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Abstract

Resear ch background: On 11 March 2020, the Covid-19 epidemic was idatiby the World
Health Organization (WHO) as a global pandemic. retpd increase in the scale of the epidemic
has led to the introduction of non-pharmaceuticaintermeasures. Forecast of the Covid-19
prevalence is an essential element in the actindertaken by authorities.

Purpose of the article: The article aims to assess the usefulness of the-regressive Integrated
Moving Average (ARIMA) model for predicting the dgmics of Covid-19 incidence at different
stages of the epidemic, from the first phase ofwgfipto the maximum daily incidence, until the
phase of the epidemic's extinction.

Methods: ARIMA( p,d,q) models are used to predict the dynamics of witisgibution in many
diseases. Model estimates, forecasts, and theaagcaf forecasts are presented in this paper.
Findings & Value added: Using the ARIMA(1,2,0) model for forecasting thendynics of
Covid-19 cases in each stage of the epidemic isap @f evaluating the implemented non-
pharmaceutical countermeasures on the dynamid¢geadidemic.

I ntroduction

Covid-19 has infected over 7 million people sintseaippearance, covering
114 countries (status for 8 June 2020). The epicldragan in December
2019 in China. The first lockdown was introducedZihJanuary 2020 in
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Hubei province in China. Efficient models for shtetm forecasting are
needed to forecast the number of future casesidrcontext, it is essential
to develop strategic planning methods in the pufdialth system to avoid
deaths, as well as to introduce non-pharmaceutmahtermeasures, such
as ordered school closure, case-base measuredjatireng of public
events, the encouragement of social distancing,leckbiown, to reduce
infection. In Europe, the first non-pharmaceutioalintermeasures, includ-
ing an ordered lockdown, were introduced by manyntaes between 11
and 24 March 2020. These countermeasures were amestiucing the
number of people infected with Covid-19 while ateducing the dynamics
of the infection and allowing health care servitesoperate effectively.
Disease rate projections allow recommendationsroefective date and
the date of withdrawal from government intervensgiomhis issue has been
widely presented in previous papers (Flaxraaal, 2020, 2020a; Guzzetta
et al, 2020; Rogers, 2020; Patwardham, 2020; Mena,;2@a6sland 11l &
Mehta, 2020; Pai, 2020; Azad & Poonia, 2020; lasual, 2020; Kumar,
P.et al, 2020; de Wolfet al, 2020; Radiom & Berret, 2020; Ainslét al,
2020). In European countries, the first restricsidoiegan to be introduced
very early in some countries, like Switzerland (&rish), and much later in
other countries, such as Russia. In some countiiese were no re-
strictions, such as in Belarus. In previous stu@@ssslyet al, 2020; de
Wolff et al, 2020), the authors pointed out the critical m@ii¢esting strate-
gies, as different countries have adopted diffetesting models. This fact
should also be taken into account when considelisgase dynamics.

Typical mathematical epidemiological models ardtlas a system of
differential equations for Susceptible-Infected-Rerd (SIR) sequences.
SIR models, i.e., models for immunocompromisingedsses, such as
Covid-19, have been presented in many publicatigsharskiet al,
2020; Flaxmanet al, 2020, 2020a; Lesniewski, 2020; Sonnino, 2020;
Bertschinger, 2020; Casella, 2020; Pugliese & Bot8020; Moraet al,
2020; Vattay, 2020; Kumaat al, 2020; Hotzt al, 2020). Kobayastet al.
(2020) joined SIR models with State Space Modelivigle Kuniya (2020)
used the Susceptible-Exposed-Infected-Removed (SEtRpartmental
model to estimate the peak of the epidemic, and2020) used the gener-
alized fractional-order SEIR model. To assess tyranhics of epidemic
diseases, time series analysis tools, includingM¥Rimodels, have been
widely used.

The aim of this article is to evaluate the usefstnef the ARIMA
(1,2,0) model for predicting the dynamics of Cot@-cases at each stage
of the epidemic, i.e., at the first stage of depaient, at the stage of reach-
ing the maximum number of daily cases, and at thgesof the epidemic's
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extinction. The choice of such models resulted fiv@ cumulative con-
firmed cases of Covid-19 and was also confirmedliagnostic measures
of the model.

The remainder of this paper is as follows. In tingt Section, the review
of the literature shows examples of the use of ARIModels and their
modifications for forecasting epidemics. The reskanethodology section
contains a description of the procedure for seigcparameters of the
ARIMA( p,d,g model using the ADF test and AIC information eribn, as
well as a discussion of forecasting errors. We atsoy out data characteri-
zation. The Results section includes an evaluaiiahe usefulness of the
ARIMA (1,2,0) model for forecasting the disease aymcs using the ex-
ample of 32 European countries for 6 time momeots7fdays. The last
section concludes the study.

