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A modified SIR model for the COVID-19 epidemic in China

Jia-Le Wang, Yang Liu, Xu-Sheng Liu, and Ke-Ming Shen∗

School of Science, East China University of Technology, Nanchang 330013, China

(Dated: May 24, 2021)

The analysis of the coronavirus disease 2019 (COVID-19) is of great importance to deeply under-
stand the dynamics of this coronavirus spread. Based on the complexity of it, a modified susceptible-
infected-removed (SIR) model is applied to analyze the time dependence of active and hospitalized
cases in China. The time evolution of the virus spread in different provinces was adequately modeled.
Changeable parameters among them have been obtained and turned to be not naively independent
with each other. The non-extensive parameter was found to be strongly connected with the freedom
of systems. Taken into the prevention and treatment of disease, more measures by the government
lead to higher values of it.

I. INTRODUCTION

The coronavirus disease 2019 (COVID-19) has been a
kind of global public health emergency [1] since it oc-
curred in December 2019 in Wuhan, the capital of Hubei
Province in China. The outbreak subsequently spread
rapidly throughout China and elsewhere. More and more
intervention strategies were implemented in China in or-
der to contain this outbreak. It has caused significant
disruption to the social and economic structure. Never-
theless, it is still unknown whether these policies have
had an impact and how long they were able to remain
there. On the other hand, the case abroad developed
worse, which has reversely affected the epidemic progres-
sion in China then. It is thus critical to assess the effects
of these control measures on the development of COVID-
19.
Nowadays in the market there have already exist-

ed plenty of models, for example, susceptible-infected-
removed (SIR), susceptible-infected-susceptible (SIS),
and susceptible-exposed-infected-removed (SEIR) mod-
els, which have been proposed to predict the epidemic
progression. However, all of these mathematical models
of infectious disease shared some of ideal hypotheses: a)
the reproduction number R is often proposed to be ex-
ponential which is coming from the classical Boltzmann-
Gibbs (BG) statistics; b) the internal interactions are al-
ways neglected when considering the propagation of dis-
ease, such as the normal human contacts in daily life; c)
the total number is recognized as a constant, namely the
system is a closed one; d) etc..

Though a large number of works [2–5] have made it
possible to research on the development of COVID-19
within the previous models quantitatively, there still re-
mains uncertainty in the theoretical framework, especial-
ly for the influences of so many control measures by our
government and else. Consequently, this work would like
to modify the simple SIR model in order to study the
COVID-19 epidemic in China with respect to the non-
extensive statistics. The non-extensive statistics, firstly
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proposed in [6] has attracted lots attention and discus-
sions [7]. Instead of the normal exponential function, a
generalized q-exponential function, defined as[6, 7],

expq(x) := [1 + (1− q)x]
1

1−q , (1)

was introduced to deal with the problems for the ap-
pearance of critical fluctuations due to interactions or
non-ideal cases. One non-extensive parameter q is to ac-
count for all possible factors violating assumptions of the
usual BG cases. Its inverse function is also listed[6, 7],

lnq(x) :=
x1−q − 1

1− q
. (2)

Both of them return to the usual exponential and loga-
rithm function with q → 1.
The purpose of this paper is to clarify the non-

extensive effects on the fitting parameters of the modified
SIR model for the COVID-19 epidemic. We focus on the
situations in some provinces in China, where both sim-
ilarities and differences appear. For instance, we have
analyzed the situations in some coastal provinces, tier-
one-provinces, inland provinces and so on. In order to
research on the effects of import cases from abroad, the
situations in Taiwan and Hong Kong are also well studied
within our model.
This paper is organized as follows. In Section II

we introduce the theoretical framework, where the non-
extensive q−SIR model is stated as well as the normal
SIR one. Their comparisons are also explored afterward-
s. The consequences for various disease spreading situ-
ations in different provinces are exhibited in Section II-
I; more detailed discussions on the results are also con-
tained. Section IV is our brief summary and outlook.

II. THEORETICAL FRAMEWORK

As a classical compartmental model in epidemiolo-
gy, the SIR model was created in 1927 [8] in which a
fixed population was considered with only three compart-
ments:
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1. S(t), susceptible, is used to represent the individ-
uals not yet infected with the disease at time t, or
those susceptible to the disease of the population.

