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ABSTRACT

This study investigates the spatial distribution of rainfall in the Kelantan River Basin, a region prone to 
significant flooding and landslides during the monsoon season. The problem addressed is the recurrent and severe 
flooding in the basin, which poses substantial risks to the local population and infrastructure. The purpose of this 
study is to analyse the spatial patterns of rainfall to predict flood mitigation strategies and support sustainable 
development. This study employed four spatial interpolation methods, namely the Inverse Distance Weighting, 
Ordinary Kriging, Thiessen Polygon, and Universal Kriging, to estimate rainfall distribution using data from 10 
rainfall stations over 30 years. The rainfall characteristics of this study showed that the Kelantan River Basin 
receives higher rainfall distribution at the end of the year due to the Northeast Monsoon (NEM) season. Spatial 
analysis results indicated that north region areas such as Pusat Ternakan Haiwan Tanah Merah and Mardi 
Jeram Pasu receive higher annual mean rainfall ranging from 2,996 mm to 3,519 mm, identifying these as critical 
zones for flood risk. This result is related to the location of the north regions of the Kelantan River Basin that 
the Tahan Ranges did not cover, making them receive direct wind during the monsoon season. Among the flood 
mitigation methods assessed, enhancing early warning systems, implementing sustainable land-use 
planning, and constructing resilient infrastructure were identified as Kelantan’s most effective strategies for 
mitigating flood impacts. The significance of this study lies in its ability to provide detailed spatial insights into 
rainfall patterns, which are crucial for water resource management, flood risk assessment, and infrastructure 
development.
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INTRODUCTION

Spatial analysis of rainfall refers to examining and 
interpreting precipitation patterns and variations across an 
area. According to Khaddari (2022), precipitation pattern 
is the regular sequence of how and when precipitation 
occurs in a specific area over time. Meanwhile, precipitation 
variations mean differences in precipitation over a specific 
area or period. In the Kelantan River Basin, flooding is a 
yearly phenomenon during the northeast monsoon season 
due to the heavy rainfall. The flood in 2014 was the biggest 
one ever recorded in Kelantan’s history and was named 

“Kelantan Big Yellow Flood” because of its high mud 
content, giving it a yellow colour (Tong et al. 2019).

Many studies in the past literature used various spatial 
analysis methods. In this study, four methods were used: 
Inverse Distance Weighting (IDW), Ordinary Kriging 
(OK), Universal Kriging (UK), and Thiessen Polygon. The 
IDW method is a commonly used and straightforward way 
to estimate rainfall data. It is preferred because it tends to 
have fewer errors and is faster computationally compared 
to other interpolation methods (Darlan et al. 2021). 
Caloiero et al. (2021) analysed different spatial interpolation 
methods applied to monthly rainfall data in New Zealand 
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and found that IDW was not the best interpolating rainfall 
method. The OK concept was introduced by Danie Krige 
in 1951, and the theoretical foundation in 1969 by Georges 
Matheron (Ananias et al. 2021). According to Ananias et 
al. (2021), the OK error is in minimum value when 
predicting the unknown value because it estimates the data 
linearly based on weightage from observed data. Fung et 

al. (2022) claimed that OK is the best linear unbiased 
method in geographical statistics.

Thiessen Polygon was among the easiest methods for 
spatial interpolation. Nganro et al. (2020) described that 
the preliminary idea of the Thiessen Polygon was to divide 
the study area into polygons, and each of the polygons is 
allocated with the rainfall value of the corresponding rain 
gauge station.

TABLE 1. Advantages and disadvantages of each spatial analysis method
Methods Advantages Disadvantages

IDW method A simple and popular method that only uses 
distance information (Caloiero et al. 2021).

A method that is sensitive to the data of 
nearby points and can affect the accuracy 

(Fung et al. 2022).

OK method
It is a non-biased method; the expected value 

equals the valid variable (Ananias et al. 
2021).

A large amount of data is required to 
estimate the semivariogram model 

(Ananias et al. 2021).

Thiessen Polygon 
method

A simple and easy method (Nanda et al. 
2020).

The assumption that each rainfall 
distribution is uniform within each 

Polygon is unrealistic (Nanda et al. 2020).

UK method It can handle data that do not have a constant 
mean (Oliveira et al. 2022).

It may not perform well when the spatial 
trend is not linear (Shadeed et al. 2022).

The average rainfall in the area was then calculated 
as the weighted mean of the polygon values. Guo et al. 
(2022) analysed to find the best interpolation methods to 
be carried out at Chaohe River Basin, China. The findings 
illustrated that Thiessen Polygon had the lowest accuracy 
compared to the other methods. The UK is one of the 
variations of Kriging that integrates deterministic trends 
and spatial autocorrelation (Helmi et al. 2023). Oliveira et 
al. (2022) studied spatial mapping of annual rainfall in the 
São Francisco River Basin (SFRB) and the results showed 
that UK performed better than IDW and OK.

