 
number of comparisons that a person can make without any judgmental 
errors is 9, so [33] suggested that the number of criteria in the AHP 
should not exceed 9. In order to ensure the accuracy and reliability of the 
present study, the number of criteria has been limited to 9, despite the 
presence of other parameters that may affect the optimal site selection of 
solar farms. Parameters such as important landscape areas or national 
parks have been included as buffer zones in the analysis. It is important 
to note that an eligible PV site should be well irradiated, accessible, and 
nearly flat while avoiding construction in forests, agricultural, and 
protected areas. Each variable of the site selection process is explained in 
the following parts. 

2.3.1. Physical solar energy potential 
Physical solar energy potential has been identified as the most 

crucial criterion in numerous studies [16,20]. This criterion consists of 
temperature and irradiation which can be included as separate param
eters as demonstrated in Ref. [25] or if the data is available, they can be 
combined as solar energy potential as presented in Ref. [21]. 

Solar energy potential is commonly discussed in terms of two pa
rameters: solar radiation and land surface temperature (LST). The yearly 
average global horizontal irradiation value of 1300 kWh/m2 is recom
mended as the minimum requirement for the area of interest to be 
eligible for PV construction [34]. Various countries, including Türkiye, 
have developed their solar radiation maps. As depicted in Fig. 3, 
Menteşe’s solar energy potential is deemed high and adequate for solar 
PV construction. 

Within the Menteşe boundaries, the maximum and average Global 
Horizontal Irradiance (GHI) values have been identified 1846.70 kWh/ 
m2 and 1781.43 kWh/m2, respectively. Areas with lower GHI are pri
marily situated in valleys with limited sunshine hours due to 

Fig. 2. Goals and criteria for PV site selection.  

Fig. 3. Spatially varied solar radiation maps of Türkiye and Menteşe district.  
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topographical features. Nonetheless, these areas are exceedingly small 
in comparison to the Menteşe’s total surface area. GHI values greater 
than 1500 kWh/m2 cover an area of 1657.646 km2, whereas only 1.154 
km2 is covered by GHI values less than 1500 kWh/m2 but greater than 
1280 kWh/m2. Given the low spatial variability of GHI within the 
Menteşe District, GHI can be disregarded as a primary variable for the 
PV site selection process. 

2.3.2. Orography and digital elevation model (Slope and aspect) 
The investment cost increases when the land is sloped, so flat areas 

should be preferred in the site selection of PV plants [22,23]. [35] 
proposed a threshold of the slope for PV plants 3%, whereas the 
threshold is 5% in Ref. [22]. On the other hand, a much higher threshold 
was used in Ref. [21] with 20% [9]. preferred to assign a small grade in 
the AHP when the slope is higher than 10% instead of taking higher 
slope regions unsuitable. 

In order to determine the optimal slope orientations for solar PV 
construction, the aspect is a crucial parameter that must be taken into 
account. It is well established that south-facing slopes are the most 
suitable candidates for this purpose. However, it is important to note 
that the calculation of slope and aspect within a GIS environment is 
highly dependent on the topographic resolution of the digital elevation 
model (DEM). Consequently, the resolution of the DEM has a direct 
impact on the orography of the study area. To examine this effect, three 
DEMs with resolutions of 5 m, 25 m, and 34 m were utilized in the 
calculations, as illustrated in Fig. 4. The 5 m resolution DEM was ob
tained from the General Directorate of Maps (HGM), the 25 m resolution 
DEM from COPERNICUS, and the 34 m resolution DEM from SRTM of 
NASA. As observed in Fig. 4, the minimum and maximum values as well 
as the spatial variation of the slopes differ among each DEM. This finding 
is not unexpected, given the lower data quality associated with lower 
resolutions. 

2.3.3. Land use/cover 
The determination of land use classes involves the utilization of 

Sentinel-2 Satellite imagery, which offers a resolution of 9 m. The 
classification process considers the exclusion of certain land use types, 
such as croplands, forests, water bodies, and built-up areas, from the 
available areas for potential solar PV construction. The resulting dis
tribution of land use classes is illustrated in Fig. 5. 

2.3.4. Distance 

2.3.4.1. Distance from densely populated areas. To reduce transportation 
costs, PV farms should be located as near as possible to settlement areas 
[36]. However, PV farms near cities can restrict the growth rate [26], 
and an optimum distance from cities is necessary to avoid visual intru
sion in daylight and noise due to PV farms [7]. To this end, land use data 
was utilized on the GIS environment to determine the distance from 
densely populated areas. However, it is important to note that the 
resultant variable was sensitive to the resolution of the DEM, and thus it 
was calculated for each resolution in the study. 