2. I(t), infected, denotes the individuals of the popu-
lation who have been infected with the disease and
are capable of spreading the disease to those in the
susceptible category.

3. R(t), recovered, is the compartment used for the in-
dividuals of the population who have been infected
and then removed from the disease, either due to
immunization or due to death. Those in this cate-
gory are not able to be infected again or to transmit
the infection to others.

Using them one can establish the SIR epidemic model
without so-called vital dynamics (birth and death, some-
times called demography) described above as follows [9–
12]:

dS(t)

dt
= −βI(t)S(t) (3)

dI(t)

dt
= βI(t)S(t)− γI(t) (4)

dR(t)

dt
= γI(t) (5)

where β is the average number of contacts per person per
time, multiplied by the probability of disease transmis-
sion in a contact between a susceptible and an infectious
subject, and γI(t) is assumed to describe the transition
rate between I(t) and R(t). The first differential equa-
tion is the fraction of those contacts between an infectious
and susceptible individual which result in the suscepti-
ble person becoming infected. Worth to mention that in
which there is no removal from the infectious compart-
ment (γ = 0), the SIR model reduces to a very simple
SI model, which has a logistic solution, in which every
individual eventually becomes infected.
Considering the SIR system is closed:

S(t) + I(t) +R(t) = N , (6)

it is possible to derive its analytic solution in implicit
form [13]:

I(t) = S0 + I0 − S(t) +
1

σ
ln

S(t)

S0

(7)

where σ = β/γ is the basic reproduction number (also
called basic reproduction ratio). S0 and I0 denote the
initial numbers of, respectively, susceptible and infectious
subjects. It is derived as the expected number of new
infectious (sometimes called secondary infections) from
a single infection in a population where all subjects are
susceptible. [14, 15]

Note that the function, F = βI, in the above model,
is recognized as the force of infection, which models the
transition rate from the compartment of susceptible in-
dividuals to the compartment of infectious individuals.

However, for large classes of communicable diseases it is
more realistic to consider a force of infection that does
not linearly depend on the absolute number of infectious
subjects. As for the stock of susceptible population, it
has shown us that S ≈ N for most of cases due to the
large population in SIR system. Therefore, these evolu-
tion equations need to be reconsidered.
Similar to the non-extensive statistics, the generalized

evolution equations of COVID-19 are modified as follows:

dS(t)

dt
= 0 (8)

dI(t)

dt
= bIq(t)− γI(t) (9)

dR(t)

dt
= γI(t) (10)

whose solutions are listed as[∗]:

S(t) = N (11)

I(t) = A · {1−B exp[−γ(1− q)t]}
1

1−q (12)

R(t) =
A

γ(2− q)
·

{1−B exp[−γ(1− q)t]}1+
1

1−q (13)

With such a q−power modified term of infectious individ-
uals in Eq.(12), we then explore the time dependence of
active and hospitalized cases in various kinds of provinces
in China, typically for the number of infectious individ-
uals. Worthy to mention that for such a distribution,
there are already some other similar works appearing to
describe satisfactorily the available data for COVID-19.
For instance, C. Tsallis and U. Tirnakli [16] applied one
q−statistical functional form in order to predict the peak-
s around the world. The numerical results will be shown
in the next section.

III. RESULTS AND DISCUSSION

We start our discussions with presenting in Fig.1 the
epidemic progression in several provinces in China from
January 2020 to January 2021. Data are taken from [17].
According to the report of China CDC, January 1 2020
was considered as the 1st day of a contagion period, so we
focused on these data sets. It indicates that all the year of
2020 there appeared almost ZERO new death individuals
in China (seen as the green dots and lines in Fig.1), which
nicely shows the effects caused by control strategies by

[∗] More precisely, the exact solution of I(t) should be I(t) =
(

b
γ
−

exp[γ(1− q)(t0− t)+ 1
γ(q−1)

ln(b−γI
1−q
0 )]

