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1. Introduction

Rainfall is one of the most important elements of weather patterns. It is an essential atmospheric
phenomenon and influential meteorological parameter in many aspects of daily life (Elvis
Selase, 2015). The frequency and amount of rainfall have long been acknowledged as having
an impact on the environment, economy, society, and even biodiversity. It is a significant factor
and one of the most challenging problems on global and local weather atmospheric circulation.
Generally, rainfall events can begin or end at any time of the day and may last a few hours or
several days.

The main types of rainfall are orographic, frontal or cyclonic and convectional. Convectional
rainfall, frontal rainfall occurs due to what happens when a cold front meets a warm front.
Meanwhile, orographic rainfall occurs on the upwind sides of the mountain ranges (Team,
2022). Figure 1 illustrates the information of orographic, frontal and convectional rainfall.
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(Source: Wehren et al., 2010)
Figure 1: Information of orographic, frontal and convectional rainfall.

Currently, rainfall prediction is the science and innovation used to predict the state of the climate
for a specific area, and the results of rainfall prediction should be accurate. It is mainly concerned
with the rainfall prediction conditions for a given environment, as the climatic factors of rain
affect many human activities like agricultural production, construction, power generation, and
forestry (Hernandez et al., 2016). Thus, predicting rainfall is crucial since it has the strongest
association with natural disasters like landslides and flooding. In addition, it can serve as an early
warning since knowing the weather forecast far in advance helps manage agricultural farms more
effectively and lowers hazards to life and property.

Due to the inability of the current drainage system to handle excessive water flow, Kuala
Lumpur suffered torrential rains that could unexpectedly result in several flash floods in just
two hours (Ayamany, 2022), The monsoon season typically occurs at the end of the year.
However, in March 2022, Kuala Lumpur experienced unnaturally heavy rain. Usually, Kuala
Lumpur will experience drought instead. Besides, the ministry’s secretary-general, Datuk Seri
Zaini Ujang stated that Kuala Lumpur receives 2500mm of precipitation annually, or around
208mm each month. Vigdor (2021) explains that flash floods are so named because sudden
downpours can follow heavy rains. Hence, flash floods can happen so fast that they cause
damage to live, vehicles, public assets, and infrastructure. Therefore, this study aims to
determine the significant factors that contribute to rainfall in Kuala Lumpur.

41



MATHEMATICS - in Applied Research Vol. 004 (2023)

2. Material and Method

2.1. Study Area and Data

This study used secondary data with six variables and 381 observations in Kuala Lumpur from
September 1st to September 30th, 2021. Rainfall events is the response variable, whereas
maximum temperature, minimum temperature, maximum humidity, minimum humidity, and
wind speed are the predictor variables. Harun et al. (2020) stated that Kuala Lumpur is the
largest metropolitan area in Malaysia has a population of 7.2 million and a land area of 2793
square kilometers. This represents approximately a quarter of the population of Malaysia. Kuala
Lumpur has a tropical climate that is hot and humid throughout the year. There is minimal
difference from one season to another. Kuala Lumpur experiences a lot of rain even though it
is the driest month of the year. Besides, the monsoon season runs from March to April and
September to November, with monthly rainfall varying depending on the season.

2.2. Binary Logistic Regression

Binary logistic regression is a relationship between a set of predictors and a binary response
variable. It evaluates the association between one or more independent variables and a
categorical target variable. A binary regression is used to analyses how changes in the predictor
values relate to changes in the probability that an event will occur. In this research, binary logistic
regression was used to determine the significant factors that influence rainfall, and a binary
response has only two values, which are rain and no rain.

Binary logistic regression, by design, overcomes many of the restrictive assumptions of
linear regression. The assumption of binary logistic regression includes the outcome must be
discrete, or the dependent variable must be dichotomous in character, there should be no outliers
in this data and there should be no high intercorrelations (multicollinearity). The dependent
variable in logistic regression is a logistic transformation of the changes (also known as logit):

log(odd) = logit(P) = In (1‘_'417) = a+b.X; + byXy + bsXs + byXy + bsXs (1)

Logit, also known as log odds, is a value that can range from 0 to infinity and tells how much
more likely an observation is to be a member of the target group than the other group.

odds = P P )

The odds ratio estimates the change in the odds of being a member of the target group when the
predictor is increased by one unit. It is calculated using the predictor’s regression coefficient as
the exponent.