Table 1 shows the advantages and disadvantages of 
four different spatial methods gathered from studies with 
different objectives conducted in the past five years, from 
2019 to 2023. 

This study aims to investigate the rainfall characteristics 
in the Kelantan River Basin, a region identified as the most 
extensive basin in Malaysia at risk of flooding and prone 
to significant flooding and landslides, particularly during 
the northeast monsoon season. It seeks to analyze spatial 
trends in rainfall patterns within the basin, and support the 
development of strategies for mitigating potential risks 
associated with these patterns. By examining these aspects, 
the study contributes to the literature on rainfall and risk 
management in three ways. First, it documents the detailed 
characteristics of rainfall in the Kelantan River Basin. 
Second, it identifies spatial trends and variations in rainfall 
patterns across different areas within the basin. Third, it 
suggest the strategies for mitigating the potential flooding 
risks at Kelantan River Basin.

METHODOLOGY

The main objective of this study is to investigate the 
characteristics of the Kelantan River Basin rainfall using 
spatial analysis methods. Figure 1 shows the flow chart for 
this study.

FIGURE 1. Flow Chart of Methodology

STUDY AREA

Kelantan River Basin (KRB) catchment area has a maximum 
length of 150 km and 140 km breadth, about 248 km long, 
and has an area of drain of 13,100 km2, covering more than 
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85% of Kelantan (Latif and Mustafa 2021). KRB experiences 
two monsoon seasons, which are Southwest Monsoon and 
Northeast Monsoon. Northeast monsoons have higher 
rainfall intensity that usually causes floods (Tam et al. 2019). 
KRB, located between 4°–6°N latitudes and 101°–102°E 
longitudes, was hit by a severe flood in December 2014 that 
caused a loss of about 2.8 billion ringgit (Latif & Mustafa, 
2021).

DATA COLLECTION

The Malaysian Meteorological Department (MMD) has 
provided the rainfall data for this study. Figure 2 shows 
the rainfall stations locations in KRB. Table 2 shows the 
location of 10 stations that located in KRB. 30 years of 
rainfall data has been used in this study.

FIGURE 2. Rainfall stations distribution map in the study area

MISSING DATA ESTIMATION

Missing rainfall data cannot be prevented during the 
process of collecting rainfall data. (Lai et al. 2019). Missing 

data is usually caused by human error during data 
management, natural disasters and machinery problems 
(Lai et al. 2019). Thiessen Polygon is used in the study to 
estimate the missing rainfall data.

TABLE 2. Details of rainfall stations used in the study area
Station code Station Record period Latitude Longitude

40431 Pos Blau 1989 - 2018 04° 39' N 101° 41' E
40433 Pos Hau 1989 - 2018 04° 42' N 101° 32' E
40510 Pos Tehoi 1989 - 2018 05° 03' N 101° 45' E
40512 Pos Wias 1989 - 2018 05° 07' N 101° 49' E
40516 Pos Gob 1989 - 2018 05° 17' N 101° 38' E
40546 Pusat Ternakan Haiwan Tanah Merah 1989 - 2018 05° 48'  N 102° 00'  E
40547 Mardi Jeram Pasu 1989 - 2018 05° 48'  N 102° 20'  E
40664 Pusat Pertanian Lundang 1989 - 2018 06° 06' N 02° 14' N
48615 Kota Bharu 1989 - 2018 06° 10' N 102° 18' E
48616 Kuala Krai 1989 - 2018 05° 32' N 102° 12' E
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EXTRACTION OF RAINFALL DATA

The rainfall data was extracted and divided into two 
categories: monthly and annual. Both data are essential for 
different purposes, such as agriculture, water supply 
management and flood risk assessment (Boulikha et al. 
2021). Monthly rainfall can help understand seasonal 
weather patterns such as monsoon season meanwhile 
annual rainfall can show a bigger view of the average 
rainfall for that particular year.

INVERSE DISTANCE WEIGHTING (IDW)

IDW is a non-linear interpolation method and assumes that 
the closer the measurement to a location, the more impact 
it has on the estimated value (Caloiero et al. 2021). The 
formula for IDW is expressed as (Fung et al. 2022):

(1)

where W(x,y) is the estimation rainfall positioned at 
point (x,y), N represented quantity of observational point 
surrounding (x,y), λi is the weight of observational results 

 positioned at point (xi,yi), di is the distance between 
(xi,yi) and (x,y)and p is the effect of weighting of Wi on W.

