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Abstract 
 

Climate change interacts in a different way with varieties of human activities and other drivers of change along coastlines. Sea level rise 

(SLR) is one of the major impacts of global warming. Changes in climate extremes and SLR may impact the critical infrastructures such 

as coastal road, jetty and chalets as well as the local community. The population and assets exposed to coastal risks will increase signifi-

cantly due to population growth, economic development and urbanization in the future. As most of the cities in Malaysia are situated 

near the coast, immediate actions are needed to minimize the undesired outcome due to the SLR. The main objective of this study is to 

identify physical variables that may have impacts on the coastal area, thus develop a coastal vulnerability index (CVI) for the East Coast 

of Peninsular Malaysia. Seven (7) physical variables have been identified to assess the CVI that consists of geomorphology, coastal slope, 

shoreline change rate, mean significant wave height, mean tidal range, relative sea level rate and land use. A comprehensive CVI was 

obtained by integrating the differential weighted rank values of the variables. The outcome of this study is useful as a tool for coastal 

disaster management. 
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1. Introduction 

Coastal zone has increasing importance for their ecological, natu-

ral values with high habitat and biological diversity in order to 

sustain coastal processes and ecosystem services. However, these 

areas are relatively dynamic and have complex multi-function 

systems. Studies by [1-2] showed that a wide number conflict 

between human socio-economic activities. This includes urbaniza-

tion, tourism and recreational activities, industrial production, 

energy production and delivering, port activities, shipping, and 

agriculture. Climate change is being understood as seasonal 

change and has caused many negative impacts on the livings. The 

Intergovernmental Panel on Climate Change (IPCC) has indicated 

that natural environment and human society will be extremely 

affected by global climate change in particular coastal zones [3]. 

A study by [1] reported that the coastal inundation due to storm 

waves, tsunamis and sea level rise may cause serious impact to the 

coastal zone. 

A recent study by [4] showed that SLR is an important issue due 

to climate change. This introduces that threat to human activities 

particularly in Deltas and low lying coastal areas. In addition, SLR 

brings serious impacts to the highly concentrated populated area 

along the coastal zones [5-6]. Many of the coastal area in Peninsu-

lar Malaysia are located in low lying that will be affected by SLR. 

At present many indicators for measuring the vulnerability of any 

environment system for example, the coastal system [7-8]. How-

ever, literatures showed that CVI has still not been comprehen-

sively studied at the east coast of Peninsular Malaysia. Therefore, 

the aim of this study is to identify the suitable parameters. These 

parameters play an important role in addressing the issue due to 

erosion and inundation. CVI results can be presented as risk maps. 

The CVI information will be made available to the stakeholder 

and relevance of practices for planning purpose. 

 
Table 1. An example of coastal vulnerability variables used by the re-

searchers in their studies. 

CVI Index by Study 

Area 

Variables 

 

Coastal Vulnerability Index 

(CVI) [2] 

 

 

USA 
 

Relief 

Rock type 

Landform 
Relative sea level change 
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 Shoreline displacement 

Tidal range 

Maximum wave height 

 
Coastal Vulnerability Index 

(CVI) [11] 

 

 
 

 

USA 
 

 

Geomorphology 
Shoreline erosion and 

accretion 

Coastal slope 
Relative sea level change 

Mean wave height 

Mean tidal range 

2. Description of Study Area 

The study area is situated along the coast of Pahang in the eastern 

region of Peninsular Malaysia facing the South China Sea. This 

area is located between latitude 4° 07' 38.39" and 3° 32' 5.25" East, 

and longitude 103° 23' 44.68" and 103° 27' 41.08" North as shown 

in Figure 1. The shoreline is approximately 83.91 km long from 

Cherating to Pekan. Sand materials make up the entire of the 

shoreline. The climate of the study area has been influenced by the 

Northeast monsoon that begins in early November until ends of 

March. During this season, the flow of wind over eastern Peninsu-

lar Malaysia may reach 30 knots [12]. The yearly temperature 

varies between 25.6 °C to 27.8 °C and this region is subjected to 

diurnal tides which vary between 1m and 2 m, and the mean wave 

height is about less than 1.8 m [13]. 

