Analysis of case Fatality Rate

due to COVID-19 for the

northern region of India

4

H

Q

-

Al

 patient

cough ™ epidemic

hox lm vent
irus pmvlm

i
i
i

face mask fover
pidemic
[\)
m -gplﬁ.n!"""l““'
v e
o
face mhgs >
global (?
§
i

4
i
n l;hl
™ B
4

:mﬂdﬂtz.mml
PIwLIpIda
SNIIABUOIOD
SNOoI}DIJUl

.a_.,Su—mmag..i..u. u.m .......u
I0TUIS IDAIJ

quarantine
Cce mas

@ coronavir
eases--
help e

[dis
“COVID
3

"
1 {lator ¢ a
£
fever




Project Name:

Analysis of Case Fatality Rate due to COVID-19 for the
northern region of India

Project Submitted by:
Subhrojit Das
Registration No.: 115-1111-0998-18
Roll No. : 183115-21-0219
For B.Sc. Statistics Honours DSE-B2



Index

0 Overview of Project
0 Abstract

0 Introduction

0 Methodology

0 Data Analysis

» Tabular and Graphical Representation with
Analysis
Comparison of State-wise Case Fatality Rate
Choice of appropriate curve
State-wise Case Fatality Rate and Forecasting
Case Fatality Rate of Northern Region and
Forecasting
* Important Notes
0 Interpretation
[0 Conclusion
0 Future Scope for Work
0 Appendix
0 Acknowledgement

[ Bibliography

1

2
3-6
6-8
9-39

39-41
41
42
42

42
44



T Overview:

Fitting appropriate curves of Case Fatality
Rate, Forecasting Case Fatality Rate for the
next few months, Interpreting the likely
conditions of Northern part of India including
the states(Himachal Pradesh, Jammu and
Kashmir, Ladakh, Sikkim, Uttar Pradesh,
Uttarakhand) during COVID-19 situation
(April'’20-June’25) .




7 Abstract

India is one of the severely affected countries in the world due to COVID19.
During the pandemic situation it has become a tough challenge to stabilise

sectors like agriculture, industry for economical purpose. It is also very
challenging for a developing country like India having such a large
population to prevent such infectious disease. As human resource is one of
the pillars of India’s development, the no. of deaths during COVID-19 is a
thing to be concerned. The govt. of India keeps the record of no. of
confirmed cases, active cases, deaths and cures of each state. Here, our
intention is to forecast the case fatality rate of northern region of
India(included states: Himachal Pradesh, Jammu and Kashmir, Ladakh,
Sikkim, Uttar Pradesh, Uttarakhand) for the next few years and observe the
probable figures when case fatality rate will be the lowest or the highest.
Forecasting of case fatality rate will help Govt. to plan the health policies, to
reform the health structure for the upcoming obstacles. In project, the Case
Fatality Rate is calculated from the no. of deaths and confirmed cases. Then,
an appropriate polynomial curve is fitted after observing the pattern of line
diagram of case fatality rate for the months April”20-May”21. From this, we
forecast the probable trend of COVID-19 over the Northern Region of India
including the states. It has been noticed that the case fatality rate is
sometimes high and sometimes low. Therefore, we notice that there are
several waves of COVID-19 disease are going to effect India.



7T Introduction:

Corona Virus Disease 2019 (COVID-19) was reported in Hubei, China on 31
December 2019 and the WHO declared a global pandemic disease after one
month. The infection was spreading at an alarming rate both domestically
and internationally. According to the WHO, more than 17 Cr confirmed
cases of COVID-19 and 36 lakh deaths have been reported globally as of 31
May 2021. The first case of COVID-19 in India, which originated from China,
was reported on 30 January 2020.Consequently, all commercial domestic
and international flights were suspended in March. On 24 March, with 519
confirmed cases and 9 deaths in the country, the Prime Minister announced
that India would be placed under a "total lockdown" for at least three
weeks. All non-critical businesses and services were ordered closed except
for hospitals, grocery stores, and pharmacies, and there was a "total ban"
on leaving the home for non-essential purposes. All public transport was
suspended. On 16 April, districts were divided into zones using a
colourcoded tier system based on incidence rates, classified as a "Red"
(hotspot), "Orange", or "Green" (little to no transmission) zone. All of India's
major cities fell into Red zones. Beginning 20 April, agricultural businesses
and stores selling farming supplies were allowed to resume operation, as
well as public works programmes, cargo transport, and banks and
government centres distributing benefits. Phase 3 and 4 of the lockdown
extended till 31 May, with incremental relaxations and changes. People
infected with COVID-19 may have little or no symptoms and the symptoms
ranged from mild symptoms to severe illnesses, and the incubation period
of COVID- 19 may last 2 weeks or longer. The disease may still be infectious
during the latent period of infection and the virus can spread through
respiratory droplets and close contact from person to person. In the fight
against the pandemic, it is crucial to be able to identify the rate at which the
epidemic spreads. Awareness at the level of spread at any given time has
the ability to help governments




