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ABSTRACT: 

The importance of Chart Datum in hydrographic surveying is inarguable because its determination is part of the process to obtain the 

actual depth of bathymetry. The Chart Datum has a relationship with the determination of base points because any uncertainty of the 

base points would definitely cause uncertainty to the determination of the maritime baseline. If there is any doubt on the baselines, it 

will then cause doubt on the maritime zones as well which includes the equidistant line that forms the border between the two 

countries. However, due to the ongoing rising sea level, there has been some variations of the Chart Datum in some areas  in 

Malaysia. This research discusses about the variation of Mean Sea Level and Chart Datum for the tide gauge stations at Geting, 

Cendering, Sedili and Tioman at East Coast and Kukup, Langkawi, Lumut and Penang at  the West Coast of Peninsular Malaysia.  

The tidal analysis was carried out by using the 23 years of data beginning at 1993 to 2015. The observed tidal data for 23 years were 

processed and analysed by using GeoTide software. In this research, the Harmonic Analysis technique was used in order to calculate 

the values of Mean Sea Level and the Chart Datum while the slope of the shoreline is modelled by using Global Mapper. The linear 

trend of the Mean Sea Level and the Chart Datum was analysed to determine the increase of the annual sea level in millimetres 

accuracy and also to determine the variation of the Chart Datum for each tidal station and its impact towards maritime baseline. The 

result has shown that the linear trend of sea level rise varies from 24 millimetres per year up to 168 millimetres per year at the East 

Coast and 24 millimetres per year up to 96 millimetres per year at the West Coast of Peninsular Malaysia. As for the maritime 

baseline, results has indicated that there exist shifting in the horizontal which are varies from 1.564 metres per year to 3.299 metres 

per year at the East Coast and from 1.331 metres per year up to 5.857 metres per year at the West Cost of Peninsular Malaysia. From 

the analysis, it can be stated that the horizontal shift occur greater at the East Coast rather than at the West Coast of Peninsular 

Malaysia. As a conclusion, the sea level rise does have significant impact towards maritime baseline. Furthermore, the determination 

of a stable Chart Datum is important to define the maritime baseline in other to avoid conflict with other neighbouring countries. 

1    INTRODUCTION 

1.1   Background of Study 

Malaysia is a maritime country and its economic interests  

depend on the sea. According to statistics of the Department of 

Survey and Mapping Malaysia (DSMM) and National 

Hydrographic Centre (NHC), Malaysia has territorial waters 

covering an area of 65,023 square kilometres Exclusive 

Economic Zone with an area of 450, 233 square kilometres, a 

coastline of 4800 kilometres and 1007 islands that offer a 

variety of natural resources and opportunities for the 

development of the country's maritime industry. Treasures  of  

the sea and the importance of the maritime industry needs to be 

preserved for the prosperity and welfare of the country. 

Nationalmaritime boundaries have gained international 

recognition in order to control the law and exploiting the 

treasure is not in question. After the rectification of UNCLOS 

1982, on October 14, 1996, the state has an obligation to the 

United Nations (UN) for depositing the coordinates of the 

basepoints according to Article 16 paragraph 2. 

According to the UNCLOS 1982, all the littoral states shall deposit 

the coordinate‘s starting point from which to measure the width of 

the border areas and other maritime zones. The depositions are also 

important to  strengthen the country's claim on the Continental 

Shelf beyond 200 nautical miles as outlined in Article 76 of 

UNCLOS 1982. The determination of basepoint requires a high 

precision hydrographic measurement. According to the Baselines 

Sub- Committee Meeting 2004, outlining the basepoints  and 

baselines  is  the  basis  for  the  determination  of  the  maritime 

zones, law enforcement and implementation of the maritime 

boundaries. Determination of the position of the basepoint with 

high precision measurement is crucial in order to strengthen the 

maritime zones and the determination of the maritime boundary of 

Malaysia and the neighbouring countries. Deposition of basepoints 

and baselines to the United Nations also directly makes it 

acceptable and recognized globally.  

