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Abstract. There are standard techniques of forecasting threadpof pandemics.
Uncertainty however is always associated with $aobcasts. In this article, we are going
to discuss the uncertain situation currently prigwvgin the COVID-19 spread in India. For
statistical analysis, we have considered the tataiber of cases for 60 consecutive days,
from June 23 to August 21. We have seen that idstetaking data of all 60 days together,
a better picture of uncertainty can be observetkiftonsider the data separately in three
equal parts from June 23 to July 12, from JulydlBugust 1, and from August 2 to August
21. For that we would first need to ascertain thaturrent spread pattern in India is almost
exponential. Thereafter we shall show that the degarding the total number of cases in
India are not really behaving in an expected wagking forecasting the time to peak very
difficult. We have found that the pandemic wouldhaps change its pattern of growth
from nearly exponential to nearly logarithmic, whiwe have earlier observed in the case
of Italy, in less than 78 days starting from Augast
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1. Introduction

The epidemiological mathematical models commonlgdus forecast the spread of a
pandemic are the Susceptible-Infectious-Recovef®R)( model [1, 2, 3] and its
modifications and generalizations such as the $tibbe-Exposed-Infectious-Recovered
(SEIR) model, the Susceptible-Infectious-Recovddedd (SIRD) model, the Susceptible-
Infectious-Susceptible (SIS) model etc. Such modets applied to forecast the total
number of infected cases and the duration thapaimelemic may be expected to continue
to grow. These models are used to estimate the bagroduction number known as
Rywith threshold properties. It is the mean numbeinééctions caused by one single
individual in a susceptible population. If this nlpen is found to be greater thgrit would
mean that the population would remain infected pem@ntly, and if it is found to be less
than or equal tb, it would mean that the disease would extinctaarse of time. In the
classical SIR model, it is assumed that the dumatent by an individual in the infectious
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state follows the exponential probability distrilbnt The basic reproduction number was

defined as
B

RO = ;
wheref 1 is the typical time between contacts andis the typical time until recovery.
It may be noted that these models are mathematigalid when the population is assumed
to be infinite.

Therefore although in a small region this model lbarexpected to work well, in
a very large region application of this model mayhaps be unrealistic. In a large region,
medical facilities may not be uniformly availabte Everyone. Economic disparities would
certainly affect susceptibility to the disease.sThiay lead to an imperfect value of the
basic reproduction number. Therefore the validftguch models with an assumption that
the population is infinite is questionable when tigease is COVID-19 in particular for
which medicine is yet to be made available to exeey

The SIS model is used to study infectious disettssdo not last very long, and
it assumes that such infections do not lead to initpafter recovery. The SIRD model
typically assumes that the recovered cases are imantuthe disease. In the SEIR model,
it is assumed that there is a period of incubatighin which infected individuals are not
infectious. Individuals that are infected but mdeictious are considered as exposed in this
model.

As can be seen, COVID-19 has lasted for eight nsontiw, and it is uncertain as
yet how long it would continue the world over. Téfre the SIS model is perhaps unfit to
forecast about the COVID-19 spread because imtbidel it is assumed that the disease
would not last very long. It has actually beeromtgd that some people who had recovered
from the disease have been infected again, alththeghumber may be quite low. As such,
a presumption that the recovered cases are imnauthe tdisease is debatable. Therefore
the SIRD model may not perhaps lead to good fotec@#ithout statistical tests, rejecting
the hypothesis that within the incubation perideédted individuals are not infectious may
not be proper. But in the COVID-19 spread relatedks in which the SEIR model was
used it was apparently presumed that within thabation period the infected individuals
are not carriers of the disease. We therefore ¢damnaure that application of the SEIR
model is perfect in the COVID-19 spread matters.

Indeed, from the graphical representation of th& taumber of COVID-19 cases
in the USA as shown by the Worldometers.info [4fagdt is apparent that unlike in the
cases of any other country, in the USA the shapthefcurve has not been showing a
pattern as presumed in the epidemiological modielthe USA, the curve has not been
showing a smooth increase. Therefore applicatiosuoh models in the case of the USA
may perhaps need modification of the models.

