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KEYWORDS, SYMBOLS AND PARAMETERS
The lists below are a set of important keywords, symbols or parameters which were used
throughout the research for the simplicity, explanation and derivation of results. Referring to these
will help in understanding the context of the research and for a better overall reading experience.
The sections in the research are numbered from I to VI, sub-sections from a to d and subsubsections from 1 to 4 based on the table of contents, the figures are numbered 1 to 12 and the
equations, sub-equations are numbered from 1 to 9.4.

ALL PROJECTIONS FOR SECTION IV, V MADE ON 08.05.2020

Keywords
1) Lockdown – A state of no movement or confined movement, as in context of the virus.
2) Covid-19 – A virus from the coronavirus family, similar to SARS.
3) Projections – An estimate or forecast for the future of a situation.
4) Cases – Number of people who have contracted the virus at some point.
5) Testing – A process of finding out whether a person has contracted the virus or not.
6) Function – A relation or expression based on variables.
7) Predictor – A program with ability to predict or estimate future scenarios.
8) Python – A programming language used for data analysis and predictive modelling.

Symbols
1) à - Arrow, used to indicate something important.
2) ( ) , [ ] - Brackets, for indicating something specific
3) ∝ - Proportionality sign, to show a relation between parameters.
4) + , - , * , / , = - Mathematical operators, commonly used for linear functions.
5) ∆ - Delta, the difference between two successive values of a parameter.
6) ß - Beta, to show change in a value, shifted to average.
7) [1] - Superscript, to denote exponential values or for numbering.
8) [1] - Subscript, to denote value number of parameters.
9) ==> - Therefore, referring in continuation.

Parameters and Characters
1) x , y – Used as variables in an example to show proportionality on page 4.
2) k – Rate of change, used throughout the research for various relations.
3) C – Number of cases found out.
4) T – Number of tests conducted.
5) W – Week number, subscript signifies the number.
6) R – Number of recoveries from total cases.
7) D - Number of deaths from total cases.
8) a , b – Used as proportionality variables in an example on page 11.
9) PD – Population density, used as a comparison parameter in section 4 of the research.
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COVID-19

Impact of Nationwide Lockdown on
COVID-19 Epidemic in India
Aaryan Nagpal

-------------------------------------------------------------------------------------------------------------------

I.Introduction
The novel coronavirus, COVID-19, originated in Wuhan and has spread rapidly across the globe.
The World Health Organization has declared it to be a pandemic. In the absence of a vaccine,
locking down has emerged as the most widely adopted strategy for its mitigation and control. The
suppression of social contact in workplaces, schools and other public spheres is the target of such
measures.
This paper presents a statistical model to accurately determine the number of cases, recoveries
and deaths happening in India each week and then predict how long would the cases rise for
before finally plateauing out. This model takes into account the number of COVID-19 tests
happening in each week and pre-lockdown figures to represent the difference in the number of
cases if a lockdown strategy wasn’t implemented. A data set for each lockdown i.e. lockdown 1.0,
2.0 and 3.0 has been created to show the different stages of the COVID-19 epidemic in India.
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Any anomaly in the number of daily cases due to external factors which developed due to various
reasons during each week of the lockdown for were accounted for with mid-week updates in the
number of cases, recoveries and deaths. They are mentioned in the details for the respective based
on the time of occurrence of the event.

Methodology
v The pre-lockdown data figures for cases, recoveries and deaths in India will be taken from
www.covid19inida.org , a crowdsourced website which tracks day to day developments
regarding COVID-19. The following steps will then be followed.
Ø Moving on to find the growth rate of the cases in each week using the growth rate calculator
the made using Python on REPL. This will be used to try and come up with an average
linear value that will be used to find out the projected number of cases that will come up in
India. This will also include a mathematical model based on testing.
Ø Using the same working model to figure out the possible number of deaths and potential
recoveries as well. These are pre-lockdown figures; the expected number of deaths will be
much higher than with lockdown and subsequently the recoveries will be much fewer in
comparison.
------------------------------------------------------------------------------------------------------------------------

