
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Delineation of flood-prone areas using Digital
Elevation Model (DEM) in Kuala Krai, Kelantan
To cite this article: B N Anis-Athirah et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 842 012045

 

View the article online for updates and enhancements.

You may also like
Flood risk analysis in Sg. Sam, Kuala Krai,
Kelantan using remote sensing and GIS
technique
Wani Sofia Udin and Naimah Abd Malek

-

The impact of floods in hospital and
mitigation measures: A literature review
N A Yusoff, H Shafii and R Omar

-

Assessment of bioclimatic comfort of the
Krasnodar Krai
D Gura, M Kuzyakina and I Gribkova

-

This content was downloaded from IP address 103.101.245.250 on 08/12/2021 at 05:11

https://doi.org/10.1088/1755-1315/842/1/012045
https://iopscience.iop.org/article/10.1088/1755-1315/169/1/012060
https://iopscience.iop.org/article/10.1088/1755-1315/169/1/012060
https://iopscience.iop.org/article/10.1088/1755-1315/169/1/012060
https://iopscience.iop.org/article/10.1088/1757-899X/271/1/012026
https://iopscience.iop.org/article/10.1088/1757-899X/271/1/012026
https://iopscience.iop.org/article/10.1088/1755-1315/403/1/012176
https://iopscience.iop.org/article/10.1088/1755-1315/403/1/012176
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuJC-nsfo6UEVCgqL_2eFQ1VwNsA1Gz_nlGFisgWBfVM-KRdc5v2BjQkDzO37T6nAm8KvZR__E4JsmvjOB_ftCXZsY-C3ofHGCBek4fh48MQemu_zIrrYx7es0AtwvA4c4mGzV1I9a8cgIS3MndsmF53J4aMo8HzZTOeW0t79I0QpqqwGZwfTF-xofRI8iF4tFTB3_tf2PKrJ6NmuaNShL0KvNjwf-4t_8J3UuiuIwytJ7d739tqyJuJi4x4xlCFXChukwEK0j5F4x9BXS3ImcQhKyfMsAGQpU&sig=Cg0ArKJSzBXA3DeEhyKj&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/241/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DDLAds%26utm_campaign%3D241AbstractSubmit


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

3rd International Conference on Tropical Resources and Sustainable Sciences
IOP Conf. Series: Earth and Environmental Science 842 (2021) 012045

IOP Publishing
doi:10.1088/1755-1315/842/1/012045

1

 

 

 

 

 

 

Delineation of flood-prone areas using Digital Elevation 

Model (DEM) in Kuala Krai, Kelantan 

B N Anis-Athirah1, A R Mohd-Fariz2, H N R Bam3, S Majid1, M Muhammad1 

and N J N Jemali1,* 

1 Faculty of Earth Science, Universiti Malaysia Kelantan, Jeli Kelantan, Malaysia 
2 Forest Department of Peninsular Malaysia, Kuala Lumpur, Malaysia 
3Faculty of Agriculture (Subtropical Agro-Environmental Sciences), University of the   

  Ryukyus, Okinawa, Japan 

*Corresponding author: janatunnaim@umk.edu.my 
 

Abstract. Kelantan is one of the states that experience flood events annually including the 

Kuala Krai district. Flooding has a severe impact on roads, villages, farms, and people's 

livelihoods. Early detection of flood-prone areas is essential in detecting the specific area. This 

study aimed to map a flood-prone area based on evaluation of terrain characteristics include 

elevation, aspect, slope, contour and hill shade of the Kuala Krai area. The raster data of DEM 

with 50 m resolution and hydrological data were evaluated to create a potential flood map. A 

flood-prone map is created by overlaying terrain features with flood criteria of a gentle slope 

with contour < 250 m and degree of slope less than 10, flat surface in aspect and consideration 

of hill shade factors. The map was also supported by vector data of rivers network that cross 

the Kuala Krai area. 56% of the Kuala Krai area facing a moderate risk of flood occurrence, 

while 41 % of the areas are in a dangerous state and are predicted to be at a high risk of flood. 

This can be concluded that the areas with low elevation, adjacent to rivers, are the places where 

actions need to be taken by the experts to overcome the disaster in the future. 

1. Introduction 

The most prevalent hydrological disaster that happens in every country is flooding. In Malaysia, 

Kelantan is among the most common state facing flooding incidents, including in the Kuala Krai 

district. Kuala Krai is a region that is flooded nearly every year and had caused severe damages and 

losses of properties and life [1]. Annual heavy rainfall caused by the Northeast monsoon from 

November to March is the main cause of flooding. As stated by [2], that floods occur due to excessive 

rainfall and water catchment areas that are no longer afford water. However, many other factors could 

cause floods such as climatic change, uncontrolled land management and exploitation of land 

resources [3], improper drainage system, pollution, dam break [4] and terrain characteristics [5]. In 

recent years, much effort has been carried out to identify the flood risk areas through the use of 

hydrological and drainage data as well as technology-driven data. Besides traditional data capturing on 

the field, the detection of the flood-prone area can be calculated using the integration of remotely 

sensed data and Geographic Information System (GIS) technology that proved to be an effective 

method with less cost and workforce usage. 

    Detailed study on the topographic factors related to flood-prone areas in Kuala Krai is less to be 

known. The causes of potential flood occurrence can be measure physically by topographical factors 

such as slope, aspect, elevation, contour and hill shade attributes. It can be derived from a single DEM 
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data, but the analysis and interpretation of each factor at the specific location is not studied in detail. 

