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Abstract—This paper has analyzed the COVID-19 outbreak in
India. This S evere Acute Respiratory S yndrome Coronavirus
(S ARS -CoV-2) also known Novel Coronavirus or COVID-19 is
an infectious and contagious viral Respiratory disease that will
analyze the magnitude of outbreak in India and future
projections of the same. In China, where the outbreak first
started, the basic reproduction number, Ro is found to be lying
between 2-2.5, varying across regions. In India, there have been a
total of 70767 confirmed cases of people infected with this disease
as reported by the Government of India up to 11 May 2020. In
this work, the difference between number of actual reported
confirmed cases and approximate number of actual cases, due to
insufficient number of tests being conducted, is highlighted based
on a unique approximate mathematical formula, thereby
establishing relationship between Death Count due to disease and
number of people infected with it. Further, utilizing ICMR’s
available data about COVID-19 patients in India and employing
an Enhanced Version of S IR Epidemic Model also known as
S IRD devised by generating optimal parameter values and taking
number of deaths due to pandemic into account, the time
dependence of Outbreak’s Intensity in India forecasting
maximum number of confirmed active cases of COVID-19
present in a day (Peak Value) and also predicting total number of
deaths in India due to the outbreak.
Keywords— COVID-19; SARS-CoV-2; Ro; ICMR; SIRD;
Epidemic Model.

* Indicates equal contributors

Piyush Raj*
Microelectronics Research Laboratory,
Department of Applied Physics
Delhi Technological University
New Delhi, India
piyushraj.9898@gmail.co m

Rishu Chaujar
Microelectronics Research Laboratory
Department of Applied Physics
Delhi Technological University
New Delhi, India
chaujar.rishu@dtu.ac.in

I.

INT RODUCT ION

The world is in a crisis situation, currently dealing with a
global pandemic in the form of COVID-19. Until 10 May
2020, there have been 274361 deaths registered due to it;
globally out of which, 2109 are from India alone as reported
by WHO [1]. This work is aimed at revealing certain facts
about the current situation not presented clearly by data and
also predicting and forecasting about future situations using an
enhanced version of SIR Epidemic model explained further in
this work. The analysis and modelling has been done in
Python Programming language since analysis requires
representations in form of multiple graphs.
The global average fatality rate [2][3] which is defined as the
percentage of people who have died due to disease, out of the
total infected people, has been observed to be around 3.4% as
reported by WHO up to March 3 2020. In India, the total
confirmed cases of death of people due to COVID-19 until 10
may 2020 is 2213[4]. The fatality rate is less for India as
compared to the rest of the world, but at the same time, tests
conducted on new individuals in India are less in number as
compared to its population. In India, a total of 169037 tests
have been conducted as reported by ICMR until 10 May
2020[4].Each individual suspected of being infected by
COVID-19 undergoes 2-4 tests [5] and if he is found to be
infected, then before recovering and being discharged from the
hospital, on an average 6-8 tests [5] are conducted on the
person. Although the rate of tests in India has increased, it is
still quite low as around 1.41 tests are conducted per thousand
people in India [6]. “Fig. 1,” shows data of COVID-19 tests
conducted on a daily basis on new people and existing
patients. It can be figured out that neither reported confirmed
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positive cases of infected by COVID-19, nor tests or test
positivity rate shown in “Fig. 2,” can be used as a completely
reliable metric to predict future number of cases and deaths, as
there are bound to be asymptomatic patients [7], who recover
from disease without being reported or hospitalized and at the
same time acting as carriers for the disease [7]. Number of
reported deaths due to COVID-19 can give a more legitimate
guess of the number of actual cases if a fixed value of fatality
rate is assumed and considering the fact that each death due to
COVID-19 has been reported. Based on these assumptions, an
approximate model has been created

Fig. 2. Plot of daily tests(Red) Conducted and test positivity rate(Blue) for
new tests

Fig. 1. Daily number of tests conducted in India

Assuming that upon being infected if a person dies and takes
on an average y days to decease, to account for slight
variations, let it be
. If on n th day, let the total number
of deaths be D(n) and T(n) be the total number of actual cases
of people freshly infected from COVID-19 ,i.e. new
individuals infected from COVID-19 on n th day and further,
assuming any constant value of fatality rate as m, then this
may be approximated as

Here,
represents number of people infected
in
days before n th day. Here, it is assumed the fresh
cases, taken for a day, due to which percent of people died
after y days neglecting small variations of is ‘m’. Based on
this approximation, the total number of people infected with
COVID-19, updated on a daily basis has been plotted in “Fig.
3,”for different values of assumed fatality rate m. The
incubation period for the disease in which a patient starts to
develop symptoms varies between 0 -14 days and the median
time taken by a person to die after showing first symptoms is
14 days[2][3] , based on this fact the optimal value of y lies
between 16-24.

(1)
(2)

Fig. 3. Plot of approximate predicted cases of COVID-19 vs actual reported
cases for assumed different values of fatality rate m and y=18

II.

