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Abstract 

Flash flooding due to short duration and high-intensity rainfall is one of the main issues in Panjgur 

District, a western region of Balochistan in Pakistan. Check dams are often proposed for reducing flood 

peaks, and flood volumes, preventing soil erosion and harvesting the surface water. The selection of the 

most suitable sites for check dams within the stream network is always challenging. This study is 

performed to identify the geographical location of the check dams for a proposed dam. A watershed 

boundary was identified by using the Archydro tools in the Geographical Information System (GIS) for 

a proposed dam. For identifying the suitable locations of the check dam, Multi Criteria Decision Making 

Analysis (MCDMA) technique is used, in which, nine geomorphological and topo-hydrological 

parameters (Drainage Density, Land use/Land cover, Stream Order, Topographic Wetness Index, 

Topographic Position Index, Slope, Terrain Ruggedness Index, Topographical Wetness Index, Stream 

Power Index, and Sediment Transport Index) were analyzed and classified using GIS. The weightage 

factor is assigned to each parameter. By using the Weighted Linear Combination (WLC) method, the 

locations of the check dams are identified. The results showed that the elevation changes from 1047 to 

2058m covering an area of 4458.75km2 in the proposed dam watershed. The slope ranges from 0o to 

59.63o. The majority of the study area fell into quality zones with moderate to good potential for check 

dam construction. Based on the findings, 137 suitable locations for the check dams are identified. This 

study will help policymakers in the Panjgur District for the sustainable management of water 

management by expanding their understanding of the role of spatial data analysis. 
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1 Introduction

Flash floods are a major problem in 

Balochistan (Fig.1), as they can cause significant 

damage to the property and people living there [1]. 

When heavy rains fall on a region that has been 

unable to absorb the water adequately owing to 

urbanization or other environmental issues, flash 

flooding can occur quickly [2], [3]. As a result, a lot 

of water runs off all at once, which can cause the 

drainage system to overflow and produce damage 

[4], [5]. An easy-to-build barrier, the check dam 

slows down the water flow to prevent flooding, 

preserve soil, and keep river levels stable [6], [7]. 

It's a great method for preventing flood damage and 

preserving farmland's soil moisture [8], [9]. 

Although check dams have been used by engineers 

ever since ancient times, advancements in 

technology have allowed for far more precise 

pinpointing of ideal sites [10]. Flood flows in rivers 

and streams at various elevations along their 

courses were previously simulated by engineers 

using different hydrological models like HEC-RAS 

[11] or FLO2D [12], [13]. Hydrological models are 

based on mathematical equations that incorporate 

data from topographic maps [14] and other sources 

such as rainfall records. The output from these 

models can be used by engineers to select suitable 

sites where the construction of a check dam would 

be most beneficial for controlling floods or 

conserving soil moisture levels downstream. 

Nowadays, geospatial techniques such as remote 

sensing images combined with Geographic 

Information Systems (GIS) analysis help in 

determining the potential sites for constructing a 

new check dam [15], [16]. These techniques allow 

us to assess physical characteristics like slope, and 

land use/land cover in the area of interest as well as 

topographical features like valleys or ridges which 

may influence the flow of water through the 

landscape [15], [16]. 

Field visits are essential when selecting 

potential sites for check dams because they allow 
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engineers to observe and survey the terrain 

firsthand and gather additional information that 

cannot be obtained from remotely sensed images or 

technical models alone [7], [8]. By combining GIS 

analysis with hydrological modeling results it 

becomes possible to identify the sites where a check 

dam might provide the most benefit in regards to 

controlling floods or conserving soil moisture 

levels downstream of the dam location. However, 

constructing check dams is a difficult task due to 

various problems faced by engineers during the 

process. The most significant issues include 

hydrological and topographical conditions, 

financial constraints, environmental impacts, and 

social acceptance [6].   

Land use/land cover, stream network, 

geomorphological, and topo-hydrological factors 

play an important role in determining whether or 

not a check dam is feasible for construction at any 

given site [19], [20]. Multi Criteria Decision 

Making Analysis (MCDMA) technique is widely 

used and has been successfully applied across many 

sectors including environmental impact assessment 

(EIA), urban planning projects, and resource 

allocation schemes for determining the suitable 

locations for check dams. This technique offers 

significant advantages over conventional 

approaches by allowing complex problems 

involving multiple competing interests or 

objectives to be resolved quickly yet effectively. 

