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ABSTRACT

The purpose of this study is to investigate the accuracy of the Inverse
Distance Weighted (IDW) interpolation method to estimate and map the
surface water salinity along the coastal waters of Pulau Tuba, Langkawi.
Sea surface salinity was recorded using a refractometer during two sampling
activities that were carried out in November 2018. The Global Positioning
System (GPS) was used to record the geo-location of each sampling
point. IDW method was applied in data collection using ArcGIS Software.
Statistical analyses such as correlation analysis, regression analysis, and
error analysis were employed to assess the prediction of salinity values.
The transformation of the spatial model to map was carried out later to
assess the accuracy of the map. The study found that there is a strong
positive correlation, r=.753 (p<.05) with the coefficient of determination
0f 56.80% between observed and predicted salinity values. Mean Absolute
Error (MAE) and Root Mean Square Error (RMSE) were calculated at

Copyright© 2021 UiTM Press.
This is an open access article PENERBITEEFZ: ESS
under the CC BY-NC-ND license UNIVERSITI TEKNOLOGI MARA




Malaysian Journal of Sustainable Environment

0.724466 and 0.921728, respectively. The accuracy of the map was found at
81.25%. The study also found that the salinity reading is polyhaline along
the coastal water of Pulau Tuba. Overall, the study found that the IDW
method has provided a tool to predict and map the surface salinity along
the coastal waters of Pulau Tuba, Langkawi.

© 2022 MySE, FSPU, UiTM Perak, All rights reserved
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INTRODUCTION

Seawater contains many ions and minerals that make it salty (Prusty &
Farooq, 2020). About a litre (1000g) of seawater contains 35¢g of salt. The
salt causes the seawater to become denser than the freshwater (Timmermans
& Marshall, 2020). Salinity might vary with location especially in the
surface area, however, the relative composition of seawater remained similar
(Turhan et al., 2014). Some locations tend to be higher or lower in salinity
level, but the ocean usually has salinity between 34 ppt and 36 ppt (Alam
et al., 2020). Some locations experience higher salinity due to low rainfall
and strong warm and dry wind that lead to the evaporation of saltwater
(Uddin, 2014). When evaporation occurs, the salt that remains will increase
the salinity level and water becomes denser (Ibrahim et al., 2020). High
rainfall and the numerous rivers connected to the saltwater ecosystem may
lead to a high salinity level (Sakai et al., 2021). Besides, the locations that
have a higher number of rainfall events can result in the seawater becoming
diluted (Pistocchi et al., 2020). The salinity level becomes lower because
the higher amount of freshwater added to the seawater makes the seawater
less dense. Furthermore, near land, the salinity is also observed to be low
(Kaushal et al., 2021). There are numerous technologies or software that
can be used to investigate the pattern of salinity.

A Geographic Information System (GIS) is a system created for
capturing, visualizing, analyzing, managing, and interpreting many types
of geographical data (Han, 2006). The spatial software process spatial data
to solve many spatiotemporal problems. GIS is also a system that is used to
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evaluate the survey operating to expand the amount of information (Kamel
Boulos & Geraghty, 2020). Users of different backgrounds used GIS to
communicate, make analyses, distribute information, and solve complex
problems around the world. By using the suitable technique, geo-location
that has not been measured can still be interpolated depending on the
physical characteristics of the area (Habib et al., 2020). One of the important
tools that can be used by spatial analysts to investigate water quality is the
spatial interpolation technique.

The application of the spatial interpolation technique has been recently
used to map the concentration of water pollution and has started to gain
popularity in Malaysia. Kriging is the most popular choice for interpolation
according to several recent studies in the assessment of water quality (Capili
et al., 2021; Li et al., 2019; Maliqi & Penev, 2019; McLeod et al., 2017).
On the other hand, for the northern region of Malaysia, Kamaruddin et
al., (2020) used the spline interpolation method to map the sea surface
temperature in the coastal water of Pulau Tuba, Langkawi.