ORDINARY KRIGING (OK)

OK use weight from observed data to estimate unknown 
data. The formula for OK can be defined as (Fagandini et 
al. 2023):

(2)

where  is the missing value of rainfall declared 
as Z at the target position x0,  is the observation weights 
at the location xi relative to x0. Moreover, n represents the 
frequency of known points.

THIESSEN POLYGON

Thiessen Polygon is a simple and easy method that uses 
weights based on each Polygon’s area to find the unknown 
values. Thiessen Polygon can be expressed as (Nugroho 
et al. 2019):

(3)

where  is defined as rainfall area, R1, R2,…, Rn is 
rainfall in each observation point, n is the number of 
observation points, and A1, A2,…, An is the area 
representing station 1, 2, 3,…,n.

UNIVERSAL KRIGING (UK)

Kriging has a few variations and the UK is one of them. 
The UK merged with deterministic trends and spatial 
autocorrelation. UK can be expressed as (Helmi et al. 
2023):

(4)

where γij represents the semi-variogram values 
between the observation points; μp represents the 
Lagrangian multiplier associated with p th unbiasedness 
condition and  represents fp(xi)..

RESULTS AND DISCUSSION

RAINFALL CHARACTERISTICS OF AVERAGE 
MONTHLY RAINFALL DATA

The characteristic of average monthly rainfall is essential 
to evaluate the temporal distribution of precipitation and 
its impact on the Kelantan River Basin (KRB). Figure 3 
and Figure 4 show the average monthly rainfall 
distribution at two stations of KRB. The moving average 
trendline was also included in the chart to ease the trend 
reading. The result shows the increment of rainfall 
distribution throughout the years. Kota Bharu had the 
most difference in rainfall distribution from October to 
November. Meanwhile, Pos Tehoi had the lowest average 
rainfall distribution all year round. 

The increasing trend of rainfall during the end of 
the year in the KRB can be attributed to the Northeast 
Monsoon (NEM) season, which typically occurs from 
December to February. This phenomenon is further 
supported by the fact that the KRB experiences monsoon 
floods during the early phase of the NEM season almost 
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every year (Tan et al. 2021). Abdul et al. (2021) conducted 
a study that showed a similar result: the KRB shows an 
increase in monthly rainfall during the wet season, which 

aligns with the timeframe of the NEM season, and a 
decrease in rainfall during the dry season.

FIGURE 3. Average monthly rainfall distribution at Kota Bharu during 1989 - 2018

FIGURE 4. Average monthly rainfall distribution at Pos Tehoi during 1989 – 2018

RESULTS OF INVERSE DISTANCE 
WEIGHTING (IDW) ANALYSIS 

The mean rainfall distribution was mapped and presented 
in various colours in Figure 5. The green regions indicate 
the areas with the lowest annual mean rainfall, while the 
yellow to orange regions represent moderate annual mean 

rainfall. Conversely, the red regions represent areas with 
the highest annual mean rainfall.

The highest rainfall was concentrated around the north 
region, which can be explained by the fact that the north 
regions of the KRB were not covered by mountain ranges. 
The middle and east regions of the KRB are covered by 
the Tahan Range. Thus, these areas receive lower rainfall 
than the north regions of the KRB.
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(a) (b)

FIGURE 5. (a) Monthly and (b) Annual rainfall distribution at KRB using IDW

RESULTS OF ORDINARY KRIGING (OK) 
ANALYSIS 

The map in Figure 6 uses a colour gradient to represent 
different mean annual rainfall ranges. Light green regions 
represent the lower mean annual rainfall, while dark blue 
regions represent the higher mean annual rainfall.

The map shows the central regions of the basin that 
had the lowest monthly rainfall, which is highlighted in 
light green. The north regions showed the highest monthly 
rainfall, highlighted in dark blue. The central regions had 
lower rainfall compared to the north regions because the 
Tahan Ranges sheltered the central regions of the KRB.
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(a) (b)

FIGURE 6. (a) Monthly and (b) Annual rainfall distribution at KRB using OK

RESULTS OF UNIVERSAL KRIGING (UK) 
ANALYSIS 

The map in Figure 8 illustrates the KRB rainfall distribution 
using the UK method. Red represents the lowest rainfall 
distribution, while blue represents the highest rainfall 
distribution in KRB. The rainfall distribution was higher 
in the blue region as the colour gradient changed from red 
to blue.

The north regions of the basin receive the highest mean 
monthly rainfall, while the central and north-central regions 
experience moderate rainfall. Moving towards the south, 
this area shows a gradient from higher to lower rainfall. 
The south regions receive the lowest mean monthly rainfall. 
North regions receive the most influence of NEM, which 
is the rainy season in Malaysia. This explains why the north 
regions always receive heavy rainfall and heavy wind. 