2.3.4.2. Distance from roads. In the context of site selection studies, 
roads are often regarded as a crucial factor. The rationale underlying this 
perspective is to minimize transportation costs while ensuring that 
construction sites remain accessible. However, most studies typically 
exclude areas located within a distance of 100 m from roads to prevent 
potential hazards such as collisions and fires resulting from road acci
dents. In this study, the vector data of road networks, comprising 
highways, primary, secondary, and rural roads, as well as their links, 
were acquired from OpenStreetMap (OSM) data. Subsequently, the 
vector data of roads were simplified, and orthogonal distances from 
roads were computed within the GIS environment. 

Fig. 4. Digital Elevation Models (DEMs) of Menteşe District with (a) 5 m resolution, (b) 25 m resolution, and (c) 34 m resolution.  
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Fig. 5. Land use/land class data of Menteşe district.  

Fig. 6. Roads and transmission lines within the study area.  
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2.3.4.3. Distance from transmission lines and transformation centers. 
Transformation centers, which are crucial components of the electricity 
network, have been identified as a primary variable for PV site selection 
in several studies. The proximity of PV farms to energy transmission 
lines and transformation centers is a crucial determinant of the overall 
cost of construction, as it affects the construction of new energy trans
mission lines and substations. To account for this, the present study 
considers the distance from energy transmission lines as a variable in the 
site selection process, as illustrated in Fig. 6. 

2.3.5. Flood hazard index 
Floods have been identified as one of the most frequent and 

destructive natural hazards throughout history, with extreme rainfalls, 
rapid urbanization, changing climate, and global warming as the leading 
causes [37,38]. Predictably, floods are expected to become more 
frequent and devastating in the upcoming decades [39]. Moreover, 
breaching of dams also causes extreme flooding, especially in the area 
located at the downstream of a dam. There are various studies that 
examine the potential hazards related to dam break, and behavior of a 
structure when it is in contact with the fluid [40–43]. Therefore, PVs can 
suffer from structural failure or deformation in case of a dam failure or 
flooding. 

In light of this, the present study considers river and dam breach 
related floods as the primary variable for optimal site selection of PVs. 
However, previous studies have suggested arbitrary exclusion zones, 
with [21] recommending a 100 m exclusion zone from dams and dis
regarding river floods, while [16] suggest a 5 km distance from dams to 
avoid flood-related damage to the PVs. 

To overcome these limitations, the present study proposes a novel 
approach to determine exclusion zones related to rivers and dams 
through a concrete methodology. Specifically, a flood risk index is 
determined through hydraulic modelling to quantify the related flood 
hazard, utilizing spatially varied flow depth and flood propagation ve
locities of the Menteşe District. Furthermore, hydraulic modelling was 
employed to determine flow depth and velocities in case of a failure of 
Bayır Dam, which is located within the Menteşe District Boundary. A 
detailed description of the proposed methodology is presented below. 

2.3.5.1. The failure of Bayır Dam. The hydraulic modeling for the po
tential failure of Bayır Dam was conducted using the most severe dam 
breach scenario, which is the overtopping of the dam crest. To predict 
essential parameters associated with the dam breach, including breach 
time, breach slope, and final breach width, the equations proposed by 
Ref. [44] were utilized. 

Bave = 0.27K0V0.32
w h0.04

b (1)  

tf = 63.2

̅̅̅̅̅̅̅
Vw

gh2
b

√

w

for easily erodible (2)  

where Bave is the average breach width (in meters), K0 is the failure 
mode constant (1.3 for overtopping and 1.0 for piping), Vw is the 
reservoir volume at the time of failure (in cubic meters), hb is the height 
of the final breach (in meters), g is the gravitational acceleration (in 
meters per second squared), and tf is the time of breach formation (in 
seconds). 

The hydraulic modeling of dam breach was conducted through a 
two-phase approach. In the first phase, a one-dimensional dam breach 
model was constructed, and as a result of the hydraulic model, the 
breach hydrograph presented in Fig. 7 was obtained. 

