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outbreak. In this study, Autoregressive Integrated Moving Average (ARIMA) models
were used in order to forecast the COVID-19 mortality rates data in Malaysia. The
accuracy of the ARIMA models is then evaluated by using Mean Absolute Error (MAE)
and Root Mean Square Absolute Error (RMSE). The forecasting model with the lowest
error is picked as the best. In this study, ARIMA (1,1,3) outperformed the ARIMA (1,1,2)
and ARIMA (1,1,4) models since it has the lowest MAE and RMSE values. However, as
compared to ARIMA (1,1,4), the study found that ARIMA (1,1,3) model is not adequate
in terms of model fitting due to the errors were not normally distributed. Hence, ARIMA

Keywords:

y (1,1,4) model was chosen to make prediction of COVID-19 mortality rates. Accordingly,
COVID-19; Mortality Rates; Forecast; the findings through this study can be used as a preliminary study to predict the COVID-
ARIMA 19 mortality rates and other future pandemic cases to mitigate risk of increasing cases.

1. Introduction

The World Health Organization confirmed Coronavirus disease 2019 (COVID-19), a novel
pneumonia disease originating in Wuhan, on January 12, 2020, before it became an epidemic in all
countries [1]. The first case outside of China was reported in Thailand, prompting a stringent
screening process at all Malaysian airports [2]. Until April 14, 2020, Malaysia reported two waves of
COVID-19 cases, with the first wave ending successfully within two months. The second wave began
early in March, with worrying circumstances. Following the Sabah state election in September 2020,
there were a number of outbreaks at Top Glove facilities in late 2020 that led to a third wave of
COVID-19 infections in the country.

A severe economic impact has been caused by the pandemic, which has devalued the currency
in Malaysia and shrank its GDP [2]. The pandemic also had widespread effects on Malaysian society.
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In the early months of 2020, the pandemic was associated with an unrelated political crisis,
hampering the government and society's early response. Repeated COVID-19 outbreaks and
emergency measures exacerbated political instability throughout 2020 and 2021.

The Malaysian government began enforcing a Movement Control Order on March 18, 2020, to
break the chain of COVID-19 [3]. A hashtag #stayhome was prominently featured in the media. Non-
governmental organizations and prisoners have produced personal protective equipment for
frontline workers. A variety of organizations have organized events to raise money to provide
necessities primarily to hospitals. The Ministry of Health was granted collaborations with healthcare
providers, as well as more laboratories to enhance its capabilities. The government had to do several
things to prevent COVID-19 from spreading. However, the problem is how to determine whether or
not those actions are effective. Therefore, there must be a way we can use to predict whether the
government action in decreasing the COVID-19 mortality rates is effective or not.

Forecasting is the process of using historical data to create informed estimates for predicting
future trends based on the direction of those trends. In this study, time series analysis will be used
to forecast COVID-19 mortality rates in Malaysia. Time series analysis is a particular method of
analysing a sequence of data points collected over time. As opposed to recording data points
intermittently or randomly over a set period, analysts record data points at consistent intervals in
time series analysis. Auto regressive integrated moving average (ARIMA) model is one of the most
time series models that has been conducted on past pandemic infections and diseases, such as to
predict the incidence of Hepatitis A Virus (HAV) [4]. Other than that, ARIMA model was applied to
the number of confirmed cases per day for severe acute respiratory syndrome (SARS) [5]. ARIMA was
also used to predict the incidence of Hemorrhagic Fever with Renal Syndrome (HFRS) in China based
on data from 2009 to 2011 [6]. The ARIMA model was used to predict the Hantavirus Pulmonary
Syndrome (HPS) [7].

Furthermore, several studies have also been conducted to estimate the spread of COVID-19 by
using the ARIMA model. ARIMA and Richard's model were used to forecast population impacts of
COVID-19 in India [8]. Denmark, Norway, and Sweden could predict the number of patients with
COVID-19 in a short period of time based on simple time series [9]. In Italy, Spain, and France, the
number of COVID-19 cases were predicted based on the ARIMA model [10]. The number of COVID-
19 confirmed cases in Saudi Arabia for the next four weeks was also forecasted by using ARIMA model
[11]. In European countries, ARIMA was used to forecast the rate of infection over the next seven
days [12]. Since ARIMA model has been used by all previous cases involving disease and COVID-19,
this study aims to predict the COVID-19 mortality rates by using ARIMA models.

