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Abstract: Every day, there are new cases of COVID19 infections around the world, and a new strain of this virus known as
Omicron is spreading rapidly. To contain and monitor gatherings, as well as provide assistance in areas where this infection
is spreading rapidly, it is critical to identify the number of new cases of injuries and deaths. Forecasting new cases and deaths
in India between the dates 9/1/2022 and 18/1/2022 was the goal of this study. Based on state-space likelihood calculations,
the Error Trend Seasonal (ETS) model was used in the context of a dynamic nonlinear framework for model selection and
forecast standard errors. Small sample size and non-normal distribution of data, non-stationarity, trend, and seasonality are
all characteristics of these models that have never been used with data from India before. Predictions using the best-fit model
from "9/1/2022" to "18/1/2022" indicate that new cases in India are expected to reach (209,275). With a growth rate of 100.43
percent, new deaths are expected to reach (369), 14.5%. The predicted values of daily new vaccination cases are expected to
reach (7341793) with a growth rate of 0%. The Total cases is expected to reach (37044777) cases with a growth rate of 3.8%.
The total number of deaths is expected to reach (486771) with a 0.56 percent growth rate. As the pandemic continues to
spread, these estimates are essential for determining how many drugs and oxygen tanks will be needed as well as the number
of ICU beds that will be needed. As a result, the government will benefit from this forecast, leading to the authorities taking
the necessary precautions against this new wave of infection.
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1 Introduction throughout China and fast around the world.

The first outbreaks of COVID-19 were reported from the
Indian subcontinent at least nine months later. During this
period, India recorded approximately 11 million cases and
0.157 million deaths, which peaked in September 2020.
However, the second wave, which began in February 2021
and lasted until March 2022, was much worse than the first
wave. The disease had a much more ferocious spread.
SARS-CoV-2 B.1.1.7 (Alpha variant) and B.1.617.2, two
highly contagious variants, emerged during the second wave,
and this was a major factor in its spread (Delta variant).
Several cases involving the B.1.617.2 have come to light
recently [3]. Thanks to widespread vaccination, the
pandemic curve in India began to flatten after October 2020.

The coronavirus is part of a broad family of viruses that have
been linked to common colds, coughs, and respiratory
disorders [1]. Wuhan (Hebei Province, China) was the site
of the first documented detection of the deadly new
coronavirus (COVID-19). One of the family members of the
respiratory pathogen responsible for the 2002—2003 outbreak
(SARS-CoV-1) is the new coronavirus, also known as
SARS-CoV-2 (SARS-CoV-2) [2]. However, the COVID-19
pandemic was far more widespread than the SARS-CoV-1
outbreak of 2002-2003. Despite solid preventive steps many
countries took to limit the virus's transmission after its initial
breakout in Wuhan, the COVID-19 virus continued to spread

*Corresponding author E-mail: pradeepjnkvv@gmail.com

© 2022 NSP
Natural Sciences Publishing Cor.


mailto:pradeepjnkvv@gmail.com
http://dx.doi.org/10.18576/msl/110201
https://orcid.org/0000-0001-6896-2167
https://orcid.org/0000-0003-4430-886X
https://orcid.org/0000-0003-2177-2563
https://orcid.org/0000-0003-2177-2563
https://orcid.org/0000-0002-1352-2348
https://orcid.org/0000-001-9712-7435
https://orcid.org/0000-0003-2761-5112

60 =PE o

K. M. Alakkari et al.: Using ETS state space model for forecasting...

They have estimated 1.5 million new COVID cases since
January 2022 and 327 deaths. The WHO received its first
report of an Omicron variant (B.1.1.529) in South Africa on
November 24, 2021. Since the B.1.1.529 strain was
discovered, the number of infections has risen dramatically.
The World Health Organization has identified a large
number of mutations in this variation that have the potential
to be harmful. The Omicron form of Covid-19 is suspected
to be the cause of the recent spike in cases in India, raising
concerns about the possibility of a third wave of the disease.
There must be accurate data on COVID19 infections and the
spread of a new strain in order to help the government
formulate rules for restricting and monitoring public
gatherings and providing assistance in areas where the
infection is rapidly spreading. This data is critical.

In India, ARIMA and SARIMA models have been used to
predict the epidemiological pattern of prevalence. New and
total deaths from COVID-19's occurrence [1]. [4] formulated
a simple mathematical model with a flexible transmission
rate and used iterated filtering to fit the model to deaths data.
Bangladesh used it to estimate the expected daily number of
COVID-19 cases [5]. In Italy, a model-based method was
introduced to forecast the total number of currently COVID-
19 positive individuals and the occupancy of the available
intensive care units [6]. It was used in Ghana to predict the
number of deaths as well as the number of cases [7]. [8] used
BATS, TBATS, Holt's linear trend, and ARIMA models to
track the spread of COVID 19 infection cases. ARIMA
models and fuzzy time series were the focus of [9]'s research.
To monitor the spread of the coronavirus, three African
countries, Algeria, Egypt, and South Africa are using these
methods. The error Trend Seasonal (ETS) model is used to
forecast (total cases, new cases, total deaths, new deaths, and
new vaccinations) for India in a dynamic nonlinear model
framework with state-space-based likelihood calculations,
including support for model selection and the calculation of
forecast standard errors. According to our previous
discussion, this model outperforms other models tested on
data from India in terms of predictive ability with a small
sample size, non-normal data distribution, trend, seasonality,
and other things [10].