Literaturereview

The issues of forecasting the dynamics of confirrnaedes of Covid-19
have been widely discussed in many publications theelast three months
(as to June 2020). Publications related to theiegtfn of time series
analysis methods are dominated by the following elswd ARIMA,
SutteARIMA, Wavelet, ARIMA-WBF (wavelet-based foesting), long
short term memory (LSTM) (Ahmar & del Val, 2020; ytan, 2020; Chi-
natalapudi, 2020; Kumar, 2020; Azad & Poonina, 2@2&twardhan, 2020;
Perone, 2020; Tandaet al, 2020; Yonaet al, 2020; Dinget al, 2020; Li
et al, 2020; Benvenutet al, 2020; Dehestet al, 2020; Ribeiroet al,
2020).

A comparative analysis of forecast accuracy indiddhe advantage of
ARIMA models over the wavelet neural network or fugport vector ma-
chine (see Zhangt al, 2019). In Singhet al. (2020), the advantages of
a hybrid model of discrete wavelet decompositiod ARIMA were indi-
cated. Similarly, in Chakraborty and Ghosh (202/0¢, modified ARIMA-
WBF model was used. In the work of Foegal. (2020), 11 methods of
machine learning (deep learning) were compared ROMA in the fore-
casting of epidemics, and no clear advantage obatiye machine learning
methods was found. Similar studies for machineniegr modeling can be
found in previous paper (Tuéit al, 2020; Magri & Doan, 2020). In con-
trast, Chimmula and Zhang's work (2020) pointsgreater usefulness of
the LSTM approach compared to ARIMA models, bupdints out that
ARIMA has been used for many years, while only fir&t attempts have
been made to use the LSTM approach. LSTMs wereused in previous
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work by Yanet al (2020) and Yudistira (2020). Wat al. (2020) presented

a dynamic model of the spread of the epidemic fidwhan (China) to
other Chinese cities and beyond China. Spatial micsaforecasting was
presented by Wanet al. (2020) for the USA, Azad and Poonia (2020) for
India, and Kevrekidigt al (2020) for Greece and Andalusia (Spain). Bandt
(2020) presented simple statistical indicatorsdseas the turning point of
an epidemic. The work by Radio and Berret (2026iidied three types of
model for each phase of the epidemic. The Bayesoaph is presented in
work by Calvettiet al. (2020) for selected US counties.

On many websites, real-time systems that re-estimmatdels and fore-
casts with daily frequency for all countries of twerld can be found, for
example, in the paper by Tarassow (2020). The meed publications
show the importance of two elements: the accurdcforecasts and the
simplicity of the used models.

Resear ch methodology

The ARIMA(p,d,0 model is a classic time series model and is deted

by three parameters. The parameteasidq are the lag order in the AB)(
component and the MAJ component, respectively, while d is the differen-
tiation level (Boxet al, 2015). The ARIMAp,d,g model has the form:

(1 - u)dYt =a+ d)lYt—l + ¢2Yt—2 + -4+ ¢th_p + gt +
91€t_1 + stt_z + o + qut—q++£t + ngt—l + HZSt—Z + (1)
ot Og_q

whereu is the time-shift operatar®Y;, = Y,_,.

The differentiation parameter of proceé§svas set atl = 2, which de-
rives from two arguments. The cumulative numbecaffirmed cases of
Covid-19 was analyzed, where the first different¥sY-Y.., indicated the
daily number of infections. The second differensedue to the non-
stationary variance foAY,, which was indicated by the ADF test results
(Dickey & Fuller, 1981). Moreover, for tha®Y; process, a correlogram
(ACF and PACF) was estimated in order to initisdlysess the order of
magnitude of the delay for AR(and MA(@) polynomials. The final choice
of parameters fod = 2 andp,q = {0,1,2,3} was made using the Akaike
Information Criterion (AIC). All calculations wemone in the open-source
software gretl (Cottrell & Lucchetti, 2020; Baioé& Distaso, 2003).
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Data source

A broad overview of Covid-19 databases is preseinetthe paper by
Alamo et al, 2020. Recommended databases are maintainecehjotins
Hopkins University Center for Systems Science amgjifeering (JHU
CCSE). This database contains information on caefit cases, deaths, and
recovered cases for more than 250 countries/presirsince 22 January
2020 with a daily update. The JHU CCSE databaseade available to
DBnomics (db.nomisc.world), which enables automdata downloading
by gretl software. Figure 1 presents the cumulativeber of confirmed
cases Y and Figure 2 presents the daily cageg)(of Covid-19 for a se-
lected European country for the period 1 Febru@g02o 24 May 2020.

Results

The 32 European countries with the highest infectavels were selected
for analysis (a full list of countries is preseniadlable 1). The first con-
firmed cases of Covid-19 were reported in Franck Ja@n), Finland (29
Jan), and ltaly, the UK, Sweden, and Russia (3}, Jard the last were
reported in Turkey (11 Mar) and Bulgaria (8 MarprFeach country, 6
ARIMA models were estimated, which differed in termf their sample
periods. The starting date was the first date obrfirmed case, and the
end date was 15 Mar, 29 Mar, 12 Apr, 26 Apr, 10 Maty24 May, i.e.,

each sample period was extended by 14 days. Théeruoh observations
(T) for the first period from the beginning of tepidemic in a given coun-
try until 15 Mar was between T = 52 days (Franee) & = 5 days (Tur-

key). Figure 1 presents the cumulative number officoed cases of
Covid-19 for a selected European country in théopeirom 1 Feb 2020 to
24 May 2020, while Figure 2 shows the first diffaces.

