19, cases;
Acharya and Porwal 2020; Chen et al. 2015a; Thomas and
Rootzen 2019; Lee and Wackernagel 2007a; Sudre et al.
2021; Chen et al. 2015b). Generally, it is quite challenging
to calculate realistic biological system reliability factors and
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Shanghai Ocean University, Shanghai, China
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outbreak probabilities under actual epidemic conditions by
using conventional theoretical statistical methods, (World
Health Organization 2014; Goldstein et al. 2011; Soebiyanto
et al. 2010; Mugglin et al. 2002; Kim et al. 2013; Lee and
Wackernagel 2007b; Falzarano et al. 2012; Su 2012; Xing
et al. 2022; Madsen et al. 1986). This paper shares the same
methodology as previously was introduced by authors in
Gaidai et al. (2022c¢); Gaidai et al. (2022d).

The latter is usually due to many degrees of system free-
dom and random variables governing dynamic biological
systems, spread over extensive terrain. In principle, the reli-
ability of a complex biological system may be accurately
estimated straightforwardly by having enough measurements
or by direct Monte Carlo simulations. For COVID-19, how-
ever, the only available observation numbers are limited
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4) presents
subsequent refinements of the statistical independence
assumption. The latter approximations capture the statistical
dependence effect between the neighboring maxima with
increased accuracy. Since the original MDOF process R(?)

() :=ProbfRr; > . R;
j=k J
k

1< j—l’Rj—k+1 = j—k+l}

2013)
P )~ eXp(=N - py( ).k > 1.

Note that Eq. (5) follows from Eq. (1) by neglecting
Prob(R; < ) =1
Nek 5) is similar to
the well-known mean up-crossing rate equation for the
probability of exceedance (Xing et al. 2022; Naess and
Moan 2013). There is evident convergence with respect
to the conditioning parameter k

P = limP,(1)ip( ) = limp,( )

Note that Eq. (5) fork =1
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1944). Equation (7) relies on the Poisson assumption
that is up-crossing events of high
>1

levels (in this paper, it is

R= Rl,Rz,... ’RN

m=1,.M
y A,
met dm =1
M
()= plomgy, ®)
m=1
pi(,m) 6) but cor-

responding to a specific short-term seasonal epidemic state
with the number m. The above introduced p,( )

exp{—(a +b)+d}
a,b,c,d
0
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2010).

Results

Prediction of influenza-like epidemics has long been the
focus of attention in epidemiology and mathematical biol-
ogy. It is well known that public health dynamics is a highly
non-linear multidimensional and spatially cross-correlated
dynamic system that is always challenging to analyse. Pre-
vious studies have used a variety of approaches to model
influenza-like cases. This section illustrates the efficiency
of the above-described methodology using the new method
applied to the real-life COVID-19 data sets, presented as a
new daily recorded infected patient time series, spread over
large terrains.

Influenza and COVID-19 are contagious diseases having
high transmissibility with certain mortality. They typically
occur seasonally in late autumn, winter, early spring, reach-
ing its peak in winter. Seasonal influenza epidemics are typi-
cally caused by influenza A, B viruses typically occur annu-
ally during winter time presenting certain burden on national
public health, resulting in about 3—5 million cases of severe
illness, along with 250,000-500,000 deaths worldwide annu-
ally, according to World Health Organization (WHO) (World
Health Organization 2014).

This section presents a real-life application of the above-
described method. The statistical data in the present section
are taken from the official India website (https: prsindia.
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19, cases). The website provides the number of
newly diagnosed cases every day in India from 22 January
2020 to 6 April 2022. Patient numbers from twenty-five dif-
ferent India states were chosen as components X, Y,Z,....

2. In order to
unify all 25 measured time series X, Y,Z, ....

X Y Y4

X->—Y> —7Z->—, ..
X Y z

X1 Yy Zveee
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R
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3 presents the number of new daily recorded
patients as a 25D vector R
R

4 presents 100 years return level extrapola-
tion according to Eq. (9) towards epidemic outbreak with
100 year return period, indicated by the horizontal dotted
line, and somewhat beyond, = 0.1

4.

2000 4000 6000 8000 10000 12000 14000
i

10)

Note that predictions for shorter (and more realistic) return
periods (e.g. few years) can also be easily extracted from
Fig. 4, with the only limitation of underlying assumption of
bio-system quazi-stationarity.

Dotted lines indicate extrapolated 95% confidence inter-
val according to Eq. (10). According to Eq. (5) p( ) is
directly related to the target failure probability 1 — P

1). Therefore, in agreement with Eq. (5), system failure
probabilityl — P~ 1 — P, (1)

5), N corresponds to the total number of local maxima
in the unified response vector R
k=5

k 6). Figure 4 exhibits

reasonably narrow 95% CI. The latter is an advantage of the
proposed method.
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