I.A - PYTHON - GROWTH RATE PREDICTOR MODEL
The growth rate predictor is a python-based model on REPL which is able to predict the number of
cases and tests. It even establishes patterns between factors. It uses basic mathematical functions
and forms rates and trends for the required value. The recoveries and deaths had variable
exponential growth rates so they were found accurately using the mini web tool linked below.
https://miniwebtool.com/exponential-growth-calculator/
The source of all the data that was given to the predictor comes from free resource websites on the
internet. The links are mentioned in the acknowledgements and references section. It derives it’s
working from the mini web tool linked above. Instead of an exponential function the predictor helps
graph a linear function for the same. All the graphs in the research follow data derived from the
predictor.
The projections are graphed on using various softwares such as Microsoft Excel, Microsoft
PowerPoint and Tableau.
Below is a link to the REPL file of the growth rate predictor, it’s working is dependent entirely on
data entries from previous weeks. The next section proceeds to explain in short how exactly it goes
about functioning and also tells you the places where it was very helpful.

Predictor à https://growthratepredictor.aaryannagpal.repl.run
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WORKING
Let x ∝ y
Using either a variable proportional k or constant proportional k to equate x to y.
For the sake of simplicity and as per the requirement. This research will be using a variable k, this
allows for the equation à x = k*y => x/y = k
Assuming x and y to be known factors based on which the very first values of k can be calculated.
After doing so a few times there are a few values of k, which are all going to be stored in the form
of a list in an REPL file.
The predictor now proceeds to find the difference, ratios of values of k to find an appropriate
pattern, based of which it then proceeds to calculate values of k which will be needed to find future
projections in this case.
------------------------------------------------------------------------------------------------------------------------

