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Abstract— Forecasting is a method that is often used to view future events using past time data. Past time data have useful information
to use in obtaining the future. The aim of this study was to forecast infection fatality rate (IFR) of COVID-19 in Brazil using NNAR
and ARIMA. ARIMA and NNAR are used because (1) ARIMA is a simple stochastic time series method that can be used to train and
predict future time points and ARIMA also capable of capturing dynamic interactions when it uses error terms and observations of
lagged terms; (2) the Artificial Neural Network (ANN) is a technique capable of analyzing certain non-linear interactions between input
regressor and responses, and Neural Network Time Series (NNAR) is one method of ANN in which lagged time series values were used
as inputs to a neural network. Data included in this study were derived from the total data of confirmed cases and the total data of
death of COVID-19. The data of COVID-19 in Brazil from February 15, 2020 to April 30, 2020 were collected from the Worldometer
(https://www.worldometers.info/coronavirus/) and Microsoft Excel 2013 was used to build a time-series table. Forecasting was
accomplished by means of a time series package (forecast package) in R Software. Neural Network Time Series and ARIMA models
were applied to a dataset consisting of 76 days. The accuracy of forecasting was examined by means of an MSE. The forecast of IFR of
COVID-19 in Brazil from May 01, 2020 to May 10, 2020 with NNAR (1,1) model was around in 6,85% and ARIMA (0,2,1) was around
in 7.11%.
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I. INTRODUCTION II. MATERIAL AND METHOD

Wuhan, Hubei Province, China is the location that COVID-
19 first reported in December 2019. Based on WHO [1] data,
as of May 1, 2020, there were 3,175,207 confirmed cases and
224,172 confirmed deaths. Based on the data presented by
Worldometer on May 1, 2020, the number of confirmed cases
of COVID-19 in Brazil was amounted to 78,162 people with
5,466 deaths and was the second highest country in the
America based on confirmed cases of COVID-19 [2]. There
have been many researchers who have studied about COVID-
19, specifically on Forecasting e.g. Forecasting data of
COVID-19 in Spain [3][4], USA [5], and World [6]; and other
studies about COVID-19 [7]-[9] This forecasting was
important to find out the spread of COVID-19 cases and the
rate of fatality.

The neural network can be thought of as a network of
“neurons” that are organized in layers. The inputs form the
bottom layer, and the projections (or outputs) form the top
layer. Intermediate layers containing "hidden neurons" can
also be present. The neural network autoregression or NNAR
model is the lagged time series values can be used as inputs
to a neural network, just like we used lagged values in a linear
autoregression model. The NNAR(p, k) model indicates that
there are p lagged inputs and k nodes in the hidden layer. For
example, the NNAR(6,2) model is a neural network with the
last six observations used as inputs to predict the output Z; and
two neurons in the hidden layer [10].

The Z, process is an autoregressive-moving average or
ARMA (p,q) model model if it fulfilled [3][4]:

¢p(B)Z, = 0,(B)a;, a,~WN(0,02),¢,,0, ER,t EZ.
with ¢,(B) = (1 — ¢;B — ¢$,B* — ... — ¢,B?) (for AR(p)) and



04(B) = (1 —6,B — 6,B% — ... — 6,B9) (for MA(q)).

If there is a differencing then the ARIMA model becomes as
follows [3][4]:

$p(BY(1 —B)*Z, = 6,(B)a,, a,~WN(0,02),¢,,6, € R, t € L.

with ¢,(B) = (1 — ¢, B — ¢,B* — ... — ¢$,BP) (for AR(p)),
(1 — B)? (for differencing non-seasonal) and 04(B) = (1 -
6,B —6,B* — ... — 6,B9) (for MA(q)).

The fatality rate of infection, the possibility of death for an
infected person, is one of the most significant aspects of the
coronavirus disease pandemic of 2019 (COVID-19). The
infection fatality risk is directly linked to the estimated overall
mortality burden of COVID-19. Furthermore, the infection
fatality rate is used to justify a variety of non-pharmacological
public health measures [11].

The infection fatality rate (IFR) data of COVID-19 in
Brazil from February 15, 2020 to April 30, 2020 were
collected from the Worldometer website
(https://www.worldometers.info/coronavirus), and Microsoft
Excel 2013 was used to build a time-series database.
Forecasting was accomplished by means of a time series
package (forecast package) in R Software. Neural Network
Time Series (NNAR) and ARIMA models were applied to a
dataset consisting of 76 days. ARIMA and NNAR are used
because (1) ARIMA is a simple stochastic time series method
that can be used to train and predict future time points and
ARIMA also capable of capturing dynamic interactions when
it uses error terms and observations of lagged terms; (2) the
Artificial Neural Network (ANN) is a technique capable of
analyzing certain non-linear interactions between input
regressor and responses, and Neural Network Time Series
(NNAR) is one method of ANN in which lagged time series
values were used as inputs to a neural network. The accuracy
of forecasting was examined by means of an MSE [12].

