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Abstract. The objective of this study is to explore the relationship between Covid-19 mortality
cases and environmental variables, namely PM2.5 concentration and weather variables, in
Denpasar City, Indonesia. Regression models were used. The response variable was the monthly
Covid-19 mortality from March 2020 to December 2021 and the predictor variables were the
mean concentration of PM2.5, temperature, wind speed, rainfall and duration of sunshine. All
data analyzed were provided by the Indonesian Government. Simple linear regression (SLR) and
dynamic regression with ARIMA error models were used. Further, of the 22 monthly data, the
first 19 months data were used to train the models and the remaining data were used as the test
data. It is found that both wind speed and the interaction between PM2.5 concentration and wind
speed have statistically significant relationships with Covid-19 mortality. The estimates of SLR
and ARIMA (0,1,1) with interaction models show that on average, in case of 0.5 m/s wind speed,
an increase of 1 pg/m3 in the monthly mean of daily PM2.5 concentrations associates with 17.4
and 16.3 increase in the monthly Covid-19 mortality case, respectively. Although this study is
observational, its findings suggest the importance of controlling PM2.5 concentration.

1. Introduction

The Covid-19 pandemic was first declared by the WHO (World Health Organisation) on 12 March 2020
after the death cases from Covid-19 increased significantly. This pandemic started in Wuhan, Hubei
Province of China on 12th December 2019, which caused 80 deaths of 2,794 laboratory-confirmed
infections by 26 January 2020 [1][2]. Covid-19 is officially named by WHO to describe the disease
caused by the new coronavirus, whilst the International Committee for Taxonomy of Viruses (ICTV)
established that the official name of the disease is Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). Our World in Data reported that the cumulative confirmed Covid-19 cases were found
in almost all countries, with the five highest cumulative cases per 30 December 2021 were recorded in
the United States, India, United Kingdom, France, and Germany [3]. Infected persons might have
different responses to Covid-19. Most people who are exposed to this virus will experience mild to
moderate symptoms and will recover without needing to be hospitalized. However, some people will
experience severe pain and require medical assistance. Covid-19 can spread directly or indirectly, such
as through respiratory droplets of an infected person when she speaks, sings, breathes, coughs, or
sneezes. The droplets can be coarse aerosols with aerodynamic diameter greater than 5 um or fine-
particle aerosols with aerodynamic diameter less than 5 um [4]. Some climate conditions (weather, air
pollution, temperature, and humidity level) contribute to the increase in confirmed cases of Covid-19
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and total death in Milan, Italy [5]. A similar study conducted in Turkey analyzed the correlation between
weather (temperature, dew point, humidity, and wind speed), population, and the number cases of
Covid-19. The authors stated that high wind speed and low temperature correlate with the number of
Covid-19 cases [5]. To examine the correlation between weather and the number of cases or deaths of
Covid-19, some models are applied, namely Spearman’s correlation analysis [6][7], multiple regression
model [8], Pearson's correlation coefficient, linear and non-linear regression, LOESS, two-way
ANOVA, and others [9].

This study aims to discover the correlation between the deaths from Covid-19, the concentration of
PM2.5, and the weather variables in Denpasar, Indonesia using simple linear regression and ARIMA
models.

2. Methods

The area of study in this research is Denpasar, the capital city of Bali province, Indonesia. Denpasar is
geographically located between 8°35'31”'S to 8°44'49”S and 115°00'23”E to 115°16"27”E, with a total
area of 127,78 square kilometers. In 2021 the population of Denpasar was 726,599 and its population
density was 5,686 per square kilometer [10].

2.1. Datasets

The datasets of this study were provided by three separate institutions of the Government of Indonesia.
The monthly mortality cases data due to Covid-19 were provided by the Public Health Department of
Denpasar City. Regarding the predictor variables, the daily concentration of PM2.5 (in micrograms per
m3), the daily speed of the wind (in microgram/m?), the daily wind speed (in m/s), and the daily
temperature (°C) were provided by the Bali and Nusa Tenggara Ecoregional Control and Development
Directorate, Ministry of Environment and Forestry. The daily precipitation records (in mm) and the daily
duration of the sunshine (in hour/day) were provided by BMKG (Meteorological, Climatological, and
Geophysical Agency). Because mortality case data were available only in monthly intervals, not daily
ones, all daily data of the predictor variables were summarised to obtain a mean value for each month.
Missing values were excluded from the summarization step. In total, there were 22 data points for each
variable, representing the corresponding 22 months of observations (March 2020 to December 2021).
The datasets were then divided into two groups, namely, training group and testing group. The training
group consisted of data points from March 2020 to September 2021 and was used to build the models.
The testing group consisted of data points from October to December 2021 and was used to measure
and compare the accuracy of the models built on the training data. The summary of the 22-monthly
datasets is presented in Table 1.