 

 
Fig. 1: The study area from Pantai Cherating to Tanjung Agas. 

3. Methodology 

The objective of the CVI is to recognize which areas along the 

coastal zone will be vulnerable to changes and thus the response 

from this study will be provided information to government and 

policy makers to make the best right response for the area in the 

future. This method was applied in order to evaluate coastal 

change with the natural variable and also the dominant variables 

along the coasts. The first stage in developing a CVI is to recog-

nize the main variables that will contribute to coastal vulnerability 

[9]. There are six variables used by [10-11] which are categorized 

into geologic and physical variables. The geologic variables con-

sist of geomorphology, shoreline erosion and coastal slope. 

Meanwhile, the physical variables include mean tidal range, mean 

significant wave height and relative sea level rate.  

Subsequently, the second stage involves relating these variables 

into the measurable method. A comprehensive CVI was calculated 

by integrating the differential weighted rank values of the varia-

bles. Each of CVI variable was identified by a weighted score in 

related with its significance and relevance in determining the vul-

nerability of coastal areas to erosion.  By assigning each variable 

to values ranging from 1 to 5, where 1 is the lowest risk and 5 

represents the highest risk. After assigning the vulnerability value, 

the CVI value is calculated as the square root of the ranked varia-

bles divided by the total number of variables [10] as shown in 

Equation (1). 

 

                                       (1)  

 

where A = geomorphology, B = shoreline erosion rate (m/yr), C = 

coastal slope (%), d = mean significant wave height (m), e = mean 

tidal range (m) and  f = relative sea level rate (mm/yr).  

Finally, geospatial technology i.e. GIS and remote sensing tech-

niques were applied to identify areas that are vulnerable based 

upon the weighted of the vulnerability of each variable. By identi-

fying areas connected with vulnerability in a map form, it will 

contribute to the process of planning to prevent coastal erosion at 

the regional level. 

4. Results and Discussion 

4.1. Geomorphology  

The geomorphology variable can be classified based on the type of 

landform at the shoreline. Geomorphology involves the type of 

sediments at beaches, type of cliffs, oceanic water bodies, and the 

depositional and erosion activity in the coastal area [14]. Rocky 

cliffs for example, represent that maximum resistance and low risk 

of coastal vulnerability. 87% of the shoreline is sandy and closely 

half of shoreline is eroding [15]. Pahang coastal sectors can be 

classified into three sectors: the offset coast in the north, the delta 

coast in the central area and the spit coast to the south. A long 

section of sandy beaches dominates the mainland coast and the 

coast of Tioman is rocky. The coastline of Pahang state indicates 

overall direction trends of 100, and 1550, to the north of Kuantan 

and between Kuantan and Kuala Pahang respectively, whereas the 

south of Kuala Pahang the coastline mostly tendencies to 1800. 

4.2. Shoreline Change Rate 

The shoreline is frequently dynamic, as it involves erosion and 

accretion processes, as a result of the action of natural processes 

such as sea level rise, wave energy and sedimentation and human 

activity. The data used in this research was acquired from SPOT 5 

satellite with 2.5 m spatial resolution and different temporal reso-

lution. The images were digitized into line shape file format. The 

vector layers map of 2014 and 2006 were overlaid using ArcMap 

GIS software and final map was produced. RS data analysis for 

these periods showed that most of the areas experience significant 

erosion. Out of 10 stations selected for the analysis, 5 erosion sites 

and 6 accretions sites were identified. The total area of erosion 

was 142.9 ha and the accretion was 8.3 ha as shown in Table 2. 
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Table 2: The location of erosion and accretion along Pahang Coastal 

St

n 

 

Location Length 

of erod-

ed 

Shore-

line  (m) 

Shore-

line 

Change 

(m) 

Ero-

sion 

(Ha) 

Accre-

tion 

(Ha) 

Ero-

sion 

Rate 

(m/yr) 

