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ABSTRACT 
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aDepartment of Biomedical Sciences, Faculty of Medicine and Health Sciences, Universiti 

Putra Malaysia 
bDepartment of Environmental and Occupational Health, Faculty of Medicine and Health 

Sciences, Universiti Putra Malaysia 
cDepartment of Community Health, Faculty of Medicine and Health Sciences, Universiti 

Putra Malaysia 

  

Introduction: Several studies have examined the relationship between 

meteorological factors and COVID-19 infection. It has been discovered that different 

climates in different locations have a different impact on COVID-19 cases. Therefore, 

it is essential to establish a location-specific study of meteorological factors and 

COVID-19 cases. Local researchers in Malaysia have studied the relationship 

between meteorological factors and COVID-19 cases in Kuala Lumpur and Malaysia 

as a whole. Such studies must also be established in the most populous state in 

Malaysia, Selangor. Objective: This study aims to evaluate the relationship between 

the meteorological factors and the daily new COVID-19 cases in Selangor, Malaysia. 

Dew point, temperature, relative humidity, precipitation, and wind speed are the 

meteorological factors investigated in this study. Methodology: Kendall rank 

correlation analysis and cross-correlation analysis were used to control for 

collinearity and lag effects. Negative binomial (NB) model and zero-inflated 

negative binomial (ZINB) model were used to estimate the effect of meteorological 

factors on daily new COVID-19 cases, taking into account the overdispersion and 

zero-inflation of the dependent variable. All significant meteorological factors were 

fitted in the model. The best model was selected based on Akaike information 

criterion (AIC). Backward elimination is then performed in the selected multivariable 

model to select the most significant meteorological factors and optimize the model. 

Results: ZINB provides the best fitting with the lowest AIC value. Temperature, 

relative humidity, dew point, and wind speed significantly negatively correlated with 

COVID-19 cases, while precipitation was not significantly correlated with COVID-

19 cases. However, only dew point at lag 0, lag 2, lag 10, and lag 12, wind speed at 

lag 9, lag 10, lag 12, lag 13, and lag 14 had a significant effect on the daily new 

COVID-19 cases. Discussion: This study demonstrated the effect of meteorological 

factors on daily new confirmed cases in Selangor, Malaysia. The results showed 

consistency and contradictions with the previous studies conducted in Malaysia. 

Conclusion: The findings from this study provide new insight into the relationship 

and lag effects between meteorological factors and daily new COVID-19 cases in 

Selangor, Malaysia. The government may take meteorological factors into 

considerations when making policies and allocating resources. 

 

Keywords: COVID-19, overdispersion, zero-inflation, negative binomial, 

meteorological 
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ABSTRAK 

 

Kajian Faktor Meteorologi Berkaitan dengan Kes COVID-19 di 

Selangor, Malaysia 
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Idayu Saidia 

aJabatan Sains Bioperubatan, Fakulti Perubatan dan Sains Kesihatan, Universiti Putra 
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Universiti Putra Malaysia 
cJabatan Kesihatan Komuniti, Fakulti Perubatan dan Sains Kesihatan, Universiti Putra 

Malaysia 

  

Pengenalan: Banyak kajian telah mengkaji hubungan antara faktor meteorologi 

dengan jangkitan COVID-19. Iklim di lokasi yang berbeza mempunyai kesan yang 

berbeza terhadap kes COVID-19. Oleh itu, kajian tentang faktor meteorologi dan kes 

COVID-19 mesti dijalankan secara khusus di satu lokasi sahaja. Penyelidik tempatan 

di Malaysia telah mengkaji hubungan antara faktor meteorologi dan kes COVID-19 

di Kuala Lumpur dan Malaysia secara keseluruhan. Kajian sebegini juga mesti 

dijalankan di negeri yang mempunyai paling ramai penduduk di Malaysia, iaitu 

Selangor. Objektif: Kajian ini bertujuan untuk mengkaji hubungan antara faktor 

meteorologi dan kes COVID-19 di Selangor, Malaysia. Titik embun, suhu, 

kelembapan relatif, kerpasan, dan kelajuan angin adalah faktor meteorologi yang 

dikaji dalam kajian ini. Metodologi: Analisis korelasi pangkat Kendall dan analisis 

korelasi silang digunakan untuk mengawal kesan kolineariti dan ketinggalan. Model 

binomial negatif (NB) dan model binomial negatif sifar-melambung (ZINB) telah 

digunakan untuk menganggarkan kesan faktor meteorologi ke atas kes COVID-19. 

Semua faktor meteorologi penting akan dimasukkan dalam model. Model terbaik 

dipilih berdasarkan kriteria maklumat Akaike (AIC). Pemilihan ke belakang 

kemudiannya dilakukan dalam model pelbagai pembolehubah terpilih untuk memilih 

faktor meteorologi yang paling ketara dan mengoptimumkan model itu. Keputusan: 

ZINB adalah model terbaik dengan nilai AIC terendah. Suhu, kelembapan relatif, 

takat embun dan kelajuan angin berkorelasi secara negatif dengan kes COVID-19, 

manakala hujan tidak dikaitkan dengan kes COVID-19. Walau bagaimanapun, hanya 

titik embun pada lag 0, lag 2, lag 10 dan lag 12, kelajuan angin pada lag 9, lag 10, lag 

12, lag 13 dan lag 14 mempunyai kesan yang ketara ke atas kes COVID-19. 

Perbincangan: Kajian ini menunjukkan kesan faktor meteorologi ke atas kes 

COVID-19 di Selangor, Malaysia. Keputusan kajian ini terdapat konsistensi dan juga 

percanggahan dengan kajian lepas di Malaysia. Kesimpulan: Hasil kajian ini 

memberikan pandangan baharu tentang hubungan dan kesan ketinggalan antara 

faktor meteorologi dan kes COVID-19 di Selangor, Malaysia. Kerajaan dicadangkan 

untuk mengambil kira faktor meteorologi apabila membuat dasar dan 

memperuntukkan sumber. 

 

Kata kunci: COVID-19, binomial negatif sifar-melambung, binomial negatif, 

meteorologi 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

 

The Coronavirus Disease 2019 (COVID-19) is caused by severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) (World Health Organization, 2020b). 

SARS-CoV-2 is a β-coronavirus that causes severe respiratory infections like SARS-

CoV and MERS-CoV that have also previously caused global outbreaks (Guo et al., 

2020).  

 

COVID-19 began spreading outside China, starting with the first imported case 

reported in Thailand. COVID-19 spread rapidly worldwide, soon surpassing 10 

million confirmed cases in the United States and India by the end of 2020 (World 

Health Organization, 2020d). As of 24th April 2022, there were more than 500 

million confirmed cases, and more than 6 million deaths were reported worldwide 

(World Health Organization, 2022c).  

 

COVID-19 infections spread through various common pathway, including contact, 

droplet, airborne, and fomite (World Health Organization, 2020c). Contact and 

droplet transmission occurs when the viral-laden droplets exhaled by an infected 

individual enters the body of a susceptible individual in close contact through the 

openings of the eyes, nose, and mouth. World Health Organization (WHO) and Centers 

for Disease Control and Prevention (CDC) declared the airborne transmission of 
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COVID-19, where smaller and lighter viral-laden droplets can travel through the air, 

carrying the virus further afield. Transmission of COVID-19 may also occur via 

indirect contact with surfaces contaminated with the virus, followed by the eyes, 

nose, and mouth (World Health Organization, 2020c). Therefore, social distancing, 

the use of face mask and face shield, and frequent hand washing are paramount in the 

prevention of COVID-19 infection (World Health Organization, 2022a) 

 

1.2 Problem Statement 

 

Since the COVID-19 outbreak, many researchers have been interested in 

understanding the relationship between meteorological factors and COVID-19. 

Extensive studies have been conducted around the world, including in China (Xie & 

Zhu, 2020), Brazil (Auler et al., 2020; Prata et al., 2020), Turkey (Şahin, 2020; 

Selcuk et al., 2021), Iran (Ahmadi et al., 2020), Singapore (Pani et al., 2020). Local 

researchers have also conducted several studies to analyse the effect of 

meteorological factors on COVID-19 cases in Kuala Lumpur, and all over Malaysia 

(Lloyd & Viswanathan, 2022; Makama & Lim, 2021; Suhaimi et al., 2020; M. L. 

Tan et al., 2021).  

 

However, no consistent conclusions can be drawn to determine the relationship 

between meteorological factors and COVID-19 disease due to contradictions 

between studies from different countries. Malaysia's tropical climate, with its high 

temperature, humidity and rainfall almost all year round and little seasonal variation, 

may cause different effect on COVID-19 transmission compared to other countries 

with different climatic patterns (Makama & Lim, 2021). 
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Furthermore, looking into the population density of each state of Malaysia, Selangor 

has the largest population size among the 13 states and three federal territories 

(Department of Statistics Malaysia, 2021). Therefore, it is essential to establish a 

location-specific study to investigate the relationship between the meteorological 

factors and COVID-19 cases in Selangor (Şahin, 2020).   

