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Abstract. Water needs for human and agricultural consumption have increased due to an increase in 
population and human activities. Identifying potential rainwater harvesting sites (RWHS) is an important step 
towards maximizing water availability for agriculture and other uses. The selection of suitable sites using 
computational techniques presents a great challenge, so the present study aimed to examine from a critical 
approach the different approaches reported, as well as the theoretical references of the topic addressed. 
Computational spatial analysis methodologies were analyzed using multicriteria evaluation (MCDA) 
approaches as well as computational technologies such as AHP and WLC supported by GIS). As a result of 
the study carried out, it was concluded that the identification of areas suitable for certain RWH techniques 
using improved geomatics techniques remains one of the important purposes of development and research. 
In addition, the MCDA -GIS combination has the potential to provide a rational, objective and non-biased 
approach to decision-making in locating potential sites for dam construction. 

1. Introduction 
Over time the identification of hydrological uses has been carried out through procedures that involve a 

large amount of time and resources. These procedures are focused on the search for geographical areas 
which allow the development of a jump, either through projects with derivation or projects with dam, and that, 
in turn, these sites have significant water availability, and available and favorable infrastructural conditions. 
This search should seek to find efficient projects, with short conduits or narrow canyons [1]. Once a possible 
site with attractive characteristics is identified, takes place a prefeasibility level analysis, whose main purpose 
is to make preliminary calculations regarding energy production, the identification of the main technical, 
environmental and social restrictions, as well as the prior quantification of the investment costs of the evaluated 
alternative. A good search process guarantees that the obtained benefits justify the future environmental and 
social impacts to which the area of influence would be subject. 

Mwenge et al. [2], Durga et al. [3], Baban et al. [4] agree that, when analyzing the land’s suitability or its 
capacity for the feasibility study and for the selection of potential areas. For the construction of dams it is 
important to take into account within the selection criteria: 

• weather (rain); 
• hydrology (rain-runoff relationship and intermittent water courses); 
• topography (pending); 
• agronomy (crop characteristics); 
• soils (texture, structure and depth); 
• socioeconomic criteria (population density, workforce, priority of people, experience); 
• land tenure; 
• water laws; 
• accessibility; 
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• related costs. 
Arango [1], Petheram et al. [5], Peng et al. [6] do not consider environmental and social factors within 

the development of their research, despite this, they recognize their importance in their final recommendations. 
Failure to consider such factors at the time of the development of decision-making support systems in the 
selection of potential sites for water collection would result in harmful damages not only at the economic level 
but also at the social level. 

Although criteria have been established for the design of dams, general guidelines and recommended 
considerations, as well as technical knowledge and experience, there is no certainty that the resulting design 
criteria can be applied to other reservoir sites with similar conditions [7]. These requirements and pressures 
have made it necessary to develop a clear criterion to locate the reservoir sites in addition to a more effective 
system in decision-making, that is, one that can handle a large number of data sets and provide assistance to 
the decision makers [8]. 

From the beginning the engineers have carried out the studies of definition of the hydrological potential 
by analyzing the cartographic, topographic information, among others available in the area of interest. Through 
the traditional approach, this available information is processed and analyzed independently, thus drawing 
isolated conclusions that are then contrasted and allow, in some way, to define the potential of the area. The 
research process of a potential dam site usually involves an iterative process of increasingly detailed studies, 
which sometimes occurs in just 2 or 3 years, but often in 10 or more years [5], this considering the volume of 
information that needs to be analyzed manually, which makes it an inefficient and complex process. On the 
other hand, the fact that the analyzes are carried out independently makes the results obtained rigid and often 
do not allow analyzing all the possibilities and getting the most out of the processed information. 

Authors such as [9], [10], [11], address the need to examine both the location of the reservoir and the 
site of the dam, because it is important to know the capabilities of the foundations to support the weight of 
both the volume of water in the reservoir as of the materials for the construction of the dam. Therefore, 
choosing a suitable site is a crucial phase in the construction of the site. A well-selected site will not only 
provide the best benefits, but will also allow the acquisition of aesthetic values that contribute to the creation 
of a recreational area around the reservoir. On the contrary, a poorly selected site or an incorrect decision at 
the time of building dams in unsuitable areas can cause flooding and therefore damage to industrial, crop or 
populated areas. In 1963, for example, more than 300 million meters of rock slipped into the reservoir site of 
the San Vaiont dam in Italy. This generated flood waves, which exceeded the dam crest by 100 m causing the 
death of 3,000 people downstream [12]. An investigation, at a later date, established that the rocky material 
on the lateral slope of the reservoir became saturated due to the water deposit and, as a result, the slope 
became unstable and began to slide towards the reservoir [13]. This example shows the importance of 
preliminary investigations and recognition in the selection and location of reservoir sites. Before the United 
Nations Conference on Environment and Development in 1972, the economic importance of a reservoir project 
preceded all other considerations [4]. Since then, environmental awareness and concern have steadily 
increased, therefore, decision makers have had to take into account not only technical design and economic 
factors, but also local and regional environmental and social impacts of a proposed reservoir. 

