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ABSTRACT

INTRODUCTION: Coronavirus disease (COVID-19) is a novel pandemic that affects every other country in the
world. Various countries have adopted control measures involving restriction of movement. Several studies
have used mathematical modelling to predict the dynamic of this pandemic. Forecasting techniques can be
used to predict the incidence cases for the short term. The study aims to forecast the COVID-19 incidence
using the Auto Regressive Integrated Moving Average (ARIMA) method. MATERIALS AND METHODS: Using
publicly available data, we performed a forecast of Malaysia COVID-19 new cases using Expert Modeler
Method in SPSS and ARIMA model in R to predict COVID-19 cases in Malaysia. We compare 3 different time
frames based on different Movement Control Order (MCO) period. We compare the model fit and prediction
across models. RESULTS: All models show static cases for each MCO 7-day prediction. For prediction until 12
May, the third MCO time frame shows the best model fit for both techniques. Both software shows a
stationary trend of cases of below 100. CONCLUSION: These MCO models have shown to stabilize the rate of

new cases. Further sub analysis and quality of data is needed to improve the accuracy of the model.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is a serious
pandemic that threatens to affect every country in
the world. As of 5" of June 2020, there are 8266
confirmed cases in Malaysia with 116 mortality.'
Malaysian Prime Minister announced on 16 March
2020 that Malaysia is adopting a Movement Control
Order (MCO) starting from 18 March 2020 to
control the disease from spreading.? MCO is a non-
pharmaceutical intervention (NPI) aimed at
flattening the epidemic curve on a large scale, that
have shown to reduce early transmission in China.?
Since 18 March 2020, there are a total of five various
phases of MCO in Malaysia.* The effect of the MCO
has shown a reducing trend in incidence cases.® This
has prompted the government to loosen the MCO
before eventually lifting the order.* Many studies
have used mathematical modelling to predict the
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dynamic of this pandemic.® This prediction is an
important parameter for many decisions making.

Public health decision making came from the
surveillance. One of the main public health
surveillance aim is to make reliable forecast.’
Forecasting is a mathematical modelling technique to
predict future outcome based on the past values and
trend. It is widely used not just in economic
sectors but also in health.® A systematic review on
forecasting influenza outbreak have shown some
degree of accuracy despite various technique that is
being used.” These forecasting techniques are useful
for prediction of new cases to help planning in
prevention and control measure.” There are few
methods that can be used for forecasting such as
compartmental model, deep learning and time
series.® The most widely popular technique used the
basic compartmental model such as SIR model which
is based on susceptible, infectious and recovered
classes and the functions of each of this
compartment change with time. Secondly the deep
learning method or neural networks which utilize the
emergence of big data. Finally, the time series
method that used for short term diseases. Most of
current predictions focus on SIR models which is the
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simplest form of the compartmental
of Susceptible(S), Infected(l) and Recovered(R).
However, these models require a lot of assumptions
and could be misleading. The more complex models
of SIR in fact require more parameters and thus
become less reliable in predictions.’ Thus, the time
series forecasting model provides flexible and
efficient prediction of COVID-19 cases and its related
outcomes to help make better informed decisions.

Several studies have used time series method
using the Auto Regressive Integrated Moving
Average (ARIMA) to predict incidence cases.'®'" The
techniques commonly used are the ARIMA and
exponential smoothing (ETS). Various statistical
software such as R Studio and IBM SPSS have
incorporated automated features to best fit the
prediction model. ARIMA has three components
which are the autoregressive (p), differencing (d)
and moving average (q).'” These three components
provide the framework to model the prediction
better. The advantage of using ARIMA is that it
can incorporate regressive predictors to improve
forecasting accuracy.” However, the model is
prone to overfit and underfit if careful modelling
consideration is not taken such as limited historical
data or timepoints. '

Auto ARIMA is one of the convenient features in R,
giving the ability of the statistical package to choose
the best fitting model. On the other hand, Expert
Modeler method using ETS has various specific
models, broadly classified into seasonal and non-
seasonal.’ The advantage is that the more recent
the observation the higher the associated weight.™
Thus, it is important to compare these forecasting
methods as there are paucity of studies comparing
the forecasting accuracy and performance between
these 2 methods. The aim of this study is to forecast
COVID-19 incidence using ARIMA and Expert Modeler
method, as well as to compare the result using
different time frame dataset and statistical
software.