Plan and develop public health policies to deal with the consequences of the
pandemic. The way to be aware of the magnitude of the spread, and thus
the timing of its peak, is to be able to accurately predict the number of active
cases at any given time. Epidemic mathematical models are best possible
technique in analysing the control and spread of infectious diseases. Time-
series analysis is a tool to extrapolate forecasts, in which the mathematical
model is established based on to the regularity and trend of the historical
values observed over time and has been commonly used in predicting the
spread of COVID-19. Modelling the disease and providing future forecasts
of the possible number of cases per day may help the health care system to
prepare for new patients. The statistical prediction models are therefore
useful both in predicting and monitoring the global threat of pandemic.
Therefore, it is extremely important to create models that are both
computationally competent and practical in order to help policy makers and
medical staff.

There are two measures used to assess the proportion of infected
individuals with fatal outcomes. The first is infection fatality rate (IFR), which
estimates this proportion of deaths among all infected individuals. The
second is case fatality rate (CFR), which estimates this proportion of deaths
among identified confirmed cases. (Here our only interest is Case Fatality
Rate)

» Dataset Description: Regular updates of officially confirmed cases of
COVID- 19 were collected from the website
https://www.covid19india.org/ . A daily dataset of North East region of
India is collected from April 2020 to May 2021. Here | include Himachal
Pradesh, Jammu and Kashmir, Ladakh, Sikkim, Uttar Pradesh,
Uttarakhand as Northern region of India. From this website | collect
confirmed cases, Active cases, recovered cases, number of deaths.

* Case Fatality Rate: It the proportion of persons with a particular
condition (e.g., patients) who die from that condition. The denominator
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is the number of persons with the condition; the numerator is the

number of cause-specific deaths among those persons. Formula:
Number of deaths from disease

CFR= *1000

Number of confirmed cases of disease

* Line Diagram: When the data vary over time, we take recourse to line
diagram. In a simple line diagram, we plot each pair of values of (x, y), "y"
representing the time series at the time point t in the "x—y" plane. The
plotted points are then joined successively by line segments and the
resulting chart is known as line-diagram.

* Polynomial Trend: If a polynomial is fitted to whole series by least
squares, it evidently gives the curvilinear regression of Uion the variable
‘t'. Let, polynomial of degree ‘p' in ‘t' is chosen to represent the trend
movement, viz, U= agt+ait+... +apt? ,where, ag, as,.. ,@p are constants. 't' is
time point. Polynomial trending describes a pattern in data that is curved
or breaks from a straight linear trend. It often occurs in a large set of data
that contains many fluctuations. As more data becomes available, the
trends often become less linear, and a polynomial trend takes its place.
Graphs with curved trend lines are generally used to show a polynomial
trend.

* Forecasting: Forecasting is a technique that uses historical data as inputs
to make informed estimates that are predictive in determining the
direction of future trends. It is an uncertain process as a whole and even
more so if the dataset doesn’t have an excellent trade line or if the
dataset is affected by too much variables in the real world.

O Northern Region of India: In the project work here we have consider six
states(Himachal Pradesh, Jammu and Kashmir, Ladakh, Sikkim, Uttar
Pradesh, Uttarakhand) as northern part of India. The Govt. Of India keeps
the records of COVID-19 disease on daily basis for the states individually.
Thus, we calculate the figures of active cases, deaths and cures combining
the states' figures based on per month.




O Included States: We have taken Himachal Pradesh, Jammu and Kashmir,
Ladakh, Sikkim, Uttar Pradesh, Uttarakhand as Northern Region of India.
The figures of Confirmed case and Death are different for every state for
each month. The main data is given in cumulative figures. We have
calculated the actual figures from the data.

T Methodology:

 ldentification of the variable: Here according to the collected data, the
number of confirmed cases, death cases and CFR are dependent. And the

time point is independent.

* Data Processing: In the collected dataset the confirmed cases and the
number of deaths were given in cumulated form per day basis. We take
the cumulative figures of last date of each month as the final cumulative
figure per month. Then we converted that into actual figures(given in
Table:2, Table:4, Table:6, Table:8, Table:10, Table:12, Table:14)by this-

Frequency of k-th timepoint= (Cumulative frequency of k th timepoint
— Cumulative frequency of (k-1) th timepoint)

* (Case Fatality Rate : Here we consider the denominator of CFR i.e number

of persons with disease in a certain period as confirmed cases. Here
confirmed cases is defined as:

Confirmed cases=No. of active cases + No. of deaths + No. of
recovered cases.