2. Methodology
2.1 ARIMA Model

COVID-19 data time-series are modelled by Box-Jenkins type stochastic processes, which is by
using ARIMA model. ARIMA model is a time series model that is used to forecast the future time
series of data. For ARIMA, the letter "I" is used to differentiate the series when they are not
stationary. In the meantime, stationary time series may be modelled using any of three class
processes, namely autoregressive (AR), moving-average (MA), and mixed autoregressive and moving-
average (ARMA).

An autoregressive model of order p which indicate as AR (p) is expressed as:

Ye =M+ @1Ve—1 Q¥ + o+ QpVep T U (1)
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The Moving Average of order g which denoted as MA (q) is expressed as:
Ye=u Fuc+ O1up g +0u 5+ 04U (2)
where u; is a white noise disturbance term with:
E(u,) = 0 and Var(u,) = o

Assumed that the error term, &; is uncorrelated with anything, with zero mean and constant
variance,o2. The process is called White Noise (WN) process with denotation:

Et~WN(0,62;) (3)
ARIMA (p, g) model is formed by combining AR (p) and MA (q) models as shown below:
Ve=U+ Q1Ve1 +@2Ve2 + 0+ QpYep + 01U+ OouU o+ + Ogurg (4)

or in sigma notation:
Ye=cC+ 2?:1 QiVe—i t Z?:l Oie—j + & (5)
where y; is the COVID-19, Cis constant term, ¢, is the parameter of AR of order p, 6; is the
parameter of MA of order g and t is the error at time t. The order of p and g must be positive integers.
ARIMA involved 5 steps modelling. First, to begin processing ARIMA(p, d, q), it is necessary to
determine if the time series is stationary or non- stationary. Second, a stationary time series is
required for ARIMA to work. Third, time series that are not stationary need to undergo appropriate
degrees of differencing until they reach stationary before they can be used for ARIMA. Next, taking

the autocorrelation function (ACF) and partial autocorrelation function (PACF) of a time series as
input. Lastly, autoregressive order p and moving average q can be determined.

2.2 Performance of ARIMA Models

This study computes the difference between the forecasted value and out-of-sample data, then
calculates Mean Absolute Error (MAE) and Root Mean Square Error (RMSE) to measure the accuracy
of ARIMA models in forecasting.

The Mean Absolute Error (MAE) measures the average size of errors without considering their
direction. The formula is as follows:

MAE

_ Zt=1(yt = V1) (6)
B n

Root Mean Square Error (RMSE) is the error measurement of finding out the differences between
the forecasted value and observations. The formula is given as:

(7)
RMSE =
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where y; is the original value according to time t, y; is the prediction value according to time t and
n is the number of forecasts.

As the accuracy of the forecasting model is measured by these two errors, the model that has the
lowest number of MAE, and RMSE is the best model.

3. Results
3.1 Data Descriptive

The COVID-19 mortality rates data of Malaysia were obtained from Ministry of Health Malaysia’s
website. The data cover from 17th March 2020 until 31st December 2022 with a total of 1020
observations. Afterwards, the data are separated into two subsets, one is in-sample data and the
other out-sample data. In-sample data are range from 17th March 2020 until 11st November 2022
with total of 970 observations and it will be used to forecast the next 50 observations. The trend of
COVID-19 mortality rates is recorded in Figure 1. Figure 1 illustrates that the COVID-19 mortality rates
of Malaysia were at the spike around the year 2021, and the trends are decreasing as the year
increases to 2022. Next section will discuss whether the trends of mortality rates of COVID-19 will
continue to increase or not based on the past historical data with ARIMA model.

Covid-19 Mortality Rates
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Fig. 1. Time series of COVID-19 mortality rates of Malaysia (Mac 2020-November 2021)
3.2 Arima Model
ARIMA model is chosen based on the lag of ACF and PACF. The suggested ARIMA models after
the first differencing are ARIMA (0,1,0), ARIMA (0,1,1), ARIMA (0,1,2), ARIMA (0,1,3), ARIMA (0,1,4),

ARIMA (1,1,0), ARIMA (1,1,1), ARIMA (1,1,2), ARIMA (1,1,3), and ARIMA (1,1,4). Figure 2 shows ACF
and PACF after first differences.
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Fig. 2. ACF and PACF after first differences