MATERIALS AND METHOD

We used datasets from publicly available domain."™
The data was captured from the official Malaysian
Ministry of Health (MOH) press release daily on COVID
-19. The datasets contain numbers of newly reported
confirmed cases extracted from the daily Ministry of
Health press conference and official press release.
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We compare the result of ARIMA using two methods
namely the Auto ARIMA and Expert Modeler method
in RStudio and IBM SPSS, respectively. The analyses
automatically select the best fitting model. The Auto
ARIMA function in R uses a variation of the Hyndman-
Khandakar algorithm. The model is based on MLE,
unit root test and minimization of AICc.'® Whereas,
for the Expert Modeler method, the forecasting
package in SPSS will automatically choose the best
fit model based primarily on ETS in this analysis as
there are various smoothing techniques such as Holt,
Winter’s Additive and so on." In addition, the Expert
Modeler also considers seasonality patterns.'™

We also compare forecast result based on three
different time frames. The timeframe used which
are from MCO 1 (18 March 2020), MCO 2 (1 April
2020) and MCO 3 (15 April 2020) until the end of
phase 4 MCO (12 May 2020). In each time frame, we
compare the models using the statistical method
mentioned above. The model fit and predicted
incidence until 12 May 2020 was compared across all
models and techniques. Additionally, we also
compared the predicted 7 days of new cases starting
from MCO 1, MCO 2 and MCO 3 with the actual
number of new cases, taking the x-axis as days since
the first COVID-19 case in Malaysia.

RESULTS

Model fit was based on parameters such as R squared
(R%), root mean squared error (RMSE), mean absolute
percentage error (MAPE) and mean absolute error
(MAE). In general, the smaller the value the better
the fit except for R squared. The results are
tabulated in Table | below. Both methods show the
MCO3 model shows better fit in terms of R-squared,
RMSE or MAE parameters.

Expert Modeler

Taking day 1 as the start of MCO 1, the predicted
number of cases appears to be stabilized after 2 May
2020 until the end of MCO 4 and below 100. The
analysis used expert modeler (simple, non-seasonal).
Similarly, the MCO 2 model shows a static number of
predicted new cases, below 100 from 3 May until 12
May 2020. The prediction interval becomes wider
with time. For the MCO 3 model, the expert modeler
selects simple seasonal exponential smoothing
techniques to forecast the new cases. Similarly,
the number of new cases were also forecasted to be



Table I: Fit parameters and estimates for MCO 1, MCO 2 and MCO 3 models

Parameter MCO 1 MCO 2 MCO 3
AUTO EXPERT AUTO ARIMA  EXPERT AUTO ARIMA EXPERT
ARIMA MODELER MODELER MODELER
R? - 0.54 0.61 0.31
RMSE 35.69 36.08 32.28 33.63 23.45 20.72
MAPE 28.65 29.07 30.81 32.13 35.83 28.06
MAE 27.86 26.33 20.17
Maximum likelihood -239.65 -318.08 -391.11
estimate (MLE)
Alpha (smoothing 0.67 0.47 0.42

factor) estimate

below 100 until 12 May 2020 even though there was
variability in the prediction interval. Figure 1 shows
the three models in comparison.

7-day forecast using Expert Modeler

The 7 days forecasting trend of MCO 3 model has the
best fit based on MAPE and R%. The 7-days predicted
number of cases were static for all 3 models, initially
increased from MCO 1 to MCO2 and then decreased
in the MCO 3 model. The predicted cases did not
differ much in MCO 1 and MCO 2 model except for
MCO 3 model. Table Il summarizes the findings.

Auto ARIMA
The Auto Arima function selects the simple
exponential smoothing technique for the first

dataset from the first MCO. The predicted incidence
was static but below 100. For the second MCO
dataset, the ARIMA parameter selected was (2,1,0).
The predicted incidence trend was within 100 cases
per day and shows a stationary trend towards the
end. In the third MCO model as in Figure 2, it shows
stationary trend as in the first MCO model. The
forecast incidence using auto arima all shows below
100 cases.

