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Abstract The novel Coronavirus (COVID-19) incidence in India is currently ex-
periencing exponential rise with apparent spatial variation in growth rate and
doubling time. We classify the states into five clusters with low to high-risk cat-
egory and identify how the different states moved from one cluster to the other
since the onset of the first case on 30th January 2020 till the end of 15th September
2020. We cluster the Indian states into 5 groups using incrementalKMN clustering
[20]. We observed and comment on the changing scenario of the formation of the
clusters starting from before lockdown, through lockdown and the various unlock
phases.

Keywords COVID-19 · clustering · growth rate · doubling time

1 Introduction

A severe acute respiratory disease, caused by a novel coronavirus, (COVID-19)
started spreading in the month of November- December 2019 throughout China
and received worldwide attention. The World Health Organization (WHO) offi-
cially declared the novel coronavirus (COVID-19) epidemic on 30th January 2020
as a public health emergency of international concern.
In India, the first case of novel coronavirus (COVID-19) was detected on 30th

January in the State of Kerala [25]. As the number of confirmed novel coronavirus
positive cases closed 500, the Govt. of India introduced “Janta Curfew” on 19th

March 2020 and after that Govt. of India enforced 21 days lockdown Phase-I na-
tionwide from 25th March – 14th April 2020 with nearly all services and factories
were suspended [22].
As the number of confirmed cases of COVID-19 increased, on 14th April 2020,
Govt. of India extended the lockdown Phase-I period till 3rd May 2020 i.e. lock-
down Phase-II, with certain relaxations [6,9]. In Phase-II, the lockdown area were
categorised into three zone “red zone”, “orange zone”, and “green zone” based on
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number of confirmed cases [5].
On 1st May 2020, the Ministry of Home Affairs (MHA) and the Government of
India (GoI) further extended the lockdown period i.e Phase-III to two weeks be-
yond 4th May based on the number of cases, with some relaxations [18,16].
Again, the National Disaster Management Authority (NDMA) and the Ministry
of Home Affairs (MHA) extended the lockdown i.e. Phase-IV for a period of two
weeks from 18th − 31st May 2020 on 17th May 2020 with additional relaxations.
In this phase, the local bodies were given the authority to demarcate containment
and buffer zones [4,8,17].
With a focus on the economy of India, the MHA issued fresh guidelines for the
month of June 2020 based on containment zones in Phase-V. This phase is also
known as “Unlock 1.0” [21].
The phase-VI of lockdown with limited restriction began on 1st July 2020 only in
containment zones under the guidelines and instructions of the Ministry of Home
Affairs (MHA) and the National Disaster Management Authority (NDMA). In all
other areas of India till 31st July 2020, most of the activities were permitted except
educational institutions, metros, recreational activities. This phase of lockdown is
also known as “Unlock 2.0” [24].
Again, the National Disaster Management Authority (NDMA) and the Ministry
of Home Affairs (MHA) extended the lockdown i.e. Phase-VII for a period for 1st

August- 31st August 2020 with minimum restrictions. This phase of lockdown is
known as “Unlock 3.0” [1,3].
On August 29, 2020, the Ministry of Home Affairs (MHA) has issued fresh guide-
lines for activities in lockdown Phase-VIII i.e “Unlock 4.0” [2]. In this phase, again
the educational institutions have remained closed and metro rail, religious, enter-
tainment, political, sports, academic functions and gatherings of up to 100 people
were allowed [2].
The current surge in the number of COVID-19 cases has created a new social-
demographic problem across India with a lot of fatalities. The machine learning
community is continuously trying to predict the outcome of the disease in terms
of number of cases, number of fatalities, etc. and has been quite successful at that.
One can see [26,13,12,7,19,11] for different approaches in the literature. Cluster
analysis can be effectively used to predict the number of cases of COVID-19. Clus-
ter analysis is an important data analysis tool that searches patterns in a data set
by grouping the data objects into clusters with respect to certain criteria. It plays
a significant role in almost every area of science and engineering, like video pro-
cessing, image processing, text analysis, bioinformatics, market research, privacy
and security, wireless sensor networks, web social networks analysis, and document
clustering, etc [10].
In this article, our main objective is to classify the states and UTs of India with
respect to the daily incidence of positive cases of COVID-19 in five clusters des-
ignated as low to high-risk category. Then to study the dynamics of how the
states and UTs changed clusters in phases over the period stretching from 1st case
through the lockdowns, unlocks and up to 15th September 2020. For the process
of clustering, we have used the Incremental k -means clustering (incrementalKMN)
method [20] which is based on k -means [10] clustering method and provides im-
provement over the latter in the quality of clusters in term of minimizing the total
Sum of Squared Error (SSE) [10].
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2 Methodology