Next, the three best models are chosen based on lowest AIC value, as given in Table 1 below. The
three best models that are chosen: ARIMA (1,1,2), ARIMA (1,1,3) and ARIMA (1,1,4).
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Table 1

AIC values of ARIMA

Model AIC
ARIMA (0,1,0) -2197.21
ARIMA (0,1,1) -2578.93
ARIMA(0,1,2) -2585.32
ARIMA(0,1,3) -2604.04
ARIMA (0,1,4) -2610.60
ARIMA (1,1,0) -2436.54
ARIMA (1,1,1) -2582.60
ARIMA(1,1,2) -2621.80
ARIMA(1,1,3) -2620.54
ARIMA (1,1,4) -2619.75

Since the model identification has been obtained in previous, diagnostic checking is then applied
to test the adequacy of ARIMA (1,1,2), ARIMA (1,1,3) and ARIMA (1,1,4) in fitting the data. Ljung-Box
test is used to check whether the residuals of a time series model are normally distributed.
Hypothesis of Ljung-Box test is defined as follows:

H,: The residuals are normally distributed.
H;: The residuals are not normally distributed.

According to Figure 3, only ARIMA (1,1,4) is adequate in term of the Ljung-Box test since the p-

value for all lags is above the significance level of 1%.
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Fig. 3. Residual diagnostic of ARIMA models (a) Residual diagnostic of ARIMA (1,1,2) (b) Residual diagnostic
of ARIMA (1,1,3) and (c) Residual diagnostic of ARIMA (1,1,4)

3.2 Performance Between Models

To measure the performances of modelling, we need to use accuracy criteria. There are a few
types of accuracy measures are considered in this study, which are Mean Absolute Error (MAE), and
Root Mean Square Error (RMSE). Table 2 tabulates the values of MAE and RMSE for ARIMA models
for the in-sample and out-sample data. According to in-sample part in Table 2, ARIMA (1,1,3)
outperformed the others since it has the lowest measurement errors. However, according to Figure
3, ARIMA (1,1,3) model is inadequate, thus ARIMA (1,1,4) is selected to forecast the COVID-19
mortality rates.
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Table 2
Measurement errors of ARIMA models
In-sample Out-sample
Model MAE RMSE MAE RMSE
ARIMA (1,1,2) 0.0234 0.0622 0.0112 0.0132
ARIMA (1,1,3) 0.0233 0.0622 0.0111 0.0131
ARIMA (1,1,4) 0.0234 0.0622 0.0111 0.0132

Figure 4 shows that in the future, the Malaysia’s COVID-19 mortality rates is predicted to
decreases. This coincides with the initiative taken by the government since the emergence of COVID-
19 case, by implementing Movement Control Order (MCO) on March 18, 2020. Although MCO has
downturn the economy, but Malaysia manages to record a low number of COVID-19 cases from first
and second waves with the first waves ending successfully within less than 2 months [13]. In order to
support the Ministry of Health's and the National immunization Programs' goal of developing
effective immunization to stop the spread of infectious disease, temporary hospitals were also
created. National Vaccination Programs that focused on older people and high-risk population during
the early of vaccination campaign has shown a decline number in ICU admission among these
population [14]. Currently, the trends from all over the world have shown a decreasing number of
COVID-19 cases [15,16]. Therefore, it is not surprising if forecasting result show a decrease in number
of COVID-19 cases in the future. With the decreasing rate of COVID-19 cases in the future,
government may consider potential actions and strategies to restore economic stability and growth.
This can be in terms of tourism activites [17], biodiversity conversation [18], and education [19,20].

Forecasts from ARIMA(1,1,4)
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Fig. 4. Forecasting performance of ARIMA (1,1,4)
4. Conclusions

In this study, ARIMA models are used to predict the COVID-19 mortality rates for Malaysia from
the year of 2020 to 2022.There were there ARIMA models that were chosen which were ARIMA
(1,1,2), ARIMA (1,1,3) and ARIMA (1,1,4). Based on the residual diagnostic, ARIMA (1,1,4) is selected
as the best fit ARIMA model to forecast as compared to others since the residuals of the ARIMA
(1,1,4) are normally distributed and independent. This study can be used as a preliminary study to
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predict the COVID-19 mortality rates and other future pandemic cases to mitigate risk of increasing
cases.
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