Therefore, this research is conducted to identify the 

possible watershed boundary of the Proposed 

Panjgur Dam and identification of locations of the 

possible check dams within the watershed boundary 

by using the Multi-Criteria Decision Making 

(MCDM) technique in GIS [16], [21]. 

2 Methodology 

2.1 Study Area 

To check the extent of the study area, the 

Arc-hydro tool was used, which was developed by 

the Environmental Systems Research Institute 

(ESRI) for watershed delineation and hydrologic 

analysis [22], [23]. By using this tool at the 

proposed location of the Panjgur Dam, the 

watershed is delineated. The first step in using Arc-

hydro tools was the selection of a digital elevation 

model (DEM) then it was used within ArcGIS 

Desktop software where several different tools 

were used for calculating catchment areas, stream 

networks, flow paths along with other related 

parameters that helped in engineering decisions on 

mitigating flood risks or designing water 

management systems [24]. There are a lot of DEM 

available online, in this research, the Shuttle Radar 

Topography Mission (SRTM) was used because of 

its higher accuracy [25], [26], [27] which allowed 

to make informed decisions about the watershed 

characteristics like upstream contributing areas size 

distributions among others without having any 

negative impacts on the environment beforehand 

[28]. A detailed methodology for performing the 

watershed delineation is shown in Fig.2. After 

watershed delineation, the elevations and the 

watershed boundary of the proposed Panjgur dam 

location are shown in Fig.3. 

2.2 Multi-Criteria Decision-Making 
Analysis (MCDMA) 

Identification of the check dam locations in Panjgur 

watershed is carried out by using the Multi Criteria 

Decision Making Analysis (MCDMA) technique. 

This technique involves problem formulation, 

identifying the requirements of the project, setting 

goals, developing criteria, and identifying and 

applying the decision-making technique. This 

  

(a) Flood severity in Balochistan [17] (b) Flooding in Panjgur [18] 

Fig. 1: Photographs showing the severity of the flash flood in Panjgur – Balochistan  
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analysis allows for the evaluation of multiple 

criteria simultaneously, to make more informed 

decisions about which sites are most suitable. In 

this research, several factors are considered that 

may influence the effectiveness within the 

watershed boundary, including Stream Order (SO), 

Drainage Density (DD), Slope, Landuse/landcover 

(LULC), Stream Power Index (SPI), Sediment 

Transport Index (STI), Topographic Position Index 

(SPI), Terrain Ruggedness Index (TRI), and 

Topographic Wetness Index (TWI) [29]. These 

criteria are then weighted according to their relative 

importance before being evaluated against each 

other on an individual basis; ensuring all relevant 

information is taken into account when making 

final decisions regarding potential sites for check 

dams.  

 

Fig. 2: Flow chart for the watershed delineation 

using Arc-Hydro Tools 

2.3 Identification of check dam 
locations  

2.3.1 Geomorphological and Topo-
hydrological Factors 

Stream Order (SO)  

Streams with a greater stream order 

typically experience much larger floods. Stream 

 

Fig. 3: Topographical variation in watershed 

boundary 

Stream order is selected as one of the criteria for 

locating appropriate check dam locations. The Arc-

hydro Tools in ArcGIS were used to create this 

[30], [31], [32]. 

Slope 

Water flow is affected by many different 

topographical features, but one of the most 

important is slope. If the slope is steeper, more 

water will flow down it and more will accumulate, 

making the area more prone to flooding and 

sediment transfer. ArcGIS's Spatial Analyst Tool is 

used to calculate an approximation of the slope 

[33], [34].  

Topographic Wetness Index (TWI) 

The TWI is a topo-hydrological factor used 

to measure the influence of terrain on water flow. 

Hydrological processes at the watershed scale are 

directly impacted by the TWI's command over the 

spatial pattern of saturated areas. It is a function of 

both the slope and the region that contributes to it 

[35], [36]. 

