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Abstract

Analysis of trend of epidemiological data helps to appreciate the progression of an epidemic and to develop monitoring and
control strategies by the government agencies. Sen’s Innovative Method suggests a graphical analysis, which can overcome
many limitations of data such as short length, non-Gaussian nature, skewness or serial correlation. In this article, this method
is applied for the first time on epidemiological data. For the case study, Covid-19 or SARS-CoV-2 data from India were
employed. The results show that Sen’s Innovative Method is capable of indicating the shift in epidemiological trend quite
efficiently, before it is reflected in the time series or moving average plots. The graphical analysis worked particularly well
in comparing the trends of monthly data. It is concluded that this method would be especially suitable for monitoring the
epidemiological trend by breaking up the data into smaller segments, as was illustrated in the study.
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Introduction

Covid-19 or SARS-CoV-2, which is the latest in the family
of corona viruses affecting humans, is similar to pneumonia
and may have symptoms such as fever, breathing difficulty
and lung infection. This virus originated reportedly from
Wuhan province in China and spread over the entire world
at a rapid pace. World Health Organization (WHO) declared
"public health emergency’ on 30 January 2020, and named it
as a pandemic on 11 March 2020 (Singh and Sharma 2020).
In the initial days after the first case reported on 30 January
2020 (Singh and Sharma 2020), the cases reported in India
were pretty few, and was not taken much seriously. Screen-
ing of passengers from China and other affected countries
and quarantine was initiated. From middle of March 2020,
the number of cases started picking up, as the secondary
and tertiary infections increased in number and India faced
a major health emergency. Government of India rose to the

P< Saha Dauji
acad.dauji @gmail.com; dauji_saha@yahoo.com

Nuclear Recycle Board, Bhabha Atomic Research Center,
Mumbai 400094, India

2 Homi Bhabha National Institute, Mumbai 400094, India

occasion by calling a national lock-down from 25 March
2020 and initiated survey, monitoring, quarantine, and
Covid-care facilities. The testing facilities in the beginning
were few, reportedly 15 government laboratories (Singh and
Sharma 2020)—but rapidly grew with private hospitals and
laboratories being trained and equipped for Covid-19 tests.
Later, the testing kits started getting produced indigenously
and that made expanding the testing network more efficient
and cost-effective. Detailed account of the initial develop-
ment of Covid-19 in India can be found in Singh and Sharma
(2020). Indian National Academy of Engineering high-
lighted the importance of participation of various research
agencies in offering thoughts, analyses and technologies for
addressing the Covid-19 scenario in India in a Special Issue
(Mishra 2020).

As on 28 November 2020, using the data from the web-
site: www.worldometers.info/coronavirus, the tally for
the world was 62,275,649 infections (0.51% of popula-
tion) and 1,454,203 deaths (2.34% of infections) whereas
for India the tally stood at 9,309,871 infections (0.67%
of population) and 135,752 deaths (1.46% of infections).
India stood second only to USA in absolute numbers,
which had 13,479,589 infections (4.06% of population) and
271,181 deaths (2.01%). The report of lower rate of infec-
tion could be due to the lower number of tests per million
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population: 99,760 for India which is around one-sixth of
USA (570,952). The death rate of India, lower by 0.55%
from the developed country like USA, with advanced health
care facilities is an interesting observation. This could be
attributed to the general immunity of the Indian popula-
tion to influenza type viruses, but it is not well explained
in the literature. However, India is a vast country, and has a
huge population of 1,385,530,551, which is second only to
China (1,439,323,776). Hence for India, even a low percent
infection, followed by low percent deaths would indicate a
large threat to the lives of Indians. This makes the studies
conducted for understanding and monitoring the Covid-19
scenario in India even more important.