 

 

Figure 1. Population distribution across each state of Malaysia in 2021. Selangor 

accounts for the largest proportion of Malaysia's population at 20.1%. 

 

In addition, as COVID-19 has an incubation period of 2 to 14 days, this study also 

aims to understand the lag effect of meteorological factors on COVID-19 cases in 

Selangor, with a lag time of up to 14 days (Chen et al., 2020; National Center for 

Immunization and Respiratory Diseases (NCIRD), 2022). To our knowledge, studies 

on the lag effect of meteorological factors and COVID-19 cases in Malaysia have not 

yet been established. Hence, this current study may be prominent to give new insight 

into the lag effect. 
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1.3 Objective 

 

1.3.1 General Objective 

 

This study aims to study the effect of the meteorological factors on the daily new 

COVID-19 cases in Selangor, Malaysia. 

 

1.3.2 Specific Objective 

 

1. To determine the relationship of the meteorological factors (temperature, 

relative humidity, dew point, relative humidity, precipitation) on daily new 

COVID-19 cases in Selangor, Malaysia. 

2. To determine the lag effect of the meteorological factors (temperature, 

relative humidity, dew point, relative humidity, precipitation) on the daily 

new COVID-19 cases in Selangor, Malaysia. 

3. To estimate the expected number of new daily COVID-19 cases based on 

meteorological factors (temperature, relative humidity, dew point, relative 

humidity, precipitation). 

 

1.4 Hypothesis 

 

1. Temperature, relative humidity, and wind speed are significantly negatively 

correlated with the daily new COVID-19 cases in Selangor, Malaysia. 

2. Dew point is significantly positively correlated with the daily new COVID-19 

cases in Selangor, Malaysia. 
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3. Precipitation is not significantly correlated with the daily new COVID-19 

cases in Selangor, Malaysia. 

4. A one-unit increase in temperature, relative humidity, and wind speed with a 

lag of up to 14 days will decrease the number of daily new COVID-19 cases. 

5. A one-unit increase in dew point with a lag of up to 14 days will increase the 

number of daily new COVID-19 cases. 

6. A one-unit increase in precipitation with a lag up of to 14 days will neither 

increase nor decrease the number of daily new COVID-19 cases. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Overview of COVID-19 

 

2.1.1 Origin of SARS-CoV-2 

 

In December 2019, the Country Office of the World Health Organisation (WHO) in 

the People’s Republic of China was alerted by the reported cluster of atypical 

pneumonia cases in Wuhan, Hubei Province, China (Hashim et al., 2021). It was then 

confirmed that the pneumonia is caused by a novel coronavirus named severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2). The disease caused by SARS-

CoV-2 is termed as Coronavirus Disease 2019 (COVID-19) (World Health 

Organization, 2020b). The outbreak of SARS-CoV-2 originated as zoonotic 

transmission via bat; however, it was later confirmed for human-to-human 

transmission (Kuo, 2020; World Health Organization (WHO) Western Pacific, 2020). 

Finally, realising the widespread of COVID-19 in 114 countries with a total of 

118,000 confirmed cases and 4,291 death, on 11th March 2020, WHO declared 

COVID-19 as a global pandemic (World Health Organization, 2020e).  

 

2.1.2 Background of SARS-CoV-2 

 

There are four genera of coronaviruses (CoV), i.e. α−/β−/γ−/δ-CoV. SARS-CoV-2 is 

a β-coronavirus. β-coronavirus tends to infect mammals and cause severe respiratory 
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tract infections. In the history of pandemic, there are two well-known β-coronavirus, 

SARS-CoV and MERS-CoV (Guo et al., 2020). These β-coronavirus share some 

similarities. SARS-CoV-2 shares 79% genome sequence identity with SARS-CoV 

and 50% with MERS-CoV (B. Hu et al., 2020; Jackson et al., 2021). In addition, 

SARS-CoV-2 and SARS-CoV use angiotensin-converting enzyme 2 (ACE2) as the 

functional receptor (Guo et al., 2020; Jackson et al., 2021). With all the similarities, 

SARS-CoV was widely used to study the COVID-19 pandemic, especially for 

treatment (Chen et al., 2020; Corman et al., 2020). 

 

2.2 Epidemiology of COVID-19 

 

2.2.1 Global Spread of COVID-19 

 

Due to the travel rush during Chinese New Year period, the virus spread to other 

Chinese provinces and cities rapidly. Thailand is the first country outside China to 

report the first confirmed cases. This marked the beginning of the spread of COVID-

19 worldwide. The case was imported by a Wuhan citizen travelling to Thailand on 

8th January 2020 and reported positive on 13th January 2020. The disease continues 

to spread to other countries around the globe (Chowdhury & Oommen, 2020). 

Eventually, on 21st December 2020, Antarctica, which had remained coronavirus-

free for almost a year, reported the first confirmed case as well.  

 

The United States and India became the first two countries with at least ten million 

confirmed cases in late 2020. Brazil, the United Kingdom, and Russia joined the list 

in 2021. They are followed by France, Turkey, Italy, Germany, Spain, South Korea, 
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Japan, and Vietnam to reach ten million confirmed cases in 2022 (World Health 

Organization, 2020d).  

 

Globally, the number of new COVID-19 cases and deaths has continued to decline 

since the end of March 2022. As of 24th April 2022, over 500 million confirmed 

cases and over six million deaths had been reported globally (World Health 

Organization, 2022c).  

 

2.2.2 COVID-19 Outbreak in Malaysia 

 

As of 17th April 2022, a total of 4,389,025 confirmed cases and 35,421 deaths from 

COVID-19 had been reported in Malaysia. The overall case fatality rate is 0.8% 

(World Health Organization, 2022b). 

 

The first three COVID-19 cases in Malaysia were reported on 25th January 2020, 

leading to the beginning of the first wave of COVID-19 in Malaysia. The three cases 

were recognised as imported cases by three Chinese citizens who were in close 

contact with a COVID-19 patient in Singapore (New Straits Times, 2020). The first 

wave of COVID-19 lasted approximately one month, ending on 16th February 2020. 

Along the first wave of COVID-19, a total of 22 cases were reported in Malaysia, 

with a 100% recovery rate for all the 22 cases. Afterwards, no case was reported for 

the 11 days after first wave of COVID-19 ended (Abdullah, 2020a). 

 

The second wave of COVID-19 arose in Malaysia on 27th February 2020. The most 

significant cluster in the second wave of COVID-19 was a religious 4-day mass 
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gathering at Sri Petaling, Selangor, with over 16,000 participants. It has contributed 

to a total of 3,375 positive cases (8.03%) over 42,023 tested samples in the second 

wave of COVID-19 and 17 subclusters with 1,353 positive cases. After no new case 

reported for 28 consecutive days since 11th June 2020, the Sri Petaling cluster was 

announced to end on 7th July 2020. (Abdullah, 2020b; Edinur & Safuan, 2020). The 

first and second wave of COVID-19 was not considered epidemiologically linked 

due to the 11-day gap of zero cases. It was also evidenced by the origin of the case, 

where the first wave originated from the Singapore imported case. In contrast, the 

second wave originated from local mass gatherings (Ghazali et al., 2022).  

 

The third wave of COVID-19 in Malaysia was announced on 20th September 2020 as 

due to the Sabah state election (Haji Mohd Yassin, 2021; Ministry of Health of 

Malaysia, 2020b). The number of cases in Sabah worsened by the Sabah state 

election on 26th September 2020 (Hashim et al., 2021). Border control relaxation and 

election campaigns had exacerbated the surge in Sabah and other states throughout 

Malaysia, where there was high mobility for inter-state travelling during the 

campaign and voting period. Furthermore, loose Standard Operating Procedure (SOP) 

implementation might be one of the leading causes of the surge in which no COVID-

19 test and 24-day quarantine were imposed on the returnees (Zainudin et al., 2020). 

Another significant cluster in the third wave of COVID-19 is the Teratai cluster 

which was declared on 7th November 2020 (Ministry of Health of Malaysia, 2020a). 

Teratai cluster originated from staff dormitories of Top Glove Corp Bhd in Meru, 

Klang. (Daud & Syed Jamaludin, 2021) had identified Teratai cluster as one of the 

top clusters with a high number of total cases among the existing clusters. Indeed, to 

date, the Teratai cluster that was announced ending on 17th April 2021 remained the 
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biggest cluster since the COVID-19 outbreak in Malaysia, with 7,205 positive cases 

over 10,426 tested samples (KKMalaysia, 2021).  

 

The number of daily new cases started to decline in early March 2021. Hence, 

movement control order (MCO) restrictions were lifted (Anand, 2021). However, the 

restrictions were reintroduced due to the resurgence of COVID-19 (Jayaraj et al., 

2021). Malaysia is not considered to be experiencing the fourth wave of COVID-19 

as long as the number of cases in the ongoing third wave was not lowered to the 

baseline or even recorded zero case before the COVID-19 cases surge again 

(Bernama, 2020). Due to the continued rise of COVID-19 cases, a total lockdown 

was implemented from 1st June to 14th June 2021 (Pejabat Perdana Menteri, 2021).  