And the numerator of the given ratio is No of deaths in a certain period.
Here we calculated CFR without any multiplier. Thus, we calculate CFR by

using formula-

Number of deaths from disease

CFR=

Number of confirmed cases of disease

 Diagrammatic Representation Of Data: Representation of statistical
data by diagram is very effective and being easily convincible to the




general public. It must be stated, however the information for a limited
no. of topics only can be presented in a single diagram so as to maintain
its neatness. The most convenient and effective method of representing
case fatality rate is to use a line diagram because it is a time series data.
Now we consider the months(April 2020- May-2021) along the horizontal
axis(x axis) and the value of CFR along the vertical axis(y axis) for the
states of northern region of India. The values of the 14 months represent
14 points on the graph which are next joined by line segment.

Curve Fitting: Curve fitting is one of the most powerful and most widely
used analysis tools in origin. The curve fitting examines the relationship
between independent variable and dependent variable, with the goal of
defining “Best Fit” mode of the relationship. The objective of curve fitting
is theoretically described experimental data with a model ( function

or equation) and to find the parameter associated with the model. Here
we fit 2" degree, 3™ degree, 4™ degree, 5" degree and 6" degree
polynomial and find out the fittest.

Forecasting: The dataset is forecasted up to June'25 using the FORECAST

SHEET function in MS EXCEL where we get a line graph with forecasted
values with the upper and lower confidence intervals where the

confidence interval is set at 95% and seasonality 8. It also shows a
forecasted value along almost in a fluctuating basis since the graph is too
haphazard to predict.

Functions Used in Forecasting ->

4+ FORECAST.ETS -> Calculates or predicts a future value based on
existing (historical) values by using the AAA version of the
Exponential Smoothing (ETS) algorithm. The predicted value is a
continuation of the historical values in the specified target date,
which should be a continuation of the timeline. You can use this
function to predict future sales, inventory requirements, or
consumer trends. This function requires the timeline to be
organized with a constant step between the different points. For
example, that could be a monthly timeline with values on the 1st of




every month, a yearly timeline, or a timeline of numerical indices.
For this type of timeline, it’s very useful to aggregate raw detailed
data before you apply the forecast, which produces more accurate
forecast results as well.

4+ Syntax-> FORECAST.ETS (target_date, values, timeline,
[seasonality], [data_completion], [aggregation]).

4+ FORECAST.ETS.CONFINT -> Returns a confidence interval for the
forecast value at the specified target date. A confidence interval of
95% means that 95% of future points are expected to fall within this
radius from the result FORECAST.ETS forecasted (with normal
distribution). Using confidence interval can help grasp the accuracy
of the predicted model. A smaller interval would imply more
confidence in the prediction for this specific point.

4+ Syntax-> FORECAST.ETS.CONFINT(target_date, values, timeline,
[confidence_level], [seasonality], [data_completion],
[aggregation]). The Upper Confidence Bound is found by adding the
following syntax with it’s respective values to the corresponding
row of its forecast value.The Lower Confidence Bound is found by
subtracting the following syntax with it’s respective values from the
corresponding row of its forecast value.




7w Data Analysis:

Tabular and Graphical Representation with Analysis:

Comparison of State-wise Case Fatality Rate

Month wise Case Fatality Rate of States and North India(without multiplier)

Table:1

Himachal

Months

Pradesh

apritzo [0
May'20 0.014652015

m 0.0063593

0.003196931
0.006106426
0.01681436
0.018295277
0.017742378
0.019588379
0.018907563
0.018112488

0.010449321
0.012529389
0.017949771

May'21

Jammu
and
Kashmir
0.011385199
0.011363636
0.013684641
0.021374288
0.019023939
0.012726091
0.015171732
0.013785107
0.017906336

0.01511471

0.010887316
0.007905138
0.006267277
0.013893065

Ladakh

0
0
0.001123596
0.014492754
0.021428571
0.015414258
0.008004002
0.019013128
0.010536398
0.011029412
0

0

0.002668802
0.010364932

Sikkim

0.001915709
0.001966568
0.024427481
0.033811475
0.037313433
0.021300448
0.028436019
0.042553191
0

0.007265522
0.014008621

0.019183473
0.03050273

0.030618215
0.015718679
0.01269771

0.013544178
0.015159693
0.011894936
0.014155431
0.019718123
0.022928768
0.005930729
0.005711381
0.017175637

Uttarakhand

0
0.007204611
0.016330451
0.008738781
0.014872638
0.011613352
0.030172414
0.016981891
0.017326124
0.025495231
0.049844237
0.00712666

0.010555325
0.025405451

Northern
Region

0.016955539
0.023606476
0.024074769
0.015906776
0.013327919
0.013382809
0.016977443
0.014070451
0.016184455
0.020159953
0.022577093
0.007176844
0.006510625
0.018235944



Figure:1

State-wise Case Fatality Rate(Northern Region)
0.06

0.05

0.04 | —— Himachal Pradesh

Jammu and Kashmir

0.03
Ladakh

0.02

Case Fatality Rate

Sikkim
0.01

—— Uttar Pradesh

—— Uttarakhand

*The figures of CDR are given in Table:1

We have considered the states Himachal Pradesh, Jammu and Kashmir,
Ladakh, Sikkim, Uttar Pradesh and Uttarakhand as the Northern Region of
India. In Table:1 all the figures of case fatality rate per month for each state
has been given. Figure:1 represents the graph for the given data in Table:1.
We have plotted the months in X-Axis and the case fatality rates(without
multiplier) in Y-Axis.