1 Pantai 
Cherat-

ing 

584.9 42.0 0.2 0.1 2.9 

2 Legend 
Villa 

Resort 

930.0 14.9 0.1 2.8 1.8 

3 Sungai 
Ular 

879.6 12.6 0.5 0.2 3.3 

4 Pantai 

Balok 

5346.5 109.6 26.8 - 13.5 

5 Kelab 
Golf 

Pahang 

858.2 716.3 3.7 - 17.9 

6 Taman 

Gelora 

531.4 116.7 2.5 - 14.4 

7 Pantai 

Sepat 

1317.7 76.3 7.7 - 9.4 

8 Sungai 

Penor 

1249.3 207.7 1.2 1.0 6.1 

9 Kam-

pung 

Cherok 
Paloh 

1062.2 118.7 5.5 0.3 14.6 

10 Tanjung 

Agas 

1585.4 169 94.7 0.9 20.9 

 Total 14345.2  142.9 8.3  

The accretion shoreline rate with the high value of 1.0 ha general-

ly occurred at Legend Villa Resort. Areas of Pantai Cherating, 

Legend Villa Resort, and Sungai Ular experience the minimum 

amount of shoreline eroding between 0.2 ha to 0.5 ha. Whereas, 

Pantai Balok, Kelab Golf Pahang, Taman Gelora and Pantai Sepat 

indicate no accretion process along the shoreline for this period. 

The high value of erosion rate for eight years is Pantai Balok and 

Tanjung Agas with 26.8 and 94.7 ha respectively. The changes 

pattern of shoreline for both areas indicated that active process of 

erosion and accretion occur at these sites. Assessment of coastal 

vulnerability for these areas showed of that, the accretion process 

is considered less vulnerable, as they result in the addition of land 

areas towards the ocean. Besides, in [9] mentioned that eroding 

process is considered highly vulnerable if the resulting loss of 

natural as well as man-made resources associated with it. 

4.3. Land Use Area of Pahang 

Based on classification method, the land use and land cover pat-

tern of shoreline along the Pahang coastal have changed within 8 

years period of 2006 until 2014. Based on in-situ observation, the 

main land use and land cover (LULC) that exists along Kuantan to 

Pekan shoreline is an agricultural sector. The second dominant 

land use pattern is urban and commercial areas especially in the 

Kuantan city. District of Kuantan to Pekan is a quite less devel-

oped area except for Kuantan town at the north [2]. The finding is 

consistent with the study by Jabatan Perhutanan Negeri Pahang, 

which JPS mention that shoreline Pahang has a total of 2,600 hec-

tares of reserved mangrove forests. Mangrove habitats were dis-

tributed in protected areas over 6 major rivers namely Sungai 

Kuantan, Sungai Bebar, Sungai Miang, Sungai Pontian, Sungai 

Rompin, Sungai Pahang Tua, Sungai Penor and Sungai Endau. 

Furthermore, in [16] found that small remains were also detected 

scattered in Sungai Chendor, Sungai Dua, Sungai Kempadang, 

Sungai Ular, Sungai Balok and Sungai Cherating. 

Therefore, LULC is important to recognize the classes of LULC in 

a particular region and its assist in increasing the vulnerability of 

an area especially related to carbon dynamics, climate change, 

hydrology and biodiversity [17]. 

4.4. Coastal Slope 

Among CVI parameters, the coastal slope is an important compo-

nent that reflects the topographic slope of the coastal area. The 

value of the coastal slope can be determined by beach profile 

measurement using Abney level, total station and GPS. In case of 

the steeper coast, the impact of sea level rise would be insignifi-

cant, contrary to the flat coastal slope, where any increasing in sea 

level would be submerged on the land [18-19].  Based on in-situ 

measurement, all the location was determined the feature profile 

using the Beach Profile approach. The research study also found 

that the slope of coastal can determine using Google Earth soft-

ware. The relationship of coastal material and slope of coastal is 

shown in Table 3. 