The forecasting trend of MCO 1 model has the best
fit based on RMSE and MAE. The 7-days predicted
number of cases were static for all 3 models, initially
increased from MCO 1 to MCO2 and then decreased
in the MCO 3 model. The predicted cases did not
differ much in MCO 1 and MCO 2 model except for
MCO 3 model. Table Ill summarizes the findings.

Table II: Actual versus predicted new cases in all three models using Expert Modeler

Days since mco 1° MCO 2° Mco 3¢
Mco f;g;ig?d Actual :’;g;i((::tlt)ed Actual P(rgel;jo};cgla;j Actual
1 119 (75, 163) 110 145 (90, 201) 208 126 (66, 186) 110
2 119 (66, 172) 130 145 (85, 206) 217 126 (61, 191) 69
3 119 (59, 180) 153 145 (79, 211) 150 126 (57, 195) 54
4 119 (52, 186) 123 145 (75, 216) 179 126 (52, 200) 84
5 119 (46, 192) 212 145 (70, 221) 131 126 (48, 204) 36
6 119 (40, 198) 106 145 (66, 225) 170 126 (44, 208) 57
7 119 (25, 205) 172 145 (62, 229) 156 126 (41, 211) 50

R?=0.65, RMSE=21.96, MAPE=66.56
PR2=0.83, RMSE=27.59, MAPE=46.69
‘R?=0.84, RMSE=29.99, MAPE=40.20
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Table IV summarizes the forecasted new cases of
COVID-19 in Malaysia based on the three MCO
models. All models show predicted cases below 100.

DISCUSSION AND CONCLUSION

MCO 3 incorporates enhanced MCO (EMCO) and the
normal MCO together with social distancing, hand
hygiene and wearing of face masks outside.* EMCO is
when all residents within the area are forbidden
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Figure 1: Prediction forecast of new cases until 12 May
2020 based on Expert Modeler

Figure 2: Prediction forecast of new cases using MCO 3
model based on Auto ARIMA

Table Ill: Actual versus predicted new cases in all three models in Auto Arima

MCO 17 McCO 2° MCO 3¢
IA)/\acyos since Predicted (95% Predicted .
al) Actual (95% Cl) Actual Predicted (95% CI) Actual
1 117 (73, 161) 110 145 (90, 200) 208 126 (66,185) 110
2 117 (63, 171) 130 145 (84, 206) 217 126 (61,190) 69
3 117 (55, 179) 153 145 (79, 211) 150 126 (56,195) 54
4 117 (48, 186) 123 145 (74, 217) 179 126 (52,200) 84
5 117 (41, 193) 212 145 (70, 221) 131 126 (47, 204) 36
6 117 (35, 199) 106 145 (65, 226) 170 126 (43,208) 57
7 117 (29, 205) 172 145 (61, 230) 156 126 40, 211) 50

®RMSE=22.03, MAE=6.62
PRMSE=27.62, MAE=11.60
‘RMSE=29.99, MAE=15.17
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Table IV: Forecasted new cases from 3 May 2020 until 12 May 2020

MAY Number of new cases, n
2020
MCO 1 MCO 2 MCO 3
AUTO EXPERT AUTO EXPERT AUTO EXPERT
ARIMA MODELER ARIMA MODELER ARIMA MODELER
3 79 78 78 83 66 62
4 79 78 83 83 66 39
5 79 78 89 83 66 45
6 79 78 84 83 66 78
7 79 78 85 83 66 80
8 79 78 86 83 66 76
9 79 78 85 83 66 71
10 79 78 85 83 66 62
11 79 78 85 83 66 39
12 79 78 85 83 66 45

from getting out their homes during the order,
visitors outside the area cannot enter into the area
subjected to the order, any business transaction is
not allowed in the area and all supplies must be
given to the enforcers from outside the barb wires in
order to be given to the residents inside the area.’®
The prediction here is before the conditional MCO
is enforced, where the conditions of the MCO
are relaxed such as allowing opening of economic
sectors with strict standard operating procedures.'®