II. PRE-LOCKDOWN IN INDIA (20th February to 25th March)
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FIGURE 1: PRE-LOCKDOWN INFO (20TH FEB TO 25TH MAR)
This linear graph shows the number of cases, recoveries and deaths that could’ve occurred if a nolockdown strategy was implemented.
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III.A - LOCKDOWN 1.0 (25th March to 14th April)
The first lockdown was announced by PM Modi on 25th of March 2020 and went on for a period of
21 days till the 14th of April 2020. Subsequently, a 2nd 21-day lockdown was announced on the 13th
of April 2020 which would go on till the 3rd of May 2020. More about the 2nd lockdown will follow
after the 1st lockdown section.
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FIGURE 2: LOCKDOWN 1.0 INFO (25TH MAR TO 14TH APR)
At the end of the 21 days it can be seen that close to 1,300 cases were avoided based on the growth
rate calculators’ predictions by adopting the lockdown strategy. It can also be seen that the visible
effect of the lockdown kicks in at the 3rd week when the cases which seemed to double every 5 days
prior to that reduce by almost 3,000 cases at the end of the 21 days.
During the same period of 21 days close to 175 peoples’ lives were saved and almost the same
number of recoveries took place even though there were lesser cases as compared to that of the nolockdown strategy.
The linear graph below shows exactly how much of difference can be made and has been seen in a
period of 21 days. The number of recoveries and deaths have been represented along with a
comparison with the number of projected deaths if a no-lockdown strategy was adopted instead.
Lockdown 1.0 meant closing down of air travel and subsequent interstate travel via road. The effect
can be seen when we compare the number of deaths with a linear graph of the number of deaths
doubling every 4 days, which would’ve resulted in close to 700 deaths, a rate which is being seen in
the worst affected countries like Italy or Spain, as of the first week of April.
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FIGURE 3: LOCKDOWN 1.0 INFO (25TH MAR TO 14TH APR)
III.B - LOCKDOWN 2.0 (15th April to 3rd May)
Lockdown 2.0 began just after lockdown 1.0 ended on the 14th of April, this is the point when
COVID-19 testing began to kickstart and more cases were being reported each day. The initiation
of testing facilities under the Indian Council of Medical Research (ICMR) led to a better
understanding of the actual number of possible cases in India. These changes were accounted for in
the new projections and the tests to cases ratio was found out to get more accurate results.
Graphed below, is a projection of the number of cases by two different strategies of lockdown
extension and no-lockdown.
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FIGURE 4: LOCKDOWN 2.0 INFO (15TH APR TO 4TH MAY)
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As the 2nd lockdown of a period of 21 days progresses (14th April to 3rd May), it can clearly be seen
that there begins to form a huge difference in the number of cases using the no-lockdown
methodology and using an extended lockdown strategy.
At the end of the 2nd lockdown the number of cases avoided has almost reached 50,000. The
projected cases in the no-lockdown strategy has been adjusted for testing process initiation for more
accurate results. Hence the jump from 11,485 to 12,769 projected cases on the 14th of April.
During the same period, the number of recoveries were significantly increased, as of 3rd May 2020,
25% of the people that contracted the coronavirus had recovered from it. A percentage much higher
than most countries in Asia, Europe and North America. Towards the end of the 2nd lockdown,
restrictions were eased slightly by the introduction of red, orange, green and containment zones.
More on this will follow in the next few sections.
Graphed below is a projection a how the recoveries progressed and how many possible deaths were
avoided during this 2nd period of 21 days. A linear function of the number of deaths doubling every
5 days is also given alongside the actual figures. This is to emphasize on the effectiveness of the
lockdown. Within a period of 21 days the number of deaths went from being projected to doubling
every 4 days to doubling every 5 days.
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FIGURE 5: LOCKDOWN 2.0 INFO (15TH APR TO 4TH MAY)
During the 21-day period between 14th April and 3rd May, India also conducted 1 million tests.
Those numbers are increasing rapidly, with India planning to conduct more than 100,000 to
150,000 tests a day. As testing increases it is also clearly seen that the number of cases increase and
hence it can be said that – cases are directly proportional to the number of tests.
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III.B.1 Testing in Lockdown 2.0
Testing was ramped up during the 2nd lockdown. It can be seen in the representation below that the
number of tests conducted in the last 21 days average out to just shy of 40,000.

TESTING 2.0 [6]
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FIGURE 6: LOCKDOWN 2.0 INFO (15TH APR TO 4TH MAY)
Mathematically,
Number of cases ∝ Number of tests
Number of cases = k * (Number of tests)
To find the proportionality variable k, let’s assume number of tests to be ‘T’ and number of cases to
be ‘C’.
From the above statement,
C = k*T à C/T = k

[1]

After establishing a relation between the number of tests being done and the number of cases being
identified due to them, it will be used to find the increase or decrease in the value of k due to T and
C in the last 21 days of the lockdown.
Week 0 to Week 1
(15th to 21st)
C (W1) – C (W0) = ∆C1
T (W1) – T (W0) = ∆T1
k1 = ∆C1 / ∆T1
∆C1 = (20,081-11,485)
∆T1 = (462,621-244,893)
k1 = 8,596/217,728
à 0.03948

Week 1 to Week 2
(22nd to 28th)
C (W2) – C (W1) = ∆C2
T (W2) – T (W1) = ∆T2
k2 = ∆C2 / ∆T2
∆C2 = (31,360-20,081)
∆T2 = (716,733-462,621)
k2 = 11,279/254,112
à 0.04438

Week 2 to Week 3
(29th to 4th)
C (W3) – C (W2) = ∆C3
T (W3) – T (W2) = ∆T3
k3 = ∆C3 / ∆T3
∆C3 = (42,781-31,360)
∆T3 = (1,046,450-716,733)
k3 = 11,421/329,717
à 0.03463

[2]
[3]
[4]