2 Material and Methods:

2.1 ETS Model:

Nonlinear dynamic models can be constructed using ETS
models, which combine exponential smoothing models
(ETS). With the use of state-space likelihood estimates and
forecast standard errors, these models are evaluated [11]

(T), seasonal (S) and error (E) are the three main components
of the time series that the model studies (E). The long-term
trend of the time series is represented by the trend term,

while the error term shows the unpredictable time series
component. The seasonal term corresponds to a pattern with
known periodicity. The components we need are combined
in our model in various additive and multiplicative
combinations to producey,. We have an additive model y, =
T+E+S or multiplicative model like y, = T. E.S where the
individual components of the model are given as follows:

E [A, M]
T [N, A,M,AD, MD]
S [N, A,M]

AD dampened (AD), and MD (MD) are additive dampened
(AD) and multiplicative dampened (MD) (damping uses an
additional parameter to reduce the impacts of the trend over
time). The models we want to estimate are listed in the table
below:

Table 1: state-space equations for each of the models in
ETS.

Trend Additive Error Models Trend Multiplicative Error Models
N Vo=l te N Ye=lg(1+e)
=1y +ag, =l (1+ag)
Ye=lea+beg e Ve = (lea +bey)(1 + &)
A L= loy + by +ag, M Ly = (ley + be_y)(1 + ag)
by = by +Pe; by =bey + Bl + bey)e
Ye=log + @b g +pe Ve = (leq + @b ) (A + )
AD le=1ly +¢by +ag MD le = (le—q + @be_1)(1 + @)
by = @b + Pe; by = ¢bey + Bles + Pb1)e
Seasonal Additive Error Models Seasonal Multiplicative Error Models
Ve=loaSem t e Ve =lbaSem(l+&)
N L=l +ag/sem N Ly =1ly(1+ag)

St = Seem + v/ le se = Se-m(L+ve)

Ve = (bemy +be)Seom + &
le=ley + by +a&/Sim
by = be_y + Bec/se-m
S¢ = Seem + V€S ey

Ve = by +be1)sem(L+ )
le = (lemq + be_y)(1 + @)
be = be_y + B(le-r + bey)ee
St =Se-m(1+ye)

Ve = (oo + Pber)Seom + & Ve = (le—a + @be)Se—m (1 + 2)
le=ly + @by + age/sem MD le = (leey + @be_y)(1 + aey)
by = @be_y + Bee/Se-m by = ¢be_y + B(le—y + Pbey)e
St = Seom + v/ (e + Pbr1) St = Se-m(1+yer)

AD

Where parameters: a: smoothing factor for the level, g:
smoothing factor for the trend,y:smoothing factor for the
seasonal, ¢: damping coefficient. And initial states: I: initial
level components, b: initial growth components,s: initial
seasonal components, which is estimated as part of the
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optimization problem.ETS model, it is possible to compare
a likelihood-based information criterion (AIC):

—2log L(B) +2k (1)

Where §the maximum value of the likelihood function.
The out-of-sample Root mean squared error (RMSE) is
calculated as before:

2= (Tt — yo)?
n

(2)

Wherey,: the forecast value, y,: the actual value, n: number
of fitted observed, n: the number of correctly fitted data
points that have been observed. This indication can improve
prediction accuracy because it is more closely tied to the
variable's value.

3 Results and Discussion:

We visualize the data and get the following results:
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Fig.1 Visual perception of the evolution of (new cases, new
deaths, new vaccinations, total cases, total deaths) during the
corona pandemic.

In the visualization, we see a large increase in new cases
during the first quarter of 2020 and an increase in new
fatalities during the same period, both of which contributed
to the increase in cumulative numbers of cases and total
deaths during the first quarter of 2019. The increased number
of new vaccines has also led to a decrease in the number of
new cases and fatalities, which has continued until the
beginning of 2022 when new cases have risen once more
with a new wave of infection and mortality. The following
table provides a high-level summary of the most significant
descriptive statistics:
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Table 2: Normal distribution and descriptive statistics for
Index COVID19 in India.

Normality =~ Maximum  Minimum Skewness Kurto
New Non 414188 0 3.01 12.25
cases
New
deaths Non 4592 0 2.49 8.71
New
vaccinati Non 18627269 0 0.99 4.02
ons
Total Non 35528004 1 0.38 1.51
cases
Total
deaths Non 483790 1 0.35 1.56

We can't use the mean and standard deviation for
characterizing because there isn't a normal distribution for all
variables. We can observe that the distribution is skewed to
the right for each variable, with leptokurtic distributions
(new cases, new deaths, new vaccinations). The most
significant number of new deaths, 4592, was recorded on
18/5/2021 when the number of new cases reached 414188.
On the other hand, this figure dropped after 18/9/2021, when
the maximum number of new vaccines (18627269) was
reached. In order to forecast (new cases, new deaths, new
vaccines, total cases, and total deaths), we estimate the ETS
model for all variables. The following are the forecasting
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Fig 2. Selected best model for total deaths.