For a vast majority (over 80%) of the estimatedMR(p,2,q) models
for p, g={0,1,2,3}, the minimum value of the AIC criterigmointed to the
ARIMA(1,2,0) model. Other model parameterstl, g#0) occurred in
models with small samples, or outliers, or situatiovhen thdorecastcu-
mulative number of cases decreased, which is itr&sinto the epidemic
theory (usually obtained when the epidemic wasngxishing). This also
refers to the model for France (for the period 24-12 Apr), where, on 5
Apr, confirmed cases were corrected (decreasedyéy 25,000 cases. The
above automatic selection of parameters is comsisté¢h the results ob-
tained in previous studies (Beneventatal, 2020; Ceynan, 2020; Chinta-
lapudietet al, 2020; Tarrasow, 2020) and is the basis for &rrémalyses
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and forecasts. For each model, a forecast of 7 degscalculated. The

forecasts and their errors are presented in Figufeable 1 presents esti-

mated models with the sample (Start, End), numibesbservations (T),

coefficient estimatesconst (o), phi_1l (1)), standard error (sigma),

R-squared (R2), and the following forecast errtiis: mean absolute per-

centage forecast error for horizon one day and y& dMAPE(1) and

MAPE(7)) and the mean forecast error for 7 days (ME
An essential feature of the ARIMA(1,2,0) is modglithe A%Y; process

by the autoregression model of order 1. In thepatars of the estimated

equations, for all modelg,; satisfies the condition of the AR process sta-
tionarity (jp1/<1). For most models, it has a negative valuechvimeans
that the estimated predictions will oscillate (siowgally) to the expected
value of the process. The constant term (constahlmasaningful interpreta-
tion. The value of the constant parameter indicatésily increase in new
cases. A comparison of this parameter for subse¢qamples reveals the
direction of dynamics in the number of new case&s. éxample, the con-
stant terms for the following countries are asoiol:

— For Austria (AUT), Switzerland (CHE), Czechia (CZEpermany
(DEUV), Denmark (DNK), Estonia (EST), Finland (FINGreece (GRC),
Ireland (IRL), Iceland (ISL), Lithuania (LTU), Noay (NOR), Slo-
vakia (SVK), and Slovenia (SVN), treonstparameter is estimated to
be below 1, which means that the recent numbeasé<Y7) will not
increase significantly;

— For Belgium (BEL), Spain (ESP), France (FRA), Ité8lJA), the Neth-
erlands (NLD), Portugal (PRT), Romania (ROU), anee8en (SWE),
the value of theonstparameter has noticeably decreased, so the extinc-
tion of the epidemic is significant, slow and visib

— For Bulgaria (BRG) and Hungary (HUN), tlvenstparameter has not
reached a high level and is slowly decreasing;

— For Poland (POL), Ukraine (UKR), and Belarus (BL&ig value of the
constparameter indicates that there has not yet bedgceease in the
number of cases, i.e., the epidemic will be sprat time;

— For the United Kingdom (GBR) and Turkey (TUR), thalue of the
constparameter is high but lower than in previous sebeals;

— For Russia (RUS), the value of tbenstparameter is the highest among
European countries, and the increase in the nuwibeases is signifi-
cant.

The evaluation of the accuracy of the forecasticaids two aspects:
the usefulness for governments to determine thec&feness of non-
pharmaceutical countermeasures and the locatitmeaisease curve. Dur-
ing the initial period of the epidemic, when a dipigrowing number of
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cases is observed, one can notice the underesiimatiforecasts (ME <
0); the forecasting errors are high (over 5%-1086).the extinction stage
of the epidemic, the forecast errors are loweis(tean 2%), while ME > 0
(overestimated forecast). For Bulgaria (BGR), B&a(BLR), the United
Kingdom (GBR), Poland (POL), Romania (ROU), Rug§i&JS), Sweden
(SWE), Turkey (TUR), and Ukraine (UKR), we can afygea continuous
and significant increase in the number of casegustfor 24 May 2020),
that is, the extinction of the epidemic is stilltremming and will last for
a longer time.

Discussion

ARIMA(1,2,0) was used to assess the dynamics okflidemic, although
in some countries for different sub-periods, theC Adriterion indicated
different parameters. An alternative set of paransetisually resulted from
single outlier observations, which negatively atiéecthe accuracy of fore-
casts (explosive prognoses). For the period ofefidemic's extinction,
ARIMA models with the parameters p2{ 3} caused a decrease in the
cumulative number of forecast cases, which is eoptio the theory. Simi-
lar issue has appeared in work of Perone (2020).

For some sub-periods, in several countries, thecetif weekly perio-
dicity could be observed, but this is only the tesfithe ARIMA model's
approximative adjustment to the time series. Tloeegfat the stage of as-
sumptions, the inclusion of the periodical compdrveas rejected.

Some publications indicate that ARIMA models arefuk only for
short-term forecasts. However, the ARIMA(1,2,0) mlotbr the assess-
ment of cumulative case dynamics and parameteysisas highly useful.