This paper aims to carry out a study of current trends in the use of spatial analysis methodologies for 
the selection of potential sites for the construction of dams, as well as evaluate the criteria to identify suitable 
reservoir sites in order to meet future demands of water. In addition, some approaches to multiple criteria 
analysis techniques and their integration in a GIS context are analyzed and described, with the aim of 
developing in future research a specialized instrument to accelerate decision-making and planning in 
hydrological use. 

2. Methods 
Remote sensing and GIS have the ability to manage, analyze and manipulate all relevant layers of 

information involved, such as topography, economic and environmental data, in relation to the selection of the 
reservoir site. In addition, remote sensing data can allow decision makers to investigate a wider area of 
potential sites in a shorter period of time and at a lower cost [14]. It can also delineate areas of structural 
weakness by mapping the scope of the main geological lines related to failures and strikes [15], [16]. Since 
site selection of the site involves large data sets, GIS can be used to maintain and manipulate data in order to 
extract the necessary information and use the information in the decision-making process [17]. Another 
important advantage of using GIS in site selection is its ability to display [18]. 

The digital elevation models (DEM) Fig. 1, allow to obtain much of the information necessary for the 
definition of the potential and are fundamental at the time of generating the hydrological information, since it 
is from this information that the morphology of the basins of the territory, which obviously represents primary 
information for the estimation of the water supply. 
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Figure 1. Example of a Digital Elevation Model (DEM). 

Various methodologies have been developed for the selection of sites and techniques suitable for water 
collection. Mbilinyi et al. [19] applied the multi-criteria techniques (MCDA) approach to identify areas for water 
collection technologies within a GIS context. The approach had been used in some studies in other countries. 
However, in Tanzania, the approach was new in the field of rainwater harvesting (RWH), because it had not 
been used to identify suitable areas for such technologies. The combination was useful for evaluating multiple 
criteria and expert opinion consistently in order to obtain suitability maps and tabular data. He demonstrated 
that the MCDA-GIS combination has the potential to provide a rational, objective and unbiased approach to 
making decisions in the identification of potential sites for RWH technologies. Although effective, its 
methodology could be improved with, for example, the consideration of other factors such as social economy. 

Isioye et al. [20] in another study they used Remote Sensing, a limited field survey to identify potential 
sites for RWH technologies. The entrance to the Decision Support System (DSS) included maps of rainfall, 
slope, soil texture, soil depth, drainage and land use / coverage, and the exits are maps showing potential 
sites of water storage systems, stone terraces, bench terraces and borders and Model Builder in ArcView was 
used as a platform for the DSS. Munyao [21] used GIS and Remote Sensing with primary rainfall data sets, 
runoff coefficient, soil, slope, land use / coverage and socio-economic aspects of the area under consideration 
to access the potential for water collection using the software GIS ILWIS and ArcGIS to obtain all the key 
spatial layers that were used for various analyzes and weighted overlays were made to produce maps showing 
potential sites for water collection. Weerasinghe et al. [22] focused on the use of a GIS and remote sensing. 
They developed an integrated methodology to evaluate water management. Consequently, the model 
specifies the possible water collection and storage sites for water storage and soil moisture conservation on 
farms [22]. 

Şen & Al-Suba’I [23] identified and evaluated the factors that could affect the location of the dam in the 
basins and, therefore, the planning of the water resources of the proposed reservoirs. These authors studied 
the effects of sedimentation and flooding on the location and construction of dams in Saudi Arabia. Forzieri et 
al. [24] presented a methodology to assess the suitability of sites for dams. The selection criteria were defined 
both qualitatively and quantitatively and were based on a territorial analysis using satellite data in combination 
with hydrological and climatological information. The methodology is particularly useful in areas where there 
is very little territorial information available, such as most developing countries, and it has been applied in the 
Kidal region of Mali, where 66 sites were evaluated, of which only 17 complied with the proposed selection 
criteria. The authors selected suitable construction sites from the predominant technical and engineering 
perspectives and neglected others, such as socio-political perspectives [24]. 

Ammar et al. [25] reviewed the methodologies and main criteria that have been applied in arid and semi-
arid regions (ASARs) during the past three decades. They classified and compared four main site selection 
methodologies, identified three main sets of criteria for selecting RWH locations and identified the main 
characteristics of the most common water collection techniques used in ASARs. The methods were diverse, 
from those based only on biophysical criteria to more integrated approaches, including the use of socio-
economic criteria, especially after 2000. Most studies now select water collection sites using GIS in 
combination with hydrological models and/or multiple criteria analysis. 