There have been numerous studies on the Covid-19
spread this year, in which researchers have discussed epi-
demic models (Sahoo and Sapra 2020; Samui et al. 2020;
Mahajan and Kaushal 2020; Mandal et al. 2020; Rafiq
et al. 2020), SIPHERD (Susceptible-Infected or Sympto-
matic-Purely Asymptomatic-Hospitalized or Quarantined-
Exposed-Recovered-Deceased) model (Mahajan et al. 2020),
SIR (Susceptible-Infected-Recovered) model (Anand et al.
2020), SUC (Susceptible-Unidentified Infected-Confirmed)
model (Lee et al. 2020), SEIR (Susceptible-Exposed-Infec-
tious-Recovered) model (Pai et al. 2020), Gaussian mixture
model (Singhal et al. 2020), growth models (power model:
Asad et al. 2020, Verma et al. 2020; regression based model:
Bhardwaj 2020), delay model (Contreras et al. 2020),
numerical simulation (Diwan et al. 2020), and trend analy-
sis of the infection (Gupta and Pal 2020; Singh and Sharma
2020). The different studies considered some factors directly
whereas the other factors were based on certain assump-
tions. Researchers have tried to estimate the effectiveness
of quarantine protocols (Dziugys 2020). Declining trend
of Covid-19 in Italy and projection for the world was also
reported (Martelloni and Martelloni 2020). Some research-
ers attempted to model the initial spread of Covid-19 in India
(Ghosh 2020; Sarkar et al. 2020; Gupta and Pal 2020), some
tried to evaluate the inter-state transmission (Ghosh et al.
2020), some examined the effect of meteorological param-
eters on Covid-19 spread in India (Goswami et al. 2020;
Gupta et al. 2020; Kumar and Kumar 2020; Kumar 2020),
lockdown effect (Sardar et al. 2020) or unlocking effect
(Vaishnav and Vajpai 2020), and others predicted the decline
timeline for Covid-19 in India (Bhattacharjee et al. 2020).
In India, the mobile App: Arogya Setu, developed for smart
phones as well as feature phones, has been widely publi-
cized by the government and has been one of the monitoring
mechanisms (Jhunjhunwala 2020). Data-driven techniques
have also found some applications in modeling the Covid-19
spread: temporal dynamics (Ranjan 2020); real-time forecast
and risk assessment (Chakraborty and Ghosh 2020); ARIMA
(Gupta and Pal 2020; Sharma and Nigam 2020); ARIMA
and NAR (Khan and Gupta 2020); machine learning model
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(Kavadi et al. 2020; Swapnarekha et al. 2020); optimization
of lock-down policies (Khadilkar et al. 2020); transmission
model and correlation analysis (Kumar et al. 2020); big
data and geospatial techniques (Shah and Patel 2020); deep
learning (Shastri et al. 2020; Swapnarekha et al. 2020). The
aforementioned discussion brings out that mathematical, sta-
tistical and data-driven techniques have found application
in modeling the Covid-19 transmission, examination of the
trend, or future projections.

Now let us consider the different variables involved in the
Covid-19 spread and infection scenario in India. The Covid-
19 pandemic data for the reported daily cases and deaths
would be affected by several factors. In a country like India,
where the health care system is not well established or docu-
mented, many cases may not get reported. There are social
and religious barriers which result in secrecy about Covid-
19 symptoms, tests, test results, and deaths. The migration
of people during lock-down periods in non-conventional (not
permitted) methods adds another variable, which would be
difficult to model. The possible length of incubation period,
reportedly 2 to 14 days (Singh and Sharma 2020), the often
encountered mildness of symptoms (ignored or not reported
by many), and asymptomatic transmissions (up to 80%:
Singh and Sharma 2020) make documentation and tracking
of infection more challenging. The testing laboratory and
infrastructure has evolved over the pandemic progression
and so has the number of tests per million population—this
directly affects the number of confirmed cases. Then the
probability of false negative tests was reportedly high for the
rapid antigen Covid-19 test, and this would also contribute
to variations in the number of reported cases.

Furthermore, there have been stages of Unlock in India
starting in June 2020 as Unlock-1 subsequently followed by
Unlock-2, Unlock-3, etc., on monthly basis. The mobility
and public amenities have been opened up in these stages
which would have direct and indirect bearing on the spread
and reporting of Covid-19 cases. Last but not the least,
the ground reality about safety precautions and quarantine
practices in India might vary largely from the official rules
and regulations particularly owing to the mental set-up and
attitude of the population and modeling this factor could
perhaps be the most challenging part of the problem. The
imperfect lockdown scenario was examined in the literature
for modeling Covid-19 transmission in India (Nadim and
Chattopadhyay 2020). It is evident that consideration of all
the influencing factors towards modeling of Covid-19 spread
in India would be very difficult.