Kamaruddin et al., (2019) also used the spline interpolation method
to estimate the sea surface salinity along the coastal area of Pulau Tuba.
Kamaruddin et al., (2018) used the same techniques to map salinity over
Sungai Merbok, Kedah. Another form of interpolation method is the Inverse
Distance Weighted (IDW). This interpolation method determines cell values
using a linear weight combination of a set of sample points (Tomaszewski,
2021). The weight is a function of inverse distance. IDW interpolation is
mathematical that assumes a closer value and shares more similarity than
the further value with its function and characteristics.

To date, there is a dearth of information on the applicability of the
IDW interpolation method as a tool to map and estimate the surface water
salinity. This problem leads to the investigation of the accuracy of the
IDW method to predict and model the surface water salinity along coastal
waters of Pulau Tuba, Langkawi. Hence, this study aims to investigate the
accuracy of the IDW method to estimate and map the surface water salinity
along the coastal waters of Pulau Tuba, Langkawi, Kedah. The specific
objectives are (1) to investigate the correlation between the observed and
estimated surface water salinity predicted by the IDW interpolation method,
(2) to analyse the error between the observed and estimated surface water
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salinity predicted by the IDW interpolation method, and (3) to determine
the accuracy of IDW to estimate and map the surface water salinity along
coastal waters of Pulau Tuba, Langkawi, Kedah. The gap of this study lies
in the lack of knowledge on the applicability of the IDW interpolation
method to be used in predicting and mapping the sea surface salinity. The
significance of this study is to help government and non-government bodies
such as the Langkawi Development Authority (LADA), the Department
of Environment (DOE Malaysia), and the Department of Fisheries (DOF
Malaysia) to consider using the IDW interpolation method as a tool for
monitoring, conserving, and planning the development of the coastal area
of Pulau Tuba as a hub for socio-economic and biodiversity.

METHODOLOGY

Study Area Description

The study area is along the coastal area of Pulau Tuba, Langkawi.
Pulau Tuba is located next to Pulau Dayang Bunting inside the archipelago
of Pulau Langkawi. The economic activities of this island are fishing,
farming, servicing, and operating tourism activities (Kamaruddin et al.,
2020). There are numerous types of mangrove and plant species found at
the straits of Pulau Tuba. However, the island is still considered moderately
developed than Pulau Dayang Bunting and is known as the main island
of Pulau Langkawi. Due to the rich biodiversity, environmental problems
should be monitored and solved efficiently in Pulau Tuba. Figure 1 shows
the map of Pulau Tuba, Langkawi, Kedah.

Sampling Activities

Sampling activities were conducted twice in November 2018. A total of
32 sampling points were pinpointed using Global Positioning System (GPS).
A small boat was used for sampling activities. Sampling activities were
carried out in the afternoon and during high tide. Sampling activities took
about 2 hours and 45 minutes to be completed. The Niskin water sampler
was lowered to 1 meter below the surface of the water. A refractometer
was used to determine the reading of salinity. Reading of data was based
on three trials to get an average reading per sampling point. All equipment
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used have been carefully calibrated by researchers and staff from the
Marine Technology laboratory located at the Faculty of Applied Sciences,
Universiti Teknologi MARA, Perlis Branch, Arau Campus, 02600, Arau,
Perlis, Malaysia. Figure 2 shows the sampling points established over the
coastal area of Pulau Tuba.
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Figure 1. The map of Pulau Tuba, Langkawi Kedah

Source: Author
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Figure 2. 32 sampling Points Established at the Coastal Area of Pulau Tuba

Source: Author
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The Development of the Spatial Model

The method for the development of the spatial model is based on
Kamaruddin et al (2019) and Kamaruddin et al (2020). Data from the first
sampling activity were used for the development of the spatial model.
Overall, data were derived from 16 sampling points. In this study, the 50:50
ratio for calibration: validation sampling points were adopted by Simpson &
Wu (2014) where they found that the use of 40% to 50% of total samples had
optimally improved the accuracy of the model in predicting the variability
of data. The spatial software of ArcGIS was used for the development of
the model. The setting of the interpolation analysis was at default. The data
collected from the first sampling activity were called the calibration data.
Estimation using the IDW interpolation method was conducted using the
interpolation tool in spatial analyst function. Below is the formulae shown
for the IDW method.

n 1 i
Zj:ldi .PV]

Vi= (1)
J =1g; jp
Where, V_i is the ith unknown value, n is the number of points taken
to obtain the unknown value, V_j is the jth known value, dii is the distance
between the ith unknown value and the jth known value and p is the power.