After finding the values of k1, k2, k3, they will be used to calculate the projected number of cases in
lockdown 3.0 that began on 3rd May and will go on till the 17th of May 2020.
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III.C - LOCKDOWN 3.0 (4th May to 17th May)
In the 3rd phase of lockdown in India certain restrictions have begun to ease, though this is good for
the economy and will help to bring things back to normal to a certain extent, the number of cases
could increase significantly. The 3rd lockdown started with the division of Indian districts into zones
on the basis of the number of active cases and the recovery rate in the 2nd lockdown.
The red zones continue to follow the restrictions of the 2nd lockdown, the orange zones have opened
some non-essential workplaces and also allowed private offices to function at 33% strength, while
the green zones have even lesser restrictions.
Using the growth rates (k) that were obtained from lockdown 2.0 to predict the number of tests,
cases, deaths and recoveries in lockdown 3.0. A comparison of the projected figures of a linear
function is shown below to signify how the impact of COVID-19 has changed since lockdown 1.0.
Graphed below is a projection of all of the above factors.
Based on the last 2 days of lockdown 2.0, the testing has been significantly ramped up. The average
number of tests taking place during the 3rd lockdown according to the growth rate predictor is close
to 80,000 every day.
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FIGURE 7: LOCKDOWN 3.0 INFO (4TH MAY TO 17TH MAY)
From the projected number of tests taking place during the lockdown 3.0, the values of k which
were found out earlier will be used to predict the number of cases that could possibly come up in
the next 14 days.
k1 = 0.03948, k2 = 0.04438, k3 = 0.03463
It is clearly visible that these values fluctuate in a haphazard manner, additionally the value of k3 is
exceptionally low due to the large number of tests that were conducted between 28th April to 3rd
May 2020. The number of tests being conducted is only going to increase as per the projection
above, similarly due to easing off of some restrictions in the green and red zones in the country, the
number of cases is likely to increase as well.
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The best estimate to project the number of cases accurately is to find a value of k that is just above
the mean from the previous 3 weeks (based on the increase in the number of tests) and then to plug
those newly obtained k values into my formula.
Taking ßk to be the average shift in the values of k to be added to the value of k4 below.
Mathematically,
∆k1 = (∆T2 - ∆T1)/T2
[5.1]
==> (254,112 – 217,728)/254,112*100 à 0.00143
∆k2 = (∆T3 - ∆T2)/T3
[5.2]
==> (329,717 – 254,112)/329,717*100 à 0.00229
ßk = (∆k1 + ∆k2)*1.5
[6]
==> (0.00143 + 0.00229)*1.5 à 0.05542
k4 = (k1 + k2 + k3 + ßk) /3
[7.1]
==> (0.03948 + 0.04438 + 0.03463 + 0.05542)/3 à 0.04257
Before finding k5, it is necessary to remove the ßk from the numerator as that shift has already been
accounted for in the previous step.
k5 = (k1 + k2 + k3 + k4)/4
[7.2]
==> (0.03948 + 0.04438 + 0.03463 + 0.04257) à 0.04324
Using the newly found values of k4 and k5, the number of cases that could take place in India
between 4th May to 17th May 2020 can be projected.
Knowingly,
C/T = k
[8]
Having already formed a projection of number of tests that will be done during this time, the values
can be plugged in the formula above to find the number of cases.
Cases for week 0-1 (4th to 10th) of Lockdown 3.0
C = k*T
[9.1]
C = 0.04257*1571450 à 66,868

Cases for week 1-2 (11th to 17th) of Lockdown 3.0
C = k*T
[9.2]
C = 0.04324*2201450 à 94,757