In the scientific literature, several studies detail methods for the identification at regional level of 
promising areas for the collection and storage of water in micro and small farms or to optimize the location 
and size of storage units in urban drainage environments (by example, Behera et al. [26]; Zoppou [27]; Travis 
et al. [28], Marques et al. [29]). 
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In [20], a methodology is proposed in which the first stage consists in identifying and deciding which 
RWH technologies would be mapped. For this, a field study must be carried out in which the technologies 
must be defined, examples of which are: 

• Collection of surface runoff from open areas and storage in terrestrial structures (ponds). 
• RWH in situ and storage in soil profile for crop production. 
• Other methods of groundwater recharge, such as sand dams (dam walls and dam reservoirs). 
• Rock basin. 
Then the criteria to be evaluated are selected and the criteria maps are created, which will be 

reclassified into five comparable units, that is, suitability classes: 5 (very high suitability), 4 (high suitability), 
3 (medium suitability), 2 (low suitability) and 1 (very low suitability). Subsequently, it proposes the suitability 
model (𝑆𝑆), through which suitability maps for water collection are generated by integrating different factor 
criteria maps using the Weighted Overlay Process (WOP) for the MCDA. 

The MCDA was achieved through a weighted linear combination (WLC) in which the continuous criteria 
(factors) are standardized in a common numerical range and then combined by a weighted average. With a 
weighted linear combination, the criteria are combined by applying a weight to each, followed by a sum of the 
results to obtain a suitability map using the following equation: 

S=(RIWS×SSi)+(RIWD×SDi)+(RIWL×SLi)+W (1) 

where:  

RIWS is relative importance weight for slope layer; 

RIWD is relative importance weight for drainage layer; 

RIWL is relative importance weight for land cover/use layer; 

SSi is suitability level of cell 𝑖𝑖 in the slope layer; 

SDi is suitability level of cell 𝑖𝑖 in the drainage layer; 

SLi is suitability level of cell 𝑖𝑖 in the land cover/use layer; 

W is buffer union of roads settlement and drainage; 

i is represents the type of water collection technology to use; 

The higher the suitability number of a given site criterion, the more suitable it will be for water collection 
technologies. The weighting assigned to each of the site selection criteria represents the importance of that 
criterion for the decision-making process for site selection in this project. The importance was thought in terms 
of "Would the identification of one aspect of these criteria alter the decision to build river basins?". A weighting 
of 1 was assigned to the criteria with little importance, a weighting of 2 to those criteria with little significance, 
3 to a moderate significance and a weighting of 4 and 5 to the criteria with a significant impact on the site 
selection decision. 

Although the proposal is good, it is only aimed at finding the place for water collection and does not 
include the possibility of finding the location of potential sites for the location of dams, as well as for the 
prevention of natural hazards. In addition, it does not take into account factors such as the social economy, 
the runoff coefficient of the soil map and the rain map. 

The investigation [30] proposes, as in the previous investigation, a methodology of 4 basic steps: 
selection of RWH technologies, selection of criteria to evaluate, classification of the criteria according to the 
determined suitability and subsequently the construction of the suitability map integrated by combining criteria 
layers using a raster calculator. The GIS database required to identify potential sites for RWH was developed 
using ArcGIS with vector and raster databases. A suitability model was developed using ModelBuilder in 
ArcGIS 10.2 to implement all processes to identify sites suitable for RWH. Areas suitable for dams were 
identified by reclassifying layers of biophysical criteria and combining them using the raster calculation tool in 
the ArcGIS 10.2 space analyst module. Each criterion was cut in the study area, reclassified to numerical 
values and suitability classifications for dams were assigned. Finally, the most suitable sites for dams were 
identified by visual interpretation of satellite images and large-scale mapping analysis. 

The proposal offers a map of suitability that will be useful for hydrologists, decision makers and planners 
to quickly determine areas that have RWH potential. Despite these, the work is carried out using components 
that will only provide a map that is as appropriate as possible so that experts can identify the sites visually and 
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not automatically providing the proposal of said potential sites. In addition, social and environmental factors 
are not taken into account. 

As in the previous cases [4], it makes a selection of the criteria to be taken into account and then makes 
a reclassification of the criteria creating a suitability map for later evaluation. To make use of GIS, create layers 
of information corresponding to each restriction. The relevant information obtained was converted into the 
required restriction layers using IDRISI, a raster-based GIS. The restriction layers needed for the study area 
were derived from several sources, including a land use/coverage map produced from satellite data and field 
data [31]. This map was used to extract information and build layers of information for defined restrictions, that 
is, to identify urban areas, to protect agricultural and forestry areas, respectively. The topography was derived 
from a DEM digitized from a topographic map at a scale of 1:50 000 [4]. Similarly, geology was also derived 
from the digitization of a geological map at a scale of 1: 200,000 [4]. This process is usually followed by 
assigning weights to each restriction layer, multiplying each layer by its weight and then successively 
multiplying the result by each of the restrictions to combine all layers. For them, the authors of this research 
considered two MCDA approaches to combine the information layers of the Boolean and WLC methods.  