In the second phase of the study, the terrain was generated by 
implementing a 5 m resolution DEM, and the one-dimensional (1D) 
breach hydrograph was utilized as a boundary condition for the two- 
dimensional (2D) hydraulic model. The building data of the study area 
was generated by considering the Airbus Satellite View data. As a result 

of this approach, the inundation area and corresponding flow depths and 
flood propagation velocities that could arise due to the potential dam 
breach were obtained. These results are depicted in Figs. 8a and 9a. 

2.3.5.2. River flood case. Within the boundaries of the Menteşe District, 
a complex network of rivers is present, which poses a significant risk of 
flooding. To assess this risk, the results of the Western Mediterranean 
Basin Flood Management Plan were consulted, and the resulting flow 
depths and flood propagation velocities, obtained from the flood man
agement plans of General Directorate of Water Management, are pre
sented in Figs. 8b and 9b. 

2.3.5.3. Hazard assessment. The proposed methodology for incorpo
rating the flood risk index as a variable for site selection entails a sys
tematic quantification of flood hazards, which involves linking 
hydraulic models of urban floods and dam breaches with the process of 
solar PV site selection. Numerous approaches for flood hazard quanti
fication have been documented in the literature. [54] introduced a 
popular and established method for the quantitative assessment of flood 
hazard, and the corresponding flood hazard thresholds and vulnerability 
curves are depicted in Fig. 10. 

[45] have suggested that H6 hazard class-prone areas are susceptible 
to structural failure, even when the flow is non-Newtonian [45]. Thus, 
solar PVs should not be sited in areas prone to H4–H5 and H6 hazards. 
Following the implementation of the hydraulic model for dam breach, 
the flow depth and flood propagation velocities were determined, and 
the hazard classes for the study area were calculated and presented in 
Fig. 11. As mentioned earlier, the primary goal of hydraulic modeling 
and corresponding hazard classes is to establish a robust methodology 
for determining exclusion zones from dams, rivers, lakes, etc. in the PV 
site selection process. The hazard class outcomes presented in Fig. 11 
reveal that while solar PVs can be positioned 100 m from the dam as 
proposed in previous studies, at 5.5 km downstream of the dam, an H6 
class hazard exists that could lead to structural failure. Consequently, 
the implementation of spatially varied hazard classes as variables for PV 
site selection is advantageous. 

2.3.6. Erosion risk index 
Erosion is a natural hazard that poses a significant risk to the struc

tural integrity of various installations, including solar photovoltaic (PV) 
systems. It is worth noting that both wind and water contribute to 
erosion. According to the State Planning Organization (DPT) of Türkiye 
[56], water and rainfall account for 99% of erosion in the country, while 
wind contributes to the remaining 1%. In the present study, the erosion 
risk was considered the primary factor for the optimal site selection of 
PVs, as it can seriously undermine their structural stability. 

Various methods have been proposed in the literature to quantify 
erosion or estimate the annual soil loss caused by water or rainfall. The 
Universal Soil Loss Equation (USLE) [46] and the Revised Universal Soil 
Loss Equation (RUSLE) [47] are two widely accepted and commonly 
used approaches. The RUSLE method considers several primary factors 
that influence erosion, including rainfall-erosivity, soil sensitivity to 

Fig. 7. Dam Breach Hydrograph for the case of Overtopping.  
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Fig. 8. Flow depths of (a) dam break and (b) river flood.  

Fig. 9. Flood propagation velocities of (a) dam break and (b) river flood.  
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erosion, topographic features such as slope length and steepness, and 
crop management and support practices. The RUSLE equation is given as 
follows: 

A=R x K x LS x C x P (3)  

where A is annual soil loss (t/ha/yr), R is rainfall-runoff erosivity factor, 
(MJ/mm/ha/h/yr), K is soil erosion sensitivity factor, L is slope length 
factor, S is slope steepness factor, C is cover management factor and P is 
the support practices factor. 

The R and K values of the RUSLE were determined and calibrated 
throughout Europe, including Türkiye, by the study of [48]. Thus, the R 
and K values for the project area were derived from the data of the 
aforementioned study [48]. The LS factor of the study area was calcu
lated based on a 5-m resolution DEM on the GIS environment. To 
perform the LS calculations, the equation proposed by Ref. [49] was 
implemented. The cover management and support practices factors 
were calculated on the GIS environment by taking into account the land 
use classes and constraints acquired from the literature [50,51]. The 
spatially varying RUSLE parameters and the corresponding erosion and 
annual soil losses are presented in Fig. 12. 