3. Result and Discussion

3.1. Omnibus Test of Model coefficients

The Omnibus Test was acquired in order to assess the effectiveness. If the p-value is below the
significance level (0=0.05), the model performs effectively. According to Table 1, the chi

square test’s (p-value=0.001) was lower than 0.05 (X ¢ 55 =64.677). This result demonstrated
how significantly the new model outperformed the baseline model.

Table 1. Omnibus Test of Model Coefficients

Chi-Square Degrees of P-Value
Freedom
Step 64.577 5 <0.001
Block 64.577 5 <0.001
Model 64.577 5 <0.001
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3.2. Hosmer and Lemeshow Test

The Hosmer and Lemeshow test was used to assess how well the model fit the data. If the p-
value exceeds the significance level, a=0.05, the model is thought to be well-fit. According to
the result in Table 2, the p-value for the Hosmer and Lemeshow Test is 0.512. It was determined
that the model fit very well since the p-value was greater than 0.05.

Table 2: Hosmer-Lemeshow Goodness of Fit Test

Chi-Square Degrees of Freedom P-Value
7.231 8 0.512

3.3. Cox and Snell R?and Nagelkerke R*

By contrasting the log-likelihood of the model and the baseline model, the Cox and Snell R?
and Nagelkerke R%was determined. The values of the Cox and Snell R? and Nagelkerke RZ%are
0.156 and 0.416 respectively, as shown in Table 3. This indicates that 41.6 percent of the
variation in rainfall can be explained by factors related to maximum temperature, minimum
temperature, maximum humidity, minimum humidity, and wind speed, while the remaining
58.1 percent may be explained by variables not included in the binary logistic regression model.

Table 3: Model Summary

Cox and Snell R? 0.156
Nagelkerke R? 0.416

3.4. Classification Table

The classification table is used for assessing predictive accuracy. The results which are shown in
Table 4, show that the model was completely correct in forecasting when it might not rain. On
the other hand, specifications measure a model's ability to anticipate unfavourable events with
accuracy; in this case, the model was able to predict rainfall in the absence of rain with a rate of
37.5%. Meanwhile, the accuracy of the model is measured by the percentage of correct
predictions. Overall, it was confirmed that adding the variables to the model improved the
model’s accuracy, with 96.1% indicating an improvement overall. As a result, it shows that the
model used in this study effectively predicts a successful outcome.

Table 4: Classification Table Including All Variable (Block 1)

Observed Rainfall Events Percentage
No Rain  Rain Correct
Rainfall Events No Rain 357 0 100
Rain 15 9 37.5
Overall Percentage 96.1

3.5. Variables in The Equation

Variables in the equation are used to determine how much the variable significantly contributes
to the model. According to Table 5, the minimum humidity is one of the major characteristics
that significantly leads to rainfall (p-value=0.005). As a result, it can be concluded that rain is
1.248 times more likely when humidity is at its lowest. However, as the p-value is bigger than
the significant value, the factors such as maximum temperature, minimum temperature,
maximum humidity, and wind speed did not significantly affect rainfall.

43



MATHEMATICS - in Applied Research Vol. 004 (2023)

Table 5: Variables in the Equation

Factor B Standard Error Wald  df Sig. Exp(B)
Maximum Temperature  0.056 0.177 0.099 1 0.753 1.057
Minimum Temperature -0.148 0.197 0.560 1 0.454  0.863

Maximum Humidity 0.165 0.115 2.047 1 0.153 1.179
Minimum Humidity 0.221 0.078 7.951 1 0.005 1.248
Wind Speed 0.169 0.297 0.324 1 0.569 1.184
Constant -27.56 23.292 1.4 1 0.237  0.000

4. Conclusion

Several locations in Malaysia, including Kuala Lumpur, suffered extremely strong rains in
December 2021, causing flooding and landslides. According to binary logistic regression, the
minimum humidity is the only variable that significantly influences rainfall in Kuala Lumpur. It
is hoped that this study will serve climatologists by assisting in the early identification of natural
disasters, providing information on rainfall probability, imparting knowledge to future scholars,
and improving societal benefit. It is recommended that further research can be done to enhance
the current method for creating a better weather prediction model, such as multinomial logistic
regression, to raise the predictions' accuracy.
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