Table 1. The data summaries of the variables used in this study

Variable Min. Ist Qu. Median Mean 3rd Qu. Max. SD

Mortality case (people) 0.00 4.25 21.00 4491 52.00 357.00 78.76

PM2.5 concentration (ug/m?) 7.73 9.91 12.16 12.33 14.20 18.70 3.13

Air Temperature (°C) 26.21 26.87 27.14 27.19 27.56 28.32 0.58
Wind speed (m/s) 0.30 0.45 0.67 0.82 1.07 2.04 0.47
Rainfall (mm) 0.03 2.87 6.45 8.20 10.90 28.56 7.93
Sunshine duration (hour/day) 3.31 5.71 7.03 6.50 7.40 8.41 1.39
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For the mortality case, the mean value was 45 cases/month, but the number of cases varied widely, as
indicated by the large standard deviation. The highest mortality case occurred in August 2021 with 357
cases. The significant rise occurred shortly after the outbreak of the delta variant of the Covid-19 virus
in July 2021. The mean daily concentration of PM2.5 varied in the range of 8 to 19 ug/m3. The mean
daily temperature over the months was relatively stable in the range of 26 to 28 degree Celsius. The
mean daily wind speed was low, mostly lower than 2 m/s. A closely similar time series pattern was
found between the wind speed data and the mortality case from Covid-19. Because Indonesia has a dry
season and a rainy season, the rainfall varied as expected with a mean daily value of 8.20 mm and the
highest values occurred during the usual rainy season period, namely around November to January each
year. The duration of the daily sunshine varied slightly, with a mean value of 6.5 hours/day and a
standard deviation of 1.4 hours/day. This value was also expected because Denpasar is located relatively
close to the Equator.

2.2 Simple Linear Regression

In a simple linear regression, the response variable is modelled as a linear function of the predictor
variables with an error term assumed to be independent and identically distributed random variables that
follow a normal distribution with constant variance, as presented in equation (1)

Yy = Bixy + Boxot+...+fpxn + € 1)

where y denotes the response variable, x is the response variable, f denotes the coefficient of the
predictor variables. The values of the coefficients are estimated from the observation data using the
least-squares estimation. Each coefficient represents the change in the mean response variable for every
unit increase in the corresponding predictor variable when all the other predictors are kept constant. The
independence of the errors is evaluated in this study by testing the serial correlation of the residuals of
the model because the presence of serial correlation implies that the residuals, and hence the errors, are
not independently distributed. The variables in the regression are assumed to be independent of each
other. The response variable in the Simple Linear Regression is the monthly mortality case due to Covid-
19, and the predictor variables are the other five variables presented in Table 1.

2.3. Dynamic Regression Model with Autoregressive Integrated Moving Average (ARIMA)
An ARIMA model is constructed from the combination of differencing, autoregression, and a moving
average model. Integration is the inverse of differencing. The entire model can be written as in equation
(2)

Vea= U+t a1 Xy g+ ayXoq+.. .+, Xng + B1Yi—1 + B2Yi—2at - +PpYi—pa

+ertAi1€01 + A€ot HA4€ )

where yiq, denotes the response variable at timestamp ¢, lagged with p order, and differenced with d
order, u denotes the intercept, x; ;5 denotes the predictor variable i that is differenced with d order, and
a, B, and A denote coefficients of the predictor variables. Their values are estimated from the
observation data by using least squares estimation, €;_, denotes the error lagged with q order. This is
known as an ARIMA(p,d,q) model.

3. Results and Discussion

3.1. Serial Correlation in Each Variable Data

The presence of serial correlation, or, in another term, autocorrelation, in each variable data was
inspected through the ACF (Autocorrelation Function) plot and PACF (Partial Autocorrelation) plots. It
is observed that a significant serial correlation was found in each variable. In addition, in all variables
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the lag = 1 shows significant serial correlation, indicating that ARIMA models with d = 1 differencing
are highly probably appropriate to represent the serially correlated data.