Using the Boolean method, all criteria are reduced to restrict Boolean images of areas, which are 
adequate and not adequate. In addition, all layers are considered equally important and given the same weight 
[18]. This procedure was applied to all layers of information using the MCDA function in IDRISI to produce the 
necessary restriction images. For example, Fig. 2 marks the reserved forest areas, which are clearly defined 
(in black) as not suitable for consideration based on the criteria developed. To obtain the locations of the 
potential sites, the functions OVERPLAY, GROUP, AREA and RECLASS of the IDRISI tool are used. 

 
Figure 2. Forest Reserve Areas [4]. 

The method using the weighted linear combination requires that the main own vector of the pairwise 
comparison matrix be calculated to produce the best set of weights. Subsequently, the best acceptable 
adjustment of the respective weights is used in the MCDA function to calculate the WLC using the constraints 
in the criteria. The main eigenvector was calculated by taking the square reciprocal matrix of pairwise 
comparisons between the criteria and these weights would add 1. This result could be achieved by calculating 
the weights with each column and then averaging all the columns [4]. The WEIGHT function in IDRISI, which 
operates according to this principle, was used to determine the best fit of the weight factors. The consistency 
index (CI) was also determined. The CI indicates the probability that the matrix classifications are generated 
randomly and the value should be less than 0.10; otherwise, the classification of the matrix must be 
reevaluated [32]. Subsequently, the best acceptable adjustment of the respective weights was used in the 
MCDA function to calculate the weighted linear combination using the defined factors and constraints. To 
select only those areas (groups) that can meet the specified surface areas, the IDRISI GROUP, AREA and 
RECLASS functions were used. 

At the conclusion of the investigation, the authors define that both methods provide satisfactory results, 
it would only depend on the expert to define which of the sites provided by both methods are the most suitable 
according to the needs and expectations. Although the GIS methodology makes the decision-making process 
more objective, there is still an element of subjectivity associated with the assignment of weights and map 
scales. This also allows planners flexibility to incorporate varying degrees of importance to each criterion 
based on their experience. Through experience, a good judgment in the evaluation of environmental, social 
and political limitations could produce the best alternative decisions. 

The progress of the analytical hierarchy (AHP) is a model that can express a complex problem as an 
ordered hierarchical structure, and can order the schemes by decision of the people. This method can handle 
qualitative and quantitative factors in decision making, and has the advantages of systematization, simplicity, 
practicability and effectiveness. This method was used in article [6] to build dams in the middle and upper 
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sections, middle sections and lower sections. They list a table according to the criteria and sub-criteria that 
restrict the location of the series of dams. Then, they build the AHP site selection evaluation system consisting 
of the subsequent objective, the criteria layer, the sub-criteria layer and the scheme layer and as shown in 
Fig. 3. 

 
Figure 3. Structure Diagram [6]. 

Although the criterion in this model is not independent, it is not related to all the elements. In the Table 1 
it is clearly described the connection between the factors. 

Table 1. The relationship among the criteria and sub-criteria [6]. 

Sequence Factors Relationship between the factors 
1 A determined by B1, B2, B3 

2 
B1 determined by C1, C2, C3 
B2 determined by C4, C5, C6 
B3 determined by C7, C8 

3 C1~C8 All determined by D1, D2, D3 

 

From Table 1 it is necessary to classify the degree of importance of each element that is determined by 
comparing it with the other elements Table 2. 

(X1>X2) means that factor X1 is more important than factor X2; X1=X2 means that factor X1 is as 
important as factor X2). 

Depending on the degree of importance, the judgment matrix of each layer is constructed as follows, 
Fig. 4. 

 
Figure 4. The judgment matrix of each layer [6]. 
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Table 2. The importance degree among the criteria and sub-criteria [6]. 

Sequence Factors Importance degree 
1 A1 B2 > B1 > B3 

2 
B1 C2 > C3 > C1 
B2 C4 > C5 = C6 
B3 C7 > C8 

3 

C1 D1 > D2 > D3 
C2 D1 = D2 > D3 
C3 D1 > D2 > D3 
C4 D2 > D1 > D3 
C5 D1 > D2 > D3 
C6 D2 > D1 > D3 
C7 D3 > D2 > D1 
C8 D1 > D2 > D3 

 
Based on the judgment matrix, the proportion of each factor was calculated using the MATLAB 

programming language. Subsequently, the relative parameters were calculated to test the consistency of each 
layer to judge the consistency of the judgment matrix. 

There are some formulas to calculate CI and CR. 

max
1

nCI
n

λ −
=

−
 (2) 

where: 

maxλ  is the largest eigenvalue of every factor; 

n=3 is the number of the factors in the criteria layer; 

CI is the consistency indicators of each layer. 

CICR
RI

=  (3) 

where: 

RI  = 0.58 is the random consistency index of each layer; 

CR  is the consistency ratio of each layer; 

When proposing the criteria and sub-criteria, it should be taken into account that these should be as 
complete as possible and refined to obtain the best results in the end, this will greatly improve the objectivity 
of decision making. 