 
Table 3: The relationship between type of coastal material and the slope of 
coastal 

Type of coastal material Slope of coastal 

Very fine sand 10 

Fine sand 30 

Medium sand 50 

Coarse sand 70 

Very coarse sand 90 

4.5. Sea Level Rise 

Sea level change reveals a complex and dynamic interaction be-

tween regional and global contributions from land and ocean pro-

cesses [20, 21].The variable of relative sea level change naturally 

includes land change subsidence and tectonic motion [22]. In [1] 

reported that sea level change was recorded and monitored from 

21 tide stations by the Department of Survey and Mapping Malay-

sia (JUPEM). The findings from analysis indicated clearly using 

long term recording of tide reading at Malaysia coastline area 

from tidal stations. The sea level rise can be assessed by multiply-

ing the SLR rate estimate by the period. For example, the study 

about impact of climate change on SLR in Malaysia on 2010 by 

NAHRIM using linear trend analysis and satellite altimeter data, 

show that sea level rise along coastal of Peninsular Malaysia is in 

the range of 0.066 to 0.141m in the year 2040 and 0.253 m to 

0.517 m in the year 2100 respectively. Based on the current re-

search, Tanjung Gelang indicates the maximum level of SLR with 

an increase of 14.42 cm and 32 cm in the years 2050 and 2100 

respectively. Other studies also reported that SLR phenomenon 

may rise about 0.2 cm / year, although the small increase in sea 

level will have a devastating effect. The result in Table 4 for ex-

ample, was contradicted by the experiments of who conducted by 

[3, 23]. 

 
Table 4: A Comparison Future Sea Level Rise in the current study for 

prediction on year 2050 and 2100 

Research Observation Tidal Stations: Tanjung Gelang 

Current Study (2050) by [23] 14.42 cm 

SLR Prediction on year 2050 11.09 cm 

Current Study (2100) by [23] 32.00 cm 

SLR Prediction on year 2100 24.29 cm 

4.6. Mean Significant Wave Height 

In [24] explained that wave is mostly made by the wind travels on 

the sea surface. Heights of the waves depend on the property of 

the wind responsible for producing those. It is can be clear as the 

average height of one-third waves in a wave spectrum of time 

period [25, 17]. Significant wave height (SWH) is used an alterna-

tive to wave energy and is important in studying the vulnerability 

of shorelines. The wave climate is strongly influenced by the 

monsoons. The East Coast of Peninsular Malaysia is exposed to 

higher waves generated from the South China Sea, whereas the 

Straits of Malacca is sheltered by Sumatra Island on the West, thus 

wave height at the west coast of Peninsular Malaysia is lower [26, 

1]. Based on the Malaysian Meteorological department (MMD), 
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the recorded reading of wave height is usually less than 1.8m and 

wave period less than 6 seconds during the Northeast Monsoon. 

On the other hand, wave height might be above 1.8m with periods 

generally less than 6 seconds as shown in Figure 2 during the 

Southwest monsoon. 

 

 
Fig. 2: The wave height during the Northeast Monsoon in Malaysia 

4.7. Mean Tidal Range 

Tide is a natural phenomenon caused by sea level to continually 

change over time as the resultant from gravitational attractions 

from the sun and the moon. During full moon and new moon, the 

highest tidal range happens due to the maximum difference be-

tween high and low tides. Regarding to [9], the mean tide ranges 

at the peninsular Malaysia show small value, up to 2.7 m in the 

Straits of Melaka and less than 2 m on the east coast. The highest 

astronomical tide was indicated around 1.8 m at Tanjung Gelang 

station and the highest values around 2.7 m representing in Sabah 

and Sarawak. Therefore, Port Klang in Selangor and Pekan in 

Pahang have represented a greater tidal range for the west coast 

and east coast of Peninsular Malaysia respectively [27, 28].  

5. Conclusion  

CVI can provide awareness towards the relative potential coastal 

damage due to future sea level rise. The shoreline of Peninsular 

Malaysia is extremely vulnerable to the natural processes such as 

wind, tidal, sea level and others. CVI method is to be used as an 

assessment for coastal vulnerability with seven types of proposed 

physical variables namely geomorphology, coastal slope, shoreline 

change rate, mean significant wave height, mean tidal range, rela-

tive sea level rate and land use. Based on  results, the coastal index 

based methodology was recognized for calculating and evaluating 

the physical vulnerability that has been verified by many authors 

and has confirmed to be used for coastal and many developing 

regions because it is a quite simple method. Furthermore, the re-

sults from vulnerability maps provide guidance for local mitiga-

tion of threats in order to well organize and protection in the future 

development, especially along of shoreline.   
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