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Time series model for forecasting the number of
COVID-19 cases in Turkey

Tirkiye’de gorilen COVID-19 olgu sayilarinin tahmininde zaman
serisi modelinin kullanilmasi
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ABSTRACT

Objective: Coronavirus disease 2019 (COVID-19) had an unprecedented effect on both
nations and health systems. Time series modeling using Auto-Regressive Integrated
Moving Averages (ARIMA) models have been used to forecast variables extensively in
statistics and econometrics. We aimed to predict the total number of cases for COVID-
19using ARIMA models of time-series analysis in Turkey. Methods: We used time
series analysis to build an ARIMA model of the total number of cases from March 11,
2020 to August 24, 2020 and used the model to predict cases in the following 14 days,
from August 25, 2020 to September 7, 2020. Hyndman and Khandakar algorithm was
used to select components of ARIMA models. Percentage error was used to evaluate
forecasting accuracy. Results: During the model building period, 259692 cases were
diagnosed and during 14 days of validation period additional 21817 new cases were
added. ARIMA model with (p,d,q) components of (4, 2, 0) was used for forecasting.
The mean percentage error of forecast was 0.20% and forecast accuracy was highest
in the two weeks of forecasting. Conclusion: ARIMA models can be used to forecast
the total number of cases of COVID-19 patients for the upcoming two weeks in Turkey.
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How Accurate Can We Predict?

0Z

Amag: Koronavirts hastalig1 2019’un (Covid-19) hem tilkeler hem de saglik sistemleri
tizerinde beklenmedik bir etkisi olmustur. Otoregresif Entegre Hareketli Ortalama
(Auto-Regressive Integrated Moving Averages) (ARIMA) modellerini kullanarak
yapilan zaman serisi modellemesi, istatistik ve ekonometride degiskenleri kapsamli
sekilde tahminde kullanilmaktadir. Zaman serisi analizinin ARIMA modellerini
kullanarak, Tiirkiyede Covid-19 i¢in toplam olgu sayisin1 tahmin etmeyi amagladik.
Yontem: 11 Mart 2020’den 24 Agustos 2020’ye kadar olan toplam olgu sayisinin
bir ARIMA modelini olusturmak i¢in zaman serisi analizini kullandik ve 25 Agustos
2020’den 7 Eyliil 2020’ye kadar takip eden 14 giindeki vakalari tahmin etmek i¢in
bu modelden yararlandik. ARIMA modellerinin bilesenlerinin se¢ciminde Hyndman
ve Khandakar algoritmasi kullanildik. Ongérme dogrulugunu degerlendirmek
icin yizde hata kullanildi. Bulgular: Model olusturma déneminde 259.692 olgu
teshis edildi ve 14 gilinliik dogrulama siiresi boyunca ek 21.817 olgu vaka eklendi.
Ongoérii icin (4, 2, 0) bilesenli (p, d, q) bilesenli ARIMA modeli kullanildi. Ortalama
tahmin hatas1 % 0.20 olarak bulundu ve tahmin dogrulugu tahminin iki haftalik
doéneminde en yiiksekti. Sonu¢: ARIMA modelleri, Tiirkiye’de 6niimiizdeki iki hafta
boyunca Covid-19 hastalarinin toplam olgu sayisini tahmin etmek i¢in kullanilabilir.

Anahtar Kelimeler: COVID-19, zaman serisi, tahmin

Introduction

Coronavirus disease 2019 (Covid-19) is
an infectious disease caused by the Severe
Acute Respiratory Syndrome CoronaVirus-2
(SARS-CoV-2) which was initially identified
in December 2019 before becoming a
global pandemic. Human to human spread
is the identified form of transmission
while exact molecular pathways in this
pathway are not fully understood.!?

Respiratory diseases spread by the inhalation
of droplets scattered by the infected person.
Avoidance of social distancing, failure of
using personal protective equipment, late
detection of symptoms all contributed to the
rapid spread of the disease, and increased
the burden in the health care system in
Covid-19 pandemic.®> The unexpected
increase of infected patients had put
tremendous pressure on health systems
causing a capacity overload, the premature
ending of medical supplies, and exhausted
health professionals to name a few. This
sudden increase of patients had caused also
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significant implications for non-Covid-19
patients such as failure of initiating proper
workup and treatment of conditions.*

Such an unexpected increase of patients
was not foreseeable for the health system
and there are several factors for this. First,
modern medicine had faced this scale of
the pandemic first time where a systematic
approach was used to gather data about how
the number of cases differed across nations.
Second, a countermeasure for this pandemic,
lockdowns, quarantines and curfews, were
internationally applied for the first time with
no previous experience. Third, asthe number
of cases increased with different increments
between communities, prediction of the
total number of cases was challenging.