Conclusions

The article presented the usefulness of the ARINAQ model for pre-

dicting the dynamics of COVID-19 cases at differstaiges of the devel-
opment of the epidemic, i.e., at the first stagel@felopment, at the time
when the maximum number of daily cases is reached,at the stage of
the epidemic's extinction. ARIMA(1,2,0) models wesstimated for 32

European countries for six samples, and forecasts flays were made for
each sample. The obtained results (parameter dstjnean be interpreted
and compared between countries and, more impoyrtdrgtween different

stages of the epidemic.
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The results of Covid-19 forecasts using the ARIMAZ(@) model
should be addressed in further studies in terntkefoles of two elements
limiting the number of cases: non-pharmaceutidarirentions and popula-
tion testing policies. Moreover, the evaluationddaalso concern the im-
pact of non-pharmaceutical interventions on econoasipects. The first
adverse effects of the pandemic on the economprasented in a number
of previous papers (lacust al, 2020; Karinaet al, 2020; Centeno &
Marquez, 2020; Narajewski & Ziel, 2020).

By employing Covid-19 databases that are updatdg ¢ty DBnom-
ics), models and forecasts can be re-estimatey, adiich is also indicated
by (Benvenutaet. al, 2020). That is why ARIMA models can be viewed
as an immediate and straightforward system for todnp the epidemic at
national and regional levels.
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Annex

Table 1. Estimates of ARIMA(1,2,0) models for six subpesoand 32 selected
countries

Start End T Const phi_1 Sigma R2 MAPE(1) MAPE(@7) ME(®)
AUT—Austria

25-Feb 15-Mar 20 9.6304 -0.5089 30.8 0.9861 3.3450 15.0030 382.9

25-Feb 29-Mar 34 16.4626 -0.5033 198.9 0.9946 2.4894 3.4458  -219.7

25-Feb 12-Apr 48 3.6892 -0.4915 179.9 0.9989 0.7375 1.8461 -268.9

25-Feb 26-Apr 62 1.2420 -0.4900 159.4 0.9994 0.1954 0.6231 -96.7

25-Feb 10-May 76 05878 -0.4926 144.3 0.9995 0.2407 0.1253 3.3
25-Feb 24-May 90 0.3034 -0.4947 133.0 0.9996 0.0134 0.0373 4.0
BEL—Belgium

4-Feb 15-Mar 41 42540 -0.6121 35.3 0.9698 0.8651  14.2170 387.7
4-Feb 29-Mar 55 319932 -0.3755 142.8 0.9976 6.2070  16.5110 -2684.4
4-Feb 12-Apr 69 23.0458 -0.1969 189.3 0.9995 2.1571 4.8351 -1706.6
4-Feb 26-Apr 83 105997 -0.4126 307.6 0.9996 0.7775 2.8238 -1383.2
4-Feb 10-May 97 53165 -0.3990 291.0 0.9998 0.3075 1.5907 -869.6
4-Feb 24-May 111 25055 -0.3949 273.4 0.9999 0.0738 0.7530  -437.0

BGR—Bulgaria
8-Mar 15-Mar 8 14193 -0.2470 6.5 0.8828 245110 12.0380 -4.2
8-Mar 29-Mar 22 0.9228 -0.3411 114  0.9901 3.0869 2.4448 7.8

8-Mar 12-Apr 36 0.4659 -0.4498 10.8 0.9977 1.4705 5.2310 414
8-Mar 26-Apr 50 0.7838 -0.4825 21.0 0.9968 2.0645 2.0920 314
8-Mar 10-May 64 0.6984 -0.4119 20.2 0.9988 1.1078 2.6142 -565.7
8-Mar 24-May 78 0.2934 -0.4004 18.9 0.9994 0.8310 2.2106 -54.9
BLR—Belarus
28-Feb 15-Mar 17 -0.0173 -0.3977 4.7 0.7981  25.0670  48.0590 29.7
28-Feb 29-Mar 31 -0.0133 -0.6723 55 0.9767 38.1730 60.4610 209.6
28-Feb 12-Apr 45 74129 -0.2464 58.4 0.9907 0.2097 3.7571 74.8
28-Feb 26-Apr 59 14.6478 -0.4392 227.4 0.9933 0.3852 0.4648 -54.1
28-Feb 10-May 73 12.8404 -0.4382 206.1 0.9991 0.0820 0.3215 -90.7
28-Feb 24-May 87 10.9877 -0.4386 189.0 0.9997 0.0487 0.6980 -286.8
CHE—Switzerland
25-Feb 15-Mar 20 285520 -0.9154 116.1 0.9791  14.8740 14.3030 -146.5
25-Feb 29-Mar 34 272192 -0.6246 226.5 0.9977 0.3082 1.4056  -263.9
25-Feb 12-Apr 48 84123 -0.5781 233.2 0.9994 0.7460 1.6991  -457.9
25-Feb 26-Apr 62 3.0060 -0.5598 210.0 0.9997 0.3315 1.0066 -298.6
25-Feb 10-May 76 0.6630 -0.5579 190.6 0.9998 0.0345 0.1533 -46.8
25-Feb 24-May 90 0.1498 -0.5586 175.3 0.9998 0.0167 0.0394 9.0