In India, initially, the patients were either hospitalized or
quarantined, depending upon the severity of symptoms and
were added to the number of new cases. When the patients
tested Covid-19 negative, from quarantine or hospital as the
case may be, then it was reported as 'recovery’. However,
due to the limitations of the infrastructure and explosion
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of the number of infections, later the patients were "home
quarantined’ when having mild symptoms, and how or when
they were added to the ’recovery’ group is unclear. Suffice
to say that the 'recovery’ data reported in India were hav-
ing different criterion over different periods of time. And
consequently, the “active’ number of cases would also be
affected. All other derived variables from these affected data
would, in turn, be biased in some way or the other. Though
studying the active cases, new cases and deaths using trend
analysis or correlation analysis could reveal the transmission
or fatality dynamics of Covid-19 in India, these could not
be taken up due to the possible bias in the number of active
cases, varying over time. Therefore, in this study, the data
sets which are the most basic, namely, reported daily new
cases and daily deaths, have been only considered.

A review by Kotwal et al. (2020) revealed that due to
the multiple evolving factors and related uncertainties, the
short term projection of Covid-19 in India could be the pre-
ferred option as long term projections would involve pos-
sible higher inaccuracies. Consequently, for the purpose of
monitoring the trend (India) and modifying the government
and health care policies according to the current trend of
Covid-19, it becomes imperative to employ a trend test,
which would have good detection power for short length
data. Trend analysis for Covid-19 pandemic in India has
been predominantly reported with numbers plot and cumu-
lative plots (natural and logarithmic) of daily cases and
daily deaths (Gupta and Pal 2020), or numbers plot and
cumulative plot of daily cases and daily deaths, tests per-
formed and positive results, virus reproduction rate, case
fatality rate, doubling period (Singh and Sharma 2020). For
monitoring the pandemic scenario, rapid evaluation of the
short-term trend would be essential. The epidemiological
progression data would be serially correlated; as the number
of new cases being reported over the transmission horizon
(typically 14 days was suggested for this case) would be
correlated to the present total infection—depending on the
transmission rate. It is observed that application of statisti-
cal trend tests for examining Covid-19 pandemic in India is
missing in readily available literature. This could be possibly
due to the rapidly evolving pandemic scenario coupled with
the limitations of the traditional trend tests such as Man-
Kendall (Mann 1945; Kendall1975) and Spearman’s Rho
(Sen, 1978), when applied for short length data or serially
correlated data. Sen’s innovative method proposed by Sen
(2012) specifically overcame many restrictive assumptions
of the aforementioned traditional methods: less power for
small sample size, less power for data with serial correla-
tion, non-normal probability distributions, skewness of data,
and requirement of pre-whitening of data before applica-
tion, among others. This method has been established by
Sen (2012) with extensive simulation studies, and has been
later applied for hydro-meteorological time series including:

rainfall and runoff (Sen 2012; Dabanli et al. 2016), tem-
perature (Sonali and Kumar 2013; Sen 2014; Dabanli et al.
2016), relative humidity (Dabanli et al. 2016) and droughts
(Malik et al. 2020). To the knowledge of the author, evalu-
ation of epidemiological trend has not been previously
attempted with this approach. However, considering the
strengths of this approach, particularly for the short length
data, as well as the complex and rapidly evolving nature of
epidemic or pandemic progression, this could prove to be
extremely handy for the government agencies in handling
evolving epidemic scenarios. At this backdrop, the objective
of this study is to examine whether this approach can be use-
ful for epidemiological cases, and this would be performed
using the Covid-19 pandemic data for the country: India.

Presently, with sufficiently long data from last
8-9 months, it is hereby assumed that all the variety of fac-
tors influencing the Covid-19 spread in India (discussed
earlier) have been reflected in the chosen data, namely, the
daily cases and daily deaths reported. Therefore, the trend
analysis of the Covid-19 data from India could be informa-
tive and instructive for the government and the health care
authorities for making informed decisions. Further, as the
trend detection by Sen’s innovative method is not limited
by any assumption regarding the data length or distribu-
tion, it would be particularly suitable for evaluation of the
variations in trend of the data. Of course, the reasons for
the variation in trend, as discerned from the data, would be
open to interpretation.

Research Significance

The article examines whether Sen’s innovative method of
trend analysis can be useful in evaluation of epidemiologi-
cal trend, with a case study of Covid-19 pandemic outbreak
in India. The advantages of Sen’s method are many-fold
(discussed earlier), and if found suitable, application of this
method would help the government and health workers to
monitor the pandemic progression and formulate monitoring
and control policies in a more efficient manner. A method of
presenting normalized scatter plot for depicting Sen’s (2012)
innovative trend over different time spans is proposed in this
study, for ease of comparison and appreciation of the varia-
tions of trend over the respective time spans.