There were attempts to study the spread patterngustie auto-regressive
integrated moving average (ARIMA) method also. kdein the initial stage, forecasting
with the help of ARIMA did lead to very good sheetm forecasts. For example, Poonia
and Azad [5] and Azad and Poonia [6] have studieddasting of the disease in India in
two phases using the ARIMA method. Their forecasese very close to the values
observed later. These two works were done at theimgial stage of the outbreak of the
disease. However, we have observed that for longf@recasting, this method in this kind
of a pandemic situation may not be very suitable.
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We would now like to cite some more works done lbyious researchers with
reference to COVID-19 spread in India. Raial. [7] have studied the COVID spread
matters in India using the SEIR model. Gugtaal [8] also have studied the situation in
India using the SEIR model as well as regressiaalyais. Ranjan [9] studied about
predictions in India using epidemiological modésharya and Powal [10] have done an
ecological study of the Indian situation with refiece to a vulnerability index. Their
studies were however based on data till the midillene. They have observed similarities
between vulnerability and the concentration of @@VID-19 cases at the state level of
India. All these works on the Indian situation wdame in the beginning of the spread of
the disease.

It can be observed from the diagrammatic repreientaf the data of the total
number of cases of COVID-19 in India is currentblldwing an almost exponential
pattern. The pattern that looks exponential canadlgt be almost exponential, amdt
exactly exponential. In the population dynamics eiedn S-type of spread curve is used
in which the growth is slowest in the beginning atdhe end of a given duration. In the
case of the COVID-19 spread in every individualisag the growth at the start was
nonlinear. In the regions in which the spread kashed the final stage of retardation, it
has been found to be slowest once again. Betwese tivo stages, there are two stages,
one with nearly exponential growth and the nextitt nearly logarithmic growth.

The spread pattern in India is still in the neastponential stage. In India the third
stage is yet to come. In this article, we are gamghow that instead of considering an
epidemiological model of the types discussed abaeemay proceed to study the spread
of a pandemic part by part with reference to timeknow whether the spread is about to
retard from an exponential pattern to a logarithpattern, we first need to study whether
the growth during the nearly exponential periodhisut to change.

2. Methodology
It can be observed from the diagrammatic repretientaf the daily data of the total
number of cases of COVID-19 in India that the totahber of cases is following an almost
exponential pattern. Indeed, the spread pattempEndemic in any region can never be
exactly exponential, for that would mean that thagemic would never come to a stop.
Therefore, the pattern that looks exponential mayaly be almost exponential, and not
exactly exponential.

For a functiorg (t), exponential irt, let us write

git)y=exp(a+bt),a,b >0,t 20,
wherea andb are constants so that
z=log,qv = a+ bt

is linear int. If we want to use this model in the exponenttage of the spread of a
pandemic, we would need to take some chosen véluara from that as base we can
proceed to find the value bf Accordingly, the value of the constantvould be available
to us already and we would have to find an estirftbe parametds. When we would
observe that the estimated valuedafre very nearly constant, we would be able to say
that the pattern is approximately exponential.

It is apparent from the graph published by Worldtarsinfo [4] that in India the
spread pattern is still approximately exponenttakas seen that the function

83



Hemanta K. Baruah
N(t)=exp(a+bt),ab >0t =0,

fits the data of spread in India approximately [12, 13]. Let us write(t) = log,nw.

To estimate the value of the paramdtat some point of time we would need data about
the total number of cases for a few days prioh&.tlf the values akz(t), the first order
differences of:(t) are seen to be nearly constant, then we can aathihpattern is nearly
exponential.

It was observed in [11, 12, 13] that in the caséndfa, the values diz(t) have
been following a reducing trend with some irregitilss in between which is inherent in
the case of a time series of this type of a pandeftie average value ak(t) in India
[11] during the 14 days from May 11 to May 24 wa3b1716. It was seen further [11] that
during the 7 days from May 25 to May 31, the averaglue ofAz(t) was 0.045584.
Therefore the reducing trend of the valued\eft) was apparent in those 21 days. The
average value dfz(t) in India [12] from June 1 to June 7, 2020, wagl06B8. From June
8 to June 10, the average [13] came down to 0.03B35 average values af(t) were
coming down slowly and steadily as could be seen.