) 1

1−q

. Similar for the

distribution of R(t). Without the loss of generality, we re-write
them as above for simplicity.
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FIG. 1: Actual monthly data of Confirmed Infections (C), Recovered Cases (R) and Dead Individuals (D) for several provinces
(Hubei, Jiangxi, Shanxi, Shandong, Beijing, Inner Mongolia, Taiwan and Hong Kong, respectively).
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the government. While both the confirmed and recovered
infections vary heavily among all the provincial data.
For the upper two plots, they show the epidemic pro-

gression for provinces like Hubei and Jiangxi. From them
we could see that all data of infections (both C and R)
vanish from around May of 2020. This is largely due
to the effectiveness of quarantine and control measures
in China, especially the lock-down of Wuhan city from
January 23, 2020 to April 8, 2020.
The cases in Shanxi and Shandong are distributing

similarly as above but some exceptions where a slight
outbreak happened there. This could be obviously seen
as in the next two panels. However, there are still many
provinces or cities in which the COVID-19 still exists and
even arises a secondary infection. Because of the frequent
contacts and interchanges with outside, the size of sys-
tem in cities like Beijing and Inner Mongolia is very huge
as well as its complexity. That is to say, they are more
like open systems.
On the other hand, it is instructive to plot the dis-

tributions in Hong Kong and Taiwan, where the effects
from abroad cannot be neglected indeed. The lower two
panels show how the imported cases work on the spread
of this contagious disease.
In virtue of it the validity of approximation, S0 ≈ N ,

is nicely supported by real data in China [18], and the de-
velopment of recovered individuals in SIR model strongly
relies on the case of infectious ones, in this work we shall
focus on the possible interpretations of spread of infec-
tions within the non-extensive effect. Furthermore, all
the evolutionary tendency of infectious individuals are to
be fitted by the distribution:

I(t) = A · [1−B exp[−γ(1− q)t]]
1

1−q

= a · [1− b · exp(−ct)]d (14)

Worthy to note that the large values of time t could re-
cover an exponential function whereas it leads to a Tsallis
q−exponential distribution, cf. Eq.(1) when t → 0. On
the other hand, γ still gives out the information on the
average time for which an individual is infectious. The
non-extensive parameter q tells us the departure from the
ideal situation, in which the distribution behaves as an
exponential function.
In our programs the fitting function has been simplified

as shown in Eq.(14) with the new parameters, c and d
being q-dependent. By using it we analyzed the monthly
spread of infections from January of 2020 to January of
2021. In order to better understand the mechanism of
the infectious numbers, we summed up all the previous
new confirmed cases as the number of infections by then.
All the annual situation was analyzed since we would
like to see the connections or differences among different
provinces.
In Table I all the fitting parameters in Eq.(14) are

tabulated for various kinds of provincial data. Almost
the same values of normalization constant, b, indeed tell
us that there is no big difference among these provinces

TABLE I: The values of fitting parameters in Eq.(14) in the
modified SIR model for different provinces:

Provinces a b c d

Hubei 100000 1.010 1.023 0.20

Jiangxi 1500 1.009 0.886 0.21

Shanxi 290 1.009 0.851 0.16

Shandong 1150 1.009 0.892 0.16

Beijing 1050 1.101 12.394 0.92

Inner Mongolia 550 1.015 4.040 0.92

Taiwan 50 0.456 -1.708 -2.4

Hong Kong 80 0.653 -1.141 -2.4

except for Taiwan and Hong Kong, which were largely
affected by the imported cases. The weak fluctuation
appeared in the fittings for Beijing’s infectious distribu-
tions. This could be nicely explained by its speciality of
tier-one-city.

On the other hand, as shown in Eq.(14), the produc-
tion of parameters c and d explores the information of
the average time, γ. It varies between the normal and
high-risk areas for COVID-19 in China. As for the non-
extensive parameter, q = 1− 1/d, there was no big fluc-
tuation among most of provincial data as well, especially
for the relatively close provinces such as Beijing and Inner
Mongolia. This indicates the common spread mechanism
among most parts in China. While we cannot neglect the
big divergence for the cases in Taiwan and Hong Kong.

At the same time, one can easily observe an obvious
connection between the values of fitting parameter a and
the infectious peaks in all provinces. For example, the
situation in Hubei was nearly the most serious in China at
the beginning of the year 2020 and even the government
took the control measures by locking down some cities
in Hubei for some time. This could be well seen by the
maximum number of parameter, a = 100000, of all.