We can see from Table:1 and Figure:1 at the initial stage, the case fatality
rate of Jammu and Kashmir and Uttar Pradesh are positive and for the rest
of the states are zero. In April'20 around 11 per 1000 infected people have
died in Jammu and Kashmir and around 19 per 1000 infected people have
died in Uttar Pradesh during COVID-19. Uttar Pradesh has the highest case
fatality rate during the first three months. Around 30 per 1000 infected
people have died in months May'20 and June’s on average for Uttar Pradesh
due to COVID-19. Jammu and Kashmir and Ladakh have reached their peaks
in July'20 and August’20 respectively with case fatality 21 per 1000 infected
people. From the initial state, Sikkim has lower CFRs. During the period of
August’20 to January’21, it has the highest case fatality rate. In the month

10



0.03
0.025
0.02
0.015
0.01
0.005

of November’20 around 37 per 1000 infected people have died.
Uttarakhand and Sikkim have reached their peaks in the month of
February’21 with case fatality around 49 per 1000 infected people and 42
per 1000 infected people respectively. During the period March’21 to
April'21 the case fatality rates have decreased for all the states and after

April'21 the case fatality rates have increased again for all the states, where
Uttarakhand has the highest case fatality, 18 per 1000 infected people

during COVID-19.

Choice of the appropriate curve

Figure:2

2nd Degree Polynomial Curve of

North India
y = 2E-05x2 - 0.0009x + 0.022

R*=0.1687

*The figures of CDR are given in Table:1
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Figure:3

3rd Degree Polynomial Curve of

North India
y = -5E-06x3 + 0.0002x2 - 0.0019x + 0.0239
R?=0.1713

*The figures of CDR are given in Table:1



Figure:4

4th Degree Polynomial Curve of

Figure:5

5th Degree Polynomial Curve of

North India North India
) , . , y = 7E-06x° - 0.0003x* + 0.0047x? - 0.0334x2 + 0.105x -
0.03 y =-7E-07x +2E_05;2_7060;);)11; - 0.0006x + 0.0221 0.03 0.0929
0025 : 0.025 R?=0.7253
0.0 0.02
0.015
0.015
0.01
0.01 0.005 i
0.005 0o i
0 - RTINS SRS SR S L R S S, U W R, VL
C oo S N 0.005 _.(\\"L .-g\q’ QQ“WS\‘\W\\,‘}% ?j\’b Q}'L Q}"/ Q}’L’b(‘\’lé\\’b 6\% (\\'L ’8\%
O DR R AR AN DA 001 WP P FLPLLLSFS & CSEE\
& @’5\ I FEEEE S S S é\@s : W F
ks ¥VW QPSS SV 0015 £ £ TE
T I P& ’
o =9 -0.02
*The figures of CDR are given in Table:1 *The figures of CDR are given in Table:1
Figure:6
0.03 ——6th-Degree Polynomial Curve-of North-india
y = 7E-07%E - 3E-05x5 + 0.0004x% - 0.002x3 + 0.0008x2 + 0.0212x - 0.0173
0.025 R2=0.7757
] m
o
® 0.015
5 / S ‘\\ //
Q —
@ 001 CFR
o
/ U Poly. (CFR)
0.005 ]
0 T T T T T T T T T T T T T 1
O D QO 0O D XD @D AT AN AN
Vv R VA - - 4 S s T AR R )
X7 A ) & & & & AT T XA
T FEF VP S ITLF LSS E
W T @&
O” Month N

*The figures of CDR are given in Table:1

We have plotted the months in X-Axis and the case fatality rates(without
multiplier) in Y-Axis for the northern region. Now, we see the best fitted
curve is 6" degree polynomial curve. So, we will use the 6™ degree
polynomial curve for further calculation and rest of the project work.

12



State-wise Case Fatality Rate and Forecasting

Himachal Pradesh

Table:2

The COVID-19 figures of Himachal Pradesh

Confirmed Death
Case

37

273

629

1564

3439

8802

7051

18205

15111

2380

1049

4785

33601

92536

13

21

148

129

323

296

45

19

50

421

1661

Case Falatity
Rate(without
multiplier)

0.014652015

0.0063593

0.003196931

0.006106426

0.01681436

0.018295277

0.017742378

0.019588379

0.018907563

0.018112488

0.010449321

0.012529389

0.017949771



Figure:7
Case Fatality Rate of Himachal Pradesh
0.025 y =-1E-06x5 + 5E-05x° - 0.001x* + 0.0092x3 - 0.041x? + 0.0826x - 0.0488
0.02
0.015