2.1 Clustering

Let us suppose, D = {x1, x2, . . . . . . ., xn}, be a data set with n number of data
elements, and each data element characterized with m number of features : xi=
{xi,1, xi,2, . . . . . . ..xi,m }. The main objective of clustering is to group these data
elements into homogeneous sub-groups such that the intra-cluster similarities are
high while inter-cluster similarities are low. The data elements in each sub-group
are called a cluster, and the union of all sub-groups is equal to the dataset D.
Clustering methods have been classified into five different categories, i.e., Partition-
based, density-based, hierarchical-based, grid-based and model-Based [10]. In the
last few decades, clustering algorithms have been extensively used to solve the
problem of data-mining.
In this research, we have used incrementalKMN [20] clustering method on novel
coronavirus (COVID-19) data set of India based on confirmed cases, which pro-
duced the k desired number of group of states of India i.e. the data set has been
divided into k number of group of states. We apply the growth rate and dou-
bling time from equation 1 and equation 2 on the k clusters produced by incre-
mentalKMN [20] clustering method. The steps of incrementalKMN clustering is
given below:

Step 1: Select the value of k and dataset D
Step 2: Set i = 1 and C = φ, where C is the centroid list, which is initially empty.
Step 3: Select first centroid i.e. ci as mean of a given dataset D.
Step 4: Update the centroid list C = C ∪ {ci}.
Step 5: Assign each data objects to its nearest centroid.
Step 6: Compute the SSE of each cluster.
Step 7: Select ith center i.e. (i ∈ 2, 3, ..., k) is selected from maximum SSE of a

cluster. The ith center is a maximum distance from the data object and
the centroid of maximum SSE cluster.

Step 8: Repeat step 4 until it reaches k number of centroids and from the k number
of clusters.

2.2 Compound Growth Rate [15]:

We have used compound growth rate over regular time intervals of confirmed case
for each state phase wise. The growth rate of each state is computed as:

Growthrate =

(

Present Confirmed Case

Past Confirmed Case

)( 1
n
)
− 1 (1)

where, Present Confirmed Case is the number of confirmed positive cases on
present date, Past Confirmed Case is a number of confirmed positive cases on
start date and n is a the number of days.
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Fig. 1: The flowchart of Proposed Method

2.3 Doubling Time [14]:

Doubling time is the time it takes for a confirmed case to double in size. The
doubling time of confirmed case for each cluster is computed with the help of
equation 1, which is described as:

DoublingTime =
ln(2)

ln(1 +Growthrate)
(2)

where, ln stand for natural logarithm.
The complete flowchart of the methodology adopted is given in Fig 1.
In Fig 1, the proposed method start with input data set D and value of k, which
we have considered as 5. In the next step, we have applied the incrementalKMN
clustering method to get the desired k number of clusters. In the next phase of
the flowchart, it computes the growth rate and doubling time for each of the k

clusters produced by the incrementalKMN clustering method.

3 Data Source

The data set of novel coronavirus (COVID-19) daily confirmed cases state-wise is
collected from https://api.covid19india.org/. In this data set, the total num-
ber of confirmed cases in India was 50,14094 from 30th January to 15th Septem-
ber 2020. In novel coronavirus dataset, we have considered the following states
and UTs, as AN (Andaman and Nicobar Islands), AP (Andhra Pradesh), AR
(Arunachal Pradesh), AS (Assam), BR (Bihar), CH (Chandigarh), CT (Chhattis-
garh), DN (Dadra and Nagar Haveli and Daman and Diu), DL(Delhi), GA (Goa),
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Fig. 2: Result of COVID-19 dataset before lockdown using IncrementalKMN clus-
tering method(k=5)

GJ (Gujarat), HR (Haryana), HP (Himachal Pradesh), JK (Jammu and Kash-
mir), JH (Jharkhand), KA (Karnataka), KL (Kerala), LA (Ladakh), MP (Madhya
Pradesh), MH (Maharashtra), MN (Manipur), ML(Meghalaya), MZ(Mizoram),
NL(Nagaland), OR (Odisha), PY (Puducherry), PB (Punjab), RJ (Rajasthan), SK
(Sikkim), TN (Tamil Nadu), TG (Telangana), TR (Tripura), UP (Uttar Pradesh),
UT (Uttarakhand), WB (West Bengal).

4 Result and Discussion

We have considered five different groups of states namely (i) high-risk, (ii) moderate-
high, (iii) moderate, (iv) moderate-low, and (v) low-risk states with respect to the
daily incidence of COVID-19 positive confirmed cases. The incrementalKMN clus-
tering was used over the Indian COVID-19 dataset with k = 5. The first cluster
with highest number of confirmed cases is therefore a high-risk group. The second
cluster has the second highest confirmed cases and is a moderate-high group and
so on. The fifth cluster has the lowest number of confirmed cases and is a low-risk
group. The detailed phase-wise analysis is narrated in the next 6 subsections.