METHODOLOGY

Several epidemic models have been employed to forecast the
outbreak of an infectious disease. The most commonly used is
SIR (Susceptible-Infectious-Recovered) epidemic model [8] in
which the total population (N) is classified into three
categories or classes namely people susceptible of being
Infected (S), people who are Infected (I) and the people who
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have recovered from disease or have developed immunity
against it(R).A closely related another model can be used
having another class, which consists of number of deceased
persons (D). The model, hence, can be named as SusceptibleInfectious-Recovered-Death (SIRD) model [9]. It is governed
by the following set of equations:

(3)

(

)

(4)
Fig. 4. Pictorial representation of SIRD epidemic model in terms of
parameters

(5)

(6)
All the four classes are a function of time. It is assumed
that Infectious population, I, spread disease to Susceptible
population, S. Here, β is transition rate (S →I) which relates
susceptible population to infectious population as shown in
Equ.3, γ is recovery rate (I →R) which relates recovered
population with infected population as shown in “(5)”. Out of
the infected population, I, D people die due to disease, δ is a
mortality rate (I → D) which relates Infectious population to
deceased population. Figure 4 depicts the relationship between
S,I,R and D in terms of parameters β,γ and δ in SIRD
modelling pictorially .Total population N at any given time is
assumed to be constant since deaths compared to total
population is negligible i.e. N= S+I+R+D and hence

(7)
The basic reproduction number of SIRD model is given by:
(8)
Upon applying the SIRD model, forecasting can be done for
future values of infected population I, Susceptible population
S, Recovered population R and deceased population D. Based
on the equations “Fig. 4,” shows relationship between
parameters β, δ, and γ with the variable to be determined
namely S,I,R and D as a function of time. The forecasting
from the model can be represented pictorially with time
dependent values of all variables plotted on y axis “Fig. 5,”
shows a dummy graphical representation of forecasting from
the model in terms of fraction of population.

Fig. 5. Dummy graphical representation of forecasting using SIRD epidemic
Model

While applying the SIRD epidemic model to predict future
cases of people infected and deceased in India based on
current available data as provided by ICMR [4], certain
considerations were taken. Instead of taking population into
account as susceptible class S, only a fraction of population is
considered which is based on the fact that the Ministry of
Health and Family Welfare, Government of India has divided
all districts of the country into three Zones namely Red,
Orange and Green. As of May 1 2020 those districts in which
not a single case of COVID-19 had been recorded since the
past 21 days had been categorized as Green Zone. A total of
319 districts had been put in this category out of the total 720
districts [4], approximately around 300 districts are such
where not a single case of person being infected with COVID19 was ever recorded nor death due to the same. Outbreaks
have occurred in rest of zones, severely in red Zone districts
and mild in Orange Zone districts. Districts in India are
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divided based on population density and not on lan d area, so it
is safe to assume that approximately 40% of population out of
total population of “1.32 Billion”[10] can be neglected while
assuming value of N. “Fig. 6,” shows zone wise distribution
of districts in India.

be accounted for by the fact that testing and test positivity was
not uniform and that reported cases were not equal to actual
cases. Hence, the model can yield reliable results for further
forecasting. “Fig. 8,” shows forecasting results of SIRD
model for next 100 days which reveals certain facts:
● The total Expected maximum number of active cases
of people infected from COVID-19 in a day(Peak
Value) will be 825058
● The Peak value of outbreak is expected to occur on
12 June 2020
● The predicted value of basic reproduction number Ro
from the model is 1.12
● The total number expected deaths of people infected
due to the disease is 36941

Fig. 6. Map of India showing districts categorized into different Zones [11]

Three different variants of the SIRD model were created to get
the best values of forecast.
● In the first variant, the mortality rate δ was fixed
and values of parameter β and γ were determined
through curve fitting on available data of infected
patients.
● In the second variant the normal SIRD model was
applied, values of parameters δ, β and γ were
determined through curve fitting on available data of
infection.
● The mortality rate δ was linked to the recovery rate γ
in the third variant and value of parameters β and γ
were determined through curve fitting on available
data of infected patients. Once γ was determined the
mortality rate was calculated.
After trying these three different variants of the SIRD model,
it was observed that combination of the 2nd and 3rd variant
gave the best results. The model was fitted with available data
of infection up to 11 May 2020 to determine the value of
parameters δ, β and γ. Once values were determined, a graph
was plotted to forecast the future cases of infection among
people from COVID-19. Initial values of S,I,R,D plays an
important role in prediction using this model.

III.

RESULTS AND DISCUSSION

The predicted and actual reported cases of COVID-19 in India
based on data up to 11 May 2020 coincides up to a certain
extent as has been shown in “Fig. 7,” . Slight variations can

Fig. 7. Graph depicting predicted and actual reported cases of COVID-19 in
India upto 11 May 2020

Fig. 8. Graph depicting predicted cases of COVID-19 in India using SIRD
Model

Based on the modelling, it can be observed from figure 9
that the number of susceptible people being infected from
COVID will decrease and the situation will improve by the
month of August and September. It can be seen that cases of
infected people will rise gradually at comparatively lower
slope but slope will keep on increasing and cases will rise
exponentially up to an extent till it reaches a max value (Peak
Value), then number of infected people will start to decrease
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gradually and finally in the mid-august or September outbreak
will be contained.

to be acceptable as compared to other parts of world. This has
been made possible probably due to timely enactment of lock
down and strict implementation of social distancing norms.
But due to relatively very high population even at lower
values of R0 , number of infected patients may be very high
and even at lower fatality rate huge numbers of deaths may
occur due to COVID-19 in India has been predicted by model.
Containment of disease based on the model is based on the
assumption that conditions will remain the same, and cases
predicted may not match actual confirmed cases due to
inadequate number of tests and presence of a large number of
asymptomatic patients.

Fig. 9. Graph depicting variation in susceptible population and infected
population in India based on SIRD Model
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