𝑇𝑊𝐼 = ln (
𝑎

𝑡𝑎𝑛 𝑏
)                        (1) 

𝑎 = 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑢𝑝𝑠𝑙𝑜𝑝𝑒 𝑎𝑟𝑒𝑎 𝑑𝑟𝑎𝑖𝑛𝑖𝑛𝑔  
𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑎 𝑐𝑒𝑟𝑡𝑎𝑖𝑛 𝑝𝑜𝑖𝑛𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑐𝑜𝑛𝑡𝑜𝑢𝑟 

 𝑙𝑒𝑛𝑔𝑡ℎ (
𝑚2

𝑚
)  

𝑏 = 𝑠𝑙𝑜𝑝𝑒 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 (𝑑𝑒𝑔𝑟𝑒𝑒𝑠) 

Terrain Ruggedness Index (TRI) 

At the watershed scale, the TRI is a major 

determinant of Stream Energy, surface storage 

capacity, runoff velocity, and routing. Differences 

in elevations between adjacent cells in GIS are 

quantified by the TRI [37], [38]. 

𝑇𝑅𝐼 =
𝑇𝑁𝐶×𝑇𝑁𝐹

𝑇𝑁𝐶+𝑇𝑁𝐹
                      (2) 
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𝑇𝑁𝐶 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑜𝑢𝑟𝑠 
𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠 𝑎𝑙𝑜𝑛𝑔 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑒𝑐𝑡 

𝑇𝑁𝐹 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑢𝑐𝑡𝑢𝑎𝑡𝑖𝑜𝑛𝑠 
(𝑢𝑝𝑠 𝑎𝑛𝑑 𝑑𝑜𝑤𝑛𝑠) 

Topographic Position Index (TPI) 

Runoff production, flow velocity, and 

sediment movement are all affected by the 

topography of the land. TPI analyses digital 

elevation maps by comparing the elevation of each 

cell to the average elevation of a certain 

neighborhood. As the TPI grows, steeper places 

become flatter ones [39], [40], [41]. 

𝑇𝑃𝐼 = 𝑍𝑜 −
∑ 𝑍𝑛1−𝑛

𝑛
                      (3) 

𝑍𝑜 = 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒  𝑝𝑜𝑖𝑛𝑡 𝑢𝑛𝑑𝑒𝑟  

𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 

𝑍𝑛 = 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑖𝑛𝑡 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒  

𝑙𝑜𝑐𝑎𝑙 𝑤𝑖𝑛𝑑𝑜𝑤 

𝑛 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠 

Land use/landcover 

The LULC pattern was categorized as built 

area, crops, scrub/shrubs, and snow/ice. They all 

have the unique characteristics of recharge and 

runoff [42], [43], [44]. It was developed by using 

the remote sensing technique by following the 

flowchart (Fig.4). 

 

Fig. 4:  Flow chart for development of Land 

use/Landcover map 

Sediment Transport Index (STI) 

Important data on sediment transport 

potential in the stream network can be gathered 

from the STI. It's used to describe erosion and 
deposition processes while taking topography into 

account [15], [29], [45]. 

𝑆𝑇𝐼 = (
𝐴𝑠

22.13
)

0.6
× (

sin 𝛽

0.0896
)

1.3
                (4) 

𝐴𝑠 = 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑎𝑟𝑒𝑎 

𝛽 = 𝑠𝑙𝑜𝑝𝑒 𝑎𝑡 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑐𝑒𝑙𝑙 

 

Fig. 5: Flow chart for development of drainage 

density map 

Stream Power Index (SPI) 

Stream power, shear stress, and velocity all 

play crucial roles in determining the extent of flood 

damage and river channel erosion. SPI assesses the 

erosive potential of overland flow as a product of 

catchment area and slope [46], [47]. 

𝑆𝑃𝐼 = 𝐴𝑠 tan 𝛽                     (5) 

𝐴𝑠 = 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 𝑎𝑟𝑒𝑎 

𝛽 = 𝑠𝑙𝑜𝑝𝑒 𝑎𝑡 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑐𝑒𝑙𝑙 

Drainage Density (DD) 

In addition to influencing the peak flow's 

amplitude and concentration duration, drainage 

density plays a significant role in flooding, with 

reduced drainage density typically resulting in 

lower flood volumes [19], [48], [49]. It was 

developed by using the Arc-hydro Tools (Fig.5) and 

Spatial Analyst Tools in ArcGIS. 

