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using morphometric characterization 
of watershed

Abstract 
This study aims to identify potential areas of flash floods using drainage morphometric investigations in the Khong 
watershed, Mae Hong Son, north Thailand. For this study, the Khong watershed was divided into thirteen sub-
watersheds using both the ALOS-PALSAR digital elevation model and a geographic information system. Seventeen 
geomorphometric parameters were used to evaluate the flash-flood-prone areas and categorize areas of potential 
flash flooding into five classes of susceptibility of vary degrees (very low, low, moderate, high and very high). 
According to the flash-flood-susceptibility maps produced, two sub-watersheds pertained to the “very high” degree 
of susceptibility class. The similarities between the geomorphometric parameters of these watersheds indicating this 
categorization included high relief, stream number and stream length, including large basin areas.           
 

Keywords: Flash flood, Morphometric, Watershed, Khong river, Mountainous area 
 
 

1. Introduction 
 Flash floods are among the most destructive hydrological 
hazards, causing both infrastructure damage and human 
fatalities. The general characteristics of flash floods are high-
velocity runoff, short lead times and rapidly rising water 
levels. The severity of the damage depends on the amount of 
rainwater, the geomorphic features of the watershed and 
various human factors. Regarding rainwater, flash floods 
derive from high-intensity, short-duration rainfall. Regarding 
human factors, land use and changes in land cover enhance 
the severity of the damage. Land-use changes affect the curve 
number associated with peak flow. Meanwhile, urbanization 
may increase the value of the damage caused. In terms of the 
geomorphic features of the watershed, flash floods mostly 
occur in watersheds less than 1000 km2 and featuring 
complex orography. Hence, watershed morphometrics 
constitute a critical influence on the hazard. (Spitalar et al., 
2014, Shehata and Mizunaga, 2018, Abdel-Fattah et al., 2021, 
Alam et al., 2021)   
 Geomorphometry describes the science of quantitative land-
surface or topographic features analysis (Pike et al., 2009). 
Numerous research studies have applied morphometric 
characterizations of watersheds to assess their risk of flash 
flooding (Perucca and Angilieri, 2011, Adnan et al., 2019, 
Abdo, 2020). Watershed morphometric analysis involves 
measuring channel network linear, areal and relief features, 
which together represent a quantitative description of the 
drainage system (Alqahtani and Qaddah, 2019). Extracting 
morphometric parameters utilizes geographic information 
system (GIS) and remote sensing (RS) data.    
 Building on this background, this study uses 
geomorphometry to identify flash-flood-prone areas and 
produce a flash-flood-susceptibility map for the Khong 
watershed in Mae Hong Son, northern Thailand.   

2. Study area 
 The Khong watershed (No. 0104) is a sub-watershed of the 
Salawin watershed (No. 01). The Khong watershed is located 
in the Pang Mapha district of Mae Hong Son province in 
northern Thailand. The total area of the watershed is 
approximately 684.22 km2 (Fig. 1). The Khong watershed 
features mountainous topography, and the major types of 
land cover are agriculture and forest.   
 

 
 

Fig.1 Khong watershed 
 
 

78



3. Data and Methodology  
 Digital elevation models were used to capture essential 
input data. More specifically, an Advanced Land Observing 
Satellite-Phased Array-Type L-Band Synthetic Aperture 
Radar (ALOS-PALSAR) digital elevation model with a 
spatial resolution of 12.5 metres was downloaded and used to 
extract information about the drainage system’s elevation 
and the sub-watershed boundaries. The steps followed for 
this study’s geomorphometric analysis are presented in Fig. 
2, and the elevation map of the Khong watershed is presented 
in Fig. 3.         

 
Fig. 2 Steps of geo-morphometric analysis 

 
 There are 21 geomorphometric parameters, which can be 
categorized into the following four main groups: basic, linear, 
areal and relief features. Table 1 presents the 
geomorphometric parameters belonging to each group.   
 