 

The Delta variant remained dominant in August 2021 (World Health Organization, 

2021). However, on 3rd December 2021, the first Omicron case emerged in Malaysia. 

The number of new cases continued to surge due to the new Omicron variant, 

resulting in the new record number of new cases on 5th March 2022, with a total of 

33,406 new cases. However, compared with the Delta wave from June 2021 to 

October 2021, Omicron brought a relatively minor impact in terms of health as it has 

lighter symptoms despite of high contagiousness. Furthermore, the rate of 

hospitalisation death in the Omicron wave was 80%-90% lower than in the delta 

wave period (Abdullah, 2022). Hence, at a press conference on 8th March 2022, the 

Prime Minister of Malaysia, Ismail Sabri Yaakob, announced that Malaysia would be 

moving into the Endemic phase starting from 1 April 2022 (Yaakob, 2022).  
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2.2.3 COVID-19 Transmission 

 

On 9th July 2020, WHO had published a scientific brief to confirm that SARS-CoV-2 

is able to transmit via contact, droplet, airborne, fomite, faecal-oral, bloodborne, 

mother-to-child, and animal-to-human transmission (World Health Organization, 

2020c). Furthermore, CDC also published another scientific brief to provide 

evidence to confirm the SARS-CoV-2 transmission pathway via airborne, close 

contact, and indirect contact (National Center for Immunization and Respiratory 

Diseases (NCIRD), 2021).  

 

2.2.3.1 Contact and Droplet Transmission 

 

Large droplets (> 5 μm) can be deposited quickly near the emission point. Hence, 

droplet transmission occurs when a person comes into close contact (< 1 m) with an 

infected person who is sneezing, coughing, talking or exhaling, and the droplets 

contaminated with the virus deposited directly on the person (Morawska & Cao, 

2020). The viral-laden droplet most often enters the body through the openings of the 

eyes, nose, and mouth (World Health Organization, 2020c). The virus transmission 

can occur with symptomatic and asymptomatic infected persons, however, people 

tend to take their guard down when in close contact with the latter. (Rothe et al., 

2020). Therefore, social distancing and using face masks and face shield are 

recommended as precautions (World Health Organization, 2022a). 

 

 

  

© C
OPYRIG

HT U
PM



12 
 

2.2.3.2 Airborne transmission 

 

Airborne transmission of SARS-CoV-2 was confirmed by WHO and CDC (National 

Center for Immunization and Respiratory Diseases (NCIRD), 2021; World Health 

Organization, 2020c). Small droplets (< 5 μm) are formed when the exhaled droplets 

evaporate and become smaller. Since the droplets are just small and light, they can 

linger in the air for a longer time and travel up to tens of meters. These droplets 

might be inhaled by a susceptible person and eventually causes airborne infection 

(Morawska & Cao, 2020).  

 

2.2.3.3 Fomite Transmission  

 

Deposition of viral-laden droplets creates a contaminated surface known as a fomite. 

Fomite transmission occurs indirectly when a susceptible person touches the virus-

contaminated surface, followed by the eyes, nose, and mouth. A few factors 

influence the stability and survival of the virus on the fomite, including the types of 

surfaces in which either porous or non-porous surfaces, and ambient environment 

such as temperature and humidity (World Health Organization, 2020c). Therefore, 

we must wash our hands frequently (World Health Organization, 2022a). 

 

2.2.3.4 Other Modes of Transmission 

 

A few studies that have collected rectal or anal swabs for virus detection suggest a 

positive result and faecal transmission as a potential transmission route (Pan et al., 

2020; Wang et al., 2020). Sun et al. (2020) also isolated SARS-CoV-2 from urine 
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samples and the samples were tested positive, suggesting the possibility of urine 

transmission. However, there have been no published reports of transmission of 

SARS-CoV-2 through faeces or urine (World Health Organization, 2020c). 

 

Some studies have also reported the detection of SARS-CoV-2 RNA in blood and 

claimed that the virus could replicate in blood cells (Wang et al., 2020; Zhang et al., 

2020). Bloodborne transmission is critical, especially in blood donation. We must 

avoid the tragedy in China where the donated blood was detected positive for SARS-

CoV-2 RNA (Chang et al., 2020).  

 

On 23rd June 2020, WHO published a scientific brief to suggest the SARS-CoV-2 

transmission via breastfeeding. Several studies also reported the detection of SARS-

CoV-2 RNA in breastmilk, indicating the possibility of viral transmission via 

breastfeeding (Groß et al., 2020; Tam et al., 2021). The brief also notes that 

breastfeeding is more important than infection since COVID-19 infection is only 

mild and asymptomatic in infants. However, the transmission route remains unclear 

whether the virus is transmitted through breastmilk or droplet from close contact 

with the infected mother (World Health Organization, 2020a). 

 

It was suggested that bat is the natural host of SARS-CoV-2, but the intermediate 

host still remains unclear. Pangolin is a highly suspected candidate as an intermediate 

host to SARS-CoV-2. Several studies also revealed the possibilities of human-animal 

transmissions, such as farmed mink, cats, dogs, tigers, and lions, and confirmed the 

resistance of livestock such as chicken, pig, duck to the virus. (Mahdy et al., 2020; 

Zhao et al., 2020). 
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2.3 Meteorological Factors Associated with COVID-19 Infection 

 

2.3.1 Temperature 

 

Temperature is the most frequently investigated meteorological factor in the COVID-

19 study. High temperature evaporates the droplet faster and thus reduces the 

respiratory droplet transmission of the virus (Tang, 2009). In addition, coronavirus 

cannot stand high temperatures, and it will die off rapidly (Chan et al., 2011). Under 

high temperatures, the viral proteins and genome will be jeopardised (Tang, 2009). 

This is consistent with the cessation of the SARS outbreak in July 2003 when 

temperatures rose, and the weather became warmer (Tan et al., 2005). In addition, 

Chen et al. (2021) suggested that countries with hotter climate have fewer COVID-

19 cases. Therefore, tropical countries with perennial high temperatures are claimed 

to be not conducive to the long-term survival of coronavirus. However, the outbreaks 

of SARS-CoV in Hong Kong and Singapore were relatively more severe than in 

Malaysia, Indonesia, and Thailand. This may be due to the widespread use of air-

conditioning to lower the temperature in Hong Kong and Singapore. This case agrees 

with the claim that coronaviruses remain infectious at lower temperatures and 

continue to promote their transmission, increasing the incidence of reported cases 

(Chan et al., 2011). Several studies of COVID-19 in different countries such as 

Indonesia (Rendana, 2020), Turkey (Şahin, 2020; Selcuk et al., 2021), and Malaysia 

(Lloyd & Viswanathan, 2022; Suhaimi et al., 2020) also reflect consistent results. 

However, it is also important to note that some studies have shown contradictions 

with the above findings in which higher temperature increases COVID-19 case 
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(Auler et al., 2020; Bashir et al., 2020; Makama & Lim, 2021; Pani et al., 2020; 

Tosepu et al., 2020; Xie & Zhu, 2020). 

 

2.3.2 Relative Humidity 

 

The relative humidity is the percentage of the water vapour content in the air at a 

particular temperature compared to the maximally saturated water vapour content in 

the air at the same temperature (Tang, 2009). There is a positive monotonic 

relationship between temperature and relative humidity in which the higher the 

temperature, the higher the relative humidity. The air at a higher temperature 

contains more water vapour, and so the air can hold more water vapour (Dotson, 

2018). 

 

Relative humidity affects the transmission of droplet-mediated viral diseases in terms 

of evaporation kinematics and virus infectivity (Ahlawat et al., 2020). In terms of 

evaporation kinematics, low relative humidity causes rapid droplet evaporation, 

leading to a smaller aerosol formation. The smaller-sized aerosol with a lower mass 

may suspend in the air for a longer time for subsequent infection (Cai et al., 2007; 

Morawska & Cao, 2020). On the contrary, when the water vapour holds a higher 

water vapour content at higher temperature, a large droplet will be formed and 

deposited quickly near the emission point (Feng et al., 2020; Lowen et al., 2007).  

 

In terms of virus infectivity, low relative humidity may increase the infectivity of 

SARS-CoV-2. When inhaling air with low water vapour content, the dry air fails to 

moisturise the nose and throat. Dryness in the nose and throat may cause mucus to 
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dry up and become viscous. In this case, the cilia in the nose and throat cannot expel 

the viral aerosols effectively. In addition, dry air with low humidity significantly 

disrupts the proper function of respiratory immunity. Breathing dry air may cause 

epithelial damage and thus increase the susceptibility to the virus (Ahlawat et al., 

2020; Lowen et al., 2007).  

 

In lines with the mechanism described above, previous studies also demonstrated that 

dry environment with low relative humidity (20% to 30%) is more survivable for 

coronaviruses (Ahlawat et al., 2020; Lin & Marr, 2020; Lowen et al., 2007; Tang, 

2009).  