To translate the erosion results into actionable insights for site se
lection, the severity of erosion is categorized into different classes using 
the erosion severity classes suggested by the USDA, which are presented 
in Table 3 [52]. The severity classes were then used to identify exclusion 
zones for the solar PVs. Based on the erosion severity analysis, areas with 
“severe” and “very severe” erosion were classified as exclusion zones. 

2.4. Priorities among criteria with AHP 

Since the AHP minimizes the cognitive errors and can make a com
parison of both qualitative and quantitative parameters, it has been 
widely applied to many different areas. However, defining the priorities 
in the AHP is a tedious task. In the problem of determining the suitable 
locations of solar farms, various criteria should be classified and prior
itize among each other. Studies in the related literature have shown that 
different number of criteria can be defined. In addition, final weights of 
the criteria calculated from the AHP change considerably in different 
studies, although consistency ratio of the AHP suggests that the weights 
are consistent. To prevent a bias, the weights calculated from the AHP 
considering previous studies and expert opinions are compared with a 
method assigning weights using a ranking and nonhierarchic compari
son proposed in Ref. [53]. The final weights calculated from the AHP 

Fig. 10. Flood Hazard Classes [54].  

Fig. 11. Spatially varied hazard classes of (a) dam break and (b) river flood.  
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and the method of [53] is given in Table 4. The maximum difference 
between AHP and the method in Ref. [53] is observed in erosion risk 
index with 8.31%. The minimum difference is in distance from densely 
populated area with 1.99%. It should be noted that relative priorities of 
different parameters are defined rather subjectively in both AHP and the 
method in Ref. [53], although expert opinions and the studies in the 
literature are considered. Therefore, the difference between two 
methods is considered to be acceptable. In addition, the consistency 
ratio is calculated as 0.011 which is way less than the threshold value 
0.1, so the procedure of AHP is accurate. 

The weights are also determined without considering natural haz
ards which are flood risk and erosion as can be seen in Table 4. For that 
case the consistency ratio is found to be 0.016 also way less than the 
threshold value of 0.1. The main and sub-criteria and the corresponding 
weights and indicators used in the implementation of criteria used in 
AHP into GIS environment are shown in Table 5. 

2.5. Scenarios 

To incorporate the effects of flood hazard and erosion risk in the site 
selection process for solar PVs, two scenarios were developed using the 
5 m resolution DEM. The first scenario utilized seven criteria, namely 
slope, aspect, distance from transmission lines, distance from densely 
populated areas, land use/cover, distance from roads, and distance from 
transformation centers. The second scenario included flood hazard and 
erosion risk indices as additional criteria, thereby expanding the list of 
factors used in site selection. 

It should be noted that, the sub-variables of distance and orography 
are directly related to the topographic resolution. Thus, to evaluate the 
impact of topographic resolution on solar PV site selection, these sub- 
variables, considered in Scenario 2, were recalculated for DEMs with 
resolutions of 25 m and 34 m and they are included in Scenario 3 and 

Fig. 12. Spatially varied RUSLE parameter (a-b-c-d-e) and Annual Soil Loss (f).  

Table 3 
Erosion severity classes.  

Erosion 
(ton/ha/year) 

Erosion Class 

0–2 Very Slight 
2–10 Slight 
10–20 Moderate 
20–40 Severe 
>40 Very Severe  

Table 4 
Factor Weights for solar PV installation.  

Criterion Weights of Difference 
(%) 

Weights of AHP – 
without considering 
natural hazards (%) AHP 

(%) 
The 
method in 
[53] 

Slope 19.02 20.26 6.53 24.51 
Aspect 16.99 17.59 3.52 20.80 
Distance from 

transmission 
lines 

15.78 15.04 4.69 18.95 

Distance from 
densely 
populated area 

13.56 13.83 1.99 17.03 

Flood hazard index 9.32 9.12 2.14 – 
Erosion risk index 8.79 8.06 8.31 – 
Land Use/Cover 6.80 7.03 3.26 7.62 
Distance from 

roads 
5.37 5.01 6.61 6.07 

Distance from 
transformation 
centers 

4.36 4.05 7.04 5.02  
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Scenario 4, respectively. The summary of these scenarios is provided in 
Table 6. 