However, due to the sudden increase in the sea level rise in the past 

few decades, there have been some changes on the baseline of a 

coastal states or also known as Baseline Shifting" as shown in  

Figure 1. 
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This phenomenon occurs due the changes in   sea which also in 

turn influence the Chart Datum along the coastal line. Therefore, 

when the position of the CD has changes, it will also definitely 

affect the baseline. As sea level  arise, the real  low water typical 

baselines may come to move  towards  the land, or low tide 

elevation and islands that are viewed as the suitable location to 

commence the starting point of  the baselines, could likewise 

come to be totally sunk under  the water 

 

 
 

Figure 1. Baseline Shifting 

 

 

2    LITERATURE REVIEW 

 

2.1   INTRODUCTION 

 

The study on the CD on the West Coast of  Taiwan by Chang  

and Sun (2004), found out that the variances of the monthly CD 

was up to 12.3 centimetres while the study by Swanson (2003), 

found out that the estimated error of tidal datum on 1 sigma (σ) 

for 1 month observations on the East Coast and West Coast of  

US is by 0.08 metres and 0:11 metres. The objective is to ensure 

that the adopted CD can be reviewed if there are any 

astronomical changes that occur in the world. Thus, the error in 

maritime datum should describe clearly as it will provide 

confidence and more precise result for any hydrographic 

surveying work.  

 

In other cases, the study of the CD at tide stations of Teluk Ewa, 

Langkawi clearly shows that the period  of observation in less 

than 1 year cannot meet the requirements of International 

Hydrographic Organization (IHO) at 2 sigma level. The CD 

precision is very important for hydrographic  tasks that require 

high accuracy such as the determination of maritime basepoint of 

a country. Consequently, the use of  which is generated from CD 

observations less than 1 year can lead to loss of maritime zones, 

especially in the area of measurement that has a gentle slope 

along the shoreline. The relationship between each parameter 

can be seen in Figure 2. 

 

 

Figure 2   Relationship of Parameters 

 

Y = X / (Tan α)  (1) 

 

   Where  Y : Uncertainty of Baseline  

X : Chart Datum Variation  

α : Slope of the Shoreline 

 

 

3    RESEARCH METHODOLOGY 

 

3.1   INTRODUCTION 

 

Methodology can be defined as a systematic and orderly 

procedure or process for attaining some objective. A 

methodology is instantiated and materialized by a set  of 

methods, techniques and tools. To achieve the objective, the 

research methodology is divided into several phase. For this 

chapter, it will give brief descriptions on the software and 

technique that are used in data processing. The techniques and 

procedures that are used to justify each objective are illustrated 

in Figure 3 and Figure 4. 

 
Figure 3.  Methodology for Objective 1 
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Figure 4. Methodology for Objective 2 

 

3.1     Data Processing Stage 

 

Data processing was conducted by using GeoTide software. All 
the steps and procedures in data processing were summarized in 
the Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Data Processing for GeoTide 

 

3.2.1        Processing the Slope of the Shoreline 

 

 
 

Figure 6. Data Processing for Global Mapper. 
 

The Global Mapper software were used in this research in order 
to extract the slope of the shoreline and also the low water mark 
based on the contour line. The procedures are as illustrated in 
Figure 6. 
 

4   RESULT AND DISCUSSION 

 

4.1   Introduction 

 

This chapter discusses about the analysis of the obtained result 

from the data processing conducted as described in Chapter 3 of 

the Research Methodology. In this section, the main objective  of 

this research is to study the trend of Mean Sea Level  and Chart 

Datum for 23 years period of data starting from 1993 to 2015 for 

the determination of shifting of the maritime baseline. 

 

4.2 Linear Trend of all Tide Gauge Station 

 

The values of CD and MSL were obtained by using GeoTide 

software using the Harmonic Analysis technique. The linear 

trends of each tide gauge station were calculated and plotted by 

using Microsoft Excel. The graph of each tide gauge stations are 

illustrated in Figure 7, Figure 8, Figure 9, Figure 10, Figure  11, 

Figure 12, Figure 13 and Figure 14.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  7.  Geting  Tide Station 
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Figure  8.  Cendering Tide Station 

 

 

Figure  9.   Tioman Tide Station 

Figure  10.  Sedili Tide Station 

 

Figure  11.  Lumut  Tide Station 
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Figure 12.   Penang Tide Station 

 

Figure 13.  Langkawi Tide Station 

Figure 14. Kukup Tide Station 

 

Below are the lists of equation obtained from the graph of MSL 

and CD against Year by calculating the gradient of the graph as 

shown in Table 1. 