Although the article shows good results, it mentions the criteria to be taken into account for the 
evaluation and subsequent location of potential sites in the rivers or basins on a map. 

That study and others like [1], [6], [9], [33], [34], that examined small and large scale water storage on 
farms, used techniques that involve the spatial overlap of relevant GIS data to produce a summed classified 
layer. These approaches, instead of identifying specific locations for dam walls, indicate the most appropriate 
general areas for the construction of water tanks. These techniques work well for criteria that are easily 
represented in space, such as large-scale geology, runoff generation, social and environmental effects, and 
proximity to current and future water demands. In the case of [5] it is proposed that, although composite index 
techniques are useful for capturing large-scale considerations in the location of dams, they do not explicitly 
model processes and factors relevant to the performance of large individual dams (for example, performance 
or construction cost), which depend on the complex game between the following factors: 

• topography, p. through the dimensions of the dam wall, the volume of the reservoir and the 
relationship of the surface area with the volume. 

• hydroclimatology, p. through the quantity and the inter and intra annual variability of the entrances 
to the deposit and the net evaporation of the deposit. 
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• reliability with which a particular performance can be achieved. 
Composite index methods have a limited capacity to assess the relative promise of specific sites, mainly 

because they do not calculate the potential dimensions of the dam and the reservoir and, therefore, the yield, 
which is generally the key measure of the yield of the dam. To do this [5] describes DamSite, a series of 
algorithms that provide a flexible means to identify and classify the possible locations of the dam walls in a 
landscape from the majority to the least promising, by calculating the potential dimensions of the dam and 
reservoir, and performance calculation at a given reliability for each potential dam within a basin or region. 

According to the stages of the proposed methodology, first, it proposes the realization of a spatial 
analysis to calculate the dimensions of dams and reservoirs and for this it developed a method to automatically 
calculate the dimensions of dams and reservoirs from a DEM. The geometric parameters are derived from a 
DEM and its one-way flow network. Plans and depressions should be treated so that there are no interruptions 
in the flow network. Once the flow paths have been defined, the model rounds the DEM elevations to whole 
numbers so that the storage and dam dimensions can be calculated efficiently at discrete heights. 

The volume and area of a reservoir contained by a dam along the catchment limit is represented by a 
table of heights and corresponding areas (represented by a DEM cell count). One table is calculated for each 
cell in the DEM starting at the cells without entrances (hill tops and ridges), and building tables for each cell 
downstream by combining the tables of the cells that flow into it. Fig. 5 shows a scheme of several cells, the 
flow paths between them and the resulting tables of heights and cell counts for each cell. 

 
Figure 5. The construction of the height count table for a small set of cells connected by flow paths. 

The table for each cell is constructed by combining the tables of each contributing cell.  
The surface areas and volumes are computed from the counts at each depth using a cell area  

of 900 m2 [5]. 
Given the height count table for a cell, the reservoir area (in m2) for a given water surface elevation is 

simply the sum of cell counts with heights less than the water surface elevation, multiplied by The area of the 
cell. The volume (in m3) is the sum of areas for heights less than or equal to the height of the water surface 
(using a 1m elevation increase). The table captures the depth-area-storage relationship in each DEM cell. 

Subsequently, the quantification of topographic constrictions and classification of possible sites of dams 
was carried out in order to penalize walls of higher and longer dams and, therefore, identify economically 
efficient locations. Performance calculation involved a two-stage approach: 

• A quick preliminary performance estimate for each dam height increase m in each pixel along each 
channel in the study area. The key inputs for this analysis were the annual average runoff raster’s 
and the standard deviation in the annual runoff. 

• For a selection of the 'best' potential storage locations identified during the first stage, more robust 
performance estimates were calculated using the most computational behavior analysis model. For 
this analysis, the model used squared time series of daily runoff, rain and evaporation. 

Alternatively, the method does not use criteria such as minimization of the flooded area (a source of 
environmental impact), minimum displacement of resident populations, maximization of hydroelectric potential 
or flood mitigation. All these criteria require an analysis of the basin and the reservoir as an entry in the site 
selection. 

3. Result and Discussion 
One of the main inhibitors identified for the progress and economic development of most urban 

settlements is the lack of access to adequate water supplies for human consumption and domestic use, 
irrigation and industrialization [35]. The approaches previously investigated mostly are not based on the 



Magazine of Civil Engineering, 98(6), 2020 

Rodriguez Vazquez, S., Mokrova, N. 

identification of potential sites for the construction of dam walls, but rather indicate the general area to locate 
water deposits. 

They propose the use of proprietary tools such as ArcGIS, GISILWIS, ArcView, ArcMap, among others, 
in which all the work is done manually using a set of functions and components present in them. In some of 
the cases, the tools developed or the work carried out on the tools are for certain types of dams with specific 
objectives, as well as environmental or social factors, nor flood prevention. 

As he puts it [36] one of the most damaging factors that must be taken into account is flood prevention 
due to the dangers of unpredictability. Possible causal factors for flash floods include excessive rain, sudden 
release of water due to a break in the dam or lake bursting. This factor is important because it affects the other 
factors, say social, environmental, industrial, economic, etc. 