Time series analysis with autoregressive
integrated moving averages (ARIMA) models
was popularized by Box and Jenkins in 1970
with their Box-Jenkins approach.’ By using
only one variable measured in equally spaced
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points in time, forecasting can be made
with the help of the model build using the
variable. Time series are becoming widely
used in statistics, weather prediction, and
econometrics to name a few. In medicine,
time series are used to predict the number
of patients admitted in previous studies.®’

In this research, we explored whether ARIMA
model is feasible to predict the number
of cases for Covid-19 patients. The aim
is to forecast the total number of patients
in Turkey using time series model and
this modeling can provide health systems
to provide better health care to patients.

Material and Methods

This time-series analysis of Covid-19
data consisted of data starting from the
identification of the first case from March 11,
2020 to September 07, 2020 in Turkey. Data
for this methodological study was obtained
from the General Covid Report page updated
daily at the Republic of Turkey, Ministry of
Health.? Data analyzed included the total
number of daily confirmed cases in Turkey
between the aforementioned dates. This
study was approved by the institutional
ethics committee and Ministry of Health,
Republic of Turkey and compiles with
STROBE Guidelines. Work has been reported
in the line with the STROBE guideline.’
Modeling consisted two of important steps:
(1) building a time series model from March
11,2020to August24,2020and (2) validation
of the fit model, to forecast the number of
confirmed cases in the following 14 days,
from August 25, 2020 to September 7, 2020.
Before building the time-series model,
stationarity was evaluated with augmented
Dickey-Fuller (ADF) unit root test and
the visual diagnosis was used to access
trends. If stationarity was not met
log  transformation and differencing
was used to de-trend the series.
Mathematically simple ARIMA model is
written as W =u+(8(B)/¥/(B))a, ; where W,
is the response series Yt or difference of the
response series, | is the mean term, 6(B) is
the MA operator, Y(B) is AR operator, B is
the backshift operator, that is BX =X -1 and
at is the independence disturbances also
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known as the random error.’® Parameters
for the ARIMA method are estimated
using the maximum likelihood method.
Auto-correlation and partial auto-correlation
functions were used to determine the
components of the ARIMA model (p,d,q). Box-
Jenkins approach traditionally used to build
models for ARIMA models where an iterative
process was applied with three steps:
Identification, estimation of parameters, and
diagnostic checking. Models with the least
BIC and AIC tests were used for forecasting.
But for this study, the best model was
selected based on “auto.arima()” function
included in the “forecast” library of the
statistical program which uses the Hyndman
and Khandakar algorithm.!* “auto.arima()”
function is a step-wise approach to determine
the model with the best fit by using models
with appropriate and optimized parameters,
models with least AIC, and producing point
forecasts using the best model. The aim of
functionisto choose the parsimonious model.

Forecasting accuracy was evaluated by
the percentage error (PE) defined as; the
difference between forecast and confirmed
cases divided by confirmed cases and mean
average percentage error (MAPE), mean of
PE. > p<0.05 was considered significant and
statisticalanalysiswasconductedusingR4.0.0
(R Core Team, Vienna, Austria) with “forecast”
library written by Rob Hyndman et al.

Result

Between 181 days of March 11, 2019 and
September 7, 2020, 281509 confirmed cases
were identified with 6782 (2.4%) deaths. For
model building variables from the first 167
days were used with total cases of 259692
with 6139 (2.4%) mortal cases where 21817
new confirmed cases with 643 (2.9%) new
deaths were analyzed for the validation part.

ADF unit root test showed there is a
unit root and visual diagnosis of cases
upward trend in cases so differencing
was used. After differencing with 2 lags,
time series became stationary and ADF
showed there were no unit roots (p<0.05).
Since we assumed the time series was
stationary, we proceeded to model fitting.
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“Auto.arima()” function was used to find the
best fitting model with an auto-regressive
(AR) component of four orders (p=4),
moving averages (MA) component of one
order (q=0) and differencing of 2 (d=2).
The proposed model was ARIMA (4,2,0).
The coefficients for auto-regressions were
0.0795, -0.1133, -0.1350, and 0.316 with
the model’s AIC of 2294.4. The order of

differencing was 2 as previously found.
We used the newly formed ARIMA model
to forecast the number of cases from
August 25 to September 8, 2020 using
the “forecast” function (Table 1). By
comparing the actual number of cases with
predicted ones, the prediction accuracy
of forecasting calculated by mean
percentage error was 0.20% (Table 1).