 

Table 1.  Linear Trend Equation of all stations 

 

Therefore, from the analysis and calculation, the linear trend of 
MSL and CD are as stated in Table 2. 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W5, 2017 
GGT 2017, 4 October 2017, Kuala Lumpur, Malaysia

This contribution has been peer-reviewed.   
https://doi.org/10.5194/isprs-archives-XLII-4-W5-73-2017 | © Authors 2017. CC BY 4.0 License.

 
77



 
 

 

 

 

 

Table 2.   Linear Trend MSL and CD for all stations 

 

The linear trend of Sea Level Rise ranges from 12 millimetres 

per year up to 168 millimetres per year at East Coast and it  

ranges from 24 millimetres per year up  to 96 millimetres  per 

year at the West Coast of Peninsular Malaysia.. As for the linear 

trend of the CD,  its value ranges from 48 millimetres per year  

up to 288 millimetres per year at the East Coast and varies from 

36 millimetres per year up to 96 millimetres per  year  at  the 

West Coast of Peninsular Malaysia. 

 

4.3 Results of Processing Slope of The Shoreline 

 

The result for the processing of the slope using Global Mapper 

had shown the Lowest Astronomical Tide (LAT)  or  Chart 

Datum (CD) along the shoreline. Thus, this result has indicated 

that the position of the Low-Water Mark based on the value of 

the contour line in the nautical chart. Therefore, by comparing it 

with the variation of CD from the analysis using GeoTide, the 

shifting of the maritime baseline was proven directly. The 

coordinates of Point A and Point B were chosen to calculate the 

gradient of the shoreline. The results of the slope are shown in 

Figure 15, Figure 16, Figure 17, Figure 18, Figure 19, Figure 

20, Figure 21 and Figure 22. 
 

 

Figure 15. Slope of Geting 

 

Figure 16. Slope of Cendering 

Figure 17.   Slope of Tioman 

 

Figure 18. Slope of Sedili 

 

Figure 19. Slope of Kukup 

 

Figure 20. Slope of Langkawi 

 

Figure 21. Slope of Penang 
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Figure 22. Slope of Lumut 

 

The Coordinate of all Point A an Point B are shown in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.   Coordinates of Point A and Point B 

 

Table 4 stated the angle of the slope of the shoreline for all the 
tide gauge station used in this research. 

 

Table 4.   Slope of the Shoreline 

 

Therefore, Table 45 shows the shifting of baseline for over 23 

years from 1993 to 2015 for all tide gauge stations after the 

calculation using the formula stated in Chapter 2. 

 

Table 5.   Shifting of Baseline 

5 CONCLUSIONS 

 

Based on the comparison made for data processed for 23 years  

of tidal observation for every station, the result shows a slight 

variation of the value of the MSL and the CD. As a conclusion, 

the continuous rising of CD along the shoreline has resulted in 

the loss of maritime zones, especially in the area of  

measurement has a gentle slope along the shore. This research 

may also improve further tidal prediction accuracy with the use 

of existing constituents generated through a period of 23 years. 

Therefore, it is best to assume that this deviation will continue  

to proceed if the sea level continues to rise. The second  

objective of this research has also been achieved which is to 

study the impact of rising sea level towards the uncertainty of 

the basepoint. Based from the analysis, by analyzing the relation 

between all three parameters which are the Slope of the 

shoreline, the CD variation and the Uncertainty of  the  

basepoint, it can be concluded that due to the steeper geography 

of the East Coast of Peninsular Malaysia, the shifting of the 

baseline is less occurring than the shifting that occur in West 

Coast of Peninsular Malaysia due to its gentle geography. 

 

 

RECOMMENDATIONS 

 

Considering the result, the result, the following 

recommendations are suggested for the future studies: 

 

(a) The suggested method that can be used to study the changes 

of the sea level is by combining space geodetic data (GPS), tide 

gauge data and with a precise leveling technique. This technique 

allows us to investigate the main cause of the sea level rise 

which is either caused by the volume of water increase or  

seabed uplift. 

 

(b) The processing of the tidal data should be conducted by 

using both Harmonic Analysis and Multi-Spectral Analysis in 

order to determine the better method and better result to be used 

in the research by comparing it with the result from Department 

of Survey and Mapping Malaysia 

 

(c) In order to obtain the slope of the shoreline, a proper survey 

should be conducted by using either the Single Beam or Multi 

Beam Echosounder. Digitizing the nautical chart is acceptable, 

however it is still robust and only a rough estimation of the 

slope. However, by using Echosounder, a more  accurate 

gradient of the slope can be obtained. 
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