Data and Methodology

Data

The data for daily new cases and daily deaths have been
extracted from the website: www.worldometers.info/coron

avirus/country/india/ from time to time. Frequently during
the entire duration, the total reported cases and the total
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Fig.2 Death due to Covid-19 in India: daily and cumulative plot

death have been corroborated with the data from the web-
site: www.mohfw.gov.in, which is maintained by Ministry
of Health and Family Welfare, Government of India. As
recently as 28 November 2020, the variations between the
two websites have been found to be 0.05% for total cases and
0.02% for total deaths—indicating that the data are accurate
enough for a study of epidemiological trend. There is one
entry (2006) on 16 June 2020 for daily death on the website:
www.worldometers.info which has been explained as fol-
lows: there was additional entry of 1328 backlog deaths from
Maharashtra on that day. Thus, this entry of 2006 has been
reduced by that number to 678 for trend analysis presented
in this study. However, for the purposes of reporting the total
deaths and other statistics, this entry is included. The daily
new cases and cumulative new cases are plotted in Fig. 1;
daily deaths and cumulative deaths are plotted in Fig. 2. In
these figures, the time series have been plotted with time
starting from 01 March 2020. Therefore, entry for time 1
corresponds to that of 02 March 2020 and the last entry at
time 272 corresponds to 28 November 2020.

From Figs. 1 and 2, it can be noted that the number of
daily new cases as well as daily deaths due to Covid-19 in

and the straight line of the scatter points indicates the
strength of the trend, higher distance signifies stronger
trend.

(3) In all cases where the points does not fall in a straight
line parallel to the diagonal, the data exhibit a non-
monotonic trend, which could be increasing (decreas-
ing) depending on the location of the points with
respect to the diagonal—in upper (lower) triangle on
the diagram.

In traditional trend analysis, the slope (and intercept)
of the trend line is generally estimated using least square
regression or by Sen’s non-parametric slope estimator (Sen
1968). In the present study employing Sen’s Innovative
Method, the slope (s) for the trend over different time dura-
tions have been evaluated using the equation proposed by
Sen (2015), reproduced as Eq. 1:

20, -
= 227N (1)
n
where, ;  and )_72 are the arithmetic averages of the first

and the second halves of the dependent variable, y, sequence,
and # is the total number of data.

The intercept (a) may be evaluated using Eq. 2, repro-
duced from Sen (2015):
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where, ¥ and ¢ are the arithmetic average of dependent
variable and time sequence, respectively.

A brief explanation for interpreting the scatter plots on
the basis of which Sen’s (2012) Innovative Trend analysis
is interpreted, is reiterated here. The abscissa (or x-axis)
signifies the values of the variable over the first half of the
time series arranged in ascending order, whereas the ordi-
nate (or y-axis) depicts the same for the second half of the
time series under consideration. The ranges of the abscissa
and ordinate are maintained same and this is a necessary
condition for correct interpretation. The diagonal line con-
necting minima and maxima (1:1 line or 45° line) signifies
the ’no trend’ condition. The points falling in upper trian-
gle signify increasing trend and those in the lower triangle
indicate decreasing trend. The information about the mono-
tonic or non-monotonic trend or the strength of the trend is
interpreted as described earlier in the section. Readers are
directed to the original articles (Sen 2012, 2015; Dabanli
et al. 2016) for further details about construction and inter-
pretation of the graphical method of Sen’s Innovative Trend
analysis.

Methodology

The various time periods considered for different analyses
are: total duration (TD) from 02 March 2020 to 28 Novem-
ber 2020; two halves of TD; four quarters of TD; and indi-
vidual months. To start with, the data statistics and the box
plots for the various time durations have been examined.
The moving averages are calculated for 2 days to 14 days
and plotted. Subsequently, using Sen’s Innovative method
(Sen 2012), the trends of the number of daily new cases and
number of daily deaths have been explored. This study is
focused primarily on identifying the changes in the trend of

the epidemic data (daily new cases / deaths) and this would
be useful for dynamic formulation of management policies.
As the trend is expected to vary over time, the slope would
definitely be of interest for comparison. On the other hand,
the intercept would keep changing over time, and would
have been important if the objective was to identify a sin-
gle trend and project it over some time period in future. As
would be shown in the analysis, a single trend over entire
time period fails to identify the short term variations, which
would be critical for public epidemiological policies. There-
fore, in this article, the slopes evaluated according to the
Eq. 1 for different temporal durations have been reported,
and as the intercepts are not pertinent for this study, they
have not been reported.