0.01

Case Fatality Rate

0.005

0% (Q\o % (“\ ((\ & J\\) 2
& 5&& & \\0_@ Q?*& SO &
Months
= - . Poly. (CFR)
Table:3

Forecasted CFR of Himachal Pradesh

Months Forecasted CFR Lower Confidence Bound Upper Confidence Bound
0.017949771 0.02 0.02
0.015668004 0.00 0.03
0.024472358 0.01 0.04
0.027320821 0.01 0.05
0.023947538 0.00 0.05
0.02362083 0.00 0.05
0.021345455 -0.01 0.05
0.030149809 0.00 0.06
DR 0032098272 0.00 0.07
DTTE 0029624989 0.01 0.06
PP 0.029298281 0.01 0.07
PTEEY  0.027022906 0.01 0.07
| may22| 0.03582726 0.00 0.08
PEIY  0.038675723 0.00 0.08
I 0.03530244 -0.01 0.08
PR 0.034975732 0.01 0.08
PR 0.032700357 0.01 0.08
PR 0041504711 0.01 0.09
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0.044353174
0.040979891
0.040653183
0.038377808
0.047182162
0.050030625
0.046657342
0.046330634
0.044055259
0.052859613
0.055708076
0.052334793
0.052008085

0.04973271
0.058537064
0.061385527
0.058012244
0.057685536
0.055410161
0.064214515
0.067062978
0.063689695
0.063362987
0.061087612
0.069891966
0.072740429
0.069367146
0.069040437
0.066765063
0.075569417

0.07841788
0.075044597
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-0.01
-0.01
-0.01
-0.02
-0.01
-0.01
-0.01
-0.01
-0.02
-0.01
-0.01
-0.01
-0.01
-0.02
-0.01
-0.01
-0.01
-0.01
-0.02
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

0.00
-0.01
-0.01
-0.01
-0.01

0.00
-0.01

0.09
0.09
0.09
0.09
0.10
0.11
0.10
0.10
0.10
0.11
0.12
0.12
0.12
0.12
0.12
0.13
0.13
0.13
0.13
0.14
0.14
0.14
0.14
0.14
0.15
0.15
0.15
0.15
0.15
0.16
0.16
0.16



Figure:8

Forecasted Case Fatality Rate of Himachal Pradesh

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04

002 AN _
0

-0.02

-0.04

Case Fatality Rate

Jun-20

Apr-20
Aug-20
Oct-20
Dec-20
Feb-21
Apr-21
Jun-21
Aug-21
Oct-21
Dec-21
Feb-22
Apr-22
Jun-22
Aug-22
Oct-22
Dec-22
Feb-23
Apr-23
Jun-23
Aug-23
Oct-23
Dec-23
Feb-24
Apr-24
Jun-24
Aug-24
Oct-24
Dec-24
Feb-25
Apr-25
Jun-25

Month

=== 0Observed CFR Forecast Lower Confidence Bound Upper Confidence Bound

We have plotted the months in X-Axis and the observed or forecasted case
fatality rates(without multiplier) in Y-Axis. Now, for Himachal Pradesh
Table:2 and Figure:7 represent observed CFRs ,Table:3 and Figure:8
represent forecasted CFRs. From Figure:7 we can see that the line graph is
fluctuated over the time. The graph is increased upto December’20 and
reached its peak at case fatality around 20 per 1000 infected people. Then
it has suddenly decreased at March’21 with case fatality 10 per 1000
infected people. Again, it has been increased and during May'21 it has case
fatality rate 0.017949771. Overall the graph has an upward trend. Thus, in
Figure:8 the forecasted CFRs are increasing over time with some
fluctuations. But, the lower confidence bound of CFRs is steadily showing
negative values(which we assume to be zero) from July'22. Thus, we can
state as per forecast that the death due to COVID-19 won’t come to an end
till December’22 and so on but there is a mild chance that there may not
exist any death cases from July’22 due to COVID-19.

Jammu and Kashmir

Table:4
The COVID-19 figures of Jammu and Kashmir

16



Months Confirmed Deaths Case Fatality
Cases Rate(without
multiplier)

527 6 0.011385199
1760 20 0.011363636
4896 67 0.013684641

12632 270 0.021374288
17294 329 0.019023939
36932 470 0.012726091
20235 307 0.015171732
15524 214 0.013785107
10890 195 0.017906336
3705 56 0.01511471
1837 20 0.010887316
4301 34 0.007905138
41964 263 0.006267277
116389 1617 0.013893065
Figure:9