The question is: how far wouldz(t) continue to decrease before the spread
pattern becomes nearly logarithmic. It cannot cwdito decrease to zero because if that
is the case, then the total number of cases wauldenly have to become a constant. The
S-type curve for the epidemiological models dodssag that. Therefore the change from
approximately exponential to approximately logarith pattern must take place much
beforeAz(t) becomes zero. For Italy, it was seen that [13Fti@nge from the exponential
to the logarithmic pattern took place before Ag@il We are now interested to see whether
India is about to be in that transition from expuatied to logarithmic stage examining the
data from June 23 to August 21, 2020.

3. Analysisand discussions

We now proceed to study the current Indian COVIDsfifead situation. We have collected
the data from Worldometers.info [4]. The data cdesdd for analysis were for 60
consecutive days from June 23 to August 21, 20@@&sSo observe the trendof(t), we
divided the data into three equal parts each afa&3®, from June 23 to July 12, from July
13 to August 1, and from August 2 to August 21T#able-1, we have shown the data for
the first 20 days, in Table-2 for the next 20 dagd in Table-3 for the last twenty days. In
each of these three tabl¥gt) represents the total number of COVID-19 caseghtl
particular date shown in the first column of evéaple, z(t) represents the natural
logarithm ofN (t), andAz(t) represents the first order differenceg@f). We have divided
the data into three distinct parts each of duraidadays because we were interested to see
whether in every of these three duratidxgt) had actually been decreasing, and if so
what sort of a decreasing trend wagt) following. The manner in which the pandemic
has been spreading in India, we presumed thatodi@@ days should be sufficient to see
whether it is time for the growth curve to transfidnto a nearly logarithmic shape. Indeed,
just the first order differences of the total numbkcasedV(t) may not immediately give

a correct picture. The cumulative total has beawgrg nearly exponentially since the
month of May [11]. ThereforAN(t) does not immediately reflect a clear picture.

84



The Uncertain COVID-19 Spread Pattern in India:

A Statistical Analysis of the Current Situation
Table 1. Values ofAz(t) from June 23 to July 12

Dates N(t) z(t) Az(t)
July 17 87946¢ 13.6870 0.03365
July 11 85035¢ 13.6534. 0.03318:.
July 1( 82260 13.6202. 0.0343:
July € 79484 13.585¢ 0.03298!
July € 76905 13.5529. 0.03381!
July 7 74348: 13.519: 0.03161.
July € 72034t 13.4874: 0.03174i
July £ 69783t 13.4557. 0.03489!
July £ 67390« 13.4208- 0.03628I
July & 64988¢ 13.3845i 0.03558
July 2 62716¢ 13.3489 0.03562:
July 1 60522( 13.3133! 0.03262'
June 3 58579: 13.2807: 0.03166:
June 2 56753t 13.2490! 0.03284
June 2 54919 13.2162. 0.03637!
June 2 52957 13.1798. 0.03875!
June 2 50944¢ 13.1410:i 0.03653:
June 2 49117( 13.1045! 0.03772
June 2. 47298 13.0668. 0.03631!
June 2 45611! 13.0305! 0.03495I
Table 2: Values ofAz(t) from July 13 to Aug
Dates N(t) z(t) Az(t)
Augusi 1 175191 14.3762. 0.03181:
July 31 169705- 14.344- 0.03459.
July 3( 163935( 14.3098. 0.03410-
July 2¢ 158438 14.2757. 0.03353
July 2¢ 153213! 14.2421 0.0329:
July 2 148250 14.2092 0.03185
July 2¢ 143601¢ 14.1773! 0.03581.
July 2¢ 138549 14.1415 0.03561.
July 2¢ 133702! 14.1059 0.03725.
July 2: 128813 14.068 0.03833!
July 27 123968 14.0303 0.03747!
July 21 119408! 13.9928! 0.03335.
July 2( 115491 13.9595. 0.03167!
July 1¢ 111890 13.9278i 0.03737.
July 1¢ 107786 13.8904! 0.03532.
July 17 104045 13.8551 0.03403
July 1¢ 100563 13.8211: 0.03590!
July 1f 97016¢ 13.7852. 0.03426
July 1< 93748 13.7509! 0.0323!
July 18 90764! 13.7186. 0.03153!
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Table 3: Values ofAz(t) from August 2 to August 21
Dates N(t) z(t) Az(t)
August 2: 297336 14.9052. 0.02349:
August 2( 290432 14.8817. 0.02387.
August 1¢ 283582. 14.8578. 0.02470:
August 1¢ 276662 14.8331. 0.02378:
August 1’ 270160« 14.8093! 0.02029!
August 1t 264731t 14.7890! 0.02219-
August 1! 258920 14.7668! 0.02502:
August 1« 252522, 14.7418. 0.02632!
August 1 245961, 14.7155. 0.02642
August 1 239547: 14.6890 0.028391
August 1! 232840! 14.6606! 0.02665!
August 1( 226715: 14.6340. 0.02366.
August ¢ 221413 14.6103 0.02845!
August ¢ 215202 14.5819: 0.03074-
August | 208686+ 14.5511 0.02989.
August ¢ 202540 14.5212: 0.03117
August ¢ 196323 14.4901. 0.02926'
August ¢ 190661 14.4608 0.02726!
August ! 185533: 14.4335 0.02766:
August : 180470:. 14.4059. 0.02968-