In an attempt to succinctly present the variations in trends
over different time scales, the scatter plot as suggested by
Sen (2012) has been presented in non-dimensional form,
by dividing all entries by the maximum value in that time
span, to arrive at values between O and 1 for all the scatter
points. Thereby, for different time scales, say for halves, for
quarters or for monthly data, the trends of the new cases or
deaths have been represented in a single plot. Normaliza-
tion for presentation of Sen’s Innovative trend over different
time spans for comparing the variation of trend over time is
proposed in this study. To the best knowledge of the author,
such normalization has not been earlier reported in the lit-
erature in this context.

Results and Discussions

Statistical Features of the Data

The data statistics for daily cases are presented for the
various time durations in Table 1, and on monthly basis in

Table 2, respectively. Similarly, the daily death statistics are
listed in Table 3 for the various durations, and in Table 4 for

Table 1 Data statistics for daily Covid-19 cases in India over different time durations (02 March 2020 to 28 November 2020)

Statistic March- First half Second half First quarter Second quarter Third quarter Fourth quarter
november
2020
Number 272 136 136 68 68 68 68
Mean 34,517.70 7132.39 61,903.01 875.46 13,389.32 67,440.24 56,365.79
Median 30,279 3556 59,795 537 11,132 65,383 49,882
Standard Deviation 30,801.47 8449.55 17,946.37 1030.58 7957.78 18,066.80 16,133.99
Coefficient of Variation 0.89 1.18 0.29 1.18 0.59 0.27 0.29
Maximum 97,859 32,682 97,859 3932 32,682 97,859 89,688
90 percentile 79,922 21,040 89,349 2408 25,637 92,917 80,858
10 percentile 147 17 41,506 7 4547 46,219 40,507
Minimum 0 0 28,555 0 3113 34,820 28,555
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Table 2 Data statistics for daily Covid-19 cases in India on monthly basis: 02 march 2020 to 28 november 2020

Statistic March  April May June July August September ~ October November
Number 30 30 31 30 31 31 30 31 28

Mean 46.47 1110.17  5024.06 13,172.77  35,847.16  64,093.06  87,410.93 60,406.90  43,217.79
Median 20 979 4630 12,199 34,820 64,142 88,196 59,893 44,689
Standard Deviation 56.88 490.26 1863.49  3683.87 11,537.77  8256.65 7331.90 12,271.33  5175.31
Coefficient of Variation 1.22 0.44 0.37 0.28 0.32 0.13 0.08 0.20 0.12
Maximum 227 2013 8782 20,131 57,704 79,457 97,859 81,693 50,465

90 percentile 124 1805 7300 18,282 50,525 76,665 96,763 75,479 47,821

10 percentile 1 528 2963 8849 22,721 52,783 77,854 46,498 37,350
Minimum 0 440 2394 7761 19,428 50,629 69,671 36,838 28,555

monthly basis data. It is mentioned here that for the statistics
of Covid-19 deaths which included the high entry of 2006
(dated 16 June 2020) the standard deviation and coefficient
of variation are reported for both 2006 and 678 (removing
the 1328 backlog cases from Maharashtra). The box and
whisker plots are depicted in Fig. 3 for the daily new cases
and Fig. 4 for the daily deaths, for which entry for 16 June
2020 has been taken as 678. These box and whisker plots
(Figs. 3 and Fig. 4) represent the data statistics over differ-
ent time intervals in pictorial form for visual appreciation.
Moving average plots help to depict the variation in time
series by smoothing out the local fluctuations, for the par-
ticular time period chosen for calculating the moving aver-
age. Therefore, inference about the trend in a time series
can be attempted from such plots. The moving averages are
plotted in Fig. 5 for the daily new cases and Fig. 6 for the
daily deaths from 2-day to 14-day blocks. Peaks are pre-
dominant in the period before September 2020 (day 200: 17
September 2020 in Fig. 5) whereas valleys feature mostly
after that. This leads to the conclusion that the trend of daily
new cases started declining from that date. For Fig. 6, the
entry for 16 June 2020 has been taken as 2006, and that
explains the spike for daily death and the plateau in moving
averages around that time. However, the other peaks and
valleys in the plot indicate fluctuations in the numbers over
short durations, typically less than 14 days, as the 14-day
plot is quite smooth except around 16 June 2020 (which
has been explained before). It is noted from Fig. 5 that the
moving average of daily cases over 7-day and 14-day are
quite smooth (shown with thick lines), when compared to
the other durations. This periodicity of the data could not
be explained with the available information, but could be
related to the mean and maximum incubation period of the
virus in population before appearance of symptoms. How-
ever, no such behavior has been observed for the daily death
data (Fig. 6). The moving average plots depict a declining
trend of daily new cases (Fig. 5) as well as the daily deaths
(Fig. 6), typically after day 200, i.e., 17 September 2020.
After day 235, i.e. 22 October 2020, the declining trend
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reduced markedly for both new cases (Fig. 5) and daily
deaths (Fig. 6). These shifts in trend, which are similar
to observations in Figs. 1 and 2, would be compared with
the results of trend analysis by Sen’s Innovative Method in
Sect. “Results and Discussions”.

