
*Corresponding Author

Journal of Climate Change, Vol. 7, No. 3 (2021), pp. 57-68.
DOI 10.3233/JCC210019

Monsoon Impact on the Air Quality During SAR-CoV-2 
Pandemic Spread in Central Peninsular Malaysia and 

Sabah: Pre, During and Post Lockdown Scenarios

M.V. Prasanna1* and S. Chidambaram2 
1Department of Applied Geology, Faculty of Engineering and Science, Curtin University, Malaysia 

CDT 250, 98009 Miri, Sarawak, Malaysia
2Water Research Centre, Kuwait Institute for Scientific Research, P.O. Box 24885, 13109 Safat, Kuwait

* prasanna@curtin.edu.my

Received February 21, 2021; revised and accepted August 11, 2021

Abstract: Malaysia is considered as one of the countries with the highest novel corona virus (COVID-19) 
infected cases in Southeast Asia. Recent studies have identified that the air quality of a region also governs the 
transmission of the virus through pollutants. Hence, a study was conducted to assess the influence of air quality 
on the COVID-19 pandemic spread in central Peninsular Malaysia and Sabah. An attempt was also made to infer 
the effect of monsoonal precipitation on air quality. Central Peninsular Malaysia consists of major cities like Kuala 
Lumpur, Selangor and Putrajaya. These cities are highly populated, with the expansion of industrial activities, 
rapid urbanisation and greater usage of vehicles has resulted in air quality deterioration. Such conditions have led 
to related public health issues, compared to Sabah in east Malaysia. In this study, COVID-19 infected cases, air 
quality index (AQI) and precipitation data were collected from 25 January to August 2020 to infer the relationship 
of air quality to the pandemic spread before, during and after the implementation of lockdown periods in the 
country, referred as movement control order (MCO). The lockdown periods fall under various monsoon climate 
patterns in the country. Interpretation of data reveals that the variation in air quality correlates with the infected 
cases. Improved air quality was observed during the last phase of MCO with a lesser number of infected cases. 
The HYSPLIT model was adopted to study the backward air mass trajectories for different time frames to identify 
the variation in the sources of pollutants reaching the study area. The study determined that the air pollutants 
have reached the study area from various directions, reflecting a mixed contribution from the ocean and land area. 
The relationship between high precipitation (during inter-monsoon and SW monsoon) and improved air quality 
reveals the washout effect of air pollutants. The outcome of this study inferred that the variation of air quality 
and precipitation rates facilitate the pandemic spread in this region in addition to the other meteorological factors, 
apart from individual immune capacity and social distancing. 
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Introduction

Since December 2019, the COVID-19 spread has 
resulted in a significant acute respiratory disease, with 
a high possibility of human-to-human transmission 
(Wu et al., 2020). Common signs of this pandemic are 

respiratory illness, cough and fever. The relationship 
between COVID-19 and different conditions of the 
atmosphere and the biosphere were studied and 
understood by researchers. The studies reported that the 
spread of infectious diseases may also be influenced by 
meteorological variables such as temperature, humidity, 
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air quality and wind speed (Chen et al., 2020; Ma et 
al., 2020; Poole, 2020; Sajadi et al., 2020; Wang et al., 
2020). Air quality parameters such as NO2, SO2, PM10 
and PM2.5 were observed in the COVID-19 period and 
the pollution levels were found to be decreased during 
the lockdown, due to the closure of industries and 
restricted usage of vehicles in major cities of the world 
(Otmani et al., 2020; Wang et al., 2020a; Muhammad 
et al., 2020; Chauhan and Singh, 2020).

The environmental and health status of a given 
population are adversely affected by the air pollution. 
The high release of pollutants like smoke and other 
forms of waste into the air had a significant impact 
since they were emitted faster than the atmosphere 
could absorb and disperse (Enger and Smith, 2000). In 
the second half of the twentieth century, rapid progress 
in the level of industrial activities and urbanisation 
posed a serious threat to the air quality (Ramanathan 
and Feng, 2009).

The number of industries continues to increase in 
Malaysia and hence there is a dependent population 
increase in both urban and industrial regions (DOS, 
2012). Forest fires, industrial pollution and motor 
vehicles in the country cause changes in the atmosphere, 
contributing to climate change (Aghamohammadi and 
Isahak, 2018; Brohi et al., 2018). Air pollution in 
Malaysia has a negative impact on various ecosystems 
including forest, agriculture and human health (Afroz 
et al., 2003; Ishii et al., 2004). The air pollution index 
(API) shows that the urbanisation process led to a 
decrease in air quality (Ling et al., 2010), along with 
the changes in meteorological variables (Chng et al., 
2010). Air pollutants affect the immune response of 
the lungs and results in inflammatory reactions, which 
can increase the risk of respiratory infections (Lambert 
et al., 2003).