In Table-4, we have shown the calculated valuetheffirst order differencesz(t) for
days from 1 to 20 in the three periods. This weehdone so that we can visually compare
the values to see if there actually is a decreasangl in the values &z(t).

Table 4: Summarized form of the Tables- 1, 2 and 3

Days Values of Values of
Az(t) from Values of Az(t) from
June 23 to July 12 Az(t) from August 2 to August]
July 13 to August : 21

20 0.03365 0.03181 0.02349:
19 0.03318 0.03459: 0.02387.
18 0.0343: 0.03410. 0.02470:
17 0.03298! 0.03353: 0.02378:
16 0.03381! 0.0329: 0.02029!
15 0.03161: 0.03185 0.02219.
14 0.03174: 0.03581i 0.02502:
13 0.03489! 0.03561. 0.02632!
12 0.03628! 0.03725: 0.02642.
11 0.03558 0.03833! 0.02839:
10 0.03562: 0.03747i 0.02665!
9 0.03262 0.03335: 0.02366:
8 0.03166. 0.03167! 0.02845i
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7 0.03284 0.03737. 0.03074-
6 0.03637 0.03532. 0.02989.
5 0.03875! 0.03403! 0.03117
4 0.03653 0.03590! 0.02926
3 0.03772 0.03426 0.02726!
2 0.03631! 0.0323! 0.02766:
1 0.03495! 0.03153! 0.02968-

From June 23 to July 12, the average valuézgt) was 0.034576, from July 13
to August 1 it was 0.034458, and from August 2 tyiést 21 it was 0.026449. Period-wise
the average looks to have come down observablyicplarly in the last 20 days of the
period concerned.

We have found thatz(t) during these three periods follows the followihgee
linear equations established using the methodast lequares. From June 23 to July 12,

Az(t) =0.036571 — 0.000190Q3 1)
from July 13 to August 1,

Az(t) =0.034550 — 0.00000889 2)
and from August 2 to August 21,

Az(t) =0.030566 — 0.0003921 3)

It is apparent that in the three regression eqoataf Az(t) ont above, the slopes are
indeed negative, but the retardations are very.sW& have done the statistical tests of
significance of the null hypothedig, : p = 0 against the two sided alternative hypothesis
H, : p # 0 wherep is the population correlation coefficient betwdba variable\z(t)
andt for the three periods mentioned with referencegeagions (1), (2) and (3).

In Fig. 1, we have shown a diagrammatic comparisothe values ofAz(t) calculated
using equation (3) and the corresponding obserakds shown as a broken linefof(t)
from Table-3, for the period from August 2 to Augs.

