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Abstract: Rainfall pattern analysis is significant in hydrological studies and it can be
used to assess different planning criteria and the management of water supplies.
Human activities might have altered the climate system, which reluctantly increased
the intensity of rainfall events. This study aims to estimate the upcoming changes of
the intensity of rainfall in Kota Tinggi by using a reliable model which is linear
regression and it is also crucial to analyze the evidence of climate change. The data
for monthly and annual rainfall was obtained from the Malaysia Meteorological
Department (MMD) to be analyzed. Statistical analysis such as ANOVA has been
performed in Microsoft Excel to assess significant differences from the data. Based
on the assessment, the highest amount of monthly rainfall distribution is in December,
with a value of 3371 mm while the lowest amount is in February, 1211 mm. The
highest amount of annual rainfall distribution is in 2017, with a value of 2581 mm
and the lowest is in 2018, with an estimated total of only 18 mm. The result of this
study shows that the mean monthly and annual rainfall data has an irregular pattern
and a statistically insignificant trend. Extensive researches and studies using different
trend analysis models is recommended to achieve a more accurate result.
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1. Introduction

Rainfall pattern analysis at a certain time is significant and appropriate in hydrological studies in
particular as a method for detecting and recognizing changes that have taken place and for assessing the
different planning criteria and the management of water supplies [1]. Previous studies have been
performed and some findings indicate significant trends in rainfall such as several severe and drought
events have been recorded in the recent years. MMD stated that an abnormally heavy rainfall have
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occurred for several days at the end of December 2006 and in the middle of January 2007 in Peninsular
Malaysia, specifically the southern region, owing to the cold surges of the north-eastern monsoon,
triggering major flooding in the area [2].

Besides being a crucial part of the tropical weather system, convective precipitation also provides
to the spatial and temporal variations of rainfall. As a consequence of climate change, it is also vital to
estimate the spatial and temporal distribution of rainfall [3]. The geographical distribution of
susceptibility to climate change is not consistent across the world [4]. Climate change would have an
effect on supply of water (surface runoff) [5]. World problems relating to climate variability and
transition such as the rise in temperature which leads to drought and wild fires have already been a
central consideration [6].

Global warming is believed to be causing the increase in the intensity and frequency of rainfall
events [7]. Malaysia’s allocation of water supplies has therefore become critical for future water supply
planning and management [8]. One of the hazards includes flash floods. Johor is one of the flood-prone
areas in Peninsular Malaysia, along with other states such as Selangor and Pahang [9]. Besides being
extremely dangerous and possibly fatal, flash floods could cause other problems such as loss of personal
property, fear of theft due to necessary evacuation and disconnection [10].

Hence, the objective of this study is to estimate the upcoming changes of the intensity of rainfall in
Kota Tinggi by using linear of regression. At the end of this study, the trend analysis of rainfall can be
identified.

2. Materials and Methods

Monthly and annual rainfall data have been acquired from the MMD. The rainfall data obtained for
16 years ranging from 2002 to 2018.

2.1 Materials

In order to study the significant difference of the monthly and annual rainfall data that have been
provided, statistical analysis is performed. Graphs are also plotted in order to illustrate the trend of
rainfall in Kota Tinggi. The statistical analysis is used to determine several factors of the trend such as
the dispersion and the central tendency of rainfall.

2.2 Linear Regression

In this study, linear regression is chosen as statistical analysis as it shows the correlation between 2
parameters; dependent variables (X) and independent variables (Y) [11].

The positive or negative trend of the data is displayed by the slope of linear regression [12]. As the
value x increase, y increase and this indicates positive relationship. the vice versa condtions for negative
relationships.[12].

In linear regression, it is essential to assume normal distribution. The statistical values of this
particular analysis is calculated by using Microsoft Excel and the hypothesis is tested by comparing the
Probability value (P value) or Significance F with the significance level, 0.05. These values can be
determined using ANOVA. The value of R-square (R?) of the correlation from the linear regression
analysis indicates how strong the association and relationship between the variables are. An R? value of
1.0 signifies that the data fits the linear regression model perfectly. The value of R? lower than 1.0
indicates that there is a fraction of the variance that could not be explained by the model. For example,
an R? value of 0.86 shows that 0.14 of the rainfall variance could not be explained by the model used
[13].
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The general equation of linear regression is as shown below:

Y=a+bX Eq.1
Y= the amount of rainfall, X= the year or month

The mean and the sample variance is determined for each set of data from Eq. 2 and Eq. 3,
respectively.

XX
X = " Eq.2
SZZZ(xi—f)Z Ea.3
n—1 9

The sample variance of the data is represented by s2, the value of one observation is symbolized
by x;, the mean value of all observations is x and the number of observations is n. Eq. 4, which is the
value of standard deviation can then be derived from Eq. 3.

’Z(xi —X)?

The skewness is determined for each set of data from the formula given below:

2N~ %)3

_—(N—l)*03 Eq.5

A3
3. Results and Discussion

The model that has been used for this analysis is linear regression. In order to decide whether there
is a significant difference in the mean annual rainfall data, ANOVA is computed [14].

3.1 Hypothesis Testing

Table 1: Analysis of variance of mean annual rainfall from 2002 to 2018

Df SS MS F Significance F
Regression 1 40023.7279 40023.7279 0.066585 0.799882
Residual 15 9016384.15 601092.277
Total 16 9056407.88

Table 1 shows an ANOVA of mean annual rainfall in Kota Tinggi from 2002 to 2018. A
significance F value that is smaller than the significance level which is 0.05 indicates that the probability
of the model to be wrong is lower while a higher value means the other way around [15]. The results
indicated that significant difference existed in the mean annual rainfall over the period of 16 years
(F=0.066585, Significance F=0.799882).