The Validation of the Spatial Model

The method for the validation of the spatial model is based on
Kamaruddin et al (2019) and Kamaruddin et al (2020). Data from the second
sampling activity were used to validate the developed spatial model. The
data from the second activity is called the validation data. Statistical analyses
such as correlation analysis, regression analysis, and error analysis were
employed when comparing the observed and estimated value salinity. Here,
the observed value is the raw data from the second sampling activity while
the estimated value is based on the prediction made by the IDW method.
Statistical analyses were carried out using Statistical Package for the Social
Sciences (SPSS) software (Ver. 27.0) with the alpha = 0.05.
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An Accuracy Assessment

The accuracy assessment map was carried out to determine the
precision of the developed map. A comparison between the predicted and the
observed pH readings was conducted. The study used the Overall Accuracy
(OA) which reported the accuracy in the percentage form and the equation
of OA as shown below:

Number of Correct Occurrences

Overall Accuracy (0A) = X 100% @)

Total Occurrences

FINDINGS AND ANALYSIS

The calibration data have been successfully interpolated using the IDW
interpolation method. The power parameter has been set up to 2 as it was the
default value. In this study, the power parameter manipulates the significance
of known points on the interpolated values of salinity based on the gap
from the output point. The lower or minimal value of the power parameter
will create a smooth surface. Figure 3 shows a raster image produced after
executing the IDW method.

Figure 3. The Raster Image (automatically generated) of an Interpolated Sea
Surface Salinity Produced using the IDW Method

Source: Author

The raster image shows the different colours that indicate different
values of sea surface salinity estimated using the IDW method. Each colour
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represents ranges of estimated salinity values. Drastic layering colors can
be observed on the bottom left and in the middle left of the raster image
(Figure 3). Interpolation estimates the values for cells in a raster using a
limited number of points. The colors produced from the raster image is based
on the idea that spatially distributed objects are spatially correlated. The
unknown values of salinity are estimated using the mathematical formula
and interpolation type (in this case the IDW methods) that incorporate the
value of nearby known points of salinity.

Estimation

Extract values to points is a tool used to extract the cell values of a
raster on a set of point features and to record the values in the attribute table
of an output feature class. In this study, a set of point features is based on
the validation data. Table 1 shows the comparison between the observed
and predicted values of salinity using the IDW method. Table 2 shows the
data based on descriptive statistics for the observed and predicted values
of salinity.

Table 1. Listing of the Observed Values and Predicted Values of Salinity
(ppt) Estimated using the IDW Interpolation Method

Sampling points Observed values Predicted values
2 30.00 29.05
4 27.00 28.83
6 28.00 28.34
8 28.00 28.43
10 26.00 27.67
12 27.00 27.63
14 28.00 28.07
16 28.00 28.93
18 30.00 29.35
20 30.00 29.63
22 30.00 29.87
24 30.00 30.23
26 30.00 30.15
28 28.00 29.84
30 29.00 29.66
32 29.00 28.28

Source: Author
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Table 2: The list of Data Based on Descriptive Statistics for the Observed
Values and Predicted Values of Salinity (ppt) Estimated using the IDW

Interpolation Method

Observed values Predicted values
N 16 16
Range 4.00 2.60
Minimum 26.00 27.63
Maximum 30.00 30.23
Sum 458.00 463.96
Mean 28.6250 28.9975
Std Deviation 1.31022 0.85941
Variance 1.717 0.739
Skewness -0.413 -0.154
Kurtosis -0.880 -1.257

Source: Author

Correlation Analysis

For this study, the correlation analysis was carried out to measure the
strength of association between the observed and predicted values, and the
direction of the relationship (Kumar & Chong, 2018). Table 3 shows the
Pearson correlation analysis using the SPSS software (Ver. 27.0) with the
alpha at .05. The observed value and the predicted value of salinity predicted
using the IDW interpolation method were found to be positively correlated,

r(16)=.753, p <.05.