4.1 Scenario of novel coronavirus (COVID-19) in India Before Lockdown:

The first confirmed case of novel coronavirus in India was reported on 30th Jan-
uary 2020 in the state of Kerala [25]. The number of confirmed COVID-19 positive
cases was approximately 500 on 19th March 2020 and by 24th March 2020 that is
before lockdown the number of positive cases reached 658. In Fig 2 which depicts
the situation prior to the start of the lockdown based on the number of confirmed
cases, the states {MH and KL} were in the high-risk state, {HR and UP} were
in moderate-high risk state, Union Territory DL and the state KA were in mod-
erate risk state, {GJ, LA, PB, RJ, TG} were in moderate-low risk states and the
remaining states and UTs were on the low-risk states.
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Table 1: Results on Novel coronavirus (COVID-19) before lockdown Dataset in
India

Cluster ID Before Lockdown List of States and UTs

Growth Rate (Approx) Doubling Time (days)
I 23% 3.35 KL,MH
II 22% 3.48 DL,KA
III 26% 3.00 GJ,LA,PB,RJ,TG
IV 8% 9.01 HR,UP
V 7% 10.25 AN,AP,AR,AS,BR,

CH,CT,DN,GA,HP,
JK,JH,MP,MN,ML,
MZ,NL,OR,PY,SK,
TN,TR,UT,WB

Fig. 3: Result of COVID-19 Lockdown Phase-I dataset using IncrementalKMN
clustering method (k=5)

In Table 1, the growth rate and doubling time (in days) of each cluster of states
are shown. The growth rate of clusters I, II, and III states i.e. {GJ, LA, PB, RJ,
TG}, {KL, MH}, {DL, KA} were approximately same and doubling time was 3-4
days (approximately). Whereas, the growth rate of cluster IV i.e. the states {HR
and UP} were much lees that the top 3 cluster but close to that of cluster V, and
doubling time of 9 days (approximately) was nearly 3 time that of the top clusters.
For the rest of the states and UTs before lockdown, the growth rate was low, and
the doubling time was approximately 10-11 Days.

4.2 Scenario of Novel coronavirus (COVID-19) in India Lockdown Phase-I:

The first lockdown in India started on 25th March 2020, when nearly all services
and factories were suspended and continued till 14th April 2020 [22]. In Fig 3
based on the number of confirmed cases, the state MH was still in the high-risk
category state, the Union Territory DL and the state TN were in moderate-high
risk state. Whereas the states {AP, GJ, KL, MP, RJ, TG, UP} were in moderate
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and {HR, JK, KA, PB, WB} were in moderate-low risk category and followed by
the following states and {UTs AN, AR, AS, BR, CH, CT, DN, GA, HP, JK, JH,
LA, MN, ML, MZ, NL, OR, PY, SK, TR, UT} in the low-risk category of states.

Table 2: Results on Novel coronavirus (COVID-19) Phase-I Dataset in India

Cluster Before Lockdown Phase-I States

Id Growth Doub- Growth Doub- and

Rate ling Rate ling UTs

(Approx) Time (Approx) Time
I 29% 2.72 15% 4.96 MH
II 17% 4.41 19% 3.98 DL,TN
III 22% 3.48 15% 4.96 AP,GJ,KL,MP,RJ,TG,UP
IV 20% 3.80 11% 6.64 HR,JK,KA,PB,WB
V 4% 17.67 8% 9.01 AN,AR,AS,BR,CH,CT,DN,

GA,HP,JH,LA,MN,ML,
MZ,NL,OR,PY,SK,TR,UT

The growth rate and doubling time for all the states in different clusters are
shown in Table 2. Accordingly, the growth rate of the state of MH before the lock-
down was high and in lockdown phase-I, the growth rate decreased considerably
from 29% to 15%. Similarly, the 3 days doubling time before the lock down climbed
up to 5 days after lockdown phase-I. On the contrary, the average growth rate of
cluster II i.e. {DL, TN} has increased, and doubling time in lockdown phase-I was
decreased as compared to before lockdown. Similarly, the average growth rate and
doubling time of cluster III and IV i.e. states {AP, GJ, KL, MP, RJ, TG, UP} and
states {HR, JK, KA, PB, WB} have improved in lockdown phase-I. But in cluster
V i.e. states and UTs {AN, AR, AS, BR, CH, CT, DN, GA, HP, JH, LA, MN,
ML, MZ, NL, OR, PY, SK, TR, UT}, the average growth rate has increased and
doubling time also decreased in lockdown phase-I as compared to before lockdown.