 

2.3.3 Dew Point 

 

Dew point refers to the temperature that causes 100% relative humidity. The air is 

fully saturated with water vapour content at the dew point. Dew point is the 

confounder that influence the relationship between temperature and COVID-19 by 

reducing high temperatures to low levels (Sarkodie & Owusu, 2020). As discussed in 

the previous section, low temperature is conducive for virus survival. Hence, dew 

point plays a role in promoting virus transmission.  

 

However, the relationship of dew point itself with COVID-19 infection has 

contradicting findings. Several studies suggest a negative effect of dew point on 

COVID-19 (Şahin, 2020; Selcuk et al., 2021), while some claim a positive effect 

(Lloyd & Viswanathan, 2022; Pani et al., 2020; Sarkodie & Owusu, 2020). These 

inconsistent results deserve further investigation in the present study. 
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2.3.4 Precipitation 

 

Water vapour in the air naturally evaporates and condenses when the air reaches 100% 

relative humidity. When it condenses to a certain extent and limits, it is pulled by 

gravity and falls back to the earth. This falling, highly condensed product is known 

as precipitation. In Malaysia, precipitation is usually referred as rainfall.  

 

Although the relationship between precipitation and the COVID-19 case has been 

extensively studied, scarce studies have explained how precipitation affects the 

spread of COVID-19. However, it is suggested that precipitation increases the 

transmission of the virus. This is due to the high relative humidity associated with 

precipitation and may therefore prolong the virus survival and increase the 

transmission of the virus (Lloyd & Viswanathan, 2022; Sarkodie & Owusu, 2020; 

Sobral et al., 2020; Wei et al., 2020). Precipitation is also a confounding factor in the 

COVID-19-temperature relationship, which it lowers down high temperatures and 

facilitates virus transmission (Sarkodie & Owusu, 2020). On the other hand, 

precipitation may reduce human activities and wash away the virus lingering in the 

air, resulting in a lower risk of virus transmission (Chowdhury et al., 2018; Menebo, 

2020). In any case, numerous studies have shown that precipitation is not 

significantly associated with the spread of COVID-19 (Auler et al., 2020; Bashir et 

al., 2020; Rendana, 2020; Tan et al., 2021; Tosepu et al., 2020). 
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2.3.5 Wind Speed 

 

Droplet-mediated viral diseases may be influenced by wind speed as wind transports 

the viral-laden droplets to various destinations (Sarkodie & Owusu, 2020). In 

addition, high wind speed tends to decrease the viral concentration in the droplets 

and shorten the suspending time of the droplets in the air, resulting in a lower risk of 

coronaviruses transmission. (Cai et al., 2007). This is in line with several studies in 

Malaysia (Daud & Syed Jamaludin, 2021; Lloyd & Viswanathan, 2022; Makama & 

Lim, 2021;  Tan et al., 2021), Singapore (Pani et al., 2020), Indonesia (Rendana, 

2020),  Iran (Ahmadi et al., 2020), and Turkey (Şahin, 2020).  

 

However, on the contrary, some studies demonstrated a positive effect of wind speed 

on COVID-19 cases (Wei et al., 2020; Yang et al., 2021; Zhou et al., 2022). This 

opposite result may be due to high wind speeds increasing the distance of 

transmission of SARS-CoV-2 and creating turbulence within the city (van 

Doremalen et al., 2020; Yang et al., 2021). 
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Study Area 

 

The targeted area of this study is Selangor, Malaysia, which lies between latitude 

3.0738°N and longitude 101.5183°E, covering approximately 8,104 km² of land 

areas. Selangor is the most populous state in Malaysia, with a population density of 

6.56 million in 2021 (Department of Statistics Malaysia, 2021). Due to its dense 

population, Selangor is a pivotal location to study the spread of COVID-19 

transmission regarding meteorological factors. Furthermore, Bashir et al. (2020) have 

stressed the significance of analysing meteorological variables in an area with a high 

population density.  

  

 
 

Figure 2. Population density across states in Malaysia as of 8th November 2021. 

Asterisk (*) represents numbers in thousands. The population in Selangor is 

approximately 6,558,200.  

(Source: Department of Statistics Malaysia, 2021) 
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3.2 Study Duration 

 

The study analyzed the relationship between COVID-19 cases and meteorological 

factors from the first day of the COVID-19 outbreak in Malaysia until the current 

date, i.e. 22nd May 2022. On 25th January 2020, Malaysia reported the first three 

COVID-19 cases, marking the start of COVID-19 dissemination in Malaysia. Up to 

the time of this study (22nd May 2022), there has been a total of 4,491,320 confirmed 

cases reported in Malaysia, while Selangor contributed 30.26% (1,358,936) of the 

total cases. 

 

3.3 Data Collection and Estimations 

 

Secondary data of daily new COVID-19 cases in Selangor was obtained from the 

GitHub repository of the Ministry of Health (MoH), Malaysia (available at 

https://github.com/MoH-Malaysia/covid19-public). 

 

Meteorological data from the two principal weather stations in Selangor, KLIA 

Sepang station (2.73°N, 101.70°E) and Subang station (3.13°N, 101.55°E), was 

retrieved from National Centers for Environmental Information (NCEI), National 

Oceanic and Atmospheric Administration (NOAA). The dataset consists of daily 

records of dew point, mean temperature, precipitation, and wind speed. NCEI is 

deemed a reliable online resource for atmospheric research applications as many 

researchers have used the data from NCEI in their studies (Chen et al., 2020; Sobral 

et al., 2020; Zhou et al., 2022). In addition, extensive automated quality control (QC) 

was performed to eradicate random errors in the original input data. Further QC was 
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also conducted again upon aggregating of the summary of day dataset. However, 

NCEI does not claim 100% accuracy of the dataset where a small percent of errors 

might still be expected (Lackey, 2020). 

 

 
 

Figure 3. Location of the KLIA Sepang and Subang weather stations in 

Selangor, Malaysia. These two weather stations measure and provide the data 

on temperature, dew point, precipitation, and wind speed in Selangor.  

 

Relative humidity was computed from temperature (TEMP) and dew point (DEWP) 

using the August-Roche-Magnus estimation as described in equation (1) (Alduchov 

& Eskridge, 1996; Fassò et al., 2022; Tang, 2009). 

 

𝑅𝐻 [%] = 100 ×  𝑒
17.625×𝐷𝐸𝑊𝑃
243.04+𝐷𝐸𝑊𝑃

−
17.625×𝑇𝐸𝑀𝑃
243.04+𝑇𝐸𝑀𝑃                                                                 (1) 

 

  

© C
OPYRIG

HT U
PM



22 
 

3.4 Data Preparation 

 

Both datasets of COVID-19 cases and meteorological factors were assessed for any 

missing data. The missing data were replaced by the mean (Nor et al., 2020).  

 

The initial units of the dew point and temperature (℉), precipitation (inches), and 

wind speed (knot) were converted to SI units, i.e. degree Celsius (℃), millimeters 

(mm), meters per second (m/s) using the following formulas, respectively (Butcher et 

al., 2006; Thompson & Taylor, 2008) 

 

𝑇𝐸𝑀𝑃 [℃] = (𝑇𝐸𝑀𝑃 [℉] − 32) × 1.8                                                                            (2) 

 

𝑃𝑅𝐶𝑃 [𝑚𝑚] = 𝑃𝑅𝐶𝑃 [𝑖𝑛𝑐ℎ𝑒𝑠] × 25.4                                                                             (3) 

 

𝑊𝐷𝑆𝑃 [𝑚/𝑠] = 𝑊𝐷𝑆𝑃 [𝑘𝑛𝑜𝑡] × 0.5144                                                                        (4) 

 

where TEMP represents both dew point and temperature, PRCP represents 

precipitation, and WDSP represents wind speed. 

 

Since this study looks into the relationship between meteorological factors and 

COVID-19 in Selangor state, the meteorological data from KLIA Sepang and 

Subang stations were aggregated to represent Selangor data by simple average (Hong 

et al., 2015).  
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Finally, each meteorological factor was duplicated with 1 to 14 days lags. Lagged 

meteorological factors are essential in the following analysis examining the lag 

effects of meteorological variables on COVID-19 cases (He et al., 2021; Hu et al., 

2021). 

 

All the data preparation was performed using RapidMiner software with version 9.10. 

 

3.5 Data Analysis 

 

3.5.1 Descriptive Analysis 

 

Descriptive analysis was performed to provide the basic information of the dataset. 

The data for each variable was summarised into minimum value, median, maximum 

value, mean, and variance to understand the central tendency and the spread of the 

data (Anggreainy et al., 2022; Iqbal et al., 2022).  