Table 1. Continued

Start End T Const phi_1 Sigma R2 MAPE(1) MAPE®[@7) ME(®)
CZE—Czechia
1-Mar 15-Mar 15 39821 -0.6307 15.2 0.9616 5.1687  17.5650 149.4
1-Mar 29-Mar 29 81348 -0.3859 53.3 0.9960 2.5770 1.4410 -34.5
1-Mar 12-Apr 43 32412 -0.5587 67.9 0.9990 1.0393 2.9532  -190.7
1-Mar 26-Apr 57 1.0643 -0.4956 67.1 0.9994 0.3489 0.4219 -24.8
1-Mar 10-May 71 0.3382 -0.4792 61.5 0.9996 0.3583 1.3191 110.7
1-Mar 24-May 85 0.8054 -0.4839 574 0.9997 0.2777 1.1215 -103.9
DEU—Germany
27-Jan 15-Mar 49 227022 -0.6102 187.1 0.9767 5.6864  28.9970 5427.8
27-Jan 29-Mar 63 76.4129 -0.1944 618.6 0.9983 0.2579 2.0990 1797.1
27-Jan 12-Apr 77 38.2867 0.0097 692.0 0.9997 0.5904 1.7374 -2417.7
27-Jan 26-Apr 91 14.0175 -0.0772 731.3 0.9998 0.1914 0.2958 -4844
27-Jan 10-May 105 53948 -0.0669 688.9 0.9999 0.0719 0.1796 314.0
27-Jan 24-May 119 2.8254 -0.0951 661.1 0.9999 0.0370 0.2519 441.2
DNK—Denmark
27-Feb 15-Mar 18 20766  0.0464  48.2 0.9813 1.1498 9.2126 114.9
27-Feb 29-Mar 32 6.0513 -0.0129  40.7 0.9971 0.6840 5.4931 205.6
27-Feb 12-Apr 46 38696 0.0011 46.6 0.9994 0.5993 0.8935 -62.7
27-Feb 26-Apr 60 23523 -0.1141 471 0.9997 0.2483 0.3405 -31.8
27-Feb 10-May 74 14775 -0.1046  43.8 0.9999 0.2539 1.4900 -161.0
27-Feb 24-May 88 0.7933 -0.1161  40.9 0.9999 0.3820 1.0363 -119.9
ESP—Spain
1-Feb 15-Mar 44 303395 -0.5875 425.6 0.9366 8.3940 22.7310 4865.7
1-Feb 29-Mar 58 124.2310 -0.6389 808.9 0.9983 0.4069 1.1034 593.7
1-Feb 12-Apr 72 58.1815 -0.5640 833.0 0.9998 0.6836 0.9065 -555.9
1-Feb 26-Apr 86 250692 -0.5561 21304  0.9992 0.2848 1.4174 -3051.2
1-Feb 10-May 100 75364 -0.5571 1986.4  0.9995 1.0248 0.8140 1864.8
1-Feb 24-May 114 4.1776  -0.5565 1888.7 0.9996 0.3618 0.2156  -146.6
EST—Estonia
27-Feb 15-Mar 18 2.8154 -0.5299 14.1 0.9073 7.6633  47.0510 -135.7
27-Feb 29-Mar 32 14888 -0.5606  24.7 0.9862 2.8680 3.9661 -7.0
27-Feb 12-Apr 46 03691 -0.4165 26.3 0.9967 0.0302 3.2733 48.2
27-Feb 26-Apr 60 02419 -0.4350 242 0.9984 0.8450 1.6434 -27.7
27-Feb 10-May 74 0.0859 -0.4343 22.0 0.9989 0.2867 0.4972 -8.8
27-Feb 24-May 88 0.0611 -0.4357 20.3 0.9992 0.3463 0.2147 1.3
FIN—Finland
29-Jan 15-Mar 47 0.6573 -0.3018 16.0 0.9134 0.8107 8.3266 40.3
29-Jan 29-Mar 61 14721 -0.4404 18.1 0.9969 1.0013 3.4526 -27.6
29-Jan 12-Apr 75 13001 -0.7111 34.3 0.9983 0.9422 1.1637 6.0
29-Jan 26-Apr 89 1.0449 -0.6718 35.3 0.9994 0.6467 0.4901 16.8
29-Jan 10-May 103 1.0312 -0.6570  37.9 0.9996 1.6900 41957 -259.8
29-Jan 24-May 117 0.1564 -0.6077 38.0 0.9998 0.0516 1.0958 73.5