Case Fatality Rate of Jammu and Kashmir

y = 1E-06x° - 4E-05x° + 0.0007x* - 0.0059x* + 0.0229x? - 0.037x + 0.0305

0.025 R2=0.8114
<)
T 002
£ 0.015
L]
& 001
()
@ 0.005
(@]
0
o S O o D o oD ~ NS A
U AL LU S LA LU L L N L\
V‘Q é\ W \3°0 ((\‘0 .@)0 L ((\\0 Q\;b k\) @"b‘ ?Q ﬁ‘\
¥ & o K & w &
CJQQ $0 QQ’ <<
Months
e CFR sressaees Poly. (CFR)
Table:5
Forecasted CFR of Jammu and Kashmir
Months Forecasted CFR Lower Confidence Bound Upper Confidence Bound
May-21 0.013893065 0.01 0.01

0.009504998 0.00 0.02
0.01283441 0.00 0.02
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Aug-21
Sep-21
Oct-21
Nov-21
Dec-21

0.009960543
0.011178996
0.008689402
0.004968801
0.009324676
0.006919809
0.010249221
0.007375354
0.008593806
0.006104212
0.002383611
0.006739486
0.00433462
0.007664032
0.004790165
0.006008617
0.003519023
-0.000201578
0.004154297
0.00174943
0.005078843
0.002204976
0.003423428
0.000933834
-0.002786767
0.001569108
-0.000835759
0.002493653
-0.000380214
0.000838239
-0.001651355
-0.005371956
-0.001016081
-0.003420948
-9.15357E-05
-0.002965403
-0.00174695
-0.004236544
-0.007957145
-0.00360127
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Forecasted Case Fatality Rate of Jammu and Kashmir
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=====Observed CFR Forecast ~ Lower Confidence Bound ~ Upper Confidence Bound

We have plotted the months in X-Axis and the observed or forecasted case
fatality rates(without multiplier) in Y-Axis. Table:4 and Figure:9 represent
observed CFRs, Table:5 and Figure:10 represent the forecasted CFRs for
Jammu and Kashmir. From Figure:9 we see that the graph line is fluctuated
over the time. At July'20 the CFR is highest with case fatality around 21 per
1000 infected people. Then it has gradually decreased upto September'20,
where the case fatality was around 13 per 1000 infected people. Then It
has increased and reached December’20 with case fatality 18 per 1000
infected people. Then, it has decreased again upto April'21. In the month of
May'21 we have noticed the case fatality rate is again higher. Overall, the
graph has a downward trend. As per forecast we can state that the case
fatality rate is being decreased over the time with some fluctuations. It is
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being noticed that the outbreak of COVID-19 will be existing through out
next two years. After January’24 the forecasted case fatality rate is reduced
to negative values, which we assume to be zero. Thus, we can state that
from our forecast, in the very beginning of 2024 this state will be free from
the deaths due to COVID-19.

Ladakh

Table:6
The COVID-19 figures of Ladakh

Months Confirmed Deaths Case Fatality

Cases Rate(without
multiplier)

0 0

52 0 0
890 1 0.001123596
414 6 0.014492754
1260 27 0.021428571
1557 24 0.015414258
1999 16 0.008004002
2209 42 0.019013128
1044 11 0.010536398
272 3 0.011029412
97 0 0
303 0 0
3747 10 0.002668802
4631 48 0.010364932
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Case Fatality Rate of Ladakh
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Table:7

Poly.

(CFR)

Forecasted CFR of Ladakh

Forecasted CFR
0.010364932
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Figure:12

Forecasted Case Fatality Rate of Ladakh
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==TForecasted CFR Forecast Lower Confidence Bound Upper Confidence Bound

We have plotted the months in X-Axis and the observed or forecasted case
fatality rates(without multiplier) in Y-Axis. The observed CFRs are
represented by Table:6 and Figure:11 and the forecasted CFRs are
represented by Table:7 and Figure:12 for Ladakh. From Table:6 we can see
in the months of April'20, May'20, February'21 and March'21 there is no
death cases. In the month of August’20 the case fatality rate is highest for
Ladakh with case fatality 21 per 1000 infected people. In September’20 case
fatality has reduced to 8 per 1000 infected people. Again, in November'20
it has become 19 per 1000 people which has been reduced to zero in
February’21 and March'21. After that it has started increasing again.
Overall, the graph has neither upward nor downward trend. As per forecast
sheet, it has the most fluctuations. The figures are being fluctuated all
around zero over the years 2021,2022 and mid of 2023. Some mild peaks
have been noticed at the beginning of 2024 and it’s been continued
fluctuating upto November’24. From the end of 2024 the forecasted CFR
has turned into negative values,which we assume as zero. Thus, we can
state as per forecast that the impact of COVID-19 will be reduced from 2025.
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Sikkim

Table:8
The COVID-19 figures of Sikkim
Confirmed Deaths Case Fatality
Cases Rate(without
multiplier)
0 0 0
1 0 0
87 0 0
522 1 0.001915709
1017 2 0.001966568
1310 32 0.024427481
976 33 0.033811475
1072 40 0.037313433
892 19 0.021300448
211 6 0.028436019
47 2 0.042553191
98 0 0
1514 11 0.007265522
7424 104 0.014008621
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Figure:13