 

3.5.2 Kendall Rank Correlation  

 

Since the dependent variable is not normally distributed, Kendall rank correlation 

test was deployed to evaluate the relationship between the meteorological factors and 

daily COVID-19 cases (Bashir et al., 2020; Pani et al., 2020). Kendall rank 

correlation coefficient, Kendall’s tau (𝜏), indicates the direction and strength of a 

monotonic relationship between two variables using the equation as follows 

 

𝜏 =  
𝑛𝑐 − 𝑛𝑑

𝑛(𝑛 − 1)/2
                                                                                                                     (5) 
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where 𝑛𝑐 and 𝑛𝑑 is the number of concordant and discordant pairs respectively, and 

𝑛 is the number of pairs. The value of 𝜏 lies in the range of -1 to +1, and its strength 

was interpreted according to the guidelines proposed by Botsch (2011). Kendall rank 

correlation is crucial to identify the significant meteorological variables for the 

following modelling. Multicollinearity between meteorological variables was also 

identified through Kendall rank correlation. If multicollinearity is suspected, 

Variance Inflation Factor (VIF) was used to detect the strength of multicollinearity. 

The meteorological variables with a VIF greater than five should be eliminated one 

by one, starting with the highest VIF, until the rest has a VIF below five (Kim, 2019). 

 

3.5.3 Cross-Correlation 

 

In order to identify the lag effects of meteorological variables on COVID-19 cases, 

the meteorological variables selected from the previous correlation and 

multicollinearity tests were tested by cross-correlation for a maximum of 14 lags. 

Only meteorological variables with significant lags were included in the following 

modelling  (Gao et al., 2016; Iqbal et al., 2022; C. Wang et al., 2014).  

 

3.5.4 COVID-19 Time Series Diagnostic 

 

Ljung-Box Q test was performed to determine if COVID-19 cases across the study 

period were random and independent (Hossain et al., 2021). If autocorrelation of 

COVID-19 cases presents, it was included in the modelling as an independent 

variable with a lag of one day (Gao et al., 2016; Iqbal et al., 2022; C. Wang et al., 

2014).  
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Long-term trend was observed in COVID-19 cases and validated using Mann-

Kendall test. Mann-Kendall commonly detects the significance of a trend by 

analysing the correlation between COVID-19 and its time series (Chowdhuri et al., 

2022; Goswami et al., 2020). No evident seasonality was observed in COVID-19 

cases. The presence of seasonality was validated using Friedman’s test based on the 

significance of the difference between period-specific mean (Chirumbolo et al., 2022; 

Fomby, 2010; Ollech, 2021).  

 

3.5.5 Examine Overdispersion and Zero-Inflation 

 

Poisson model is a popular method for modelling count data (Sellers & Shmueli, 

2010). It was first proposed to model the relationship between COVID-19 cases and 

the meteorological factors in this study. However, in Table 1, the variance (𝜎2 =

5274911) of COVID-19 cases is far greater than the mean (𝜇 = 1600.63), which 

leads to overdispersion. Zero-inflation was also suspected when the mode of 

COVID-19 cases is 0. In order to further validate the overdispersion and zero-

inflation of COVID-19 cases, a Poisson regression model was used to fit COVID-19 

cases and the statistically significant lagged meteorological variables. The 

overdispersion and zero-inflation were then examined using overdisp and 

performance packages in R (Cameron & Trivedi, 2020; Lüdecke et al., 2021). The 

overdispersion test developed in overdisp package is based on the study of Cameron 

and Trivedi (1990). The zero-inflation examination in performance package is based 

on comparing the amount of predicted and observed zeros. If the amount of observed 

zero is greater than predicted zero, zero inflation is confirmed. 

 

© C
OPYRIG

HT U
PM



26 
 

3.5.6 Model Selection 

 

Due to overdispersion of the data, a negative binomial (NB) model was proposed 

(Iqbal et al., 2022; Jafarzadeh et al., 2014; Paulo Fávero et al., 2021). NB model is an 

extension of Poisson model with an addition of an overdispersion parameter (Iqbal et 

al., 2022). Hence, it was commonly used to model count data when the assumption 

of Poisson model, where variance equals mean, is violated (Iqbal et al., 2022; Paulo 

Fávero et al., 2021). COVID-19 cases and all the statistically significant lagged 

meteorological variables were modelled by NB model using MASS package in R 

(Venables & Ripley, 2002).  

 

To compare the goodness of fit between Poisson and NB model, a likelihood ratio 

test (LRT) was performed (Iqbal et al., 2022). LRT tests the null hypothesis that the 

reduced or simpler model, i.e. the one with fewer parameters, fits the data equally 

well compared to the general or relatively complex model, whereas the alternative 

hypothesis that the complex model is fits the data better (White & Bennetts, 1996). 

NB model is considered a relatively more complex model than Poisson model due to 

the addition of the overdispersion parameter (Iqbal et al., 2022). Hence, LRT was 

expected to reject the null hypothesis and deploy the complex model, i.e. the NB 

model. 

 

In addition to zero-inflation, a zero-inflated negative binomial (ZINB) model is also 

considered (Iqbal et al., 2022; Jafarzadeh et al., 2014; Paulo Fávero et al., 2021). pscl 

package in R was used to fit ZINB model with COVID-19 cases and all the 

statistically significant lagged meteorological variables (Zeileis et al., 2008). 
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In order to select the model among NB and ZINB, Vuong test was performed to 

examine if the overdispersion of COVID-19 cases was caused by the excess zeros 

and determine which negative binomial model is more suitable for this study (Vuong, 

1989). Vuong test is a likelihood-ratio-based test. It tests the null hypothesis that NB 

and ZINB models equally well fit the data against the alternative that ZINB model fit 

the data better than NB model. 

 

3.5.7 Feature Selection 

 

Backward elimination was performed to select the most important lagged 

meteorological factors and optimize the model (Iqbal et al., 2022; Wang et al., 2015). 

Backward selection begins with a set of statistically significant lagged 

meteorological variables determined from the previous cross-correlation. The least 

significant variable was eliminated stepwise until the ZINB model gives the lowest 

Akaike Information Criterion (AIC) value (Wang et al., 2015).  

 

In order to assess if the reduced model is statistically better than the initial model, 

LRT was performed (Zeileis et al., 2008). In this case, LRT was expected to be 

insignificant in which the null hypothesis failed to be rejected, and the reduced 

model shall be chosen. 
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3.5.8 Model Reliability 

 

Finally, intraclass correlation was performed to evaluate the reliability of ZINB 

model by assessing the consistency between the actual and predicted data (Gao et al., 

2016; Wang et al., 2014). The intraclass correlation coefficient (ICC) was calculated 

based on a single-measurement, absolute-agreement, two-way random-effects model 

 

𝐼𝐶𝐶 =  
𝑀𝑆𝑅 − 𝑀𝑆𝐸

𝑀𝑆𝑅 + 𝑀𝑆𝐸(𝑘 − 1) +
𝑘
𝑛 (𝑀𝑆𝐶 − 𝑀𝑆𝐸)

                                                              (6) 

 

where 𝑀𝑆𝑅 is the mean square for COVID-19 case count, 𝑀𝑆𝐸 is the mean square 

for error, 𝑀𝑆𝐶 is the mean square between the predicted and observed COVID-19 

case count, 𝑛 is the number of observations, and  𝑘 is the number of measurements 

(Koo & Li, 2016; McGraw & Wong, 1996). ICC lies in the range of 0 to 1. The 

reliability was interpreted according to the guidelines proposed by Koo and Li (2016). 

 

All the data analysis was performed using RStudio software with version 4.2.0. 
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Figure 4. Flowchart summarising the steps to analyse the relationship between 

the daily new COVID-19 cases and the meteorological factors in Selangor, 

Malaysia. Descriptive analysis was first performed to understand the features of 

the dataset. The relationship and multicollinearity between the variables were 

then examined using Kendall rank correlation. Cross-correlation was 

performed to identify the significant lags of the independent variables. Next, a 

Poisson model was used to confirm overdispersion and zero-inflation of the 

dependent variables. If overdispersion and zero-inflation are present, Vuong 

test shall be performed to select the best model among negative binomial and 

zero-inflated negative models. Once the best model was selected, backward 

elimination was applied in the selected model to select the most significant 

lagged independent variables for modelling. Lastly, the reliability of the model 

was examined.  
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CHAPTER 4 

 

RESULTS 

 

4.1 Descriptive Analysis 

 

Descriptive analysis results for all variables are presented in Table 4.1. At the 

beginning of the COVID-19 outbreak in Malaysia, Selangor recorded as low as 0 

daily new cases. However, Selangor logged the highest number of daily new cases at 

11,692 when COVID-19 continue to spread till 22nd May 2022.  

 

Dew point is the temperature when the air is cooled to become saturated. Dew point 

ranged from 19.42 ℃ to 26.58 ℃  during the study period. Malaysia has a tropical 

climate, and the ambient air temperature was recorded as low as 23.47 ℃ and as high 

as 30.78 ℃ with a slight variation of 7.31 ℃. Relative humidity is the percentage of 

the water vapour content in the air compared to the maximal saturated water vapour 

content in the air at a particular temperature. The relative humidity varied from 54.76% 

to 96.08%, with an average of 78.50%. During the observation period, Selangor 

occasionally received a maximum of 160.53mm of rainfall, and the wind speed 

ranged from 0.67m/s to 3.58m/s. 
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Table 1. Descriptive statistical result of COVID-19 cases and the meteorological 

factors. 