Table 3. Pearson Correlation Analysis Executed using SPSS Software
Found that the r=.753 (p< .05)

Observed

Predicted

Observed Pearson Correlation 1

Sig. (2-tailed)

Sum of Squares
Cross-products

and| 25750

Covariance 1.717
N 16

753"
001
12725

848

Predicted

7537
.001
12725

Pearson Correlation
Sig. (2-tailed)

Sum of Squares
Cross-products

and|

Covariance 848
N 16

11.079

739

**_Correlation is significant at the 0.01 level (2-tailed)

Source: Author
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The study found that there is a strong positive correlation between the
observed and predicted values of salinity. The study also notifies that the non-
parametric test such as Kendall rank correlation coefficient and Spearman's
rank correlation coefficient have resulted in moderate and strong positive
correlation coefficients. Table 4 shows the result of the non-parametric test
of Kendall's rank correlation coefficient and Spearman's rank correlation
coefficient tabulated using Statistical Package for the Social Sciences (SPSS)
software (Ver. 27.0).

Table 4. The Analysis of the Non-parametric Test of Kendall's Rank
Correlation Coefficient, r= .577, (p< .05) and Spearman's Rank Correlation
Coefficient r=.739, (p< .05)

Observed | Predicted
Kendall's tau, b  Observed Correlation Coefficient 1.000 577
Sig. (2-tailed) . .004
N 16 16
Predicted Correlation Coefficient 5777 1.000
Sig. (2-tailed) 004 .
N 16 16
Spearman's rho Observed Correlation Coefficient 1.000 739"
Sig. (2-tailed) . .001
N 16 16
Predicted  Correlation Coefficient 7397 1.000
Sig. (2-tailed) .001 .
N 16 16

**. Correlation is significant at the 0.01 level (2-tailed)
Source: Author

Regression Analysis

A simple linear regression analysis was used to predict the relationship
between the observed and predicted values of salinity based on the
regularized and tension spline methods at a 95% confidence level. The
prediction value of salinity estimated by the IDW interpolation method did
explain a significant amount of variance in the observed value of salinity,
F (1,14)=18.378, p <0.001, R2=0.568, R2adjusted= 0.537. The study also
found that the regression coefficient (B=0.498) indicated an increase in the
predicted value of salinity corresponded to an increase in the observed value
of 0.498. The simple linear regression equation was reported as observed
value = 14.852 + 0.498 (predicted value).
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Error Analysis

In the error analysis, Mean Absolute Error (MAE) and Root Mean
Square Error (RMSE) were calculated at 0.724466 and 0.921728. In general,
the lower the value of MAE and RMSE, the better a model can fit a dataset.
MAE measures the mean magnitude of the errors in a set of estimations,
without considering their direction (Chai & Draxler, 2014). RMSE is a
measure of how spread out these residuals are in a system (Willmott &
Matsuura, 2005).

The Transformation of the Spatial Model to Map

Next, the study considers the classification of data using the manual
method with three classes. Since the minimum value and maximum value
of the estimation have been recorded at 26.67041206 and 30.99976158
respectively, three classifications of salinity ranges were chosen: <27.00ppt;
27.00--28.99ppt; and > 29.00 ppt. The clustering of these ranges is important
because salinity levels are dynamic across the spatial and temporal
dimensions. The variations of salinity ranges are based on the effects of the
tidal activities, seasonal, day/night-time, and anthropogenic activities. Figure
4 shows the classification statistics and the break values (%) performed to
the spatial model.
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Figure 4. The information of the Classification Statistics and the Break
Values (%) Executed to the Spatial Model Interpolated using the IDW
Interpolation Method

Source: Author
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Furthermore, the transformation process from a spatial model into a
spatial map was carried out. Map elements have been inserted for better
visualization and communication. Map elements such as title, scale bar,
legend, and north arrow were added to the Map Layout using the Data
Frame Properties. Figure 5 shows the map of salinity after inserting the
map elements.