In order to illustrate the fittings of this modified SIR
model for the COVID-19 pandemics in China more clear-
ly, fitting results are plotted in figures 2, 3, 4 and 5. Our
model is proved to be an alternative tool to investigate
the spread of infectious individuals for COVID-19 in Chi-
na.

Specifically, Fig.2 lists the fittings on the monthly evo-
lution of infectious individuals for the provinces of Hubei
and Jiangxi. We could see that the number of infec-
tions reached an almost constant from March of 2020,
which is shown in our fit values (seen as the red lines).
No doubt that the shape looks similar since the Chinese
government took all the control measures for the whole
country. The numerical difference at the peak lights upon
their own outbreaks at the initial period of COVID-19 in
China, for example the case was much better in Jiangxi
at that time.

A little difference happened to the cases for Shanxi and
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Shandong, as shown in Fig.3. As reported by the local
governments, there existed some few infectious cases at
the end of autumn in 2020, which has been proved to
be the consequence of some people who were previously
infected abroad and then returned home. This leads to
a better fitting consistency where there were more non-
extensive interactions in the system.

As expected, the spread in the tier-one-city, Beijing, is
more complicated. Because of the frequent connection-
s with outside, it is much more easily to see that the
non-extensive effects cannot be neglected. As a result,
our model is more proper to describe their disease de-
velopment. In Fig.4 the distribution cf. Eq.(14) nicely
coincides with the original values of infectious individu-
als. Similar cases happened to the provinces like Inner
Mongolia and Xinjiang because of their special geograph-
ical locations.

Finally it is also important to explore the results for
the cases in Taiwan and Hong Kong, where the imported
factors are more inevitable. Moreover, most controlling
measures taken in mainland of China were NOT well ap-

FIG. 2: Fittings on the monthly evolution of infectious indi-
viduals for the provinces of Hubei and Jiangxi.

FIG. 3: Fittings on the monthly evolution of infectious indi-
viduals for the provinces of Shanxi and Shandong.

plied in these parts. Even when a secondary outbreak
happened, the local government somehow neglected it.
Thus the situation there became much worse at the end
of 2020. Fig.5 agrees with the discussions above, that
our modified SIR model is typically for the system which
meets with more interferences from outside.

IV. SUMMARY AND OUTLOOK

To summarize, we have calculated the non-extensive
SIR model to account for the complexity of the epidemic
spreads of the COVID-19 in China. Especially the Chi-
nese government has taken many emergency actions in
order to help reduce the contagion probability and cure
the infectious individuals. On the other hand, the im-
ported disease cases unavoidably affects the exploration
of COVID-19 in China. All lead to it that the system for
this epidemic transmission should be considered within
the non-extensive application rather than the classical
ideal one. By the q-version we have modified the original
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FIG. 4: Fittings on the monthly evolution of infectious indi-
viduals for Beijing and Inner Mongolia.

SIR model to investigate the time evolution of infectious
individuals in different provinces in China.
It is of importance to research on the fittings within our

modified SIR model for the various provincial data sets.
All the corresponding fitting parameters illuminate that
the non-extensive application works well on the spread of
infectious individuals in mainland of China. Compared
with the cases in several typical provinces, such as Hubei,
Beijing and others, we indeed found out the common
properties among different places in mainland of China.
This is due to the fact that all the effective actions were
taken in all corresponding cities. While it is worthy to
note the cases in Taiwan and Hong Kong, for which the
system prefers to an ideal one since nearly no effective
measures were taken or no enough notations were caused
by the local government at the initial time.
Last not the least, a complete understanding of the

physics of non-extensive parameters in the study of
COVID-19 should be solved in general context. In this
paper we have tried to illuminate it from the comparisons
among various fittings of provincial data sets in China.

FIG. 5: Fittings on the monthly evolution of infectious indi-
viduals for Taiwan and Hong Kong.

Our model, on the other hand, successfully provides an-
other method to investigate on problems in the scientific
researches on the epidemic disease such as COVID-19.
Meanwhile, our researches could deeply help understand
the physical explanation of the Tsallis non-extensive pa-
rameter q, which is also what we will pay attention to in
the future.
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