3. Results and discussion 

3.1. The effect of flood and erosion risk indices on PV site selection 

Fig. 13 presents the optimal locations for solar PVs, specifically 
determined for Sc-1 and Sc-2. The figure reveals that densely populated 
areas are deemed unsuitable for the construction of solar PVs as can be 
seen in the restricted indicators (shown with 0) in Table 5. This aspect is 
crucial as it also eliminates the risk of river flooding in the study area, 
given that major rivers are predominantly situated in densely populated 
regions. 

The suitability for constructing PVs varies based on the flood and 
erosion risk indices, leading to differences in the total eligible area. For 
an in-depth analysis, the suitable zones for Sc-1 and Sc-2 are presented in 

Table 7, providing an overview of the total area of eligible sites. The 
total suitable area is 132.40 km2 for Sc-1 and 124.99 km2 for Sc-2. The 
notable difference in the total area of suitable zones between Sc-1 and 
Sc-2 can be attributed to the introduction of flood and erosion indices, 
despite their relatively lower weights in the AHP. Since the criteria 
causing restrictions are the same in both Sc-1 and Sc-2, except for the 
inclusion of flood and erosion indices, this difference is noteworthy. Sc- 
2, which takes into account flood hazard and erosion risk, has a smaller 
total area of eligible sites compared to Sc-1. This indicates that the 
presence of these factors decreases the number of suitable zones for PV 
panel installation. In contrast, Sc-1, which does not consider flood 
hazard and erosion risk, has a larger area categorized as suitable for PV 
panel installation. However, it should be noted that in Sc-2, although the 
total suitable area is less, there are higher proportions of moderately and 
extremely suitable zones. This difference can be explained by the nature 
of the AHP. As shown in Table 4, since the weights of flood and erosion 
indices are not included in Sc-1, the weights of other criteria increase, 
leading to an increase in the moderately and extremely suitable areas. 
However, the overall suitable area decreases due to the emergence of 
new restricted zones identified by the flood and erosion indices as 
expected. 

Previous case studies have indicated varying levels of suitability for 
PV site selection [9]. reported a suitability of approximately 60% in 
Karapınar, while [16] found a suitability of approximately 85% for PV 
installation in Morocco. In a study conducted by Ref. [19] in Murcia, the 
total suitable site was determined to be 13.85%. 

In the current study, the findings reveal that approximately 7.5% 
(124.99 km2) of the total area (approximately 1659 km2) is eligible for 
the construction of solar PV panels. This discrepancy in suitability can 
mainly be attributed to the topography of the selected area. The chosen 
region exhibits a higher proportion of mountainous terrain, resulting in 
steeper slopes and an abundance of forests due to the Mediterranean 
climate. In contrast, the study areas investigated by Refs. [9,16] had 
different topographical features including a higher proportion of flat 
regions. 

Table 5 
Factor weights with assigned grades for solar PV installation.  

Criterion Weight Sub-criteria Indicators Criteria Weight Sub-criteria Indicators 

Slope (%) 19.02 0–2 9 Erosion risk index 8.79 0–2 9 
2–5 6 2–10 7 
5–10 2 10–20 4 
10–20 1 20–40 0 
>20 0 >40 0 

Aspect 16.99 East 
West 
South 
North 
southeast 
southwest 
northeast 
northwest 

2 
2 
9 
1 
6 
6 
1 
1 

Land Use/Cover 6.80 Bareground 
Rangeland 
Water body 
Forest 
Cropland 
Built area 
Mine site 

9 
9 
0 
0 
0 
0 
0 

Distance from transmission lines (km) 15.78 0–1 
1–2 
2–4 
4–8 
>8 

9 
8 
6 
3 
0 

Distance from roads (km) 5.37 0–0.1 
0.1–1 
1–2 
2–4 
4–8 
>8 

0 
9 
8 
6 
3 
0 

Distance from densely populated area (km) 13.56 0–1 0 Distance from transformation centers (km) 4.36 0–1 9 
1–5 9 1–5 8 
5–10 6 5–10 7 
10–20 4 10–20 5 
>20 2 >20 3 

Flood hazard index 9.32 No risk 9     
H1 8 
H2 7 
H3 5 
H4 1 
H5 0 
H6 0  

Table 6 
Scenarios for PV site selection.  