Pulau Dayang Bunting

Pulau Tuba, Langkawi, Kedah

e | femr s mam wim o wve wim e
e — — elers Legend Surface Salinity.
N [ Land aena Pulau Tuba,
Salinity, ppt Langkawi, Kedah
A [ Jeroopp
I 27 et 2600 m

Figure 5. The Map Shows the Distribution of Sea Surface Salinity Generated
using the IDW Interpolation Method

Source: Author

Based on the map produced, the Straits of Pulau Tuba (Selat Pulau
Tuba) indicates a low reading of salinity level. The coastal water of Pulau
Tuba and Pulau Dayang Bunting is covered with diverse mangrove and
marine life that are a part of the brackish ecosystems. The lowest reading of
salinity value can be observed in the middle of the straits due to numerous
human activities and development. The Southern-East of the coastal
water of Pulau Tuba indicates a high reading of salinity levels. This area
is remarkably close to the open ocean where there is a mix of high and
complex concentrations of ions and minerals called salt.
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The Accuracy Assessment

Next, an accuracy assessment was conducted to assess the precision
ofthe developed map. The study found that the accuracy of the map yield is
81.25%. The study found that IDW incorrectly estimated the value of salinity
at Sampling points 10, 28, and 32. Incorrect estimations are calculated due
to the spatial interpolation method that tend to underestimate the value of
the spatial data. Underestimation and overestimation of data have been
observed in numerous studies (Kamaruddin et al, 2019, Kamaruddin et al,
2020). Table 5 shows the correct occurrences of 16 sampling points.

Table 5. The Correct Occurrences of 16 Sampling Points where the
Accuracy of the Map was Recorded at 81.25%

Sampling points Observed values Predicted values Correct occurrences
(ppt) (ppt)
2 >29.00 >29.00 YES
4 27.00--28.99 27.00--28.99 YES
6 27.00--28.99 27.00--28.99 YES
8 27.00--28.99 27.00--28.99 YES
10 <27.00 27.00--28.99 NO
12 27.00--28.99 27.00--28.99 YES
14 27.00--28.99 27.00--28.99 YES
16 27.00--28.99 27.00--28.99 YES
18 >29.00 >29.00 YES
20 >29.00 >29.00 YES
22 >29.00 >29.00 YES
24 >29.00 >29.00 YES
26 >29.00 >29.00 YES
28 27.00--28.99 >29.00 NO
30 >29.00 >29.00 YES
32 >29.00 27.00--28.99 NO
Correct Occurrences = (13/16) *100% = 81.25%

Source: Author

67



Malaysian Journal of Sustainable Environment

DISCUSSION

There are several factors that have led to salinity changes. One of the factors
is the characteristics of the landscape or geographical area. Based on the
map, the salinity of Pulau Tuba is being affected by the mangrove ecosystem
that flourishes along the straits of Pulau Tuba (Selat Pulau Tuba). Salinity
in the estuarine ecosystem varies from 0.5ppt to 30 ppt. Montagna et al.,
(2013) stated that inside the estuary, salinity readings are referred to as
oligohaline (0.5-5.0 ppt), mesohaline (5.0-18.0 ppt), or polyhaline (18.0 to
30.0 ppt). The salinity of the open ocean is about 35 ppt (Garcia, 2019).
The salinity changes in the estuarine ecosystem have a great influence on
the biodiversity of species since animals and plants that live here need to
tolerate with the fluctuation of salt. Besides, vertical distribution of salinity
can also be observed when comparing the surface zone and the deep zone
(Yu, 2015). The surface water has less salinity level than deep water due
to the density of ion and salt concentration.

Precipitation has a major influence on the salinity level, especially
when it is influenced by the monsoon season where rainwater is added to
the coastal water and estuarine ecosystems (Chen et al., 2019). This study
was conducted in November 2018 where the forecast of heavy rainfall
for Pulau Langkawi was between May to Mid-November 2018. There is
a 50% chance of thunderstorms accompanied by heavy rainfall between
April to October (Bhattacharya, 2021). The effects of surface runoff by the
precipitation process can also lead to the rise and fall of salinity levels.