The percent increase in daily new cases, calculated over
the cumulative cases till the previous day, as well as the per-
cent increase in daily deaths, calculated over the cumulative
deaths till the previous day, could be informative for moni-
toring the trends. These have been plotted in Fig. 7, where
it can be observed that both the lines tend to get asymptotic
with progression of time. In Fig. 7a, where the entire period
has been plotted, the spike for daily deaths on time 107 (16
June 2020) is corresponding to the backlog clearance entry
of 2006, as discussed earlier. After day 50 (20 April 2020),
the rate of increase for both daily new cases and daily deaths
are below 10% except for the aforementioned spike in daily
deaths. Figure 7b depicts the same plot, but after day 200 (17
September 2020), after which the declining phase appeared
to have started according to the earlier observations. During
the period (from 200: 17 September 2020 to 240: 27 October
2020) the rate of increase for both daily new cases and daily
deaths reduced from around 2% to around 0.6%, but subse-
quently the rates are fluctuating between 0.4% and 0.6% for
both the variables. It would be difficult to get any projection
after this period from the available inputs.

Graphical Evaluation of Trend of Covid-19
Progression in India by Sen’s Innovative Method

Duration: Total (02 March to 28 November, 2020)

To start with, the trend of daily new cases and daily deaths
for the entire duration (272 data) by Sen’s Innovative
Method is presented in Fig. 8a, b, respectively. As explained
in Sect. “Sen’s Innovative Trend Analysis Methodology”,
the interpretation of these plots would be that both daily
new cases and daily deaths exhibit non-monotonic increas-
ing trend when the entire duration is considered together.
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Table 4 Data Statistics for Daily Covid-19 Deaths in India on Monthly basis: 02 March 2020 to 28 November 2020

Statistic March April May June June July August September October November
#
Number 30 30 31 30 30 31 31 30 31 28
Mean 1.17 37.30 137.23 400.07 35580  617.45 931.74 1109.10 756.16 520.54
Median 0 36 132 354 354 610 944 1127 714 505
Standard deviation 1.90 17.62  44.97 31232 96.18 152.37 82.03 91.40 194.29 62.42
Coefficient of variation 1.62 0.47 0.33 0.78 0.27 0.25 0.09 0.08 0.26 0.12
Max 8 75 269 2006 678 1120 1089 1283 1096 704
90perc 3 60 190 430 430 776 1019 1203 991 585
10perc 0 18 92 258 258 444 835 1026 509 451
Min 0 13 68 200 200 377 758 777 463 435

#These statistics are calculated using the value of 678 deaths in place of 2006 deaths for June 16, 2020,
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Fig. 3 Daily new cases of Covid-19 in India: box and whiskers plot

in November. The variation of the trend of deaths reported
daily is a little different over the months, when compared to
the daily new cases. The trend is non-monotonic increasing
for the months of March to May, and thereafter it becomes
monotonic increasing trend for June and July. In August, the
monotonic increasing trend becomes weaker, and changes
over to weak decreasing trend in September. October is
marked by strong non-monotonic decreasing trend of daily
deaths, similar to the new cases, and becomes weak decreas-
ing trend in November.