Plugging in these values in the graph below gives us the following functions.
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FIGURE 8: LOCKDOWN 3.0 INFO (4TH MAY TO 17TH MAY)
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Using a formula similar to the one above to find the number of cases, the number of recoveries and
deaths were found, since both of them are related to the number of cases rather than the number of
tests.
Devising,
R ∝ C and D ∝ C
So, R = a*C and D = b*C, where a and b are the proportionality variable.
The same way the values of k for each week in lockdown 3.0 , the process was repeated for a and b,
where the values of ∆R and ∆D were taken from lockdown 3.0 to input into the formula.
a = ∆R/∆C and b = ∆D/∆C accordingly.
After the calculations,
Below are the projections of the number of recoveries, deaths and a linear function of deaths
doubling every 7 days to show a comparison between the pervious lockdown’s and lockdown 3.0.
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FIGURE 9: LOCKDOWN 3.0 INFO (4TH MAY TO 17TH MAY)
On comparing the above projections to the projections for the number of cases it can be seen that
the number of recoveries are approximately 33% or more than the number of cases, which is a good
sign. Although the number of deaths seem to be increasing but it can also be noted that the speed
with which deaths were doubling changed from every 5 days in the 1st lockdown to every 6 days in
the 2nd lockdown and now just slightly less than every 9 days in the 3rd lockdown.
Having now found the projections for a period of 14 days, the next case-study moves on to
comparing the life factors of people living in two different zones of the country, facing the same
problem. Even though it was said that the virus affects people of all backgrounds equally, the study
below would be debunking this statement using suitable examples.
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III.D - LOCKDOWN 4.0 (18th May to 31st May)
Lockdown 4.0 began on the 18th of May and will continue till the 31st of May, with more easing off
of restrictions, the number of cases weekly are projected to increase, but on the bright side, the
number of recoveries have been on the rise, with approximately 40% of all people infected being
recovered completely. Alongside that the death rate also has been on the decline, with India
recording only 1,527 deaths in lockdown 3.0 at a doubling average of close to 14 days, which is a
big improvement from previous lockdowns.
With India conducting nearly 95,000 to 110,000 tests a day, the predicted number of cases using the
growth rate factor comes out to be as follows.
Cases during each week after 17th May,
k was experimentally found out to be 0.04437 for the 1st week of lockdown 4.0
Week 1 (18th to 24th) à C = k*T
C = 0.04437 * 800,000 = 39774

[9.3]

Week 2 (25th to 31st) à C = k*T
C = 0.04587 * 925,000 = 43384

[9.4]

Similarly, after getting the projected number of deaths, recoveries after lockdown 4.0 ends, below
is a projection of how things may proceed to stand.
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FIGURE 10: LOCKDOWN 3.0 INFO (17TH MAY TO 31ST MAY)
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IV. DISPARITY IN RED ZONES
Red zones are those districts of the country where economic activity is highly restricted and strict
lockdown measures are in place. These zones often are the sites of hotspots (regions of absolute
curfew). The study will use examples of two such districts in this zone and then comparing the
conditions of people living in these areas for a further topic.
What this aims to do is to find a correlation between the people living in both these zones on the
basis of their life standards, incomes, health and other such factors.