At this point we are creating a forecast for COVID19 data
for an entire month and we get the following visualizations:
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findings.
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Table 3: the results of estimating ETS models.
'c\JAe? Parameters ETS Initial stats '?:I ZII\EA 300,000
a B ¢ y 1 b s1 s2 200,000
M, 01 00 46. ’ 169 100,000
C':é:; AN 350 290 - - 901 e;: - - 05 foi
) 69 23 19 58 33
0
New (M, 0.1 0.0 0.9 0.1 0.2 114 05
death AD, 097 380 677 980 37 g -100,000
s N) 58 04 14 14 31 05 Il il \% Il 1] \% |
— 2020 2021 2022
vacci M, 0.1 228 123 0.6
n?]tsio N;N 42276 772 %i 129‘? —— new_cases —— Forecast
(A, 0.9 13 172 717 5,000
Towl - yp 1 1 837 08 40 7. 98
ases Ty 56 90 5 72
Total (A, 09 03 0.0 84 0 1 121 4,000
otal s R A X
death AM 878 792 01 25?? 14 . . 29. 33;1
S ) 91 9 8 8 9 1 49 ' 3,000
. 2,000
The table shows that the only model chosen with a seasonal
component is for total deaths (A, A, M). We can also see
S . 1,000
from table.3 that the significant changes in trend were for
each of the three models chosen with a seasonal component . —
(total cases and deaths) where o and B are large, Where a A m v | I m Vo
preference was expressed for selecting the best model with 2020 01 2022
the lowest AIC value, the following models were considered:
—— NEW_DEATHS —— Forecast
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Fig 3. Forecasting for COVID19 data.

The visualization demonstrates that there is a good
convergence between the actual and estimated values using
the model, which is consistent with selecting the lowest
values for information criteria according to table3. We also
note that out-of-sample prediction values are the best for new
cases because they have the lowest RMSE. In the table
below, we show our expectations for (new cases, new deaths,
new vaccinations, total cases, and total deaths) over the next
ten days:

Table 4. Forecasting points in COVID19 for 10 next day.

New New Total

New cases deaths vaccinations Total cases deaths

35685745.86 484025.64

9/1/2022 104410.83 322.45 7341793.05

35844188.09 484386.73

10/1/2022 116062.46 328.36 7341793.05

36000742.92 484621.74

11/1/2022 127714.10 334.07 7341793.05

36155421.79 484982.91

12/1/2022 139365.73 339.60 7341793.05

36308236.44 485217.85

13/1/2022 151017.36 344.95 7341793.05

36459198.92 485579.10

14/1/2022 162668.99 350.13 7341793.05

36608321.53 485813.95

15/1/2022 174320.63 355.14 7341793.05

36755616.87 486175.28

16/1/2022 185972.26 359.99 7341793.05

36901097.74 486410.05

17/1/2022 197623.89 364.69 7341793.05

37044777.21 486771.46

18/1/2022 209275.53 369.23 7341793.05

The table shows that new cases are expected to increase
significantly over the next ten days (209275.53) with a
relatively stable number of new deaths recorded (369), as
daily new vaccination cases contribute significantly to
reducing deaths with a significant increase in total cases,
prompting authorities to take the necessary measures with
this new wave.

4 Conclusions

Noting that the sudden increase in cases is due to the omicron
variant, India is now facing a third wave of COVID-19. The
government must remain vigilant to ensure that the health
system does not become overburdened. Infections are still on
the rise in many Indian cities. We could see a significant
increase in numbers over the next few weeks. In this paper,
we used the Error Trend Seasonal (ETS) model within a
dynamic nonlinear model framework with state-space based
likelihood calculations to predict (total cases, new cases,
total deaths, new deaths, and new vaccinations) in India, with
support for model selection and forecast standard errors.
These models have never been used with data from India
before. They outperform the others in small sample size,
non-normal data distribution, non-stationarity, trend, and
seasonality. Prediction of (new cases, new deaths, new
vaccinations, total cases, and total deaths) in India for the
next ten days based on the best model developed using the
lowest value of the information criterion. Predictions using
the best-fit model from "9/1/2022" to "18/1/2022" indicate
that new cases in India are expected to reach (209,275). With
a growth rate of 100.43 percent, new deaths are expected to
reach (369), with a growth rate of 14.5%. With a growth rate
of 0%, the predicted values of daily new vaccination cases
are expected to reach (7341793). The total number of cases
is expected to reach (37044777) with a 3.8 percent growth
rate. With a 0.56 percent growth rate, the total number of
deaths is expected to reach (486771). These estimates are
critical for understanding what healthcare systems will
require to respond to the pandemic, such as the number of
drugs to purchase, the amount of oxygen required, and the
number of ICU beds needed, among other things. Proper
preparation and effective planning to defeat this virus are
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desperately needed, so this forecast will assist the
government. It may lead to the authorities taking the
necessary measures against this new wave.
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