4.3 Scenario of Novel coronavirus (COVID-19) in India Lock down Phase-II:

In phase-II, the lockdown was extended nationwide up to 3rd May 2020 with
certain relaxations [6,9]. In Fig 4 based on the number of confirmed cases, the
state MH was again sitting in the high-risk category of states and the Union
Territory DL and state GJ were in moderate-high risk state. Similarly, the states
{MP, RJ, TN, UP} were in moderate risk state and {AP, JK, KA, KL, TG, WB}
were in moderate-low risk state, and the rest of the states and UTs were in the
low-risk state.
Table 3 shows the growth of the rate and doubling time of each cluster of states
and UTs. The growth rate for both the cluster I that is {MH} and cluster II i.e.
{DL and GJ} reported as 8% is a substantial decrease from their 15% and 17%
in lockdown phase-I respectively. Similarly, the doubling time of approximately 9
days for these two clusters have nearly doubled as compared to lock down phase-
I. Similarly, the growth rate of cluster III comprising {MP, RJ, TN, UP} has
decreased from 17% in lockdown phase -I to 6% (approximately) in lockdown
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Fig. 4: Result of COVID-19 Lockdown Phase-II data set using IncrementalKMN
clustering method (k=5)

Table 3: Results on Novel coronavirus (COVID-19) Phase-II Dataset in India

Cluster Before Lockdown Phase-I Phase-II States

Id Growth Doub- Growth Doub- Growth Doub- and

Rate ling Rate ling Rate ling UTs

(Approx) Time (Approx) Time (Approx) Time
I 29% 2.72 15% 4.96 8% 9.01 MH
II 39% 2.10 17% 4.41 8% 9.01 DL,GJ
III 14% 5.29 17% 4.41 6% 11.89 MP,RJ,TN,UP
IV 21% 3.64 13% 5.67 5% 14.21 AP,JK,KA,KL,TG,WB
V 5% 14.21 8% 9.01 4% 17.67 AN,AR,AS,BR,

CH,CT,DN,GA,
HR,HP,JH,LA,

MN,ML,MZ,NL,OR,
PY,PB,SK,TR,UT

phase-II, and doubling time has gone from 5 days to 12 days (approximately).
The growth rate of cluster IV i.e., {AP, JK, KA, KL, TG, WB} has decreased
from 13% (approximately) in lockdown phase-I to 5% in lockdown phase-II, and
doubling time has increased from 6 days to 14 days (approximately). Finally, the
growth rate of cluster V i.e. {AN, AR, AS, BR, CH, CT, DN, GA, HR, HP, JH, LA,
MN, ML, MZ, NL, OR, PY, PB, SK, TR, UT} has improved in fact nearly half as
compared to lock down phase-I and the doubling time of 18 days (approximately)
was nearly double as compared to 9 days lockdown phase-I.

4.4 Scenario of Novel coronavirus (COVID-19) in India Lockdown Phase-III:

Third phase of lockdown started from 4th–17th May 2020 with some more relax-
ations [18,16]. The country was divided into 3 zones: red zones, orange zones, and
green zones [23]. In Fig 5, again the state MH was in a high-risk category, and
DL, GJ, and TN formed the moderate-high risk category. The states {MP, RJ,
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Fig. 5: Result of COVID-19 Lockdown Phase-III dataset using IncrementalKMN
clustering method (k=5)

UP} were in moderate risk, {AP, JK, KA, PB, TG, WB} were in moderate-low
risk state, and the rest of the states and UTs were in the low-risk category.

Table 4: Results on Novel coronavirus (COVID-19) Phase-III Dataset in India

Cluster Before Lockdown Phase-I Phase-II Phase-III States

Id Growth Doub- Growth Doub- Growth Doub- Growth Doub- and

Rate ling Rate ling Rate ling Rate ling UTs

(Approx) Time (Approx) Time (Approx) Time (Approx) Time
I 29% 2.72 15% 4.96 8% 9.01 6% 11.89 MH
II 32% 2.50 18% 4.19 7% 10.24 6% 11.89 DL,GJ,TN
III 13% 5.67 17% 4.41 6% 11.89 4% 17.67 MP,RJ,UP
IV 22% 3.48 14% 5.29 6% 11.89 4% 17.67 AP,JK,KA,

PB,TG,WB
V 5% 14.21 8% 9.01 3% 23.45 4% 17.67 AN,AR,AS,

BR,CH,CT,
DN,GA,HR,
HP,JH,KL,
LA,MN,ML,
MZ,NL,OR,
PY,SK,TR,

UT

A significant observation from Table 4 is that in phase-III the growth rate of
confirmed cases of all clusters except cluster V due to lockdown have decreased
and the doubling time of all clusters increased except for cluster V. The doubling
time of cluster I and II i.e. {MH} and {DL, GJ, TN} have increased to 12 days
(approximately). Similarly, the doubling time of cluster III, IV and V i.e. the states
and UTs {MP, RJ, UP}, {AP, JK, KA, PB, TG, WB} and {AN, AR, AS, BR,
CH, CT, DN, GA, HR, HP, JH, KL, LA, MN, ML, MZ, NL, OR, PY, SK, TR,
UT} have gone down up to 18 days approximately.
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Fig. 6: Result of COVID-19 Lockdown Phase-IV dataset using IncrementalKMN
clustering method (k=5)