The kurtosis and skewness of the data are computed in Microsoft Excel. Skewness is a measure of
lack of symmetry [16]. If the data set looks similar from both sides of the center point, then it is most
likely symmetrical. Kurtosis is identified as a data flatness which is indicated by negative kurtosis or
peakedness which is indicated by positive kurtosis. In other words, it is also a measure to determine
whether the data are light-tailed or heavy-tailed corresponding to the normal distribution [17].
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3.2 Descriptive Rainfall Statistics
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Figure 2: Annual rainfall distribution (2002-2018)

Based on Figure 1, the highest amount of monthly rainfall is in December which is 3371 mm and
it is equivalent to its mean value, 198.2941 mm. The standard deviation for the amount of rainfall in
December is 103.4044. On the other hand, the lowest amount of monthly rainfall is in February with
only 1211 mm and a mean value of 71.2353 mm. However, the highest standard deviation of the
monthly rainfall distribution is in January with a value of 165.5993 mm. This indicates that the rainfall
distribution in January was inconsistent or highly distributed. The dispersion of the data from their
respective means is measured by its standard deviation [18].

Figure 2 shows that 2017 has the most amount of annual rainfall which is 2581 mm with the highest
mean value, 215.0833 mm. The standard deviation in 2017 is 87.9736 mm. Meanwhile, the lowest
amount of annual rainfall is in 2018 which is estimated to be only 18 mm due to several missing rainfall
data. In this case, the outlier must be calculated. From 2002 to 2018, the highest standard deviation is
143.4525 which is during 2004.

The range of rainfall can be associated with the value of standard deviation [19]. As the value of
standard deviation increases, the range of rainfall also increases. This can be proven in Table 2. For
example, the lowest value of standard deviation is in 2018 which is 5.1962 mm, as well as the range of
rainfall which also has the lowest value of only 18 mm.
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Table 2: Descriptive analysis of annual rainfall data

Year Mean Median S.D. Sample Skewness  Kurtosis Min  Max Range
(mm) (mm) (mm) Variance (mm) (mm) (mm)
2002  52.500 0 75.756 5739.000 1.158 0.025 0 213 213
2003  201.750 184 123.004  15130.023 0.348 -0.356 8 413 405
2004  178.917 151 143.453  20578.629 1.196 1.804 3 521 518
2005  159.333 176 111.029  12327.515 -0.046 -1.377 0 337 337
2006  69.500 325 77.358 5984.273 0.803 -0.542 0 226 226
2007  121.000 85 134.107  17984.546 0.829 -0.447 0 390 390
2008  200.500 211 93.435 8730.091 -0.305 -0.939 43 342 299
2009 131.833 143.5 45.976 2113.788 -0.684 -0.602 43 189 146
2010  92.750 94 70.973 5037.114 0.185 -1.365 1 210 209
2011  214.750 185 126.652  16040.750 0.772 0.226 31 476 445
2012  185.750 171 46.833 2193.296 0.679 -0.374 115 265 150
2013  212.000 214 67.215 4517.819 -0.425 -0.032 77 302 225
2014  168.500 1415 88.949 7911.909 0.378 -0.596 24 321 297
2015 159.333 152 117.682  13848.970 1.271 2.320 21 447 426
2016  167.083 178.5 70.128 4917.902 -0.787 0.407 15 249 234
2017  215.083 195 87.974 7739.356 0.954 0.795 86 401 315
2018 1.500 0 5.196 27.000 3.464 12.000 0 18 18

Based on Table 3, the linear trend lines of the monthly rainfall shows a downward trend in January,
March, September and October while the remaining months indicated an upward trend. The annual
rainfall data also indicated an upward trend. The probability values (P values) of the trend lines is higher
than the significance level = 0.05. Thus, there is no statistically significant trend in both data which
increases the possibility for the null hypothesis to be false. The y value represents the amount of rainfall
while x is the month or year.

Table 3: Regression statistic results for monthly and annual rainfall

Month Regression equation R-square P value Statically significant
Jan y=-3.9142x+8037.1628 0.01 0.11 No
Feb y=6.549x-13092.2941 0.16 0.11 No
Mar y=-3.9951x+8157.9918 0.03 0.48 No
Apr y=2.902x-5.689.82355 0.03 0.50 No
May y=7.7598x-15449.4412 0.14 0.14 No
Jun y=2.6005x-5125.75 0.05 0.41 No
Jul y=3.8137x+7792.4118 0.03 0.47 No
Aug y=3.9044x-7686.4559 0.05 0.41 No
Sep y=-3.2255x+6650.2941 0.04 0.44 No
Oct y=-6.7059x+13665.4706 0.08 0.27 No
Nov y=8.0221x-15937.9265 0.11 0.21 No
Dec y=0.1789x+557.9265 0.00 0.96 No

Annual y=9.9904x+1698.2 0.00 0.82 No

4. Conclusion

The result of this study shows that the mean monthly and annual rainfall data has an irregular pattern
and a statistically insignificant trend. The linear regression analysis indicated downward trend in
January, March and September while the remaining months indicated an upward trend. Between the
period of 16 years, the most amount of annual rainfall is in 2011, 2013 and 2017 while the least amount
of annual rainfall is in 2018. Trend analysis of rainfall data is crucial as it facilitates policy decisions
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regarding the cropping pattern, sowing date, construction of roads and providing drinking water to urban
and rural areas [20].

Extensive researches and studies using different trend analysis models is recommended to achieve
amore accurate result. More studies regarding rainfall characteristics should also be carried out to verify
the significant trend of rainfall in the area studied.
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