 

Variables Min Median Max Mean Variance 

DNCC 0 751 11,692 1,601 5,230,828 

DEWP (℃) 19.42 23.92 26.58 23.84 0.83 

TEMP (℃) 23.47 28.00 30.78 27.99 1.18 

RH (%) 54.76 78.54 96.08 78.50 35.15 

PRCP (mm) 0.00 1.91 160.53 7.37 155.28 

WDSP (m/s) 0.67 1.52 3.58 1.58 0.16 

DNCC: daily new COVID-19 cases; DEWP: dew point; TEMP: temperature; RH: 

relative humidity; PRCP: precipitation; WDSP: wind speed 

 

4.2 Kendall Rank Correlation Analysis 

 

Table 2 shows the result of Kendall rank correlation test. The strength of the 

coefficients was interpreted using the guidelines provided in Table 3 (Botsch, 2011). 

The result showed that all the meteorological factors, except precipitation, are 

significantly correlated with COVID-19 cases. Hence, precipitation was not 

considered in the modelling of COVID-19 cases and meteorological factors. Dew 

point has a moderate negative correlation with COVID-19 cases at 0.01% 

significance level. Temperature, relative humidity, and wind speed are weakly and 

negatively correlated with COVID-19 cases at 5% significance level.  

 

In addition, all the independent variables, i.e. meteorological factors, were 

significantly correlated with each other, suspecting multicollinearity. Therefore, the 

Variance Inflation Factor (VIF) was used to detect the severity of multicollinearity. 

Figure 5 clearly showed that VIF for relative humidity, temperature, and dew point 

was greater than 5, which is potentially concerning. However, after removing relative 
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humidity that had the highest VIF, the VIF dropped below 5 (Figure 6).  Therefore, 

relative humidity was eliminated in the following modelling of COVID-19 cases and 

meteorological factors. 

 

Table 2. The coefficients of pairwise Kendall rank correlation between COVID-

19 cases and the meteorological factors. 

 

 DNCC DEWP TEMP RH PRCP WDSP 

DNCC 1      

DEWP -0.22*** 1     

TEMP -0.09* 0.12*** 1    

RH -0.07* 0.34*** -0.54*** 1   

PRCP -0.02 0.10** -0.30*** 0.34*** 1  

WDSP -0.09* -0.14*** 0.23*** -0.30*** -0.13*** 1 

DNCC: daily new COVID-19 cases; DEWP: dew point; TEMP: temperature; RH: 

relative humidity; PRCP: precipitation; WDSP: wind speed 

* p-value < 0.05 

** p-value < 0.01 

***p-value < 0.001 

 

 

 

Table 3. The interpretation guideline for Kendall rank correlation coefficient. 

 

Strength  Kendall Tau B Coefficient 

Very weak Less than + or - 0.10 

Weak + or -0.10 to 0.19 

Moderate + or - 0.20 to 0.29 

Strong + or - 0.30 or above 
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Figure 5. VIF Values of the meteorological factors. The dotted vertical line 

indicates the threshold value. The VIF values of relative humidity (RH), 

temperature (TEMP), and dew point (DEWP) was greater than the threshold 

value, indicating potential multicollinearity among them. 

 

 

Figure 6. VIF Values of the meteorological factors after the elimination of 

relative humidity. The dotted vertical line indicates the threshold value. The 

VIF values of wind speed (WDSP), precipitation (PRCP), temperature (TEMP), 

and dew point (DEWP) was below the threshold value. 
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4.3 Cross-Correlation 

 

From the previous correlation and multicollinearity tests, only dew point, 

temperature, and wind speed were selected for the modelling of the relationship 

between meteorological factors and COVID-19 cases. In cross-correlation, a 

significant negative correlation was found between COVID-19 cases and dew point 

at lags of 0 to 14 days and wind speed at lags of 9 to 14 days. Temperature did not 

show a significant correlation with COVID-19 cases at any lags. All the statistically 

significant lagged variables were included in the following modelling. 

 

Table 4. Cross-correlation coefficients between daily new COVID-19 cases and 

meteorological variables with a lag of 0 to 13 days in Selangor, Malaysia. 

 

Lag (days) Dew Point Temperature Wind Speed 

0 -0.167* -0.036 -0.043 

1 -0.168* -0.036 -0.055 

2 -0.170* -0.043 -0.061 

3 -0.161* -0.043 -0.064 

4 -0.158* -0.029 -0.065 

5 -0.165* -0.031 -0.066 

6 -0.171* -0.038 -0.064 

7 -0.172* -0.047 -0.066 

8 -0.186* -0.043 -0.065 

9 -0.178* -0.061 -0.081* 

10 -0.171* -0.067 -0.098* 

11 -0.176* -0.059 -0.087* 

12 -0.181* -0.049 -0.083* 

13 -0.184* -0.050 -0.084* 

14 -0.190* -0.052 -0.084* 

 *p-value < 0.05. 
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4.4 COVID-19 Time Series Diagnostic 

 

Ljung-Box Q test, Friedman test, and Mann-Kendall test were performed to assess 

the presence of autocorrelation, seasonal pattern, and trend pattern in COVID-19 

case counts, respectively. 

 

4.4.1 Ljung-Box Q Test 

 

COVID-19 cases showed autocorrelation (p-value < 0.001). Hence, COVID-19 cases, 

though a dependent variable, was included in the model as an independent variable 

with a lag of one day (Gao et al., 2016; Iqbal et al., 2022; C. Wang et al., 2014).  

 

4.4.2 Friedman Test 

 

Friedman test with p-value of 0.12 > 0.05 fails to reject the null hypothesis that there 

is no difference between the period-specific mean, indicating that there is no seasonal 

pattern. Hence, seasonal factor was not required in the model. 

 

4.4.3 Mann-Kendall Test 

 

According to Mann-Kendall test, there is a significant trend (p-value < 0.001) present 

in the dependent variable, i.e. COVID-19 cases. Therefore, a time trend variable was 

introduced in the model to avoid spurious regression problem (Wooldridge, 2015). 

Time trend variable is a sequence of integers that represents the number of days of 
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observation. The increasing trend of daily new COVID-19 cases was illustrated in 

Figure 7. 

 

 
 

Figure 7. A graph charting daily new COVID-19 cases in Selangor from 25th 

January 2020 to 22nd May 2022 (black line). COVID-19 cases, generally, showed 

an increasing trend across the observation period (blue line). The observation 

period was expressed as the number of days.  

 

4.5 Overdispersion and Zero-Inflation Examination 

 

A Poisson regression model that modelled the relationship between COVID-19 cases 

and the meteorological factors was tested with overdispersion. The result (p-value < 

0.001) rejected the null hypothesis that the dependent variable is equidispersed and 

validated the overdispersion of COVID-19 cases.  

 

In zero-inflation test, the observed zero and predicted zero in the Poisson model is 40 

and 0, respectively, suggesting that the model is underfitting zeros. Hence, this study 

recommends a negative binomial or zero-inflated model to model the relationship 

between COVID-19 cases and the meteorological factors in this study. 
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4.6 Model Selection 

 

Likelihood ratio test (LRT) was performed to validate if negative binomial (NB) 

model better fits the data than Poisson model. The p-value of the test is less than 

0.001, confirming that NB model outperformed Poisson model.  

 

Next, we assessed and validated the necessity to deploy a zero-inflated model using 

Vuong test. The test rejects the null hypothesis at 5% level of significance (p-value < 

0.001), suggesting that the zero-inflated negative binomial (ZINB) model 

significantly provided better fit to the data than a standard NB model. Hence, a ZINB 

model was ultimately selected to model the relationship between COVID-19 cases 

and the meteorological factors.  

 

4.7 Feature Selection 

 

Backward elimination reduced the AIC value from 11855.22 to 11832.17. To 

validate if a reduced model is statistically better than the initial model, LRT was 

performed. The result fails to reject the null hypothesis that the nested and simpler 

model should be used (p-value = 0.21 > 0.05). Hence, the backward elimination was 

valid, and the reduced model was deployed to analyse the relationship between 

COVID-19 cases and the meteorological factors. The final model included the 

variables of daily new COVID-19 cases at a lag of 1 day, dew point at lags of 0, 2, 

10, and 12 days, wind speed at lags of 9, 10, 12, 13, and 14 days, and time trend in 

the count model, while daily new COVID-19 cases at a lag of 1 day, dew point at 
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lags of 3, 4, and 9 days, wind speed at lags of 10, and 11 days, and time trend in the 

zero-inflation model (Table 6).  