Malaysia is a developing country in Southeast 
Asia, reported with a significant number of infected 
COVID-19 cases, 78,499 as of 11 December 2020. 
There are very few studies on COVID-19 in the country, 
which mainly focuses on the general behaviour of 
people to COVID-19 (See et al., 2020; Azlan et al., 
2020; Che Mat et al., 2020; Abdullah et al., 2020). 
There is a research gap on meteorological influence, 
particularly air quality to COVID-19 spread in the 
country. In order to fill the above research gap, this 
study was formulated to examine the effect of air quality 
on the transmissivity of the virus during, pre-lockdown, 
lockdown and post-lockdown periods in the country. 
The monsoonal precipitation influence on the air quality 
was also tested. Finally, this study determines the 

sources of air pollutants reaching the study area using 
backward air mass trajectories at different time frames. 

Materials and Methods

Study Location and Climate
Malaysia is located between 4.2105° N and 101.9758°  
with an area spread of 329, 960.22 km2. Malaysia 
consists of two large landmasses, Peninsular Malaysia 
(West Malaysia) and East Malaysia in northern Borneo 
territories (Ismail et al., 2017). Peninsular Malaysia 
covers a major part of the Malay Peninsula (14 states) 
and East Malaysia has two large states namely Sabah 
and Sarawak. The present study concentrates on central 
Peninsular Malaysia, which consists of Kuala Lumpur, 
Selangor and Putrajaya (Figure 1). These regions 
are considered to be more developed with respect to 
urban and industrial regions than in Sabah (Eastern 
Malaysia). The region experiences two monsoon 
seasons, southwest (May to September) and northeast 
(November to March). These seasons are separated by 
very short inter-monsoon months (April and October). 
Among the monsoon periods, the northeast monsoon 
has been known to record a higher amount of rainfall, 
marked as the most drenched period, when compared 
to the southwest monsoon (drier period). The average 
temperatures vary from 25 to 35°C. Pleasant weather 
in west Malaysia is observed between January and 
February, in eastern Malaysia (Sabah) during April, 
and in Sarawak from June to July. The yearly average 
rainfall in west Malaysia is 2,500 mm and East Malaysia 
is 5,080 mm. 

Data Collection
The study encompasses the analysis of total cases, new 
cases and total deaths for the country from 25 January 
to 31 August 2020, which represents the pre-lockdown, 
lockdown and post-lockdown periods. The above data 
were collected from the Our World in Data website 
(https://ourworldindata.org). Air quality index (AQI) 
data was collected from the Air Quality Historical Data 
Platform website (aqicn.org/data-platform), sourced 
from the Malaysia Department of Environment (DOE) 
and Air Pollutant Index Management System. The 
collected data are not fully verified or validated. AQI 
is used for defining and classifying Malaysia’s ambient 
air quality based on potential public health implications 
(DOE, 1997). It’s a non-dimensional number calculated 
from the average daily pollutant concentration in a city 
(Dominick et al., 2012; DOE, 2012). AQI consists of 
five basic pollutants such as O3, CO, SO2, NO2 and 
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PM10. The air quality levels are classified as good (AQI 
0-50), moderate (AQI 51-100) and unhealthy (101-150), 
defined by the US-EPA 2016 standard. Precipitation 
data were collected from the NASA website (https://
power.larc.nasa.gov). Hybrid Single-Particle Lagrangian 
Integrated Trajectory (HYSPLIT) transport model 
provided by the US National Atmospheric and Oceanic 
Administration (NOAA) Air Resources Laboratory 
(ARL) was used for backward air mass trajectories. 

Results

COVID-19 Pandemic Spread in Malaysia
The first COVID-19 case was recorded on 25 January 
2020 in the country. Since the cases started increasing 
significantly in early March 2020, the country has 
announced several lockdown periods referred to as 
movement control order (MCO) to increase social 
distancing and retard the transmission rate of the virus. 

The first MCO was implemented on 18th March 2020 
and extended until 12 May 2020 in three different 
phases. Then the country moved into the conditional 
movement control order (CMCO) from 13 May 2020 
to 9 June 2020, followed by recovery movement control 
order (RMCO) from 10 June 2020 to 31 August 2020. 
So, the following discussion is based on pre-lockdown 
(i.e before 18 March 2020), during lockdown (18 March 
to 12 May 2020) and post-lock down (13 May to 31 
August 2020).