Table 1. Continued

Start End T Const phi_1 Sigma R2 MAPE(1) MAPE®@) ME®)
FRA—France
24-Jan 15-Mar 52 47387 -0.3747 239.8 0.9537  27.2270 46.0040 5426.2
24-Jan 29-Mar 66 51.1608 -0.5838 483.7 0.9975 1.1703 8.0500 4934.8
24-Jan 12-Apr 80 2221480 -0.6381 2708.4 0.9920 6.7576  35.1960 -50753
24-Jan 26-Apr 94 10.0816 -0.5297 3322.8 0.9963 1.5726 0.8828 1285.0
24-Jan 10-May 108 3.0564 -0.5265 3183.0 0.9978 0.0503 0.1518 190.6
24-Jan 24-May 122 29745 -0.5266 2999.3 0.9984 0.1044 1.4146  2588.2
GBR—United Kingdom
31-Jan 15-Mar 45 13377 -0.2131 72.4 0.9363 21.2900 50.9500 1947.8
31-Jan 29-Mar 59 419625 -0.2673 248.5 0.9968 0.4635 10.5060 4156.0
31-Jan 12-Apr 73 73.0447 -0.5710 679.9 0.9990 1.1615 2.3200 -2473.6
31-Jan 26-Apr 87 534937 -0.5402 677.0 0.9998 0.3051 0.4732 -522.4
31-Jan 10-May 101 389837 -0.4183 7433 0.9999 0.0403 0.8757 -2080.0
31-Jan 24-May 115 222725 -0.3896 806.8 0.9999 0.3931 0.5398 -1341.3
GRC—Greece
26-Feb 15-Mar 19 41131 -0.7548 210 0.9475 18.4760 45.1960 -218.0
26-Feb 29-Mar 33 29401 -0.7089 25.7 0.9947 3.6324 4.8392 -75.8
26-Feb 12-Apr 47 1.0279 -0.6732 26.8 0.9986 1.3347 5.6306 -124.9
26-Feb 26-Apr 61 0.2084 -0.6314 325 0.9988 0.0988 0.6510 16.9
26-Feb 10-May 75 0.1433 -0.6307 29.6 0.9992 0.1626 0.6254 16.3
26-Feb 24-May 89 0.0183 -0.6313 27.6 0.9993 0.0684 0.5906 17.2
HUN—Hungary
4-Mar 15-Mar 12 0.3993 -0.5577 35 0.8819 1.6441  18.6470 17.5
4-Mar 29-Mar 26 22579 -0.4772 6.8 0.9973 42139  13.5860 -84.1
4-Mar  12-Apr 40 2.6682 -0.4050 26.5 0.9955 43792 114120 -196.7
4-Mar 26-Apr 54 0.7293 -0.4414 339 0.9983 1.9398 45237 128.7
4-Mar 10-May 68 0.6690 -0.4037 317 0.9992 0.7273 1.9105 -65.2
4-Mar 24-May 82 0.3615 -0.4030 29.3 0.9995 0.4347 1.2854 -49.3
IRL—Ireland
29-Feb 15-Mar 16 0.4600 -0.2332 16.1 0.8821  17.9520 56.9470 350.6
29-Feb 29-Mar 30 7.4846 -0.2942 51.3 0.9958 1.9812 7.0278 299.2
29-Feb 12-Apr 44 17.3248 -0.3210 183.9 0.9953 1.9364 2.2318 228.8
29-Feb 26-Apr 58 10.8513 -0.3089 195.9 0.9990 1.1661 6.3422 -1324.7
29-Feb 10-May 72 32374 -0.3088 183.2 0.9995 0.4149 1.2210 -290.6
29-Feb 24-May 86 0.7154 -0.3089 173.2 0.9997 0.0195 0.2269 -56.5
ISL—Iceland
28-Feb 15-Mar 17 09506 -0.1721 5.9 0.9884 46214  23.6520 99.9
28-Feb 29-Mar 31 20372 -0.4762 19.2 0.9964 0.1498 1.1481 -8.1
28-Feb 12-Apr 45 0.2762 -0.3803 20.9 0.9989 0.1836 0.8410 -14.7
28-Feb 26-Apr 59 0.0248 -0.3827 18.3 0.9994 0.0922 0.1429 -2.6
28-Feb 10-May 73 -0.0038 -0.3842 16.5 0.9995 0.0003 0.0424 0.8
28-Feb 24-May 87 0.0000 -0.3850 15.1 0.9996 0.0213 0.0160 -0.2