For auto ARIMA, the rate stabilized after phase 3
MCO, which is similar to the situation in a study in
Italy." Interestingly, for the Expert Modeler method
it incorporates the element of seasonality as the
historical data appears to have a seasonal trend.
This is largely due to the appearance of clusters that
require EMCO rather than the normal MCO. In
addition, the stepping down of the red zone to
yellow zone allows the change from EMCO to the
normal MCO. These active public health
interventions allow some degree of fluctuations in
the number of cases but still does not allow
exponential increase in the cases. Lipsitch (2020)

reported SARS-CoV2 seasonality in terms of
environment, human behavior, host’s immune
system and depletion of susceptible host.?’ The auto

arima chose the 0,1,1 model, thus differencing of 1
and moving average of 1. It indicates that the rate
stabilizes. This may indicate that after nearly seven

weeks of MCO, the number of recoveries slightly
exceeds the new cases and this also explains the
stabilized graph may indicate effective social
distancing measures with tolerable daily cases, an
early sign of controlled epidemic. ARIMA analysis
comparing multiple countries show that more strict
intervention leads to a stationary trend of
incidence.”' Manual ARIMA requires a more selective
model and approach to have the best prediction
based on the type of outcome selected. It was
reported that European countries that use total
cumulative cases will have a slightly difference
forecast of future cases as compared to new daily
cases prediction.”? Thus, any forecasting is data-
driven, and care is needed in interpretation.

In terms of seasonal changes of the virus, much is not
known and need to be explored if it happens that we
are facing the same virus as time goes by, or a
different strain either new or mutated. But all the
models show no huge trends that can suggest virus
mutation for the past 7 weeks. Lifting of MCO should
consider biological, social, physical and political
wellbeing. Since the forecasts are still double figure,
complete lift of MCO could result in a surge of cases
and clusters especially among the susceptible host.
MCO should therefore be relaxed in stages with
strong community empowerment. This is why the
federal government recently opted for the
conditional MCO (CMCO)."®
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The short-term forecasting using 7 days as the
forecasting period is useful to make informed public
health decisions at the policy level. For instance, the
announcement of MCO was done a few days before
the end of the 2-week period. First, it signifies half of
the incubation period, allowing for asymptomatic
cases to be screened before having overt symptoms.
Second, literature has suggested that the doubling
time of seven days is a signal for public health
intervention to be done swiftly to reduce the
transmission.?

Due to the data-driven nature of this analysis, the
forecasting of new cases should be carefully
interpreted. This is based on new cases but not based
on case date of onset, which can tell much more
about the dynamics of the disease. Similarly,
prediction using incidence rate may be better in
knowing the actual scenario. A geoanalysis according
to hotspots or district can be more valuable in
determining MCO outcome selectively. The forecast
shows cases under 100. However, it is noted that the
prediction interval is important because it does cover
the possible range of new cases that correspond to
the actual number of cases.'” Here there are some
variabilities noted. Future analyses should focus on
adding other predictors such as host immunity and
contact time.?** The statistical inference here may
be best suited if it can be practically applied in the
real world. Future studies need to include other
outcome parameter that would be helpful as a
marker for exit strategy for MCO, such as number of
beds occupied in COVID referral hospitals such as in a
recent paper in China.?

Adding to the limitation of the forecasting lies in the
data quality. The reported data of the confirmed
cases and the population at risk are not random as
the relevant authorities only did targeted sampling.?’
Hence what we observed are the partly probability of
certain areas or population to be tested. The cluster
groups tested varies in size, from markets to foreign
workers within the same vicinity.”’ Hence the
distribution of cases reported may not follow any
natural distribution and does not have any real
predictable trend. Since forecasting rely on the past
data, the prediction is as good as the trend.

In conclusion, the MCO models in this analysis have
shown to stabilize the rate of new cases. Further sub
analysis and quality of data is needed to improve the
accuracy of the model. The basis of forecast is not
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only to give highly accurate predictions, but also
to prepare the government to make well-informed
decisions to control COVID-19 and ease the way
for the new-normal in the community. It is
recommended that the quality of data is improved in
terms of timeliness and suitable parameters such as
patient profile made transparent so that the
forecasting becomes more representative in the
future.
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