Figure 1: Comparison of the expected and the observed vafukst) from

August 2 to August 21
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0.03 &= NN
0.02
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0.01
0.005
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12345678 91011121314151617181920
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It has been found that for the period from Junéo2Buly 12,-2= 0.2947194, for
the period from July 13 to August#? = 0.0006139, and for the period from August 2 to
August 2172=0.5932367, wherestands for the sample correlation coefficient. gsire
Student’st test, with

(n—2)r?
-7y
wheren = 20, we have found that the calculated valuéfof the first 20 days from June
23 to July 12 comes out as equal to 2.7425 whigndater than the two sided theoretical
value oft (= 2.101), at 5% probability level of significantmr 18 degrees of freedom.
Therefore we conclude that during this period thimypothesis is to be rejected, and that
there is a significant linear relationship betwekr(t) andt. This is equivalent to
concluding that the value of the regression coieffic (— 0.00019003) is significantly
different from 0.0.

For the next 20 days, from July 13 to August 1,cae see that= 0.1051 which
is far smaller than the tabulated value afentioned above. Therefore we are more than
5% sure that the null hypothesis is true, and thezewe conclude that there is no
significant linear relationship betweémz(t) andt. This is equivalent to concluding that
the value of the regression coefficient (— 0.00@®)8s not significantly different from
0.0.

t2

For the last 20 days, from August 2 to August 2Wds found that = 26.2517
which is far greater than the tabulated valueroéntioned above. Therefore we conclude
that during this period the null hypothesis is torbjected, and that there is a significant
linear relationship betweefiz(t) andt. Thus we can say that the value of regression
coefficient (— 0.0003921) is significantly diffetefinom 0.0.

From equations (1), (2) and (3), it was appareaittAh(t) had a decreasing linear
trend in the first 20 days, a constancy in the 8d@0 days and a decreasing linear trend
in the third 20 days again, and that the rate ofefese in the third 20 days was about 2
times the rate of decrease in the first 20 dayss@mcy of the trend during the second 20
days is clear from the estimated value of the patarain z(t) = log,nw as it has come
out to be 0.034550, and the estimate of the pamrhetas very negligibly small, (= —
0.00000889) in equation (2), while the averagkagt) during these 20 days was 0.034458
which is almost equal to the estimated value ofpi@meten.

We have studied the Indian COVID-19 spread datasixtly consecutive days,
partitioning the data into three equal parts, witference to time as the independent
variable. However, in the cumulative increase efriobmber of cases, other than time there
actually may be other parameters involved. For gtenthe spread rate may actually be
more among the economically poor people. Therdftgecumulative total number of the
cases of this sort of a pandemic is not dependetitree only. We have however studied
the situation assuming that time is the only faeffecting the growth of the pandemic.

We have observed that whereas in the first asageéti the last 20 days the negative
trend could be clearly seen, in the second 20 ttaysrend showed constancy which is
why the sample correlation coefficient during thatiod was very nearly zero. This data
dependent fact has shown that it is indeed diffitmforecast about the possible time of
peaking of the pandemic in India as yet. Indeed,haee already mentioned that we
separated the data into three equal parts justdmfit this particular uncertainty regarding
retardation of the growth of the pandemic in Ingi@n by the end of August, 2020.

88



The Uncertain COVID-19 Spread Pattern in India:
A Statistical Analysis of the Current Situation

From equation (3), we can see thattfer78 we getAz(t) = 0. The equations of
regression are fitted because they are supposbkd tseful in forecasting. Forecasting
about the time of peaking of COVID-19 in India nmragt be very perfect based on such a
simple equation of regression. However, the grogethnot continue tilAz(t) becomes
zero, for that would mean that the total numberldrlsuddenly become constant thereafter,
which is not possible. Therefore, the change froenexponential to a logarithmic pattern
can be expected to take place in India much befBrdays counting from August 2. It
should not go beyond that time limit unless sonmgtHbeyond control does take place
regarding the spread of the disease. We may perbgpsct that before the end of
September, the COVID-19 situation in India shouhttsto retard. In Table-5, we have
shown the values afz(t) for 7 days from August 22 to August 28 to obsemether
there is any shift from the trend that has beendduom the data in Table-3.