These ideas further highlight the importance of applying computational techniques, as well as creating 
a specialized tool that allows to speed up the process in decision-making and planning in hydrological use. In 
this way, the potential sites that affect the most important factors in a very low probability can be obtained, 
which in turn will make it possible to achieve better results in the construction of the dams in their subsequent 
use. In addition, your employment can provide some of the following advantages: 

• The need for micro dams aimed at specific objectives and that, without damaging the environment, 
allow the possibility of bringing crops or different branches of production towards them would 
eliminate the cost of taking water to farther places. This allows the dams, made for the population 
supply, that are the most exploited, to go directly to it without having more purposes or objectives. 

• The creation of small dams aimed at specific objectives not only supports the livestock or crop 
industry, but also supports flood regulation and the collection of these waters. 

• The efficiency (in time and/or space) of multicriteria evaluation methods depends on the number of 
used criteria. Therefore, by selecting the most important set of criteria, the algorithm would work 
faster, and would provide the potential sites for the construction of dams. 

• Have a multicriteria analysis method that allows hydraulic specialists to know through a feasibility 
study previously carried out and a simulation and representation of the affected areas, which area 
of the selected river is best suited for the construction of a dam or micro dams. 

• Prevention in making incorrect decisions at the time of the construction of dams in unsuitable areas 
that may cause flooding and therefore damage in industrial, crop or populated areas. 

Finally, it can be affirmed that, although the consulted bibliography reports different approaches in order 
to obtain better locations of potential sites, the existing approaches still have certain limitations and are still 
inefficient for their application in decision making. This has led the scientific community, recently, to seek new 
alternatives to improve the selection results [5], [30], such as increasing the degree of abstraction of the base 
criteria, new methods of coding them [20], [37] or focus on multicriteria evaluation techniques [38], [39]. 

4. Conclusion 
The large number and topicality of proposals for techniques for selecting potential areas, available in 

the literature, shows that this topic constitutes a very active field of research. The study confirms that: 

1. Local selections are characterized by their effectiveness and efficiency in the results that they offer. 
However, this type of selection has certain limitations - especially related to the loss of context information - 
that limit its discriminatory power. Therefore, it is necessary to create and update models for selecting potential 
sites for the construction of dams with a view to improving the results obtained up to now. 

2. The integration of mathematical models in GIS facilitates simulation, as it speeds up the spatial 
analysis of variables and parameters, allowing the combination of aggregated and distributed data. 

3. By analyzing the GIS operations of image processing from spatial remote sensing, it’s possible to 
draw conclusions about flood damage and conditions, and prioritize the corrective measures to be applied; 
and even estimate the probable maximum avenue in a watershed or the meteorological parameters of 
hydrological interest. 

4. Finally, the creation of multicriteria evaluation methods that take into account the improvement of 
the initial stages of a prefeasibility analysis and that manage to select the sites with the highest discriminatory 
power, constitutes a current challenge for the scientific community in this field of research. In this sense, the 
incorporation of techniques for selecting all potential dam sites within a region is vital to guarantee their 
discriminatory power and, at the same time, to reduce the dimensionality of the data. Its application is possible 
in order to increase the effectiveness and efficiency in the prevention of decision-making and in the planning 
of the construction of hydraulic structures. 

 



Magazine of Civil Engineering, 98(6), 2020 

Rodriguez Vazquez, S., Mokrova, N. 

References 
1. Arango, R.H. Metodología y Herramienta computacional para la identificación y evaluación automatizada de proyectos hidroeléctricos 

con Derivación y a Pie de Presa. Universidad Nacional de Colombia, 2016. 
2. Mwenge Kahinda, J. marc, Lillie, E.S.B., Taigbenu, A.E., Taute, M., Boroto, R.J. Developing suitability maps for rainwater harvesting 

in South Africa. Physics and Chemistry of the Earth. 2008. 33(8–13). Pp. 788–799. DOI: 10.1016/j.pce.2008.06.047 
3. Durga Rao, K.H.V., Bhaumik, M.K. Spatial Expert Support System in Selecting Suitable Sites for Water Harvesting Structures – A 

Case Study of Song Watershed, Uttaranchal, India. Geocarto International. 2003. 18(4). Pp. 43–50. DOI: 10.1080/1010604030-
8542288 

4. Baban, S.M.J., Wan-Yusof, K. Modelling optimum sites for locating reservoirs in tropical environments. Water Resources 
Management. 2003. 17(1). Pp. 1–17. DOI: 10.1023/A:1023066705226 

5. Petheram, C., Gallant, J., Read, A. An automated and rapid method for identifying dam wall locations and estimating reservoir yield 
over large areas. Environmental Modelling and Software. 2017. 92. Pp. 189–201. DOI: 10.1016/j.envsoft.2017.02.016 

6. Peng, Z. Location of dam using Analytic Hierarchy Progress. Proceedings of the Advances in Materials, Machinery, Electrical 
Engineering (AMMEE 2017). 114(Ammee). Atlantis Press. Paris, France, 2017. Pp. 441–444. DOI: 10.2991/ammee-17.2017.82 

7. S, W., R, M. Introduction. Current Trends in Design and Construction of Embankment Dams. Prepared f. ASCE. New York, USA, 
1979. Pp. 107. ISBN: 978-0-87262-197-8. 