Figure 2 explains the COVID-19 trends of total 
cases, new cases and total deaths in the country from 
25 January to 31 August 2020, which covers all the 
periods of MCOs. During pre lockdown period few 
new cases were identified in February 2020, and the 
cases exponentially increased in early March, which has 
eventually lead to the implementation of the first MCO 
in mid-March 2020. The total number of cases was 
increased gradually and a sharp increase was observed 
prior to the implementation of MCO. There were no 
death cases reported during this period.

During MCO periods, the total cases increased 
gradually and it was higher and a significant number 
of death cases were also observed. The number of total 
cases and death cases stabilized at the end of this period, 
with the decreasing number of new cases in the country. 
This indicates the MCO periods have been effective 
and social distancing has reduced the pandemic spread 
significantly at the last phase of MCO. During the short 

Figure 1: Air quality monitoring stations in Malaysia.

Figure 2: COVID-19 infected cases trend in Malaysia during pre lock down, lock down and post lock down periods.
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period of CMCO, the total cases and death reports were 
stabilized, but there was a fluctuation in the number of 
new cases. This is due to the partial operational activity 
allowed in the country, which has relaxed the social 
distancing promoting the pandemic spread. 

It is interesting to observe that the number of new 
cases significantly decreased during RMCO compared 
with MCO and CMCO periods. Furthermore, the 
number of total cases and total death reports were 
almost stable. This indicates the recovery stage, as 
the people were aware of the standard operational 
plans (SOP) implemented in the country to curtail the 
COVID-19 spread. Overall, the pandemic spread in the 
country was gradually decreasing from MCO to RMCO.

Rainfall Pattern During the Study Period
Precipitation data for Kuala Lumpur (representing west 
Malaysia) and Sabah (representing east Malaysia) were 
collected during the study period. The collected data 
from 25 January to 31 March belongs to NE monsoon; 
1 to 30 April belongs to short inter-monsoon; 1 May 
to 31 August belongs to SW monsoon. Comparatively, 
a high precipitation was recorded for NE monsoon 
in the Kuala Lumpur region ranging from 0.05 to 27 
mm with an average of 5 mm. Similarly, during inter-
monsoon, high precipitation was recorded in Kuala 
Lumpur ranging from 0.12 to 38 mm with an average 
of 10 mm. But in the SW monsoon, high precipitation 
was recorded in Sabah ranging from 0.03 to 90 mm 
with an average of 10 mm. 

Discussion 

Impact of Air Quality to COVID-19 
The air quality of a region was identified by researchers 
as a significant factor for the transmission of the virus 
(Lambert et al., 2003; Steyn and Castelli, 2010). The 
major cities in Peninsular Malaysia such as Kuala 
Lumpur, Selangor and Putrajaya, and Sabah in East 
Malaysia were selected for further discussion.

Kuala Lumpur
A declining trend of AQI was observed during the 
initial stage of pre lockdown period which subsequently 
increased at the end of pre-lockdown period with a 
concurrent increase in new cases (Figure 3). This 
indicates that air quality is an influencing factor for 
the pandemic spread. At the beginning of the MCO 
period, there were constant AQI values (>50) reflecting 
moderate air quality (Mabahwi et al., 2015; Ismail et 
al., 2017), where a higher number of new cases were 

recorded. Lesser AQI values (<50) were recorded at the 
end of the MCO period, and there was a decrease in the 
new cases. During the CMCO period, most of the values 
were > 50 AQI, with a record of few spikes in new 
cases. In the RMCO period, the AQI values were higher 
(>50), compared with other lockdown periods. This 
clearly indicates that the partial release of lockdown in 
Kuala Lumpur has increased the industrial activities, 
which affected the air quality, thereby influencing the 
pandemic spread.

Selangor
There was an increase in AQI values (>50) prior to 
implementation of MCO, during the pre lockdown 
period, showing a higher record of new cases (Figure 
4). During the MCO period, there was a declining trend 
of AQI values observed, and it has a good correlation 
with the decreasing number of new cases. In the CMCO 
period, there was a sharp increase in AQI values, which 
was correlated with the high number of cases. During 
the RMCO period, there was a gradually increasing 
trend of AQI values, predominantly >50 and fewer new 
cases were recorded. Overall, it is interesting to observe 
that, there was a declining trend of AQI values from 
pre lockdown to MCO periods, and started increasing 
from CMCO to RMCO period. This indicates that the 
effective controls during MCO periods have reduced the 
industrial activities in the city, which has improved the 
air quality. Subsequently, the air quality got deteriorated 
due to the partial release of industrial activities during 
CMCO and RMCO periods.