The DEM resolution sensitivity analysis showed that topographic representation is important and that 

the resolution of the DEM significantly affects model performance [6]. Therefore, this study aims to 

analyze the topographical features of the Kuala Krai district in delineating a flood-prone map based on 

DEM data. Once the flood-prone area could be predicted, it could help to decrease the number of flood 

victims and lessening the percentage of physical damage in the study area. 

2. Materials and Methods 

Kuala Krai district has an area of 2,329 km2 with a population of 109,461 people (Figure 1). The 

average annual temperature and annual precipitation in Kuala Krai are at 25.2 °C and 2,951 mm 

respectively. The elevation of the area falls between 20 to 1860 m with moderate terrain features. The 
Sg. Galas and Sg. Lebir is the main rivers that flow into the Kuala Krai district and the characteristic 

of land use neighbouring the rivers is presented in Table 1[7]. 

 

 
Figure 1. The location of the study area (Kuala Krai, Kelantan). 

 
Table 1. Characteristics of rivers flowing into the Kuala Krai district. 

River  Length (km) Catchment area (km2) Land use (%) 

Sg. Galas 178 7,770 F (85), OP (2), R(4), L (9) 

Sg. Lebir 91 2,430 F (66), OP (12), R (13), L (9) 
F: Forest L: Lake, River, Marsh O: Orchard P: Paddy field R: Rubber OP: Oil Palm 

 

The DEM of the Kuala Krai district with a resolution of 50 m is the main data used in this study. 

After determined the area of interest (AOI), the primary terrain attribute was analyzed include 

elevation, slope, aspects, contour and hill shade using Spatial Analyst Tools in ArcGIS Desktop 

version 10.2. These parameters have a significant influence on the hydrological process and landform 

development [8, 9]. The extraction of the slope with <10 degrees was applied to distinguish the 

potential flood area. The lower the value, the higher chances of an area to experience flooding events. 

From DEM data, the aspect factor was analyzed in the horizontal direction to get an overview of the 

slope of mountain faces. The aspect attribute is useful in determining the slope stability of a local 

landscape depending on the form of slope surface. On a flatter surface, floodwater rises more slowly, 

shallower, and the water might last for days. Whilst, in hilly areas, water drain more quickly which 

have less potential and the ability to cause floods. Aspects factors are commonly used in highway or 

road construction, examine soil erosion and surface runoff as well as irrigation schemes [10].   
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Besides extracting the elevation of the study area, a 100 m intervals contour isoline was also 

delineated to show the form of the land surface in the Kuala Krai area. The hill shade was also 

extracted in a 3-dimensional representation of the terrain surface. It is a technique for visualizing a 

terrain determined by the combination of a light source, slope and aspect of the elevation surface. 

Integrating all primary terrain attributes with set criteria, a potential flood-prone area in Kuala Krai 

Kelantan is delineated. The result is also cross-checked with the hydrological data of rainfall and raster 

data on the river network acquired from open-source information. Figure 2 shows the process of data 

analysis adopted in this study. 

 

  

 

Figure 2. The framework analysis adopted in the study. 
 

3. Results and Discussion 

The analysis of topographical attributes extraction in Kuala Krai using DEM data is presented in 

Figure 3. Based on the analysis, the elevation of the study area is detected between 20 to 1860 m.  

 

 
Figure 3. The terrain attribute of a)aspect, b)hill shade, c)contour and d) slope factors extracted from 
DEM data 
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By overlaying the topographic factors of aspect, slope, contour and hill shade that match the criteria of 

potential flood hazard, a flood-prone map was produced as shown in Figure 4. 

 

 
Figure 4. The flood-prone map of the Kuala Krai area. 

 

    The vulnerability of potential flood events in Kuala Krai was also categorized into three main 

categories named low (<50%), moderate (50-75%) and high (>75%) potential risk. Only 3% of the 

Kuala Krai area is categorized under low potential risk in experiencing flood occurrence. The 

remaining 56% of the area has medium chances of flood occurrence. 41% of the land is at a high risk 

to flood events as the area is on a flat surface, gentle slope, minimum terrain features and rivers that 

flow to this area act as rain catchment which leads to the flood occurrences. Table 2 show the 

susceptibility of flood occurrence based on topographical factor analyzed in this study.  

 

Table 2. Susceptibility of flood-prone in Kuala Krai, Kelantan 

Susceptibility Class Risk (%) Area Percentage (%) 
Low 0 - 50 3 

Moderate 50 - 75 56 
High > 75 41 

 

    The study had discovered the usefulness of DEM data and Spatial Analyst Tools in detecting flood-

prone areas in Kuala Krai, Kelantan. However, additional data such as vegetation, weather and 

hydrological data, land use and land cover information are among the information that can support the 
accuracy of the analysis in the future. The output of this study may aid the related agencies in decision 

making to mitigate flood-related issues, land development and cultivate community awareness for 

early preparedness and action for flood prevention.   

 

4. Conclusion 

Based on DEM data, topographic variables such as slope, aspect, contour, and hill shade were 

analyzed to produce a flood-prone map of the Kuala Krai district. The results showed that 56% of the 

Kuala Krai area is at moderate risk of flood occurrence, while 41 % of the area will be in a dangerous 

state and predicted to be at a high risk of flood. It is due to the minimum terrain characteristics of 

gentle or lower slope, flat area and few river networks that flow into the area. By determining the 
specific location of flood-prone areas, the related agency can plan the protection method against 
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flooding and relocate community that faces a high risk of flooding as well as determine ideal areas for 

construction and redevelopment that are less prone to floods. 
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