 

4.8 Model Reliability 

 

The reliability of the final model was examined using intraclass correlation. The 

intraclass correlation coefficient (ICC) was 0.592 (95% confidence interval [CI] = 

0.53-0.64) with p-value smaller than 0.001, suggesting moderate reliability (Table 7) 

(Koo & Li, 2016). 

 

Table 5. The interpretation guideline for intraclass correlation coefficient (ICC). 

 

Reliability ICC 

Poor Less than 0.50 

Moderate 0.50 to 0.75 

Good 0.75 to 0.90 

Excellent Greater than 0.90 

 

 

4.9 ZINB Analysis 

 

The output of the ZINB model presents two parts of the model, one for the count 

model, and one for the zero-inflation model. The count model is the focus as it tells 

the effect of the predictor variables at different lags on COVID-19 cases. On the 

other hand, the zero-inflation model tells the likelihood to have zero cases. The 

output presented in Table 4 is a reduced model where other insignificant 

meteorological variables were excluded in the model. 
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The coefficient of dew point with a lag of 0, 2, 10, and 12, wind speed with a lag of 9, 

10, 12, 13, and 14, and time trend in the count model predicting the COVID-19 cases 

is statistically significant. When other variables are held constant, the number of 

daily new COVID-19 cases decreases by 0.85 times for every one-degree-Celsius 

increase in dew point at lag 0 at lag 2, while the number of cases decreases by 0.82 

times for every one-degree-Celsius increase in dew point at lag 10, and lag 12.  In 

terms of wind speed, a one-unit increase in wind speed at lag 9, lag 10, lag 12, lag 13, 

and lag 14 decreases the number of daily new COVID-19 cases by 0.79, 0.63, 0.85, 

0.75, and 0.73 times, respectively, when other variables are held constant. The count 

model also showed that increasing time trend was associated with increased daily 

new COVID-19 cases. For every one day increase in time, the number of daily new 

confirmed COVID-cases was expected to increase by 1.01 times.  

 

It is important note the result of the number of daily new COVID-19 cases with a lag 

of 1 day is not a value (NaN). Hence, there is no reasonable estimate obtained for the 

number of daily new COVID-19 cases at lag 1 to predict the number of daily new 

COVID-19 cases effectively. 

 

Meanwhile, the coefficient of daily new COVID-19 cases with a lag of 1 day, dew 

point with a lag of 3 and 4 days, wind speed with a lag of 9, 10, and 11 days in the 

zero-inflation model predicting the likelihood to achieve zero daily new COVID-19 

cases are statistically significant. The odds of being an excessive zero would 

decrease by 0.53, 0.17, 0.28, and 0.15 for every one-unit increase in daily new cases 

at lag 1, dew point with a lag of 3, wind speed with a lag of 9, and 10, respectively. 

This implies that the likelihood that daily COVID-19 count would be zero in 
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Selangor decreases with an increase in daily new cases at lag 1, dew point with a lag 

of 3, wind speed with a lag of 9, and 10.  

 

On the other hand, greater dew point at lag 4, and wind speed at lag 11 exhibited an 

increase likelihood of zero cases. The odds of being an excessive zero would 

increase by 3.56 and 4.98 times for every one-unit increase in dew point at lag 4, and 

wind speed at lag 11, respectively.   
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Table 6. Results of the zero-inflated negative binomial model for daily new 

COVID-19 cases in Selangor, Malaysia from 25th January 2020 to 22nd May 

2022. 

 

 Coefficient SE Z p IRR 

Count Model 

Constant  23.35 1.22 19.08 <0.01 - 

DNCC1 0.00 NaN NaN NaN 1.00 

DEWP -0.16 0.06 -2.64 <0.01 0.85 

DEWP2 -0.16 0.06 -2.68 <0.01 0.85 

DEWP10 -0.19 0.06 -3.32 <0.01 0.82 

DEWP12 -0.20 0.06 -3.55 <0.01 0.82 

WDSP9 -0.23 0.09 -2.44 <0.05 0.79 

WDSP10 -0.46 0.10 -4.56 <0.01 0.63 

WDSP12 -0.39 0.10 -3.87 <0.01 0.68 

WDSP13 -0.29 0.10 -2.73 <0.01 0.75 

WDSP14 -0.31 0.10 -3.18 <0.01 0.73 

Time 0.01 0.00 35.97 <0.01 1.01 

Log(theta) 0.08 0.04 2.21 <0.05 - 

Zero-Inflation Model 

Constant 42.80 14.12 3.03 <0.01 - 

DNCC1 -0.63 0.18 -3.48 <0.01 0.53 

DEWP3 -1.78 0.58 -3.09 <0.01 0.17 

DEWP4 1.27 0.52 2.43 <0.05 3.56 

DEWP9 -1.26 0.43 -2.95 <0.01 0.28 

WDSP10 -1.89 0.69 -2.74 <0.01 0.15 

WDSP11 1.61 0.71 2.25 <0.05 4.98 

DNCC1: daily new COVID-19 cases at 1 lag; DEWP (2, 3, 4, 9, 10, 12): dew point 

at lag 0 (lag 2, lag 3, lag 4, lag 9, lag 10, lag 12); WDSP (9, 10, 11, 12, 13, 14): wind 

speed at lag 0 (lag 9, lag 10, lag 11, lag 12, lag 13, lag 14); IRR: incidence rate ratio; 

NaN: not a number 
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CHAPTER 5 

 

DISCUSSION 

 

5.1 Zero-Inflated Negative Binomial Model 

 

Zero-inflated negative binomial (ZINB) model has been widely used to study several 

diseases such as COVID-19 and foot-and-mouth disease (Gao et al., 2016; Iqbal et 

al., 2022; Jafarzadeh et al., 2014; C. Wang et al., 2014). ZINB model is preferred 

when the dependent variable has excessive zeros and overdispersion (Table 7) (Paulo 

Fávero et al., 2021).  In this study, the dependent variable, daily new COVID-19 

cases, was validated as having excessive zeros (observed zero and predicted zero in 

the Poisson model is 40 and 0 respectively) and overdispersion (significant 

overdispersion test at 1% level of significance). Therefore, negative binomial and 

ZINB model were proposed in the first place and then confirmed the final model by a 

series of tests. The intraclass correlation coefficient (ICC) that represents the 

reliability of the fitted ZINB model was only 0.592, suggesting moderate reliability. 

However, previous studies were able to establish the reliability of a zero-inflated 

model up to 0.922 (Gao et al., 2016; C. Wang et al., 2014). Nevertheless, the 

deployment of ZINB model that took overdispersion and zero-inflation of the 

dependent variable into account in this COVID-19 study shall provide a new insight 

for future local researchers.   

 

There are two parts of the output of the ZINB model. The first part of the output 

represents the count model which describes the effect of the predictor variables on 
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COVID-19 cases, whereas the second part represents the zero-inflation model which 

describes the odds of having zero cases. Since this study focuses on the effect of the 

meteorological variables on daily new COVID-19 cases, the zero-inflation model 

will not be further discussed. 

 

Table 7. Model selection guideline for over-dispersed and zero-inflated 

dependent variable. 

 

Dependent Variable 
Model 

Overdispersion Zero Inflation 

No No Poisson 

Yes No Negative Binomial 

No Yes Zero-Inflated Poisson 

Yes Yes Zero-Inflated Negative Binomial 

 

 

5.2 Effect of Meteorological Factors on COVID-19 cases 

 

The present study that employed a longer observation period, 25th January 2020 to 

22nd May 2022, to investigate the relationship between the meteorological factors 

with COVID-19 cases may provide a new perspective as most of the previous study 

period was short (Daud & Syed Jamaludin, 2021; Lloyd & Viswanathan, 2022; 

Makama & Lim, 2021; Tan et al., 2021). In addition, we established a location-

specific study in Malaysia's most populous state, which may assist local 

policymaking. 
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5.2.1 Effect of Temperature on COVID-19 cases 

 

In this study, temperature was found to be negatively correlated with daily new 

COVID-19 cases. This study also revealed no significant lag effects between 

temperature and COVID-19 cases. Hence, temperature was not considered to model 

its lag effect. The previous studies in Malaysia support the findings of this study, 

where the rise in temperature is claimed to reduce SARS-CoV-2 transmission in 

Malaysia (Lloyd & Viswanathan, 2022; Suhaimi et al., 2020). A study from Selcuk 

et al. (2021) not only reported a negative correlation that is inconsistent with our 

findings but also revealed a significant negative effect at lag 0, lag 3, lag 7 and lag 14. 