Case Fatality Rate of Sikkim
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Table:9

Forecasted CFR of Sikkim

Forecasted CFR Lower Confidence Bound Upper Confidence Bound

| may-21 0.014008621 0.01 0.01
| un21 ]| 0.00805558 0.02 0.04
=R 0.031060629 0.00 0.07
| Aug21 0.027243777 -0.01 0.06
| sep-21] 0.028176804 -0.01 0.07
| oct-21 0.02288649 0.02 0.07
| Nov-21] 0.016933449 10.03 0.06
| Dec21] 0.039938498 -0.01 0.09
| jan22 0.036121646 -0.01 0.09
| Feb22] 0.037054673 0.02 0.09
| Mar-22| 0.031764359 0.02 0.09
| Apr22| 0.025811318 0.03 0.08
| May-22 0.048816367 0.01 0.11
| sun22] 0.044999515 0.02 0.11
= 0.045932542 0.02 0.11
| Aug22] 0.040642228 0.02 0.11
| sep-22] 0.034689187 10.03 0.10
| oct22 0.057694236 -0.01 0.13
| Nov-22| 0.053877384 0.02 0.12
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Figure:14

Forecasted Case Fatality Rate of Sikkim
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====Observed CFR Forecast Lower Confidence Bound Upper Confidence Bound

We have plotted the months in X-Axis and the observed or forecasted case
fatality rates(without multiplier) in Y-Axis. The observed and forecasted
CFRs of Sikkim are given in Table:8 and Table:9 respectively and the
graphical representations are in Figure:13 and Figure:14.The CFRs have
been zero at the initial stage and in month of March’21. After June’20 the
CFRs have been gradually increased. At the Month of November’20 it has
case fatality 37 per 1000 infected people. Then the rate has dropped in
December’20 with 21 per 1000 infected people. Again, the graph has been
increased and in February’21 it has the highest case fatality with 42 per 1000
infected people. Again, from April’21 the line graph has increased. Overall
the graph has an upward trend. Thus, in Figure:14 the forecasted CFRs are
increasing over time with some fluctuations.But, the lower confidence
bound of CFRs is steadily showing negative values(which we assume to be
zero) from August’21. Thus, we can state as per forecast that the death due
to COVID-19 won’t come to an end till December’22 and so on but there is

a mild chance that there may not exist any death cases from August’21 due
to COVID-19.

Uttar Pradesh

Table:10
The COVID-19 figures of Uttar Pradesh
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Months Confirmed Deaths Case Fatality Rate
Cases (Without
Multiplier)

2033 39 0.019183473
5311 162 0.03050273
15383 471 0.030618215
58211 915 0.015718679
144593 1836 0.01269771
169224 2292 0.013544178
85226 1292 0.015159693
61791 735 0.011894936
43093 610 0.014155431
15113 298 0.019718123
3271 75 0.022928768
12646 75 0.005930729
601956 3438 0.005711381
472064 8108 0.017175637
Figure:15
Case Fatality Rate of Uttar Pradesh
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Table:11

Forecasted CFR of Uttar Pradesh

Months Forecasted CFR Lower Confidence Bound Upper Confidence Bound
May-21 0.017175637 0.02 0.02
Jun-21 0.007401716 0.00 0.02
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Figure:16

Forecasted Case Fatality Rate of Uttar Pradesh
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We have plotted the months in X-Axis and the observed or forecasted case
fatality rates(without multiplier) in Y-Axis. Figure:15 represents the
observed case fatality rate of Uttar Pradesh, data given in Table:10.The
graphical representation of forecasted CDRs given in Table:11 is in
Figure:16. From the very beginning of COVID-19 period, the case fatality
rate graph of Uttar Pradesh has been very high. In May'20-June'20 the case
fatality has been 30 per 1000 infected people on average. Then the graph
has decreased. In October’20 the rate has slightly increased, then started
decreasing again. After reaching second peak in February'21 with case
fatality 22 per 1000 infected people the rate has dropped again. In May'21
the case fatality is raised to 17 per 1000 infected people. Overall, the graph
has downward trend. From forecast sheet we have seen the impact of
COVID-19 is existed throughout the year 2021 and the mid of 2022. Then
the rate has turned into negative values which we assume to be zero. It has
been observed that the case fatality rate has raised to very small positive
values in the end of 2022 and in the middle of 2024.After May'24 there is
no peak observed. So, we can state there won’t be any death due to
COVID19 from mid 2024 and so on.
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Uttarakhand

Table:12
The COVID-19 figures of Uttarakhand

Months Confirmed Deaths Case Fatality

Cases Rate(Without
multiplier)

0

48

694 5 0.007204611
2082 34 0.016330451
4234 37 0.008738781
12170 181 0.014872638
28760 334 0.011613352
13920 420 0.030172414
12425 211 0.016981891
16276 282 0.017326124