Criterion Scenario 1 
(Sc-1) 

Scenario 
2 
(Sc-2) 

Scenario 
3 
(Sc-3) 

Scenario 
4 
(Sc-4) 

DEM 5 m 5 m 25 m 34 m 
Slope x x x x 
Aspect x x x x 
Distance from 

transmission lines 
x x x x 

Distance from densely 
populated area 

x x x x 

Flood hazard index – x x x 
Erosion risk index – x x x 
Land Use/Cover x x x x 
Distance from roads x x x x 
Distance from 

transformation centers 
x x x x  

K. Yılmaz et al.                                                                                                                                                                                                                                  



Renewable Energy 216 (2023) 119056

12

Although the percentage of eligible sites in this study is comparable 
to that reported by Ref. [19]; the inclusion of erosion and flood indices 
reduces the number of suitable zones for solar PV construction. 

Fig. 14 provides a detailed analysis of areas vulnerable to flood 
hazards resulting from dam breaks and areas susceptible to erosion risks. 
In the figure, eligible areas for Sc-1 are represented by blue color, while 
eligible areas for Sc-2 are depicted in yellow. 

The results demonstrate that the occurrence of dam breach flood 
hazards influences the selection of optimal PV sites. Notably, certain 
zones along the dam axis are eliminated as unsuitable. Furthermore, 
despite being approximately 1.5–5.5 km away from the dam body, a 
blue-colored region shown in Fig. 14b measuring 0.2 km2 is also 
excluded due to dam break-related hazards. 

Moreover, smaller areas depicted in blue in Fig. 14a and (c) are 
eliminated due to the presence of erosion risk indices. The influence of 
erosion and flood risks on site suitability is also summarized in Table 7. 
These findings suggest that the erosion and flood risk should be carefully 
considered when selecting the optimal location for the solar PVs. 

3.2. The effect of topographic resolution on PV site selection 

In order to assess the impact of topographic resolution, DEMs with 
varying resolutions of 5 m, 25 m, and 34 m were considered. The AHP 
methodology used in Sc-2, which accounts for both flood and erosion 
risks, was reapplied to the 25 m and 34 m resolution DEMs, resulting in 

Sc-3 and Sc-4, respectively. A comparative analysis of Sc-2, Sc-3, and Sc- 
4 is presented in Fig. 15 to evaluate the influence of topographic reso
lution on solar PV site selection. 

It is noteworthy that the calculation process involved in determining 
the distance to roads, transmission lines, and other factors requires the 
use of digital elevation models (DEMs). Therefore, variables such as 
distance from roads, distance from transformation centers of Sc-3 and 
Sc-4 are affected by DEMs resolution. As a result of lowering DEM res
olution, there may be optimal sites identified in forested areas, urban 
regions, or even within dam reservoirs. 

Fig. 15 indicates that the implementation of Sc-3 and Sc-4 or DEMs 
with 25 m and 34 m resolution provides an area that is approximately 
the same. While there may be some voids or negligible shifts, the results 
are generally satisfactory. However, there is a shift in the optimal sites 
that can result in optimal sites being identified in areas such as trees, 
water bodies, or croplands in land use classes. The main reason for this 
situation is the difference in resolutions between the land use data and 
the DEM. As previously mentioned, land use data has a resolution of 9 m, 
which means that 1 attribute such as tree or cropland is assigned to a 9 
m × 9 m area. On the other hand, if a DEM has a resolution of 25 m, this 
means that a 25 m × 25 m square has an elevation attribute. Addi
tionally, calculations for slopes, aspect, and distance are carried out for 
the specified resolutions. Consequently, the difference in resolution 
between the DEM and land use data can result in inconsistencies. 
Therefore, it is suggested that when implementing the site selection 
procedure using AHP, the resolution of the DEM should be equal to or 
smaller than the resolution of the land use data. It is important to note 
that the site selection process in a GIS environment typically relies on 
topographic data for calculating distances, slope, and other factors. 
However, many studies [9,16,20] do not provide precise information 
about the resolution of the data. While some studies [21,36] provided 
clear information about the resolutions of the data used, they did not 
delve into the discussion of the effect of these resolutions. In this study, 
for the first time in the literature, the effect of different DEM resolutions 

Fig. 13. Optimal Location for solar PVs (a) Sc-1 and (b) Sc-2.  

Table 7 
Total area of suitable zones.  

Suitability Sc-1 Area (km2) Sc-2 Area (km2) 

Suitable 48.76 13.27 
Moderately Suitable 76.18 100.94 
Extremely Suitable 7.47 10.78 
Total Eligible Area 132.40 124.99  
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Fig. 14. The comparison between optimal PV sites determined from Sc-1 and Sc-2.  