4.5 Scenario of Novel coronavirus (COVID-19) in India Lockdown Phase-IV:

In phase-IV, the lockdown was extended for another two weeks from 17th − 31th

May 2020 with some additional relaxations. Here, red zones were further divided
into containment and buffer zones [4,8,17]. In Fig 6, the state MH was remained
in the high-risk state based on the number of confirmed cases, and {DL, GJ, TN}
were in moderate-high risk state. The states {MP, RJ} were in a moderate-risk
group, {AP, BR, JK, KA, PB, TG, WB} were in moderate-low risk, and the rest
of the states were in the low-risk state.
The growth rate of clusters I and II decreased marginally while that of II and
IV remained almost the same as in the previous phases of lockdown. Now the
doubling time of cluster I i.e. the state MH is 14 days (approximately) and cluster
II, III, and IV i.e. the states and UTs {DL, GJ, TN}, {MP, RJ, UP}, and {AP,
BR, JK, KA, PB, TG, WB} are all 18 days (approximately). But for cluster V
the growth rate more than doubled from phase II. This may be attributed to the
home coming of migrants from the red zone. Similarly, the situation is reflected
with the doubling time as well. Except for the cluster V, all clusters in lockdown
phase-IV has increased their doubling time. For cluster V, i.e. the states and UTs
{AN, AR, AS, CH, CT, DN, GA, HR, HP, JH, KL, LA, MN, ML, MZ, NL, OR,
PY, SK, TR, UT} doubling time deteriorated from 18 days to 8 days in Table 5.

4.6 Scenario of Novel coronavirus (COVID-19) in India Lockdown Phase-V:

The phase V (or Unlock-I) of lockdown started from 1st−30th June 2020 with only
limited restrictions [21] .In our study, we have considered the novel coronavirus
(COVID-19) data set till 20th June 2020. The state MH was in the high-risk state
based on the number of confirmed cases and {DL, TN} was in moderate-high risk
state which is shown in Fig 7. Similarly, the state GJ was in moderate risk state,
and {MP, RJ, UP, WB} were in moderate-low risk state, and the rest of the states
and UTs were in the low-risk state.
Table 6 shows the growth rate of all clusters has decreased or remained the same
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Table 5: Results on Results on Novel coronavirus (COVID-19) Phase-IV Dataset
in India

Cluster Before Lockdown Phase-I Phase-II Phase-III Phase-IV States

Id Growth Doub- Growth Doub- Growth Doub- Growth Doub- Growth Doub- and

Rate ling Rate ling Rate ling Rate ling Rate ling UTs

(Approx) Time (Approx) Time (Approx) Time (Approx) Time (Approx) Time

I 29% 2.72 15% 4.95 8% 9.01 6% 11.89 5% 14.21 MH

II 32% 2.50 18% 4.19 7% 10.24 6% 11.89 4% 17.67 DL,GJ,TN

III 13% 5.67 17% 4.414 6% 11.89 4% 17.67 4% 17.67 MP,RJ,UP

IV 21% 3.63 14% 5.29 7% 10.24 4% 17.67 4% 17.67 AP,BR,JK,KA,
PB, TG, WB

V 5% 14.21 8% 9.01 3% 23.45 4% 17.67 9% 8.04 AN,AR,AS,CH,
CT,DN,GA,HR,
HP,JH,KL,LA,
MN,ML,MZ,NL,

OR,PY,SK,TR,UT

Fig. 7: Result of COVID-19 Lockdown Phase-V dataset till 20th June 2020 using
IncrementalKMN clustering method (k=5)

in lockdown phase-V as compared to previous phases. Similarly, the doubling time
of all clusters has increased or remained the same. The doubling time of cluster
I i.e. the state MH is in 24 days (approximately). Similarly, cluster II i.e. the
states {DL, TN} required 14-15 days (approximately) to double and cluster III
i.e. the state GJ is required 35 days to double. The cluster IV and V have 24 days
(approximately) and 9 days (approximately) of doubling time.
From what we have found it was expected that some of the states/UTs lying in
the Category V will soon move to the Category IV in the next week or so starting
21th June 2020.
In order to verify this, we have then extended our study covering data up to 30th

June 2020 to cover the full Unlock I period to see how the cluster changed in
the last 10 days of this phase. The result is shown in Fig 9. As expected some of
the states {AP, AS, BR, HR, JK, KA, OR, PB, TG} which were in Category V
moved to category IV. In fact from Fig 8 where we have demarcated 6 instead of
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Fig. 8: Result of COVID-19 Lockdown Phase-V dataset till 20th June 2020 using
IncrementalKMN clustering method (k=6)

Fig. 9: Result of COVID-19 Lockdown Phase-V dataset using IncrementalKMN
clustering method (k=5)

5 clusters to reveal hidden groups with the cluster V gave a clear indication of the
tendency of the above states to move towards the next higher risk category (see
also Table 7).
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Table 6: Results on Novel coronavirus (COVID-19) Phase-V Dataset till 20, June
2020 in India

Cluster Before Lockdown Phase-I Phase-II Phase-III Phase-IV Phase-V till 20, June States