The daily new cases and daily deaths scatter plots were
very steep for March and April (and this can be correlated
with the high percent increase over previous days total for
first 50 days: Fig. 7a) and gradually flattened out to moder-
ately increasing trend towards August. Looking more closely
at the figures would bring out the fact that the distance of
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the trend line from the 1:1 line in August is much less of
that of July, though it was positive (i.e., increasing trend).
This fact signifies that the plateau had been reached with
the trend line coming closer to the 1:1 line in August. The
plateau in the trend, which was identified in the month of
September from the time series (Figs. 1 and 2) and moving
average plots (Figs. 5 and 6), could be identified 1 month
earlier: in August, when using Sen’s Innovative Method
for trend analysis (Fig. 11a, b). This would be further cor-
roborated with the numerical values of slope of trend line
in Sect. “Progression of Slope of Trend Over Various Time
Scales (March 2020 to November 2020)” (Fig. 12). Sep-
tember is marked with weak decreasing trend for both new
cases and daily deaths, and for October, both the trends
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become strong and non-monotonic decreasing. The strength
of the trends reduced from October to November, and they
changed over to monotonic decreasing in November. Thus,
analysis of trend of monthly trend of Covid-19 data using
Sen’s Innovative Method further facilitated the pinpointing
of the change-over of the pandemic progression in India.
These findings would be further corroborated with the slopes
(Eq. 1) evaluated in the following sub-section.

Progression of Slope of Trend Over Various Time
Scales (March 2020 to November 2020)

The slopes of the trend, evaluated according to the Eq. 1,
are presented in Fig. 12a for daily new cases and Fig. 12b
for daily deaths occurring due to Covid-19 in India. These
figures are particularly informative about the shifting trend

of daily new cases as well as the daily deaths in India. The
slope value becomes negative (decreasing trend) in sec-
ond half, fourth quarter, and month of September when
considering the half, quarter and monthly data. However,
the interesting fact is that the plateau in slopes is identi-
fied in July, after which in August it reduces drastically to
almost half for daily new cases (July: 1365; August: 678) or
one-fourth for daily deaths (July: 15.21; August: 3.8) and
eventually becomes negative in September. This observa-
tion is valid for both the variables considered in this study,
though the numerical values are different. The negative slope
decreases in the month of November for both new cases as
well as daily deaths. Thus it is concluded that early identi-
fication of plateau and start of the decreasing trend can be
possible when using Sen’s Innovative Method for estima-
tion of slope, along with the graphical trend analysis. Such
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Fig.7 Percent increase over previous day’s total: a 02 March 2020 to 28 November 2020 b 17 September to 28 November 2020

information could be vital in formulating policies for control
of pandemic and de-regulating the lock-down conditions as
implemented for India during Covid-19 pandemic. The turn-
around of new cases and deaths happened in the month of
July, after Unlock-1 being implemented in June and thereby
it is highlighted that this method could provide crucial inputs
for government planning. However, a note of caution: this
analysis presented here is performed by taking India as a
whole. Similar analysis at state and district level would be
advocated to critically monitor the pandemic progression in
different states or districts.

@ Springer *

Discussion

The trend analysis using Sen’s Innovative Method was found
to be quite effective in detecting the variations in the trend
of Covid-19 pandemic in India. Particularly when smaller
segments of the time series were separately analyzed, the
variation of trend over time was clearly discernable. The
slope estimator in Sen’s Innovative Method could provide
valuable information about the variable reaching the pla-
teau, in advance of other reported methods of trend detec-
tion for Covid-19 in India. The plateau of the daily new
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cases and the daily deaths could be identified in the month
of July—2 months before it was reflected in the time series
plot or moving average plot. Hence, this method would be
extremely helpful for monitoring pandemic situation for
India similar to Covid-19, and other epidemiological cases.
When applied at the state or district data, this method could
highlight the state-specific or district-specific trends and any
adjustments to the national policies required at local levels
would be easy to formulate and implement. In this study,
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Fig.9 Trend of Covid-19 in India using Sen’s Innovative Method:
02 March to 28 November 2020 in two halves a Daily new cases; b
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the analysis was limited to the two basic data, the daily new
cases and the daily deaths reported for Covid-19 in India.
However, it might be necessary to monitor other basic vari-
ables (say, recoveries or active cases) or derived variables
(tests performed and positive results, virus reproduction rate,
case fatality rate, doubling period, etc.) for better apprecia-
tion of epidemic situation. Sen’s Innovative trend analysis
can be performed for any other variable, basic or derived,
and useful information would be obtained in a similar
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manner, as discussed for the daily new cases and daily deaths
in this study. It is reiterated here that for the rapidly evolving
pandemic scenario segmenting of the entire time period was
necessary to correctly appreciate the variation of the trend of
transmission or fatality due to Covid-19 in India.