Putrajaya
During pre-lockdown period, mostly high AQI (>50) 
values were recorded, with a greater number of cases 
at the end of the period (Figure 5). In the MCO period, 
higher AQI values were recorded at the initial phase, 
with a greater number of cases. There was a sudden drop 
in AQI values at the end of this period with a decrease in 
the number of cases. The AQI values started increasing 
again during the CMCO period, with few spikes of new 
cases. In the RMCO period, the AQI values continued 
to increase and crossed above 50 AQI, which clearly 
shows moderate air quality even though fewer number 
of new cases were recorded.

Sabah
In comparison with central Peninsular Malaysia, Sabah 
has lesser industrial activities and a human population. 
It was observed that the AQI values are well below 50 
from MCO to RMCO periods (Figure 6). There was a 
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declining trend of AQI values (<50) in the MCO and 
CMCO periods. This trend is well correlated with the 
decrease in the number of new cases in the city. There 
was a slight increase in AQI values, but well below 
50, with reducing the number of new cases during the 
RMCO period.

The average AQI values indicate that the air quality 
was improved during the lockdown period (MCO) 
irrespective of locations (Figure 7), where most of the 
industries were closed and movement of vehicles was 

controlled. But, the quality of air declined during post 
lockdown (RMCO) particularly in central Peninsular 
Malaysia due to the movement relaxation. In Sabah, 
the air quality was well within the quality throughout 
the study period, particularly in post-lockdown period.

Effect of Precipitation to the Air Quality
Rainfall is recognised by the removal of atmospheric 
pollutants, especially particulate matter, which carry 
viruses in the air, as one of the key natural processes 

Figure 4: Variation of air quality with respect to infected cases in Selangor during the study period.

Figure 3: Variation of air quality with respect to the new cases in Kuala Lumpur during the study period.
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Figure 5: Variation of air quality with respect to infected cases in Putrajaya during the study period.

Figure 6: Variation of air quality with respect to infected cases in Sabah during the study period.

for improving air quality (Guo et al., 2014). So, an 
attempt was made to correlate the precipitation rates 
with air quality at different lockdown periods in Kuala 
Lumpur (representing central Peninsular Malaysia) and 
Sabah (representing East Malaysia).

In Kuala Lumpur, there was a significant variation 
in the precipitation rates across the study period. It was 

observed that during the initial and the final stages of 
the MCO period, the average precipitation rate was 
<10 mm and AQI was > 50, where the new cases were 
highly recorded (Figure 8). Alternatively, in the mid-
MCO period which represents the inter-monsoon, there 
was a sharp increase of precipitation (>10 mm) and 
AQI < 50 with the less number of new cases. During 



	 Monsoon Impact on the Air Quality During SAR-CoV-2 in Malaysia	 63

the CMCO period representing SW monsoon, the lesser 
amount of precipitation (average <10 mm) with high 
AQI values (>50) was recorded with reports of few new 
cases. It is clearly observed that an inverse relationship 
between the amount of precipitation and AQI (i.e. less 
precipitation and high AQI values and vice versa) affects 
the pandemic spreading during RMCO (SW monsoon). 

In Sabah, the amount of precipitation was quite 
constant (<10 mm) from pre lockdown to mid-MCO 
periods representing NE monsoon (Figure 9). The 
subsequent increase in precipitation was observed, 
particularly in late MCO (inter-monsoon) and CMCO 

and RMCO periods (SW monsoon). An inverse 
relationship was observed between precipitation rate 
and AQI in the MCO period, which also supports the 
fluctuation of new cases. It is obvious that in the CMCO 
and RMCO periods, substantial precipitation (>10 
mm) combined with low AQI values (50) considerably 
restricted pandemic transmission. Overall, the above 
inferences suggest that the infected droplet nuclei in 
the air can be washed out by high rainfall and the 
transmission of the virus has thus decreased (Comrie 
2007; Lowen et al., 2007).

Figure 7: Trend of average AQI values during the study period.

Figure 8: Correlation between precipitation and AQI to depict the washout effect of  
air pollutants in Kuala Lumpur.
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Air Movement
In order to identify the variation in source contribution 
of air particles reaching the study area, backward air 
mass trajectory corresponding to four different time 
periods (pre-lockdown, MCO, CMCO and RMCO) 
representing three monsoons (NE monsoon, inter-
monsoon and SW monsoon) was generated using an 
HYSPLIT transport model. Geographically, Kuala 
Lumpur, Selangor and Putrajaya cities are located 
close to each other. So, Kuala Lumpur was chosen 
to represent central Peninsular Malaysia, and Sabha 
represented East Malaysia.