Id Growth Doub- Growth Doub- Growth Doub- Growth Doub- Growth Doub- Growth Doub- and

Rate ling Rate ling Rate ling Rate ling Rate ling Rate ling UTs

(Approx) Time (Approx) Time (Approx) Time (Approx) Time (Approx) Time (Approx) Time

I 29% 2.72 15% 4.96 8% 9.01 6% 11.89 5% 14.21 3% 23.45 MH

II 17% 4.41 19% 3.98 5% 14.21 7% 10.24 5% 14.21 5% 14.21 DL,TN

III 60% 1.47 14% 5.29 11% 6.64 5% 14.21 3% 23.45 2% 35.00 GJ

IV 18% 4.19 16% 4.67 7% 10.24 4% 17.67 4% 17.67 3% 23.45 MP,RJ,
UP,WB

V 8% 9.01 9% 8.04 4% 17.67 4% 17.67 8% 9.01 8% 9.01 AN,AP,AR,
AS,BR,CH,
CT,DN,GA,
HR,HP,JK,
JH,KA,KL,
LA,MN,ML,
MZ,NL,OR,
PB,PY,SK,
TG,TR,UT.

Table 7: Results on Novel coronavirus (COVID-19) Phase-V Dataset in India

Cluster Before Lockdown Phase-I Phase-II Phase-III Phase-IV Phase-V States

Id Growth Doub- Growth Doub- Growth Doub- Growth Doub- Growth Doub- Growth Doub- and

Rate ling Rate ling Rate ling Rate ling Rate ling Rate ling UTs

(Approx) Time (Approx) Time (Approx) Time (Approx) Time (Approx) Time (Approx) Time

I 29% 2.72 15% 4.96 8% 9.01 6% 11.89 5% 14.21 3% 23.45 MH

II 17% 4.41 19% 3.98 5% 14.21 7% 10.24 5% 14.21 5% 14.21 DL,TN

III 26% 3.00 16% 4.67 8% 9.01 4% 17.67 4% 17.67 3% 23.45 GJ,MP,RJ,UP,
WB.

IV 12% 6.12 15% 4.96 5% 14.21 5% 14.21 7% 10.24 5% 14.21 AP,AS,BR,HR,
JK,KA,OR,TG

V 6% 11.89 6% 11.89 3% 23.45 3% 23.45 9% 8.04 7% 10.24 AN,AR,CH,CT,
DN,GA,HP,JH,
KL,LA,MN,ML,
MZ,NL,PY,PB,

SK,TR,UT

4.7 Summary of Findings of data till June 2020

i. From the high-risk category in the pre lockdown period KL (Kerala) moved
to the low-risk category while MH (Maharashtra) remained in the high-risk
category throughout the period. Whether this can be interpreted as successful
implementing of lockdown rules in KL is arguable.

ii. Lockdown seemingly had its impact on two other states HR (Haryana) and
UP (Uttar Pradesh) as these states improved and went down to low risk and
moderate low-risk category.

iii. We observed that some of the states like AP (Andhra Pradesh), AS (Assam),
BR (Bihar), HR (Haryana), JK (Jammu and Kashmir), KA (Karnataka), OR
(Odisha), PB (Punjab), and TG (Telangana) has been moving up the ladder
towards higher risk level in next phases of lockdown.

iv. Also it appears that some of the states/UTs where the onset was late might
show surge in coming days and weeks to move to a higher category of risk.

In next section, we extended our study to covering data upto 15th September 2020
to examine the above obsevations to justify our approach.
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Fig. 10: Result of COVID-19 Lockdown Phase-VI dataset using IncrementalKMN
clustering method (k=5)

5 Changing Clusters Scenario of Novel coronavirus (COVID-19) in
India from 1st July to 15th September 2020

5.1 Scenario of Novel coronavirus (COVID-19) in India Lockdown Phase-VI:

Sixth phase of lockdown (or Unlock-2.0) started from 1st–31st July 2020 with some
more relaxations as compared to Unlock-1.0. In this phase of lockdown, most of
the activities were permitted except educational institutions, metros, recreational
activities. In Fig 10, the state MH was in a high-risk category, and {DL, TN}
formed the moderate-high risk category and DL will soon move to the next lower
risk category in next week or starting 1st August 2020. The states {AP, GJ,
KA, TG, UP, WB} were in moderate risk, {AS, BR, HR, MP, OR, RJ} were in
moderate-low risk state, and the rest of the states and UTs were in the low-risk
category.
Table 8 shows the growth rate and doubling time of each cluster of states and
UTs. As compared to Phase-V, The growth rate and doubling time of cluster I
and cluster IV that is {MH} and {AS, BR, HR, MP, OR, RJ} remained same
in lockdown phase-VI. Cluster II i.e. {DL and TN} reported as in approximately
2% is a substantial decrease from their 5% (approximately) phase-V respectively.
Similarly, the doubling time of approximately 31 days nearly doubled as compared
to lock down phase-V. Similarly, the growth rate of cluster III comprising {AP, GJ,
KA, TG, UP, WB} has increased from 4% (approximately) in lockdown phase-V
to 5% (approximately) in lockdown phase-VI, and doubling time has gone from 17
days to 15 days (approximately). Finally, the growth rate of cluster V i.e. {AN,
AR, CH, CT, DN, GA, HP, JK, JH, KL, LA, MN, ML, MZ, NL, PY, PB, SK,
TR, UT} has improved as compared to lockdown phase-V and the doubling time
required 16-17 days (approximately).