RESULTS OF THIESSEN POLYGON 
ANALYSIS 

Figure 7 shows the colour-graded map that represents the 
rainfall distribution of the KRB using Thiessen Polygon. 
The darker blue region indicates the area that receives the 
highest rainfall distribution. The lighter the blue region, 
the lower rainfall distribution receives in the area.

The north regions are highlighted with the darkest 
blue, showing they received the highest mean rainfall. At 
the same time, the central region, which is covered in the 
light blue regions, obtained the lowest mean rainfall. These 
results indicate that the Tahan Range does not cover the 
north regions of the KRB compared to the middle regions 
of the KRB. Hence, the north regions receive a higher 
rainfall distribution.

(a) (b)

FIGURE 7. (a) Monthly and (b) Annual rainfall distribution at KRB using Thiessen Polygon
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(a) (b)

FIGURE 8. (a) Monthly and (b) Annual rainfall distribution at KRB using UK

SUMMARY AND SUGGESTIONS FOR 
FLOODING MITIGATION MEASURES

Several spatial analysis methods, such as Inverse Distance 
Weighting (IDW) and Ordinary Kriging (OK), produced 
similar results when analysing rainfall data in the Kelantan 
River Basin. Both methods emphasized higher rainfall in 
the northern areas, such as Pusat Ternakan Haiwan Tanah 
Merah and MARDI Jeram Pasu, while the central areas, 
including Pos Tehoi and Pos Wias, have lower rainfall 
because of their proximity to the Tahan Mountains, which 
are directly affected by the monsoon. The proximity of 
data points influenced both methods; IDW assumed closer 
measurements had a more significant impact on the 
estimated values, while OK utilised the weight from 
observed data to predict unknown values (Caloiero et al. 
2021). The reliance on distance to the station results in 
similar spatial patterns, as both methods prioritise the 
influence of nearby measurements on the interpolation 
outcomes. 

On the other hand, Thiessen Polygon and Universal 
Kriging (UK) produced different results. Thiessen Polygon 
used a straightforward approach by assigning rainfall 
values based on the area of each polygon created around 
a station, which can ignore spatial variability within the 
polygons (Nganro et al. 2020). This method showed that 
Pusat Ternakan Haiwan Tanah Merah and MARDI Jeram 
Pasu areas are received the highest mean rainfall. At the 
same time, the central region around Pos Wias, Pos Tehoi 
and Pos Blau obtained the lowest mean rainfall. In contrast, 
the UK incorporated deterministic trends and spatial 
autocorrelation, offering a more complex and potentially 
more accurate representation of rainfall distribution (Jalili 
& Modarres, 2020). The north regions of the basin, 
including Kota Bharu and the vicinity of Pusat Pertanian 

Lundang, receive the highest mean monthly rainfall, while 
the central and north-central regions, including Pusat 
Ternakan Haiwan Tanah Merah, Mardi Jeram Pasu, and 
Kuala Krai, experience moderate rainfall.

The simplicity of the Thiessen Polygon can lead to 
less precise estimates, especially in areas with high spatial 
variability. In contrast, the UK’s complex modelling 
captured more detailed spatial relationships (Charles et al. 
2022).

The KRB is expected to experience increased flooding 
in the future, primarily due to the impacts of climate 
change, including phenomena like El Niño and La Niña. 
These climatic events worsen flood risks in the Kelantan 
River Basin, which already suffers from frequent and 
severe flooding. Flood mitigation strategies are essential 
for reducing the impact of floods on communities. Various 
methods exist to address flood risks, including both 
engineering and non-engineering approaches. 

In conclusion, Kelantan’s flood mitigation plan should 
combine engineering methods with non-engineering 
approaches that are suited to the region’s specific needs. 
By incorporating nature-based solutions, evaluating the 
area’s vulnerability, and using advanced technologies, we 
can improve the overall effectiveness of flood prevention 
in the region.

CONCLUSION

This study analysed rainfall in the KRB using data from 
10 stations over 20 years and four interpolation methods: 
Inverse Distance Weighting (IDW), Ordinary Kriging 
(OK), Thiessen Polygon, and Universal Kriging (UK). The 
results revealed detailed monthly and annual rainfall 
patterns, with significant end-of-year rainfall due to the 
NEM season. It was found that the north regions of the 
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basin, such as Kota Bahru and the vicinity of Pusat 
Pertanian Lundang received the highest rainfall distribution 
as the Tahan Ranges do not cover the area. In contrast, 
central regions like Pos Wias and Pos Tehoi experience 
lower rainfall due to the shielding effect of the Tahan 
Range.

Spatial analysis is crucial for identifying areas prone 
to heavy rainfall and informing flood risk assessment and 
mitigation planning. The study’s findings provide valuable 
data for enhancing flood management systems through 
improved drainage, flood barriers, and better land-use 
planning.
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