8. Baban, S.M.J., Flannagan, J. Developing and Implementing GIS-assisted Constraints Criteria for Planning Landfill Sites in the UK. 
Planning Practice & Research. 1998. 13(2). Pp. 139–151. DOI: 10.1080/02697459816157 

9. Saleh Alatawi, E.A. Dam Site Selection Using Remote Sensing Techniques and Geographical Information System to Control Flood 
Events in Tabuk City. Journal of Waste Water Treatment & Analysis. 2015. 06(01). DOI: 10.4172/2157-7587.1000189 

10. Rezaei, P., Rezaie, K., Nazari-shirkouhi, S., Reza, M., Tajabadi, J. Application of Fuzzy Multi-Criteria Decision Making Analysis for 
evaluating and selecting the Best Location for Construction of Underground Dam. Acta Polytechnica Hungarica. 2013. 10(7). 
DOI: 10.12700/aph.10.07.2013.7.13 

11. Chezgi, J., Pourghasemi, H.R., Naghibi, S.A., Moradi, H.R., Kheirkhah Zarkesh, M. Assessment of a spatial multi-criteria evaluation 
to site selection underground dams in the Alborz Province, Iran. Geocarto International. 2016. 31(6). Pp. 628–646. 
DOI: 10.1080/10106049.2015.1073366 

12. Henderson-Sellers, B. The History of Water Supply. Reservoirs. Macmillan Education UK. London, 1979. Pp. 11–19. 
DOI: 10.1007/978-1-349-04133-6_2 

13. Nelson, K.D. Investigating and Planning. Design and Construction of Small Earth DamsMelbourne, Australia, 1991. Pp. 7–20. 
ISBN: 0909605343. 

14. Baban, S.M.J. Use of remote sensing and geographical information systems in developing lake management strategies. 
Hydrobiologia. 1999. 395/396(0). Pp. 211–226. DOI: 10.1023/A:1017057820780 

15. Thomas, H. Investigations. The engineering of large dams. 1978. 1. Pp. Investigations. ISBN: 978-0471015284. 
16. Avery, T.E., Berlin, G.L. Engineering Applications. Fundamentals of remote sensing and airphoto interpretation. 5th ed. Maxwell 

Macmillan International, 1992. Pp. 349–351. ISBN: 9780023050350. 
17. Guptill, S.C. Evaluating geographic information systems technology. Photogrammetric Engineering and Remote Sensing. 1989. 

55(11). Pp. 1583–1587. ISSN: 0099-1112. 
18. Heywood, D.I., Cornelius, S., Carver, S. An introduction to geographical information systems. Prentice Hall, 2011. ISBN: 027372259X. 
19. Mbilinyi, B.P., Tumbo, S.D., Mahoo, H.F., Mkiramwinyi, F.O. GIS-based decision support system for identifying potential sites for 

rainwater harvesting. Physics and Chemistry of the Earth, Parts A/B/C. 2007. 32(15–18). Pp. 1074–1081. 
DOI: 10.1016/J.PCE.2007.07.014 

20. Isioye, O.A, Shebe, M.W., Momoh, U.O., Bako, C.N. A multi criteria decision support system (MDSS) for identifying rainwater 
harvesting site(s) in Zaria, Kaduna state, Nigeria. IJASETR. 2012. 1(1). Pp. 53–71. ISSN: 1839-7239. 

21. Munyao, J.N. Use of Satellite Products to Assess Water Harvesting Potential in Remote Sensing Areas of Africa: A Case Study of 
Unguja Island, Zanzibar. International Institute for Geo-Information Science and Earth Observation Enschede, The Netherlands, 2010. 
ISSN: 1993-5153. 

22. Weerasinghe, H., Schneider, U.A., Löw, A. Water harvest- and storage- location assessment model using GIS and remote sensing. 
Hydrology and Earth System Sciences Discussions. 2011. 8(2). Pp. 3353–3381. DOI: 10.5194/hessd-8-3353-2011 

23. Şen, Z., Al-Suba’I, K. Hydrological considerations for dam siting in arid regions: a Saudi Arabian study. Hydrological Sciences Journal. 
2002. 47(2). Pp. 173–186. DOI: 10.1080/02626660209492922 

24. Forzieri, G., Gardenti, M., Caparrini, F., Castelli, F. A methodology for the pre-selection of suitable sites for surface and underground 
small dams in arid areas: A case study in the region of Kidal, Mali. Physics and Chemistry of the Earth, Parts A/B/C. 2008. 33(1–2). 
Pp. 74–85. DOI: 10.1016/J.PCE.2007.04.014 