2.3.2 Thematic Layer Handling 

Nine geomorphometric and topo-

hydrological components were included in the GIS 

as potential predictive variables: TWI, TRI, TPI, 

STI, SPI, slope, DD, LULC, and SO. The final 

maps for all of the variables are shown in Fig.7. 

Expert groups with knowledge and expertise in 

controlling surface runoff, soil erosion, sediment 

transport, and flood hazards provided pairwise 

comparison ratings that served as the basis for the 

weighting values. Each category was given a score 

based on how much of an impact it has on the 

probability of flooding. It was decided to use S 

values from 1 to 5, where S = 1 indicates the least 

flood susceptibility and S = 2 through 5 indicates 

the highest. Based on the professional assessment 
of class influence on flood vulnerability, each 

component was further categorized in a GIS 
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environment and assigned a score from 1 to 5 

(lowest to greatest priority) (Fig.8 and Fig.9). 

2.3.3 MCDMA Technique for Suitable 
Locations 

The Analytical Hierarchy Process (AHP) is a 

well-known method for making multi-criteria 

choices by comparing and ranking their relative 

importance. An AHP analysis begins with the 

prioritization of the decision-making factors (the 

aim, the criteria, and the alternatives). AHP is well 

suited method for flood susceptibility, the studies 

referenced applied the same AHP techniques on a 

limited scale like [50], [51], [52], [53], focusing on 

a single watershed and a small number of counties. 

Additionally, they utilized a limited number of 

criterion factors. We utilized nine factors, a 

pairwise comparison matrix of the criteria is 

developed to figure out how important each factor 

is. The 1–9 scale was used to show the relative 

dominance of one element over another for each 

criterion. Following the relative weight of the 

various factors, Fig.6 shows the priorities of a 

weighted overlay analysis, which were used to 

calculate an estimated CR. 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
                               (6) 

𝐶𝐼 =
𝜆−𝑛

𝑛−1
                      (7) 

If the matching CR is less than 10%, then the 

judgment matrix is consistent enough [54]. To see 

how consistent the evaluations were compared to 

random evaluations, the consistency ratio (CR) was 

computed and found to be 0.07. 

3 Results and Discussion 

3.1 Criteria Weights 

By using the above scale, weights are 

assigned to the criteria (geomorphological and 

topo-hydrological factors) based on their 

importance in the location of dam selection. A 

pairwise comparison matrix is tabulated in Table 1 

and the criteria weights are tabulated in Table 2. 

The weightage for each parameter is estimated by 

dividing the matrix value of each parameter by the 

sum of all parameters. The Table 1 illustrates the 

pairwise comparison matrix, which allows us to 

assess the relative importance of each factor by 

comparing them two at a time. This method is 

essential for establishing a hierarchy among the 

factors based on expert judgment, ensuring that the 

most influential parameters are prioritized in our 

analysis. Following this, the Table 2 presents the 

normalized matrix, which transforms the raw 

comparison values into a scale that reflects the 

 

Fig. 6: Basic scale for Precedence of factors [29] 

relative weight of each parameter. This 

normalization process is crucial as it facilitates a 

clearer understanding of how each factor 

contributes to the overall assessment, enabling 

more informed decision-making in the context of 

our research objectives. By employing these 

methodologies, we aim to provide a robust 

framework for evaluating the interplay between 

these environmental factors and their implications 

for our study. 

3.2 Thematic Layers and Suitable 
Sites for Check Dam  

Streams with a greater stream order typically 

experience much larger floods because of this 

factor. All streams that do not have any tributaries 

are given a rank of 1 in the stream order. A second-

order stream is created when two first-order streams 

meet. When two streams come together upstream, 

the one coming downstream will have the higher 

order of the two streams coming together. Since 

order-1 streams are typically the smallest and the 

construction of check dams in them is rarely cost-

effective, they were given the lowest possible score 

(of 1). Thus, second-order streams were given the 

greatest score (5), whereas higher-order streams (up 

to and including sixth-order streams) were given 

the lowest value (1). Maximum TWI was given the 

highest score (5), with the ranking dropping with 

decreasing TWI, so that minimal TWI obtained a 

ranking of 1. This is because the value of TWI falls 

as the contributing area decreases, making the 

construction of check dams less of a priority. Ullah 

and Zhang (2020) found that a higher TWI class 

was associated with increased flooding likelihood 

[55]. Maximum TRI was given the highest score 

(5), with the ranking reducing with decreasing TRI, 

so that least TRI obtained a ranking of 1. Since TRI 

is always zero if the surface is flat, the importance 

1 •Equal Precedence

2 •Equal to Moderate Precedence

3 •Moderate Precedence

4 •Moderate to Strong Precedence

5 •Strong Precedence

6
•Strong to Very Strong 
Precedence

7 •Very Strong Precedence

8
•Very Strong to Extremely 
Strong Precedence

9 •Extreme Precedence
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of the construction of check dams diminishes as 