 

It is also interesting to note that there is contradiction with a study done in Kuala 

Lumpur (Makama & Lim, 2021). Makama and Lim (2021) reported that 1°C rise in 

temperature (>29.7°C) increases the daily cases by 1.024% and 1.462% at lag 7 and 

lag 28, respectively. In addition, Tan et al. (2021) explored the relationship between 

ambient temperature and daily COVID-19 cases in all states of Malaysia and 

reported a non-significant positive correlation. Furthermore, several studies in other 

tropical countries such as Indonesia (Tosepu et al., 2020), Singapore (Pani et al., 

2020), and Brazil (Prata et al., 2020) also suggested that higher temperature promote 

the spread of COVID-19. The findings from Prata et al. (2020) showed that every 

increase of 1°C for temperature below 25.8°C will decrease COVID-19 cases by 4.89% 

in Brazil. Xie and Zhu (2020) studied the relationship between temperature and 

COVID-19 across 122 Chinese cities in China also revealed that that 1°C rise in 

temperature is associated with a 4.861% increase in the daily confirmed cases. Such 

difference was believed to be due to the longer study period used in this study. 
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5.2.2 Effect of Relative Humidity on COVID-19 cases 

 

Relative humidity is the percentage of the water vapour content in the air compared 

to the fully saturated water vapour content in the air at a particular temperature. In 

this study, relative humidity exhibits a weak significant negative correlation with the 

COVID-19 cases in Kendall rank correlation test. This result is consistent with the 

studies conducted by Bashir et al. (2020) at the United State, Selcuk et al. (2021) and 

Şahin (2020) at Turkey, and Ahmadi et al. (2020) at Iran, suggesting a lower 

COVID-19 case count at high relative humidity. 

 

This may be explained by the rapid evaporation of the low water vapour content, 

making the viral-laden droplets smaller and free to suspend and travel in the air for a 

longer time (Ahlawat et al., 2020; Cai et al., 2007; Guo et al., 2020). In addition, dry 

air may have a damaging effect on the human respiratory tract and respiratory 

immunity, increasing the risk of infection in the susceptible individuals (Ahlawat et 

al., 2020; Lowen et al., 2007).  

 

Moreover, a high correlation was found with other meteorological variables, i.e. 

mean temperature, dew point, precipitation, and wind speed. Therefore, to avoid 

multicollinearity, relative humidity is not introduced in the modelling as a predictor 

variable in this study. This agreed on the monotonic relationship between 

temperature and relative humidity (Dotson, 2018). It is important to note that several 

studies that successfully studied the relationship between relative humidity and 

COVID-19 cases, together with other meteorological factors, deployed only 

correlation test (Pani et al., 2020; M. L. Tan et al., 2021; Tosepu et al., 2020) or other 
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methods like Generalized Additive Model (He et al., 2021). However, as a regression 

model was deployed in this study, multicollinearity must be minimised by excluding 

the multicollinear explanatory variables (Kim, 2019).  

 

5.2.3 Effect of Dew Point on COVID-19 cases 

 

Dew point is known as the temperature in which the air needs to be cooled down to 

in order to achieve fully saturated water vapour in the air. In the present study, dew 

point has a negative correlation with the number of daily new COVID-19 cases. The 

number of cases decreases by 0.85 times for every one-degree-Celsius increase in 

dew point at lag 0 at lag 2, while the number of cases decreases by 0.82 times for 

every one-degree-Celsius increase in dew point at lag 10, and lag 12, when other 

variables are held constant. This means it is less likely to have COVID-19 cases as 

the dew point at lag 0, lag 9, lag 11, and lag 13 increase. This agrees with two studies 

conducted in Turkey with lags up to 14 days, although with lower dew point range (-

1.4 ℃ to 10.00 ℃) compared to Malaysia (Şahin, 2020; Selcuk et al., 2021).  

 

However, when it comes to other countries with similar climate to Malaysia or even 

within Malaysia, the findings showed a positive correlation between dew point and 

COVID-19 cases, which contradicts this study. (Lloyd & Viswanathan, 2022; Pani et 

al., 2020). According to Lloyd and Viswanathan (2022), the number of COVID-19 

cases is higher at dew point 23.80 ℃ to 24.75 ℃. The contradiction between the 

present study and Lloyd and Viswanathan (2022) and Pani et al. (2020) might be due 

to a longer observation period of the present study and the wider span of dew point 

(19.42 ℃  to 26.58 ℃ ). A global study that investigated the influence of 
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meteorological factors including dew point on the COVID-19 cases within the top 20 

countries of COVID-19 pandemic claimed that the number of COVID-19 cases 

would increase by 11% for every 1% increase in dew point.  

 

5.2.4 Effect of Precipitation on COVID-19 cases 

 

Precipitation occurs in Malaysia when it rains. The result showed that precipitation 

was not significant negatively correlated with the daily new COVID-19 cases. 

Several studies also suggested an insignificant correlation between precipitation and 

COVID-19 (Auler et al., 2020; Bashir et al., 2020; Rendana, 2020; M. L. Tan et al., 

2021; Tosepu et al., 2020). According to Menebo (2020), it is suggested that people 

avoid going out on rainy days reducing the spread of COVID-19. As there is no 

significant correlation between precipitation and COVID-19 cases, it was not taken 

into account to model its effect at up to 14 lags on the COVID-19 cases.  

 

5.2.5 Effect of Wind Speed on COVID-19 cases 

 

Wind speed is often associated with airborne transmission of SARS-CoV-2 as wind 

carries the viral-laden aerosols to different destinations, and wind speed determines 

how far the aerosols travel (van Doremalen et al., 2020). This study demonstrated a 

significant positive correlation between wind speed and the number of daily new 

COVID-19 cases. Several studies in Malaysia also showed a consistent positive 

correlation between wind speed and COVID-19 cases (Daud & Syed Jamaludin, 

2021; Lloyd & Viswanathan, 2022; Makama & Lim, 2021; Tan et al., 2021). In 
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Malaysia, COVID-19 cases is more likely to increase at wind speed between 1.4 m/s 

and 2.7 m/s (Lloyd & Viswanathan, 2022).  

 

The decrease of wind speed is associated with an increase of the number of COVID-

19 cases. The COVID-19 cases decrease by 0.884. 0.924, 0.913, 0.929, 0.927, and 

0.915 for a one-unit increase in wind speed at lag 9, lag 10, lag 11, lag 12, lag 13, 

and lag 14, respectively, when other variables are held constant. The result showed a 

slight contradiction with a study conducted in Turkey that demonstrated that higher 

wind speed at lag 0 decreases the number of cases whereas increases the number of 

cases lag 3, lag 7, and lag 14 (Şahin, 2020). However, another more recent study in 

Turkey claimed that only wind speed at lag 0, lag 3, lag 7 decreases the number of 

cases whereas increases the number of cases at lag 14 (Selcuk et al., 2021). The 

difference of results in these study might be due to the different number of regions 

was included in the study. The present study only includes Selangor state of 

Malaysia, while Şahin (2020) includes 11 cities and Selcuk et al. (2021) includes 81 

provinces in Turkey in their study. 

 

5.3 Inclusion of daily new COVID-19 cases at lag 1 as the predictor 

variable 

 

Quasi-complete separation occurs when the outcome variable separates a predictor 

variable or a combination of predictor variables to a certain degree. The quasi-

complete separation can be ignored as the maximum likelihood for other predictor 

variables are still valid. However, ignoring quasi-complete separation fails to obtain 

the correct coefficient for daily new COVID-19 cases at lag 1 to predict the number 

© C
OPYRIG

HT U
PM



49 
 

of daily new COVID-19 cases effectively (UCLA: Statistical Consulting Group, n.d.). 

Nevertheless, daily new COVID-19 cases at lag 1 only plays a role to control the 

autocorrelation of the COVID-19 cases, so it is not essential to obtain the coefficient.  

Moreover, the inclusion of daily new COVID-19 cases at lag 1 as the independent 

variables was validated by likelihood ratio test (LRT).  
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CHAPTER 6 

 

CONCLUSION 

 

6.1 Conclusion 

 

The present study has established the relationship of the meteorological factors on 

the daily new COVID-19 cases in Selangor, Malaysia. Temperature, relative 

humidity, dew point, and wind speed are significantly and negatively correlated with 

the daily new COVID-19 cases. In terms of lag effects, the daily new COVID-19 

cases were significantly decreased for a one-unit increase in dew point at lag 0, lag 2, 

lag 10, and lag 12, wind speed at lag 9, lag 10, lag 12, lag 13, and lag 14, when other 

variables are held constant. 

 

6.2 Limitations of the Study 

 

This study has a few potential limitations: 

1. The weather data may not be the most accurate data, as the data was not obtained 

from official source, i.e. Malaysian Meteorological Department. This might 

affect the statistical analyses. 

2. The number of COVID-19 cases is not only dependent on weather factors but 

also other factors such as air pollution, population density, governmental policies, 

public health measures and testing rate. Hence, more variables shall be examined 

for a more comprehensive study.  
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6.3 Recommendations for Future Studies 

 

Based on the findings of the present study, there are several recommendations to be 

considered for future studies: 

1. Identifying any interactions between the predictor variables. 

2. Looking into other meteorological variables such as solar radiation and air 

pressures that affect the spread of COVID-19, considering the location of 

Malaysia near the equator and has a tropical climate. 

3. Exploring and introducing the confounding variables such as air pollution index, 

air-conditioning use, holidays, government response stringency index, 

implementation of movement restriction control, and public health measures in 

the model.  
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