Table 1. Forecasts of number of Covid-19 cases from August 25 to September 7, 2020 with

associated percentage error.

Number of Predicted number of cases Percentage Error

Covid-19 patients | (95% Confidence Interval) (%)
August 25 261194 261135 (260610 - 261660) 0.02
August 26 262507 262578 (261405 - 263751) 0.03
August 27 263998 264021 (262058 - 265984) 0.01
August 28 265515 265464 (262591 - 268337) 0.02
August 29 267064 266907 (263016 - 270797) 0.06
August 30 268546 268350 (263346 - 273354) 0.07
August 31 270133 269793 (263586 - 275600) 0.13
September 1 271705 271236 (263743 - 278728) 0.17
September 2 273301 272679 (263823 - 281535) 0.22
September 3 274943 274122 (263828 - 284415) 0.30
September 4 276555 275565 (263764 - 287365) 0.35
September 5 278228 277008 (263633 - 290382) 0.44
September 6 279806 278451 (263438 - 293464) 0.48
September 7 279806 279894 (263181 - 296607) 0.58
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Discussion

In this study, we used time series modeling
to predict the number of cases in Turkey for
the following 14 days. Although percentage
error was minimal at the beginning of the
prediction, it increased considerably as the
prediction interval increased. But as noted
in the results section, prediction ability
weakens as the predicted days increase. The
prediction had a percentage error below 1%
which indicated the model had a good fit. We
conclude that as the predicted time period
increases, the 95% confidence interval of
the prediction increased slightly.

Covid-19 pandemic had a devastating effect
on both nations and their health systems.
Although pandemics had been a part of
human history and history had faced many
pandemics before Covid-19, preparedness
for Covid-19 was not ideal. An unpredicted
increase of cases had been the main cause
of public health overload. Scientist must
estimate the severity of the total number of
cases, deaths, and reproduction numbers
to predict the epidemic and its’ duration.

Mathematical modeling of infectious
diseases had been widely wused since
described by Kermack in 1927 12. The
SIR model, a deterministic approach to
epidemiologic modeling, the population
is divided into compartments, which an
individual is assigned to Susceptible (S),
Infectious (I) or Recovered (R) compartment
and models are made how a disease spreads,
the total number of infected or the duration
of an epidemic. SEIR modeling with the
inclusion of Exposed (E) compartment has
been studied in the Covid-19 pandemic
where  authors  predicted epidemic
progression in Mainland China to be around
40 thousand to 351 thousand depending on
the implementation of control measures 13.

Deterministic models, like SIR models, use
precisely determined, known relationships
among events and don’t have any random
variation. Any given input produces the
same result resulting in smooth, analytic
curves with no noise. On the other hand,
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stochastic models have randomness where
the same inputs produce an ensemble of
different outputs, eventually a variation of a
distribution. Time series modeling is more
close to stochastic modeling thatrandomness
and ensemble of different outputs play a role.
Obtaining accurate data in pandemics
is challenging. Roda et. al had noted,
availability of limited reliable data during
the pandemic is the basis of difficulty for
accurate prediction 14. Confirmed cases,
by either imaging or DNA studies, are the
tip of the iceberg where patients who don’t
have symptoms, present to the hospital, or
misdiagnosed are the part of the iceberg
hidden under the water. But for scientifically
sound analysis, we included confirmed cases.

Our analysis included the total number of
cases in the introduction and acceleration
part of the “pandemic phase” of the
continuum of pandemic phases, described for
the Influenza Pandemic by WHO 15. We don’t
know when the peak transmission phase
will start or whether it started. Magnitude
and time of shifting to transition phase and
inter-pandemic phase are also unknown and
probably rely on several factors, different
counter-measures for spreading taken by
governments and individuals, change in
climate conditions, advances in diagnosis and
treatment, etc. As the peak transmission of
the pandemic period has started, time series
modeling with different variables or different
models may be suitable for prediction.

There are limitations involved in this study.

First, this study predicted the total number
of cases in Turkey, where each country has
its’ own number of cases. Prediction for
individual countries needs different ARIMA
models for each country. Second, Covid-19
is dynamic, using data from different time
periods for model building and validation
may lead to models with different AR,
MA, and differencing components with
different wvalidations. Third, we don't
know if we used the variables from the
whole or just the tip of the iceberg of cases,
but we know that we used all confirmed
cases which is more scientifically sound.
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Conclusion

Time series modeling can be used to
predict the number of cases of Covid-19
patients in countries where predictions
in two-week interval are accurate.
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