3.2. Goodness-of-Fit of the Models

Based on the aforementioned ACF and PACF plots, we examined ARIMA (0,1,0) and several models
with relatively close specifications. The AIC (Akaike Information Criterion) and the corrected AIC
(AICc) were used to assess the goodness of fit of each model with the observation data. The corrected
AIC is also used in this study because the sample size (n = 22) can be considered as a small sample size,
in which AICc is recommended because it takes the number of parameters into consideration [11]. Table
2 shows that ARIMA (0,1,1) is the model with the best-fit based on AIC values. However, based on the
corrected AIC, ARIMA (0,1,0) is the best model. Both ARIMA models are better suited than the SLR
model. Therefore, we further analyse the three models, namely the SLR, ARIMA (0,1,0) and
ARIMA(0,1,1).

Table 2. Estimates, Standard Errors, and p-values in the SLR, ARIMA (0,1,0), and ARIMA(0,1,1)
models without interaction.

Term Simple Linear Regression ~ ARIMA (0,1,0) ARIMA (0,1,1)
estimate std. p-val estimate  std. p.val estimate std. p-val
error error error
Intercept 77548  844.72 0.375 -5.03 13.65 0.717 0.58 3.01 0.849
MA(1) undefined undefined -1.00 0.17 0.000
Temperature -32.08  32.12 0.336 3.74 37.02 0921 -30.61 28.33 0.294
PM2.5 9.56 6.39  0.158 1.25 7.80 0.875 9.21 5.73 0.125
WindSpeed 181.21  40.89 0.000 231.97 5037 0.000 17535 46.09 0.001
Rainfall 2.10 3.73 0.582 -0.24 2.99 0.935 1.90 3.33 0.575
SunshineDur -21.46  22.06 0.348 -32.09 2247  0.170 -21.15 18.80 0.275
AIC 213.11 210.27 208.52
Corrected AIC  223.30 221.47 224.52

Our analyses consist of two steps. First, we analysed the three models without any interaction
between the predictor variables. The results are shown in Table 3. It is found that in the three models,
the mean daily wind speed is the only variable that is statistically highly significant (with p-values far
lower than 0.05). It is not reasonable that wind speed alone is associated with mortality due to Covid-
19 because the disease is caused by a virus. Based on [11], we suspect that the concentration of PM2.5
probably interacts with the wind speed during virus transmission.

Therefore, in the second step, we analysed the models including the interaction term between PM2.5
concentration and wind speed. The results show that all models with interaction terms are better suited
than those without an interaction term, as seen in Table 3. Based on the AIC values, when the interaction
term is included, the best-fit model is ARIMA(0,1,1), but based on the corrected AIC values, the SLR
model is the best-fit model.
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Table 3. Estimates, Standard Errors, and P-values in the SLR, ARIMA (0,1,0), and ARIMA(0,1,1)
with Interaction Terms

Term Simple Linear Regression ~ ARIMA (0,1,0) ARIMA (0,1,1)

estimate  std. p.val estimate  std. p.val estimate std. p.val

error error error
Intercept 1068.39 675.37 0.139 -1.88 10.79 0.864 4.11 225 0.085
MA(1) undefined undefined -1.00 0.14  0.000
Temperature -54.48  26.51 0.062 -25.54 3046 0.413 -48.02 20.24  0.028
PM2.5 32.24 9.17  0.004 29.97 10.61 0.011 33.77 6.93  0.000
WindSpeed 502.42  113.11 0.001 580.39 112.19 0.000 518.27 85.30  0.000
Rainfall 3.63 299  0.248 1.80 244 0469 2.50 0.05  0.298
SunshineDur -14.73 17.60 0.418 -4.74 19.52  0.811 -11.31 13.33  0.407
PM25: -29.68 10.01 0.011 -36.45 1098 0.003 -34.98 8.06  0.000
WindSpeed
Goodness-of-Fit Metrics for the Models

AIC 204.68 203.67 197.62
Corrected AIC  219.08 219.67 220.12

Table 3 shows that in the three models, each concentration of PM2.5, the speed of the wind and the
interaction of the two variables have a statistically significant linear relationship with the mortality case
due to Covid-19 with slightly different slopes between the models. Due to the presence of the interaction,
to interpret the relationship, the coefficients of the interaction term must be accounted for. For example,
the SLR models implies that on average, in case of 0.5 m/s wind speed, and other variables are held
constant, an increase of 1 ug/m3 in mean daily PM2.5 concentration in a month associates with 32.24 -
(0.5) (29.68) = 17.4 increase in mortality case due to Covid-19 per month. As for ARIMA (0,1,0) and
ARIMA (0,1,1), the models implies association between 1 pug/m3 in mean daily PM2.5 concentration in
amonth with an 11.7 and 16.3 increase in mortality case due to Covid-19 per month. Likewise, the SLR
implies that, in case of PM 2.5 concentration is 10 pg/m3 and other variables are held constant, an
increase in daily mean wind speed of 1 m/s associates with 502.42 - (10) (32.24) = 180 increase in
mortality case due to Covid-19 per month, on average.