25. Ammar, A., Riksen, M., Ouessar, M., Ritsema, C. Identification of suitable sites for rainwater harvesting structures in arid and semi-
arid regions: A review. International Soil and Water Conservation Research. 2016. 4(2). Pp. 108–120. 
DOI: 10.1016/J.ISWCR.2016.03.001 

26. Behera, P.K., Papa, F., Adams, B.J. Optimization of Regional Storm-Water Management Systems. Journal of Water Resources 
Planning and Management. 1999. 125(2). Pp. 107–114. DOI: 10.1061/(ASCE)0733-9496(1999)125:2(107) 

27. Zoppou, C. Review of urban storm water models. Environmental Modelling & Software. 2001. 16(3). Pp. 195–231. 
DOI: 10.1016/S1364-8152(00)00084-0 

28. Travis, Q.B., Mays, L.W. Optimizing retention basin networks. Journal of Water Resources Planning and Management. 2008. 134(5). 
Pp. 432–439. DOI: 10.1061/(ASCE)0733-9496(2008)134:5(432) 

29. Marques, J., Cunha, M., Savić, D.A. Multi-objective optimization of water distribution systems based on a real options approach. 
Environmental Modelling & Software. 2015. 63. Pp. 1–13. DOI: 10.1016/J.ENVSOFT.2014.09.014 

30. Adham, A., Sayl, K.N., Abed, R., Abdeladhim, M.A., Wesseling, J.G., Riksen, M., Fleskens, L., Karim, U., Ritsema, C.J. A GIS-based 
approach for identifying potential sites for harvesting rainwater in the Western Desert of Iraq. International Soil and Water 
Conservation Research. 2018. 6(4). Pp. 297–304. DOI: 10.1016/j.iswcr.2018.07.003 

31. Baban, S.M.J., Wan Yusof, K. Mapping land use/cover distribution on a mountainous tropical island using remote sensing and GIS. 
International Journal of Remote Sensing. 2001. 22(10). Pp. 1909–1918. DOI: 10.1080/01431160119220 



Magazine of Civil Engineering, 98(6), 2020 

Rodriguez Vazquez, S., Mokrova, N. 

32. Saaty, T.L. A scaling method for priorities in hierarchical structures. Journal of Mathematical Psychology. 1977. 15(3). Pp. 234–281. 
DOI: 10.1016/0022-2496(77)90033-5 

33. Lamelas, M.T. Esquema metodológico para la toma de decisiones sobre el uso sostenible del suelo: Aplicación a la localización de 
suelo industrial. GeoFocus. Revista Internacional de Ciencia y Tecnología de la Información Geográfica. 2009. 9(1578–5157). 
Pp. 28–66. ISSN: 1578-5157. 

34. Elhag, A.R., Eljack, I.H. DAM Site Selection Using GIS Techniques and remote sensing to Minimize Flash Floods in East Nile Locality 
( Soba Valley) – Khartoum State. International Journal of Engineering Science Invention. 2016. 5(12). Pp. 50–61. ISSN: 2319–6734. 

35. Tripathi, A.K., Pandey, U.K. Study of Rainwater Harvesting Potential of Zura Village of Kutch District of Gujarat. Journal of Human 
Ecology. 2005. 18(1). Pp. 63–67. DOI: 10.1080/09709274.2005.11905809 

36. Hapuarachchi, H.A.P., Wang, Q.J., Pagano, T.C. A review of advances in flash flood forecasting. Hydrological Processes. 2011. 
25(18). Pp. 2771–2784. DOI: 10.1002/hyp.8040 

37. Muhammad, S., Muneer, J., Gul, C., Javed, A., Malik, S. Identification of suitable site for DAM in Northern Pakistan using Geo-Spatial 
Techniques. researchgate.net. 2017. 

38. Lu, B., Stocks, M., Blakers, A., Anderson, K. Geographic information system algorithms to locate prospective sites for pumped hydro 
energy storage. Applied Energy. 2018. 222(January). Pp. 300–312. DOI: 10.1016/j.apenergy.2018.03.177 

39. Pincott-Miller, D., McGarry, D., Fairweather, H., Srivastava, S.K. Review and framework development for addressing flash flood 
potential using GIS assisted spatial-hydrologic modelling. Papers and Presentations of Queensland Surveying and Spatial 
Conference 2012. 2012. Pp. 1–16. URL: http://research.usc.edu.au/vital/access/manager/Repository/usc:8848. 

 

 
Contacts: 

Solangel Rodriguez Vazquez, solrusita85@gmail.com 
Natalia Mokrova, natali_vm@mail.ru 
 
 
 

© Rodriguez Vazquez, S,Mokrova, N, 2020 
 


	Spatial analysis methodologies using multicriteria  evaluation approaches
	1. Introduction
	2. Methods
	3. Result and Discussion
	4. Conclusion