In air quality and pollutant movement modelling, 
the backward trajectory analysis is the best available 
method that helps to provide detailed input on the origin 
and sources of contaminants in the atmosphere (Tatsuta 
et al., 2017; Tu et al., 2019). Winds, which carry 
particulate matter from different adjoining locations can 
also cause the degradation of air quality in a specific 
region (Steyn and Castelli, 2010). The HYSPLIT 
analysis was attempted by considering different months; 
first week of March 2020, (representing pre-lockdown 
and NE monsoon); third week of April 2020 (after the 
implementation of MCO and inter-monsoon); fourth 
week of May 2020 (after the initiation of CMCO and 
SW monsoon) and finally the fifth week of July 2020 
(after the implementation of RMCO and SW monsoon) 

were selected and modeled at three different heights, 
i.e., 100, 500 and 1000 m above ground level.

It was observed that air pollutants enter central 
Peninsular Malaysia from the northeast direction during 
the pre-lockdown period (NE monsoon) and display 
a mixed contribution, i.e. from the ocean (the South 
China Sea) and the land area with predominant ocean 
contribution (Figure 10). The same trend and source 
were identified in the MCO period (inter-monsoon). 
A contrasting characteristic was observed during 
the CMCO period (SW monsoon), which shows the 
dominance of the west direction with less contribution 
from land and major contribution from the southern 
Indian Ocean. In the RMCO period (SW monsoon), 
central Peninsular Malaysia received dominant 
pollutants from the south direction with a major 
contribution from the land area of Indonesia. 

In east Malaysia (Sabha), the air pollutants travelled 
from the northeast direction with mixed contribution 
from the ocean (Pacific Ocean, South China sea) and 
landmass of Philippines during pre lockdown period 
(NE monsoon) (Figure 11). In the MCO period (inter-
monsoon), dominant pollutants were derived from the 
east direction and show the major contribution from 
the Pacific Ocean, with minor influence from land area. 
But during CMCO (SW monsoon), the air pollutants 
dominantly travelled from the south direction, with the 

Figure 9: Correlation between precipitation and AQI to depict the washout effect of air pollutants in Sabah.
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Figure 10: Air mass backward trajectories reaching Peninsular Malaysia during (a) pre lock down (b) MCO  
(c) CMCO (d) RMCO.
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Fig 11. Air mass backward trajectories reaching Sabah during (a) pre lock down (b) MCO (c) CMCO (d) RMCO.
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majority contribution from the land area. A different 
scenario was observed during RMCO (SW monsoon), 
where the air pollutants from the west direction with 
a major contribution from the South China Sea. It is 
interesting to note that the pollutants are also contributed 
from the land area with 500 m elevation.

In general, the change in direction of air mass 
trajectories during CMCO and RMCO was observed. 
This change in direction might have also lead to the 
variation in the atmospheric air quality leading to the 
changes in the number of new cases. 

Conclusions

The study has identified the influence of air quality 
on the COVID-19 pandemic spreading in Malaysia. 
It was observed that an increase of new cases was 
recorded in the early lockdown (MCO) period, and 
gradually reduced in the post-lockdown period (CMCO 
and RMCO), which indicates the effectiveness of 
standard operation plans to ease the pandemic spread. 
In general, moderate air quality was observed in central 
Peninsular Malaysia, whereas good air quality in Sabah. 
High precipitation was recorded during SW monsoon, 
followed by inter-monsoon and NE monsoon. The air 
quality was improved in central Peninsular Malaysia, 
during the lockdown period, which is mainly due to 
the shutdown of industrial activities and reduction in 
vehicle emissions coupled with the monsoonal rainfall. 
High precipitation in Sabah has improved the air quality 
through the washout effect, particularly during the 
post-lockdown period of SW monsoon. The air mass 
movement modelling indicates a mixed contribution 
predominantly from the ocean in both central Peninsular 
Malaysia and Sabah during the lockdown period. The 
post-lockdown period indicates the source of pollutants 
was mostly from the land area, particularly in the lower 
atmosphere (100 m elevation above ground level), 
which clearly indicates that the local industrial and 
vehicle emission affects the air quality. Overall, this 
study concluded that air quality is also a controlling 
factor for the transmissivity of viruses besides social 
distancing and individual immunity. 
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