Red zone hotspot – Dharavi, Mumbai.
Population – 700,000
Population Density – 277,136/km2 (one of the highest in the world)
Average Income - ₹ 5000 ($65.76) monthly (poverty, average Indian income - ₹11,254 ($148.06))
Health status – Poor due to minimum hygiene and low incomes, literacy.
COVID-19 cases per 1000 à 1.047 (as of 7th May, 2020)
Red zone hotspot – South Delhi, Delhi.
Population – 3,500,000
Population Density – 14,000/km2 (much higher than country average but much lesser than Dharavi)
Average Income - ₹ 500,000 ($6576) monthly (well-off, nearly 4 times the Indian average income)
Health Status – Good due to high incomes, literacy and infrastructure.
COVID 19 cases per 1000 à 0.069 (as of 7th May, 2020)
It can clearly be inferred from the above data that the people living in much poorer conditions are
more likely to be affected by the virus and the number of cases rapidly increase when there is no
possibility of practicing social distancing or lockdown strategies due to low incomes. While people
in South Delhi who are quite well off have all the necessary means of survival at their disposal and
are much more likely to not be affected by the virus. Which swiftly leads to the next questionWhy does Mumbai have such a high number of cases?
This may be due to a couple of external reasons but the study be focusing on fact based theories.
Having found in the above comparison that there is a direct proportion between the number of cases
and the population density of an area.
It can be said,
PD ∝ C, Mumbai has a PD of 33,854/km2 which means it is more likely to have a greater increase
in the number of cases as compared to other parts of the country with lesser population density.
This is also coupled with factors like low literacy, poor health facilities, low incomes which are
lacking in those areas in Mumbai where the number of cases are higher.
Hence, the myth that the virus affects everyone equally is incorrect to some extent as a result from
the above case study. Dharavi is just one such example of these type of locations.
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V. WHEN DOES IT PLATEAU?
Everyone wants the pandemic to go away, everyone wants to return their normal lives. But one
thing is for certain even after the easing of the lockdown everyone should follow social distancing,
wear masks when moving out, wash hands regularly and follow all such precautions. If this is not
done, the cases will skyrocket out of control and we will be in an even worse position than the one
we started in. Some researchers estimate that nearly half the Indian population or about 700 million
people will come into contact the with virus in some form or the other, whether they contract it
depends to be seen.
But how long would it actually take for the cases to start plateauing, then reducing and then finally
come to a halt so that we can resume our normal lives. Using statistical analysis, it was
mathematically figured that if the growth rate of the cases dipped below a positive rate, considering
the increase in testing as well, that is when we will actually start to see a change.
So, based on the weekly growth rates of the number of cases, a function was graphed till the time
the cases didn’t stop increasing. This was done taking into account various factors such an no
further lockdown extension and only the application of effective social distancing.
Exponential growth rate of cases during each week after 31st May,
Week 1 (1st June to 7th June) à (Growth Rate => 0.2364) à
Week 2 (8th June to 14th June) à (Growth Rate => 0.2102) à
Week 3 (15th June to 21st June) à (Growth Rate => 0.1833) à
Week 4 (22nd June to 28th June) à (Growth Rate => 0.1658) à
Week 5 (29th June to 5th July) à (Growth Rate => 0.1483 ) à

Cases => 234,154
Cases => 288,272
Cases => 353,676
Cases => 424,109
Cases => 491,115

During the same period of time, the recovery rate will be on the rise as well, similarly the number
of deaths will increase, bringing up the percentage of the number of closed cases.
The plateauing of the curve has two meanings to it, the first being when the number of new cases
for a week is less than the previous week (First occurs in the 1st week of July), and the second
being when the recovery rate is much greater than case rate (Starts mid-June and gains momentum
in July)
The number of closed cases will increase (at a rate much higher than the case growth rate), which
will result in the number of active diminishing quickly.
At the end of Week 5 (5th July)
The first week when this process starts will be the 1st week
Number of cases à 459,115
of July, the slope for the recoveries function is much
Number of recoveries à 300,369
greater than that for the case function and will soon be
catching upto it to reduce the active cases.
After this, the new projections depend upon how medical circumstances are at the time and what
new measures the government has implemented to turn the plateauing function into a decreasing
function. It can be seen that the slope of the recovery rate is just greater than that of the cases and it
is moving towards it, reducing the number of active cases each day from then on.
Number of deaths à 23,774
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FIGURE 11: POST-LOCKDOWN INFO (1ST JUN TO 5TH JUL)
The projections for recoveries from week 5 will have a greater rate of increase than that of the
number of cases, which will by then begin to decrease. Eventually there will a point in the future
where the number of closed cases (recoveries + deaths) come very close to the number of confirmed
cases, and that is when the pandemic ends in India.
The situation will get better sooner if government rules are followed, social distancing is practiced,
hands are washed regularly and many such effective strategies which help in curbing the spread of
the virus are followed, finally bringing to an end.
These views and projections are based on what all the case-studies in this research. There are many
variables out there, such as a vaccine being produced or possible mutations in the virus, but for the
sake of a fair research, such possibilities have been ignored as they could result in drastic changes
in the circumstances.
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