TRI lowers. The highest score (5) was given to 

minimum TPI, with the ranking reducing with 

rising TPI so that maximum TPI obtained a ranking 

of 1. Since an increase in TPI causes a shifting of 

steep regions into flat areas, the importance of the 

construction of check dams lowers. Similarities can 

also be seen between the stream order features [56]. 

The LULC pattern was categorized as Herbaceous 

cover, deciduous shrubland, grassland, sparse 

vegetation, bare areas, and unconsolidated bare 

areas. This study also has similar characteristics 

[57]. These all features have the unique 

characteristics of recharge and runoff. In this case, 

agricultural land has a higher priority than other 

categories. To characterize erosion and deposition 

processes, the STI takes topography into account. 

Since a low STI value has less of an impact on 

erosion and deposition, the maximum STI value 

was given the greatest score (5), and the minimum 

STI value was given the lowest score (1). Since SPI 

is the product of catchment area and slope and 

measures the erosive potential of overland flow, we 

ranked SPI values from 1 to 5 with 5 being the 

highest and 5 the lowest. Steeper slopes are given 

more weight because they increase the likelihood of 

floods and sediment transport due to the increased 

speed and volume of water flowing down them. The 

concentration time is affected by drainage density, 

and thus the peak flow amplitude. Areas with the 

highest DD received the best possible rankings. GIS 

techniques are very well adopted for flood 

susceptibility, Abdelkareem, 2017 also utilized GIS 

techniques to deliver insights on the physical 

characteristics of catchments [58]. 

3.3 Suitable Sites for Check Dams 

The Weighted Linear Combination (WLC) 

technique was used to get the final forecast of 

suitable check dam locations. Based on the same 

intervals of results, the final map was divided into 

five categories of suitability: bad, fair, moderate, 

good, and exceptional as shown in Fig.11. The 

results showed that most of the locations are under 

the moderate and good zones. This analysis 

identified about 137 highest priority locations of 

check dams after imposing the possible locations of 

check dams on the stream network. 

The research presented in this paper is 

subject to several limitations that must be 

acknowledged. Firstly, the reliance on expert 

judgment in the pairwise comparison matrix 

introduces a degree of subjectivity, which can lead 

to biases in the assessment of the relative 

importance of factors such as slope, stream order, 
and various indices. Maintaining consistency in 

these comparisons can be challenging, particularly 

when dealing with multiple complex parameters, 

potentially skewing results. The computational 

complexity increases with the number of 

parameters, making it difficult to ensure precision 

and reliability throughout the analysis. 

4 Conclusions 

In the watershed of the proposed Panjgur 

Dam in Balochistan, areas for check dams and 

potential construction locations have been 

pinpointed. The optimum number of check dams 

for the area under consideration was also 

determined. This study used a Multi-Criteria 

Decision-Making Analysis (MCDMA) approach 

called the Analytical Hierarchy Process (AHP) to 

address the complicated issue of dam site selection 

based on a variety of considerations. To quantify 

concrete aspects with varying priorities, AHP offers 

a robust and versatile tool that compares two 

variables side by side. The use of GIS allowed for 

the deployment of AHP to be better visible in terms 

of both measurement and presentation. The 

research found that a total of 137 locations were 

suitable for the check dams. According to the 

results of this research, a realistic and strong 

framework may be found in the use of multi-criteria 

analysis in a GIS environment with pertinent 

thematic layers to locate ideal locations for check 

dams. Water planners and decision-makers may use 

the findings of this study to better solve water 

scarcity in the region. 
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Fig. 10: Flow chart showing the site identification for check dam 

 

Fig. 11: Possible locations of check dams within the watershed 

 

Fig. 12: Potential locations of check dams within the watershed 
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