Table 1. Continued

Start End T Const phi_1 Sigma R2 MAPE(1) MAPE®@) ME®)
ITA—lItaly
31-Jan 15-Mar 45  80.0970 -0.2789 279.0  0.9984 1.5493 5.1787 2225.3
31-Jan 29-Mar 59 883659 0.0036 407.0 0.9998 1.2309 3.6608 -4354.7
31-Jan 12-Apr 73 555008 0.0589 449.3  0.9999 0.5992 2.4265 -4173.5
31-Jan 26-Apr 87 267028 0.0248 477.7 1.0000 0.3060 0.9335 -1936.0
31-Jan 10-May 101 7.8720 0.0238 456.2 1.0000 0.0268 0.2568 557.0
31-Jan 24-May 115 4.6200 -0.0022 438.0 1.0000 0.1025 0.1711  -396.8
LTU—Lithuania
28-Feb 15-Mar 17 0.1657 -0.7973 0.7 0.9555 13,5110 36.4170 27.9
28-Feb 29-Mar 31 17732 -0.6718 114 0.9927 3.6272 7.0654 -47.1
28-Feb 12-Apr 45 0.6018 -0.6324 12.6 0.9989 1.7874 3.0469 211
28-Feb 26-Apr 59 02229 -0.4999 16.0 0.9991 0.2301 7.1662 -99.4
28-Feb 10-May 73 0.3486 -0.5381 228 0.9985 1.0106 4.5717 -69.6
28-Feb 24-May 87 0.0973 -0.5376  21.1 0.9989 0.1323 0.3435 -5.1
LUX—Luxembourg
29-Feb 15-Mar 16 04814 0.0321 35 0.9689  12.7570  61.9810 291.2
29-Feb 29-Mar 30 47446 -0.2534  45.9 0.9946 5.7375 5.2971  -132.7
29-Feb 12-Apr 44 04230 -0.2699 50.8 0.9984 0.3114 2.0177 63.4
29-Feb 26-Apr 58 0.2193 -0.2670  46.2 0.9990 0.1970 0.1938 2.8
29-Feb 10-May 72 01139 -0.2688 41.6 0.9993 0.1630 0.1699 -6.6
29-Feb 24-May 86 0.0383 -0.2708  38.1 0.9994 0.0737 0.0511 -0.6
NLD—Netherlands
27-Feb 15-Mar 18 9.7207 -0.6695  60.7 0.9690 7.0651  22.7390 701.2
27-Feb 29-Mar 32 353328 -0.2723 88.3 0.9993 2.3824 7.0786 -1093.7
27-Feb 12-Apr 46 259117 -0.1035 124.4  0.9998 0.9540 4.0555 -1225.6
27-Feb 26-Apr 60 109160 0.0391 137.0  0.9999 0.6942 3.1602 -1254.7
27-Feb 10-May 74 32971 0.0221 139.4  0.9999 0.2016 0.4868 -212.3
27-Feb 24-May 88 19536 0.0208 129.5  0.9999 0.774 0.0492 -8.9
NOR—Norway
26-Feb 15-Mar 19 6.4304 -0.5395 63.9 0.9757 0.6704 2.1690 11.6
26-Feb 29-Mar 33 82163 -0.5002  60.6 0.9979 2.6057 6.7592  -357.0
26-Feb 12-Apr 47 23507 -0.4680 65.4 0.9992 0.4789 21225  -146.7
26-Feb 26-Apr 61 05021 -0.4816  63.1 0.9995 0.5185 1.0081 78.1
26-Feb 10-May 75 0.1766 -0.4799 575 0.9996 0.1193 0.3808 31.3
26-Feb 24-May 89 0.0936  -0.4799  52.9 0.9997 0.0242 0.2349 19.8
POL—Poland
4-Mar 15-Mar 12 21833 -0.8384 5.7 0.9789  12.4620 28.1830 1211
4-Mar 29-Mar 26 9.2498 -0.6342 231 0.9986 3.0156 3.8801 69.2
4-Mar  12-Apr 40 89785 -0.6995  50.2 0.9994 1.8938 2.7054  -2155
4-Mar 26-Apr 54 6.7101 -0.5910 63.5 0.9997 0.7691 2.3908 -314.8
4-Mar 10-May 68 48088 -0.5394  66.3 0.9999 0.0610 1.1509 203.3
4-Mar _24-May 82 44878 -0.5625  75.9 0.9999 0.2327 0.2565 -48.2