Table5: Values ofAz(t) in India from August 22 to August 28, 2020.

Dates N(t) z(t) Az(t)
August 2¢ 3461241 15.0571. 0.02239
August 2° 338457! 15.0347. 0.0229¢
August 2t 330774 15.0117: 0.02324.
August 2! 323175- 14.9885- 0.0209:
August 2: 316488: 14.9676. 0.01904:
August 2! 310518! 14.9485:i 0.02008!
August 2 304343l 14.928! 0.02329:

Table-5, the average value&f(t) for the period from August 22 to August 28,
2020, can be seen to be 0.021705. It can be saeffréim the average 0.026449 found
during the period from August 2 to August 21, isltame down to 0.021705 during these
7 days. It means that a constancy of the rateeohéarly exponential increase in the total
number of COVID-19 cases in India is going to laiaed soon, after which the pattern
would start taking a nearly logarithmic growth whiés commonly known as curve
flattening. One point may however be noted in Tdébl&he values ofAz(t) are not really
showing a reducing trend, and if that continuesdasons that can occur due to economic
heterogeneity of the population, our prediction migo wrong. We have considered the
total number of cases as something dependent andirty, and not on economic and
geographical heterogeneity.

In Table 6, we have shown the forecasts of the ttmber of cases for 10 days
in India, taking August 28 as the base date/ar(d)= 0.021705, the average of the values
of Az(t) from August 22 to August 28. In Fig. 2, we havewh a comparison of the
forecasts with the actual values observed later.

As we can see from Table 5, the valueAzft) are actually showing an increasing
trend and therefore these forecasts may actuallynerestimations of the reality. Indeed
even in the 20 days from July 13 to Augusiz(t) was following a decreasing trend as
can be seen from equation (2), although the caefficof regression afiz(t) ont was
found statistically insignificant. But during thennd from August 22 to August 28, the
trend is not a decreasing one. Therefore if th@sin continues to remain so, the forecasts
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would be underestimations only. Accordingly, if then-decreasing trend afz(t)
continues our forecast regarding the time of peakiso would not work.

Table 6: Forecasts for August 29 to September 7

Date:! Forecasi Actual Value:
August 2! 353718 353971.
August 3( 361479i 361916!
August 3: 369411. 368793

September 377516 376610i
September 385800: 384896
September 394265: 393312
September 402916. 402023!
September 411756 411083!
September 4207911 420256.
September 430024! 427758«

Figure 2: Comparison of the forecasts and the actual vakssectively from August 29
to September 7
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If during these 10 days, our forecasts start beagraverestimations, that should
be treated as a signal that the change from neappnential to nearly logarithmic is
perhaps about to start. As can be seen from FigeZprecasts of the total number of cases
from August 29 to August 30 were slight underestioms as expected, and thereafter the
forecasts up to September 7 were slight overestmsgtand we have mentioned that if
these forecasts start overestimating the actuaégahen that should mean that the change
towards improvement of the current situation habges started.
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4. Conclusions

The first COVID-19 cases were reported in India¢d] February 15, 2020. The spread
pattern is however still uncertain in India. We dawensidered the total number of COVID-
19 cases in India for 60 consecutive days, frone Zito August 21, 2020. We have seen
that the first order differences of the naturaldiognm of the cumulative total of COVID-
19 cases in India have shown statistically sigaiftcdecreasing linear trend from August
2 to August 21. There may actually be poverty egldactors affecting the growth of the
total number of cases in India. But if we consittext the growth is dependent on time
only, then it can be seen thain N(t) = exp (a+ bt),a,b >0,t = 0, whereN(t) is
the total number of cases at tilés decreasing linearly in time. Regression analisis
shown that within less than 78 days starting fromgést 2, the spread pattern of the
pandemic would change from exponential to logarithrindeed, if nothing abnormal
happens, the change would occur much before tlsifigd time, because the growth
cannot just suddenly be a constant before chardfitite pattern from nearly exponential
to nearly logarithmic. We have made forecasts etdiial number of cases for the duration
from August 29 to September 7, but they may be rgsienations unless the situation
observed from the data from August 22 to Augusii@8s not change.
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