It should be noted that whereas in this study, the seg-
mentation of the entire period was performed up to monthly
data, further segmenting or different segmenting could also
be performed to examine the effects of lockdown and other
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Fig. 11 Monthly trend of Covid-19 in India using Sen’s Innovative
Method: march to november 2020 a daily new cases; b daily deaths

control measures, or Unlock and other de-regulating meas-
ures, introduction of vaccine to the populations, or other
significant controlling factor pertaining to disease transmis-
sion, progression, or fatality. Therefore, analysis of trend
of different variables of interest, coupled with a study of
the estimated slope of trend line adopting Sen’s Innovative
Method—performed over judiciously chosen time segments
would be suggested for monitoring and control of the epi-
demic scenarios in future. This small case study has indi-
cated immense potential of this approach for understanding



Transactions of the Indian National Academy of Engineering (2021) 6:507-521

519

(a)1600_'l'l'|'

1400
1200
1000
800
600
4001 *
200 ] *
01
-200 7
-400
-600
-800

Slope

-1000 *

Innovative Sen's Slope: New Cases

1200 1
-1400 1

*

-1600

First Half ]

March-November-|
Second Half

(b)

First Quarter
Second Quarter ]

Third Quarter |
Fourth Quarter

March
April ]
May ]
June ]
July ]

August ]

September +

October ]
November H

157

107

Slope

*

Innovative

Sen's Slope: Deaths

A5 L*

First Half

March - November—
Second Half

First Quarter |
Second Quarter |

Third Quarter |
Fourth Quarter

June o
July ~

T
>
©

=

March |
April
August -

September

October %
November -

Fig. 12 Slope of trend of Covid-19 in India using Sen’s Innovative
Method over different temporal durations, 02 March to 28 November
2020 a daily new cases b daily deaths

the epidemic progression trend and this in turn would be
valuable for formulation of government policies for control
of spread of the epidemic.

Conclusions

In this article, Sen’s Innovative method of trend analysis was
applied for evaluating the epidemiological trend, with the
case study of Covid-19 pandemic data (daily new cases and

daily deaths) from India. The following conclusions can be
drawn from the limitations of the study:

e Sen’s Innovative Method is effective in capturing the
epidemiological trend, and its progression over time, as
demonstrated for Covid-19 pandemic in India.

e The test provided more insights on the progression of
pandemic in India when the entire data were disaggre-
gated into smaller segments, up to monthly time interval.

e The evaluation of slope by Sen (2015) formulation, which
is suggested for analysis of trend by Sen’s Innovative
Method, used along with the graphical trend detection
by Sen (2012) could provide crucial inputs for formulat-
ing and modifying government policies of regulation or
de-regulation in rapidly evolving pandemic scenarios.

e The turn-around for India as a whole could be identified
in month of July 2020, using Sen’s Innovative Method,
for both new cases and daily deaths. This could be iden-
tified two months earlier than the time series plots or
moving average plots.

e The normalized scatter plots for depicting the trend by
Sen’s (2012) innovative method, as proposed in this
study, helped efficient representation of the variation of
trend over different time intervals.

This study was limited to analysis of two variables,
namely, daily new cases and daily deaths. For both these var-
iables, the evolution of trend over time remained mostly sim-
ilar. Other variables of interest such as recoveries or active
cases, and derived variables such as tests performed and
positive results, virus reproduction rate, case fatality rate,
doubling period, etc., could provide further insight into the
evolution of the epidemic. Effect of significant events such
as specific regulating or de-regulating policy, or healthcare
landmarks such as vaccination campaign can be examined
by analysis of trend in this approach, before and after the
event. A detailed analysis of the data from individual states
along with that of entire country, would be more informative
and the same is advocated for better insights in the Covid-19
trends of different states or regions in India. The information
would provide important inputs for adjusting the national
policies according to the state-specific trend and progression
of the pandemic. Corroboration of the findings of the trend
analysis with the other mathematical or statistical models
could be interesting. Validation of Sen’s Innovative Method
for epidemiological trend analysis might be performed with
data from other countries / epidemic in future for general-
izing the conclusions drawn from this study.
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