Fig. 15. Effect of topographic resolution on optimum site selection.  
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on the identification of suitable sites for PV construction was 
investigated. 

3.3. Comparison of suitable locations with the existing solar farms 

The analysis of previous PV farms and their comparison with Sc-1 
and Sc-2 demonstrates the accuracy of the predictions. It is observed 
that the existing PV farms are primarily located in flat areas, particularly 
in rangelands and bare lands. Nevertheless, it is crucial to bear in mind 
that the construction of PVs must take into account not only technical 
feasibility but also economic considerations. In some instances, buyout/ 
acquisition costs can become prohibitively high, making cost-benefit 
analyses impractical. However, technical feasibility studies can pro
vide valuable insights into eligible areas that are free from risk and offer 
maximum efficiency. Furthermore, PV panel construction sites are often 
chosen by considering land owned by the state. A comparison of Sc-1 
and Sc-2 with existing PV farms is presented in Fig. 16. 

It is observed that in certain cases, the areas predicted in Sc-1 and Sc- 
2 do not align with the existing PV farms. The primary reason for this 
deviation is the road constraint present within both Sc-1 and Sc-2. 

Polygons 1, 2, and 4, which represent existing farms, are located 
within the eligible sites for both Sc-1 and Sc-2. However, PVs repre
sented by Polygon-3 and a section of PVs enclosed by Polygon 5 are not 
situated within the eligible sites for either Sc-1 or Sc-2. This discrepancy 
is caused by the “distance to roads” constraint, as depicted on the map. 

Furthermore, it should be noted that the hillshaded map indicates 
that both existing PVs are positioned on flat surfaces within highly 
elevated regions, away from populated areas. This strategic placement 
helps to safeguard the existing PVs from erosion-prone areas and po
tential flood hazards associated with dam-break scenarios. 

The primary variables of site selection for PVs include solar poten
tial, land use, orography, and distance. Existing studies in the literature 
often define resolution as either high or sufficient without providing 

precise details about the resolution and its impact. Additionally, the 
literature lacks clear specifications regarding the resolution, land use, 
and orography. However, this study demonstrates that the resolution of 
topography and land use significantly affect the identification of suitable 
sites. Furthermore, the inclusion of new variables such as flood and 
erosion risk indices are crucial and cannot be overlooked in the site 
selection process based on the fact that climate change-driven hydro
logical extremes are inevitable. Moreover, in most studies, solar poten
tial is considered as a primary variable when selecting sites. However, in 
this study, solar potential is not included as a variable due to its uniform 
distribution across the study area. An examination of the optimal sites of 
each scenario reveals that the site selection process necessitates a site- 
specific and multidisciplinary approach. Instead of considering vari
ables that are frequently mentioned in the literature, different variables 
should be included regarding the unique characteristics of the area. 

4. Conclusions 

The increasing need for renewable energy sources has led to a 
growing interest in the use of solar panels as an efficient and sustainable 
energy-generating technology. While many studies have been conducted 
to determine the optimum location of PV panels, most of them utilize the 
same procedure with the same variables for different zones. This study, 
on the other hand, emphasizes the consideration of flood and erosion 
risk as criteria for site selection, and evaluates various topographic 
resolutions to assess their effect on PV site selection. The results 
demonstrate that flood and erosion risk have a non-ignorable impact on 
the site selection process, leading to changes in suitability and a decrease 
in the total area of eligible sites, despite their relatively lower weights in 
the AHP. Furthermore, it is important to highlight that unlike previous 
studies that consider flood risk based on a fixed distance from dam 
bodies, this study reveals that determining a constant distance from 
dams lacks a scientific basis. As depicted in the study, there are areas 

Fig. 16. Evaluation of existing PV farms with Sc-1 and Sc-2.  
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located 5.5 km away from the dam body that remain under the risk of 
dam-break-related hazards and are thus ineligible sites for PV panel 
installation. Additionally, the study demonstrates that low-resolution 
topographic data can be used for site selection, provided that the data 
is resampled to the resolution of land use data. 

In summary, this study highlights the importance of adopting a 
multi-disciplinary approach in the site selection of PV panels regarding 
the physical characteristics of the study area. By incorporating flood and 
erosion risk indices, the need to evaluate potential variables beyond the 
existing literature is emphasized. This holistic approach ensures a more 
accurate and effective selection of eligible areas for PV panel installa
tion, considering factors crucial for their long-term viability and 
sustainability. 
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