Another factor that may affect the salinity readings is anthropogenic
activities (Velasco et al., 2018). Rapid agricultural activities that lead to fresh
agriculture drainage into the coastal water and excessive use of fertilizer
can cause degradation of salinity due to the addition of freshwater that
decrease the salinity level (Montazar, 2021). However, this is not a major
factor as the socioeconomic activities on the island is still low. However,
paddy fields and small-scale agriculture sites can be found scattered along
the island that could potentially add minerals or freshwater into the estuary
or coastal waters.

Climate change can also influence the salinity level (Vineis et al.,
2011). The increasing climate temperature due to global warming could
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increase the evaporation of saltwater and eventually reducing the ion and
mineral content in the seawater (Zika et al., 2018). Catastrophic storms as a
result of climate change can also influence the rapid surface runoff that may
bring salt or freshwater into the sea. However, due to the lack of conclusive
evidence and climate data for this area, the effects of climate change on the
salinity of Pulau Tuba remain unknown.

The IDW interpolation method believes that the variable being mapped
decreases the influence with distance from its sampled location (Watson
& Philip, 1985). However, this method depends mainly on the inverse of
the distance raised to mathematical power. Furthermore, one needs also to
consider the influence of the point used for the calculation ((Philip & Watson,
1982). Some researchers recommended the variable search value or fixed
search value criteria be considered to improve the accuracy of the model.

The findings of this study could influence government and non-
governmental bodies to consider the IDW interpolation method for
environmental mapping of salinity. Although the Kriging interpolation
method has been a popular option to be used as an interpolating tool,
Kriging requires a deeper understanding of the characteristics of the attribute
data, and it can be erroneous. The finding of this study also revealed the
distribution of salinity along the coastal area of Pulau Tuba. The map
produced can be used by local people to identify an area for development
such as sustainable aquaculture, marine culture, and tourism activities.
Sustainable approaches of using coastal and estuarine ecosystems may
protect the biodiversity of species and improve the livelihood of the residents
and government revenues.

CONCLUSION AND RECOMMENDATION

The study concludes that the correlation between the observed values and
predicted values based on IDW method estimation yield a significant strong
positive correlation with r=.753 (p<.05). The coefficient of determination
(R2) is recorded at 0.568 (56.80%). Mean Absolute Error (MAE) and Root
Mean Square Error (RMSE) were calculated at 0.724466 and 0.921728,
respectively. The spatial model was successfully transformed into a map that
yielded an accuracy of 81.25%. Moderate reading of salinity level of the
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coastal area of Pulau Tuba was expected from the effects of the horizontal
and vertical distribution of salinity where the surface water of Pulau Tuba
exhibits an estuarine ecosystem. Anthropogenic activity and climate change
are two important concerns that could affect the normal level of salinity
required for flora and fauna to thrive in this area.

There are two major limitations of this study that could be addressed in
future research. First, for the methodology section, the study was performed
in November 2018, and the changes of salinity level were expected and
affected by many environmental factors such as tidal activities. Water quality
research is complex due to every parameter having a significant relationship
to other water parameters. Secondly, the limitation of time also contributed
to the limited number of sampling frequencies and the number of sampling
points. The dearth of previous studies in the study area also pose a problem
as there is a lack of baseline data for water salinity. However, this limitation
has been analyzed and supported using literature and findings from other
researchers.

The limitation of this study has opened the prospect for upcoming
research in the study area. The study proposes that the sampling activities
be conducted for a longer period to effectively develop a robust model.
Furthermore, the effects of tidal activities, seasonal variation, and time of
sampling activities should be addressed as well. Nonetheless, this study
believes that IDW has potential and should be considered as a method for
interpolating surface water salinity by spatial analysts. The map produced
by this study can be used for sustainable social-economic development and
effective biodiversity management of the coastal area of Pulau Tuba and
nearby islands.
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