The temperature is found to be statistically significant in the ARIMA (0, 1,1) model, but not
statistically significant in other models. In all models, the coefficient of the temperature variable is
negative, which implies that the increase in temperature is associated with a decrease in mortality due
to Covid-19. The rainfall variable and the duration of sunshine are not statistically significant in all
models. The fitness of the models in each month data are visually presented in Figure 1.
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Figure 1. Actual values of monthly mortality cases and the corresponding fitted values of the models

3.3. Accuracy of the Models

After the goodness-of-fits of the six models are evaluated based on their AIC and the corrected AIC
values, the accuracies of the models are compared. The comparison is conducted by applying each model
to the test data of the predictor variables to generate the predicted mortality case for the last three months
of 2021. The accuracy is measured by using the Mean Absolute Error (MAE). The comparison results

are presented in Table 4.

Table 4. Predicted mortality cases due to Covid-19 of SLR, ARIMA (0,1,0), and ARIMA (0,1,1)

models
without interaction with interaction

Month Actual SLR ARIMA ARIMA SLR ARIMA ARIMA

Case (0,1,0) (0,1,1) (0,1,0) (0,1,1)
2021 Oct 21 269 157 266 210 108 58
2021 Nov 5 49 -86 41 56 -106 -154
2021 Dec 2 79 -30 70 46 -86 -126
Mean Absolute Error  123.0 86.3 116.3 94.7 95.3 108.0
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Table 4 shows that each model results in a much larger mean absolute error than the actual case. This
poor accuracy can be attributed to the small sample size of the model and the highly uncertain nature of
Covid-19 development. Table 4 also shows that the best-fit model in the training phase does not always
show the best accuracy in the testing phase.

3.4. Comparison with previous studies

This study found that each of the concentration of PM2.5, the wind speed, and the interaction of the two
variables have a significant relationship with the case of mortality from Covid-19. The relationship
between particulate matter concentration and Covid-19 has been strongly supported by the finding in
[13] in which SARS-CoV-2 RNA was found in PM10 samples in Bergamo, Italy. In another study [14],
it was found that other things being equal, a municipality in the Netherlands with 1 pg/m?* more PM2.5
concentrations will have 9.4 more Covid-19 cases, 3.0 more hospital admissions, and 2.3 more deaths.
These findings are clearly in agreement with the findings of our study.

Since our study is observational, no causal relationship can be inferred from the results. Nevertheless,
our findings are in close agreement with the findings in [15] in which it is found that mean wind speed
has a significant correlation with Covid-19 confirmed cases in Bandung City, Indonesia. However, in
[15] it is found that the mean temperature has a significant correlation with the Covid-19 confirmed
case, while in our study, the relationship between the mean temperature and the Covid-19 mortality case
is not significant in most models.

4. Conclusion

The Covid-19 pandemic spread throughout the world in a few months since it exploded in Wuhan
Province of China in late 2019. This study analysed six models consisting of Simple Linear Regression
(SLR) and ARIMA models. Weather conditions and air pollution are found to have contributed to the
increasing case of the Covid-19 mortality rate. Each of the PM2.5 concentration, the wind speed and the
interaction between the PM2.5 concentration and the wind speed have a statistically significant
relationship with the Covid-19 mortality cases. Temperature is not statistically significant in most
models. The SLR, ARIMA (0,1,0) and ARIMA(0,1,1) with interaction models implies that on average,
in case of 0.5 m/s wind speed, and other variables are held constant, an increase of 1 pg/m3 in mean
daily PM2.5 concentration in a month associates with 17.4, 11.7, and 16.3 increase in mortality case due
to Covid-19 per month, respectively. Our study is observational, therefore, the relationships found
between Covid-19 mortality case and PM2.5 concentration and wind speed cannot be claimed to be
causal. However, our findings are in agreement with previous studies in Italy, the Netherlands, and
Indonesia. These findings suggest the importance of PM2.5 concentration control to hinder the spread
of Covid-19.
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