III. RESULT AND DISCUSSION

Table 1 shown that the average total confirmed, total death,
and infection fatality rate in Brazil was amounted to 14242
cases, 887 cases, and 2,69% (from February 15, 2020 to April
30, 2020) and the maximum total of confirmed cases and
death were amounted to 85380 cases and 5901 cases.

TABLEI
DESCRIPTIVE STATISTICS OF COVID-19 IN BRAZIL

Total cases Total death IFR (%)
Mean 14242 887 2,69
Median 2086 40 1,91
Diandard 21902 1496 2,74
Minimum 0 0 0,00
Maximum 85380 5901 6,95

Based on the analysis data using forecast package (R
Software), NNAR(1,1) and ARIMA(0,2,1) models for
COVID-19 were obtained in Brazil. The forecast value, lower

and upper limit 80% confidence interval, and lower and upper
limit 95% confidence interval of infection fatality rate (IFR)
for 5-day period from May 12, 2020 to May 16, 2020 using
NNAR(S,3) and ARIMA(0,2,1) models were reported in Fig.
1, table 1, and table 2.

Fig. 1 shown that the forecast of NNAR(1,1) was constant
linear around 6,8% but forecast of ARIMA(0,2,1) increased
until 7,2%.

Forecasts from NNAR(1,1)
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Forecasts from ARIMA(0,2.1)

Fig. 1. (a) Forecast of NNAR(1,1) and (b) ARIMA(0,2,1) for COVID-19 in
Brazil

TABLE II
FORECAST VALUE OF NNAR(1,1) FOR THE 10 DAYS OF INFECTION
FATALITY RATE (IFR) OF COVID-19 IN BRAZIL

Infection Fatality Rate (%)

Date Forecas Low  High  Low  High

¢ 80 80 95 95

01/0(5)/202 6,89 6,74 7,05 6,64 7,12
02/0(5)/202 6.88 6,69 7,07 6,57 7,16
03/0(5)/202 6.87 664 709 654 719
04/0(5)/202 6.86 6,61 7,08 6,50 7,22
05/0(5)/202 6.85 65 709 644 725
06/0(5)/202 6.84 658 7,08 644 723
07/0(5)/202 6.83 656 707 642 7024
08/0(5)/202 6.83 6,55 7,08 6,39 7,22




Infection Fatality Rate (%)

Date

Forecas Low High Low High

t 80 80 95 95

09/0(5)/202 683 655 709 639 726

10/0(5)/202 682 654  7.09 636 723

Mean 685 660 708 647 721
TABLE III

FORECAST VALUE OF ARIMA(0,2,1) FOR THE 10 DAYS OF INFECTION
FATALITY RATE (IFR) OF COVID-19 IN BRAZIL

Infection Fatality Rate (%)

Date Forecas Low High Low High
t 80 80 95 95

01/03/202 6,95 6,78 7,11 6,69 7,20
02/0(5)/202 6,98 6,72 7,24 6,59 7,38
03/0(5)/202 7.02 667 737 648 1,55
04/0(5)/202 7.05 6.61 749 638 7,73
05/0(5)/202 7.09 6,56 7,62 6,27 7,91
06/0(5)/202 713 6.50 776 6.16 8,09
07/0(5)/202 716 6.43 7.89 6.05 8,28
08/0(5)/202 7,20 6,36 8,03 5,92 8,47
09/0(5)/202 723 629 817 579 867
10/0(5)/202 7.27 6,22 8,32 5,66 8,88

Mean 7,11 6,51 7,70 6,20 8,01

Based on table 1, forecast of IFR of COVID-19 in Brazil
from May 01, 2020 to May 10, 2020 with NNAR(1,1) model
was around in 6,85% and ARIMA(0,2,1) was around in
7,11%. Modeling COVID-19, in particular Brazil, is very
complicated as it related to the number of assessments,
procedures, randomness, stay at home, social
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restrictions/social distancing/physical distancing, and several
other considerations.

IV. CONCLUSIONS

Based on the result and discussion, it showed that the
model forecasting of IFR of COVID-19 in Brazil were
NNAR(1,1) and ARIMA(0,2,1). The results of this study were
obtained with an error rate of 6,85% for NNAR and 7,11% for
ARIMA. The findings of this modeling will only be used for
learning and research purposes, as well as an overview of
decision-makers for the next 10 days relevant to the growth of
the COVID-19 situation.
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