Table 1 Geo-morphometric parameters  
 

Basic parameters 
1. Watershed area 5. Basin Length 
2. Perimeter 6. Stream order 
3. Maximum elevation 7. Stream number 
4. Minimum elevation 8. Stream length 

Linear parameters 
9. Bifurcation ratio 12. Drainage density 
10. Mean bifurcation ratio 13. Length of overland fow 
11. Stream frequency  

Areal parameters 
14. Circulatory ratio 17. Lemniscates ratio 
15. Elongation ratio 18.Compactness coefficient 
16. Form factor  

Relief parameters 
19. Relief 21. Ruggedness number 
20. Relief ratio  

 

 Of the parameters shown in Table 1, 17 parameters were 
selected to guide the development of the flash-flood-
susceptibility map. The analysis separated the 17 parameters 
into two groups. Group I comprised ten parameters, including 
watershed area, circulatory ratio, relief, relief ratio, drainage 
density, stream frequency, stream number, stream length, 
bifurcation ratio and form factor. Group I parameters were 
assumed to positively correlate with flash flooding (Adnan et 
al., 2019, Mahood and Rahman, 2019). Conversely, 
parameters in Group II were assumed to negatively correlate 
with flash floods. That is, they are inversely proportional to 
the degree of flash flooding. If the parameters in Group II 
demonstrate high values, flash-flood-susceptibility is low 
(Adnan et al., 2019, Mahood and Rahman, 2019). Group II 
comprises seven parameters, including elongation ratio, 
compactness coefficient, length of overland flow, ruggedness 
number, mean bifurcation ratio and lemniscates ratio. Group 
1 parameters were normalized using equation 1, and Group 
II parameters were normalized using equation 2. 
 

min

max min

Ranking score = 4 1x x
x x

                 (1) 

 

max

min max

Ranking score = 4 1x x
x x

              (2) 

 
when xmin is the minimum value of each geomorphometric 
parameters. xmax is maximum value of each geomorphometric 
parameters.  
 

 
Fig. 3 Elevation map of Khong watershed 
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4. Results and discussion 
 There are 13 sub-watersheds in the study area, as Fig. 4 
shows. The maximum stream order is sixth. The highest 
elevation within the Khong watershed is 1873 MSL, and the 
lowest elevation is 257 MSL.  
 

 
 

Fig. 4 Sub-watershed in the study 
 

 Fig 5 presents the flash-flood susceptibility map. Flash-
flood-susceptibility was divided into five classes: very low, 
low, moderate, high and very high. Watersheds 1 and 5 were 
considered to be very highly susceptible to flash flooding; 
meanwhile, watersheds 3 and 8 were considered to feature 
very low susceptibility. Given their mutually very high 
susceptibility to flash flooding, there are many similarities 
between watersheds 1 and 5, such as a high value for the 
relief parameter (ranking above all other watersheds), high 
stream numbers, long streams and large watershed areas. 
Meanwhile, watersheds 3 and 8 shared similarly high 
elongation ratios and mean bifurcation ratios.      
 
5. Conclusions 
Flash floods are natural hazards. They often occur in 
mountainous areas featuring steep terrain or complex 
orography. Accordingly, the geomorphometric technique is a 
useful tool for identifying the areas most susceptible to flash 
floods. In particular, a GIS has been developed over a long 
period of time to support the geomorphometric technique. 
However, other factors influence the severity of flash-flood 

damage. Future studies should consider the impact of land 
use and rainfall on flash-flood susceptibility.  
 

 
Fig. 5 Flash-flood susceptibility map 
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Use of geosynthetic clay liner as a 
remedial measure of claystone 
degradation in Lam Ta Khong 

hydropower plant 
 

Suttisak Soralump, Avishek Shrestha, Apiniti Jotisankasa,  

Chinoros Thongthamchart and Rattatam Isaroranb 

 

Abstract 

In this study, the downstream slope of a dam impounding the upper reservoir of Lam Ta 
Khong (LTK) hydroelectric energy storage in Thailand was found to slide at a higher pace 
during the rainy season. After a thorough site investigation, laboratory tests, and numerical 
modeling to identify the main cause of the movement, it was found that as rainfall infiltrated 
the upper soil layer, the claystone of the downstream slope deteriorated when in contact 
with the water. As a remedial measure, 174,750 m2 of geosynthetic clay liner (GCL) was 
used to cover the entire downstream slope of the dam, and proved to be an effective and 
economical solution for reducing the ongoing movement. The GCL included a textured high-
density polyethylene (HDPE) layer for improving the resistance and minimizing the slippage 
at the interface between the GCL and underlying rock. Before the dam's remediation, the 
settlement point demonstrated a movement of nearly 0.1 m/year. In contrast, after the 
placement of the GCL, almost all settlement points moved less than 0.1 m for a recorded 
period of more than 4 years. 

 

: https://www.sciencedirect.com/science/article/pii/S026611442100042X 
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