5.2 Scenario of Novel coronavirus (COVID-19) in India Lockdown Phase-VII:

In Phase-VII or (Unloack 3.0), the lockdown was extended for another one month
from 1st−31st August 2020 with limited restrictions. The state MH was in a high-
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Table 8: Results on Novel coronavirus(COVID-19) Phase-VI (Unlock 2.0) Dataset
in India

Cluster Phase-V Phase-VI States

Id Growth Doub- Growth Doub- and

Rate ling Rate ling UTs

(Approx) Time (Approx) Time
I 3.10% 22.74 2.78% 25.26 MH
II 4.74% 14.97 2.24% 31.24 DL,TN
III 4.25% 16.65 4.80% 14.77 AP,GJ,KA,TG,

UP,WB.
IV 3.90% 18.14 3.90% 18.12 AS,BR,HR,MP,

OR,RJ.
V 7.03% 10.20 4.40% 16.11 AN,AR,CH,CT,

DN,GA,HP,JK,
JH,KL,LA,MN,
ML,MZ,NL,PY,
PB,SK,TR,UT.

Fig. 11: Result of COVID-19 Lockdown Phase-VII dataset using IncrementalKMN
clustering method (k=5)

Fig. 12: Result of COVID-19 Lockdown Phase-VII dataset using IncrementalKMN
clustering method (k=6)



16 Rabinder Kumar Prasad et al.

Table 9: Results on Novel coronavirus (COVID-19) Phase-VIII (Unlock 3.0)
Dataset in India

Cluster Phase-V Phase-VI Phase-VII States

Id Growth Doub- Growth Doub- Growth Doub- and

Rate ling Rate ling Rate ling UTs

(Approx) Time (Approx) Time (Approx) Time
I 3.10% 22.74 2.78% 25.26 1.98% 35.37 MH
II 4.58% 15.46 3.15% 22.36 1.73% 40.48 TN
III 4.91% 14.46 7.08% 10.13 3.34% 21.1 AP,KA
IV 4.01% 17.65 3.77% 18.74 2.45% 28.69 AS,BR,DL,GJ,OR,

RJ,TG,UP,WB.
V 6.75% 10.61 4.25% 16.67 3.16 % 22.27 AN,AR,CH,CT,DN,

GA,HR,HP,JK,JH,
KL,LA,MP,MN,ML,
MZ,NL,PY,PB,SK,

TR,UT.

risk category, and TN formed the moderate-high risk category and {AP, KA} was
in moderate risk state which is shown in Fig 11. The states and UTs {AS, BR,
DL, GJ, OR, RJ, TG, UP, WB} were in moderate-low risk state, and the rest of
the states and UTs were in the low-risk category.
From Table 9, the growth rate and doubling time of confirmed cases of all clusters
in Phase-VII has been improved as compared to Phase-VI i.e. “Unlock-2.0”.

We have observed from above that some of the states/UTs lying in the Category
III will soon merge to the Category II and some of the states/UTs lying in the
Category IV will soon move to Category III in the next week or so starting 1st

September 2020.

Again, in order to examine this, we have extended our study covering data up
to 15th September 2020 to cover the Unlock 4.0 period i.e. Phase-VIII to inspect
how the cluster changed in the last 15 days of this phase. The result is shown
in Fig 13. As we have expected that the some of the states and UT { DL, UP}
which were in Category IV moved up to category III. In fact from Fig 12 where
we have 6 instead of 5 clusters to demonstrate hidden groups with the cluster IV
gave a clear signal of the tendency of the above state towards the next higher risk
category (see also Table 10).

6 Conclusion

In this study, we used incrementalKMN [20] clustering method to classify the
Indian states and UTs in five different stages of risk on the basis of the number of
confirmed cases of novel coronavirus (COVID-19). We then evaluated the growth
rate and doubling time of confirmed cases of each cluster. As on 30th June 2020,
the state MH (Maharastra) was on high-risk category with the doubling time of
confirmed cases as 23-24 days (approximately). Similarly, the union territory of
DL (Delhi) and the state TN (Tamil Nadu) are in moderate-high risk state and
doubling time of these set of states is 14-15 days (approximate). The state GJ
(Gujarat) is in moderate risk sate and has decreased their growth rate during
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Fig. 13: Result of COVID-19 Lockdown Phase-VIII dataset till 15th September
2020 using IncrementalKMN clustering method (k=5)