Table 1. Continued

Start End T Const phi_1 Sigma R2 MAPE(1) MAPE(@7) ME(®)
PRT—Portugal
2-Mar 15-Mar 14 52361 -0.3441 14.6 0.9641 2.8701  23.2720 247.8
2-Mar 29-Mar 28 304859 -0.5741 925 0.9975 7.1340 7.8984  -745.6
2-Mar  12-Apr 42 13.8209 -0.4990 215.2 0.9985 1.3482 23122  -438.9
2-Mar 26-Apr 56 9.2807 -0.5303 209.8 0.9994 1.6166 49787 -1246.0
2-Mar 10-May 70 23456 -0.4540 221.5 0.9995 0.2298 0.3810 90.8
2-Mar 24-May 84 22564 -0.4553 203.5 0.9997 0.1444 0.6636 196.6
ROU—Romania
26-Feb 15-Mar 19 0.8396 -0.4247 10.7 0.9356 4.2797  23.4910 76.3
26-Feb 29-Mar 33 8.7697 -0.6521 46.3 0.9917 2.3178 5.7592  -146.1
26-Feb 12-Apr 47 8.1700 -0.4795 80.5 0.9982 1.3752 3.5953 -2825
26-Feb 26-Apr 61 5.8121 -0.3689 89.0 0.9994 0.3391 2.1623  -271.8
26-Feb 10-May 75 34661 -0.4383 88.4 0.9997 0.3143 1.3186 -216.8
26-Feb 24-May 89 21732 -0.4337 83.2 0.9998 0.1443 -.4654 -80.9
RUS — Russia
31-Jan 15-Mar 45 0.1260 -0.2536 3.1 0.9552 225620 50.6240 121.7
31-Jan 29-Mar 59 46343 0.0898 16.0 0.9981 1.3078  20.4660 854.2
31-Jan 12-Apr 73 29.4419 -0.0859 100.4 0.9995 2.0985 12.7780 4363.9
31-Jan 26-Apr 87 722945 -0.3945 314.8 0.9998 0.1239 1.6044 1670.7
31-Jan 10-May 101 1089590 -0.1089 411.1 0.9999 0.2460 1.1655 -2903.0
31-Jan 24-May 115 75.8326 -0.1694 451.8 1.0000 0.0331 0.2683 -971.4
SRB—Serbia
6-Mar 15-Mar 10 0.1445 0.0628 4.6 0.9571 9.8715  44.1060 63.8
6-Mar 29-Mar 24 5.1537 -0.4758 39.7 0.9638  13.0830 8.1041 -31.0
6-Mar 12-Apr 38 6.9104 -0.4992 52.6 0.9977 3.7287 8.9109 485.4
6-Mar 26-Apr 52 52798 -0.3720 59.8 0.9995 0.5984 3.2380 -296.1
6-Mar 10-May 66 0.4855 -0.5628 72.1 0.9996 0.9154 1.8902 197.1
6-Mar 24-May 80 0.8450 -0.5670 67.7 0.9998 0.3117 1.1819 -134.1
SVK—Slovakia
6-Mar 15-Mar 10 1.0602 -0.2392 3.7 0.9622 4.4319  12.1100 14.1
6-Mar 29-Mar 24 0.9399 -0.4226 12.6 0.9847 0.5237 1.6898 3.0
6-Mar 12-Apr 38 0.3588 -0.3978 18.7 0.9940 1.6770  15.5750 161.8
6-Mar 26-Apr 52 0.1511 -0.4179 24.6 0.9970 0.5170 1.2986 -18.2
6-Mar 10-May 66 0.0171 -0.4156 21.9 0.9984 0.0819 0.9476 13.7
6-Mar 24-May 80 0.0444 -0.4192 20.0 0.9988 0.0918 0.4748 -7.2
SVN—Slovenia
5-Mar 15-Mar 11 35911 -0.2644 9.1 0.9854 3.5848 29.8990 -100.9
5-Mar 29-Mar 25 1.8891 -0.1877 15.3 0.9955 3.0913 6.0387 -55.6
5-Mar 12-Apr 39 0.4885 -0.2586 14.4 0.9988 1.1105 1.3823 -17.5
5-Mar 26-Apr 53 0.1732 -0.2835 13.3 0.9993 0.3000 0.8830 -12.6
5-Mar 10-May 67 0.0418 -0.2794 12.0 0.9995 0.0228 0.4802 -7.0
5-Mar 24-May 81 -0.0054 -0.2804 10.9 0.9996 0.0685 0.2473 3.6




Table 1. Continued

Start End T Const phi_1 Sigma R2 MAPE(1) MAPE®[@7) ME(®)
SWE—Sweden
31-Jan 15-Mar 45 18877 -0.3694 283 0.9881 1.3013 5.8482 88.0
31-Jan 29-Mar 59 51481 -0.6072  37.7 0.9986 0.2278 8.1940 493.1
31-Jan 12-Apr 73 46212 -0.0389  69.9 0.9994 1.1233 5.4588 724.4
31-Jan 26-Apr 87 52901 0.0181 79.1 0.9998 0.9486 1.6189 292.9
31-Jan 10-May 101 43691 -0.1812 1055  0.9998 0.3913 1.3047 350.5
31-Jan 24-May 115 24459 -0.1041 114.4  0.9999 0.2927 3.1014 11320
TUR—Turkey
11-
Mar  15-Mar 5 0.0512 -0.6450 1.8 0.6331  64.2270  90.0830 365.3
I\};r 29-Mar 19 950683 0.0997 265.7  0.9903 2.7861 4.9767 960.5
I\};r 12-Apr 33 1491350 -0.2642 336.4  0.9996 1.6000 5.7595 -4493.9
l\i;r 26-Apr 47 499571 0.0169 440.1  0.9999 0.2375 0.4557  -473.9
l\i;r 10-May 61 252745 0.0590 4129  0.9999 0.3231 0.2737  -397.1
l\i;r 24-May 75 151882 0.0396 385.9 1.0000 0.1057 0.3905  -275.4
UKR—Ukraine
3-Mar 15-Mar 13 -0.0277 -0.5168 0.7 0.5577 57.7420  83.3660 259
3-Mar 29-Mar 27 32843 -0.8172 165 0.9835 1.4023 7.4405 77.2
3-Mar 12-Apr 41 6.7111 -0.2023  40.1 0.9973 1.3679 5.7731 275.1
3-Mar 26-Apr 55 89530 -0.1724 543 0.9995 1.1997 2.6222  -2785
3-Mar 10-May 69 7.5807 -0.1763  57.0 0.9999 0.7265 2.8594  -493.9
3-Mar 24-May 83 49145 -0.0580  60.4 0.9999 0.7235 1.2244  -275.4




Figure 1. Cumulative number of confirmed cases

European countries (1 Feb 2020-31 May 202¢)—
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Figure 2. Number of daily confirmed cases of Covid-19 folested
countries (1 Feb 2020-31 May 2020)Y¥;
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Figure 3. Forecast (7 days) of confirmed cases of COVID-FAMA(1,2,0) based

for 6 periods for 32 selected countries
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Figure 3. Continued
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Figure 3. Continued
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Figure 3. Continued
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