Table 10: Results on Novel coronavirus (COVID-19) Phase-VIII (Unlock 4.0)
Dataset in India, till 15th September 2020

Cluster Phase-V Phase-VI Phase-VII Phase-VIII States

Id Growth Doub- Growth Doub- Growth Doub- Growth Doub- and

Rate ling Rate ling Rate ling Rate ling UTs

(Approx) Time (Approx) Time (Approx) Time (Approx) Time
I 3.10% 22.74 2.78% 25.26 1.98% 35.37 2.06% 33.98 MH
II 4.80% 14.78 5.77% 12.36 2.80% 25.08 1.67% 41.98 AP,KA,TN
III 4.12% 17.16 3.26% 21.59 2.18% 32.14 1.78% 39.28 DL,UP,WB
IV 3.64% 19.39 3.72% 18.99 2.65% 26.46 2.05% 34.19 BR,GJ,HR,KL,MP,

OR,PB,RJ,TG
V 7.34% 9.78 4.43% 16.00 3.22% 21.89 2.57% 27.30 AN,AR,AS,CH,CT,

DN,GA,HP,JK,JH,
LA,MN,ML,MZ,NL,

PY,SK,TR,UT

the lockdown phases and the doubling time of this state is 35 days (approximate).
Moreover, the states MP (Madhya Pradesh), RJ (Rajasthan), UP (Uttar Pradesh),
and WB (West Bengal) are in moderate-low risk state and the growth rate and
doubling time are same as the state of MH. Rest of the states are in the low-
risk cluster. Based on our observation, we expected some of the states namely
AP (Andhra Pradesh), AS (Assam), BR (Bihar), HR (Haryana), JK (Jammu and
Kashmir), KA (Karnataka), OR (Odisha), PB (Punjab), and the TG (Telangana)
to move next level of risk and it shows in later phases of lockdown.
Based on our findings are extended our study up to 15th September 2020 to cover
the Unlock 4.0 period and found the changing clusters as expected. As on 15th
September, 2020 i.e. Unlock 4.0, again the state MH (Maharastra) is on high-risk
category and the growth rate and doubling time are improved. Similarly, the state
TN (Tamil Nadu), AP (Andhra Pradesh) and KA (Karnataka) are in moderate-
high risk state. Based on our observation, the state/UTs DL (Delhi), UP (Uttar
Pradesh) and WB (West Bengal) are in moderate risk sate and has decreased their
growth rate and increased their doubling time during the unlock phase. Moreover,
the states AS (Assam), BR (Bihar), GJ (Gujarat), HR (Haryana), KL (Kerala),
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MP (Madhya Pradesh), OR (Odisha), PB (Punjab), RJ (Rajasthan) and the TG
(Telangana) which were in the low-risk group now are in moderate-low risk state.
Rest of the states are in the low-risk cluster.
The current study is based on the number of confirmed cases and subject to
reporting biases if any in the data source. We have not considered other relevant
factors, co-variate and non-pharmaceutical interventions which might completely
alter the picture favourably. Number of confirmed cases alone can not give a true
picture of the prevalence of the disease as it is proportional to the number of tests
conducted. Our aim in this work is not to prove or disprove anything but present
the pattern for everyone to see and realize that the situation we are in still remains
critical. There is no room to rejoice now by saying we are in low risk compared to
MH. Yes! MH is ahead of us but not in terms of numbers but we are behind them
in time scale and it is a matter of time before we reach and experience that stage.
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Figures

Figure 1

The �owchart of the Proposed Method



Figure 2

Result of COVID-19 dataset before lockdown using IncrementalKMN clustering method



Figure 3

Result of COVID-19 Lockdown Phase-I dataset using IncrementalKMN clustering method



Figure 4

Result of COVID-19 Lockdown Phase-II dataset using IncrementalKMN clustering method



Figure 5

Result of COVID-19 Lockdown Phase-III dataset using IncrementalKMN clustering method



Figure 6

Result of COVID-19 Lockdown Phase-IV dataset using IncrementalKMN clustering method



Figure 7

Result of COVID-19 Lockdown Phase-V dataset till 20th June 2020 using IncrementalKMN clustering
method(k=5)



Figure 8

Result of COVID-19 Lockdown Phase-V dataset till 20th June 2020 using IncrementalKMN clustering
method(k=6)



Figure 9

Result of COVID-19 Lockdown Phase-V dataset using IncrementalKMN clustering method



Figure 10

Result of COVID-19 Lockdown Phase-VI dataset using IncrementalKMN clustering method



Figure 11

Result of COVID-19 Lockdown Phase-VII dataset using IncrementalKMN clustering method



Figure 12

Result of COVID-19 Lockdown Phase-VIII dataset till $15^{th}$ September 2020 using IncrementalKMN
clustering method

Figure 13

Result of COVID-19 Lockdown Phase-VII dataset using IncrementalKMN clustering method