5452 139 0.025495231

963 48 0.049844237
3087 22 0.00712666

74749 789 0.010555325
153471 3899 0.025405451
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Figure:17

Case Fatality Rate of Uttarakhand
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Table:13
Forecasted CFR of Uttarakhand

Months Forecasted CFR Lower Confidence Bound Upper Confidence Bound
0.025405451 0.03 0.03
0.03844172 0.02 0.06
0.024125533 0.01 0.04
0.024245324 0.01 0.04
0.032066519 0.01 0.05
0.053458495 0.03 0.07
0.020885722 0.00 0.04
0.025497433 0.01 0.05
| Jan22| 0.031833285 0.01 0.05
| Feb22 0.047801295 0.03 0.07
| Mar22| 0.033485108 0.01 0.06
| Apr22 0.033604899 0.01 0.06
| May-22 ]| 0.041426094 0.02 0.06
| un22] 0.06281807 0.04 0.09
| ul22 0.030245297 0.01 0.05
| Aug22] 0.034857007 0.01 0.06
| sep22] 0.04119286 0.02 0.07
| oct22] 0.057160869 0.03 0.08
| Nov-22| 0.042844682 0.02 0.07
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Figure:18

Forecasted Case Fatality Rate of Uttarakhand
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====Observed CFR Forecast Lower Confidence Bound Upper Confidence Bound

We have plotted the months in X-Axis and the observed or forecasted case
fatality rates(without multiplier) in Y-Axis. The figures of observed and
forecasted CFRs of Uttarakhand are given in Table:12 and Table:13
respectively and the graphs are represented in Figure:17and figure:18.From
the initial stage the graph is tending upward. The case fatality has increased
16 per 1000 infected people in June’20 to 30 per 1000 infected people in
October’20 and then increased upto 49 per 1000 people in February’21.The
line graph has decreased after February’21 and again tended upward after
April’21. Overall the graph has upward trend. Thus, in Figure:18 the
forecasted CFRs are increasing over time with some fluctuations. In fact, the
lower confidence bound of CFRs are also positive. Thus we can state as per

forecast that the death due to COVID-19 won’t come to an end till
December’22 and so on.

Case Fatality Rate of Northern Region and Forecasting

Northern India

Table:14
The COVID-19 figures of Northern India
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Confirmed Death Case Fatality
Case Rate(Without
multiplier)

2654 45 0.016955539
8091 191 0.023606476
23967 577 0.024074769
77577 1234 0.015906776

179773 2396 0.013327919
246585 3300 0.013382809
129407 2197  0.016977443
111226 1565  0.014070451
87306 1413 0.016184455
27133 547  0.020159953
7264 164  0.022577093
25220 181 0.007176844
757531 4932 0.006510625
846515 15437  0.018235944

Figure:19

003 ———Case Fatality Rate of Northern-India—
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Table:15

Forecasted CFR of Northern India

Months Forecasted CFR Lower Confidence Bound Upper Confidence Bound

0.018235944 0.02 0.02
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Jun-21

Jul-21
Aug-21
Sep-21
Oct-21
Nov-21
Dec-21

0.011179064
0.013779282
0.01780215
0.014995603
0.005767515
0.005414079
0.011751416
0.008313577
0.010913795
0.014936663
0.012130115
0.002902028
0.002548592
0.008885928
0.00544809
0.008048307
0.012071176
0.009264628
3.65405E-05
-0.000316896
0.006020441
0.002582602
0.00518282
0.009205689
0.006399141
-0.002828947
-0.003182383
0.003154954
-0.000282885
0.002317333
0.006340201
0.003533653
-0.005694434
-0.00604787
0.000289466
-0.003148372
-0.000548155
0.003474714
0.000668166
-0.008559921
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0.01
0.01
0.01
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0.00
0.00
0.00
0.00
0.01
0.00
-0.01
-0.01
0.00
0.00
0.00
0.00
0.00
-0.01
-0.01
0.00
-0.01
0.00
0.00
0.00
-0.01
-0.01
-0.01
-0.01
-0.01
0.00
-0.01
-0.01

0.02
0.02
0.02
0.02
0.01
0.01
0.02
0.01
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.01
0.00



PCEEZY 0008913358 -0.01 0.00
PRI -0.002576021 -0.01 0.00
PRI -0.006013859 -0.01 0.00
PEER  -0.003413642 0.01 0.00
P EE 0000609227 0.01 0.01
PR -0.002197321 -0.01 0.00
PEE -0.011425409 0.02 -0.01
PEEE  -0.011778845 0.02 -0.01
PP -0.005441508 -0.01 0.00
IES -0.008879347 20.01 0.00
Figure:20

Forecasted Case Fatality Rate of Northern India
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=====Observed CFR Forecast =~ Lower Confidence Bound ~— Upper Confidence Bound

We have plotted the months in X-Axis and the observed or forecasted case
fatality rates(without multiplier) in Y-Axis. We represent the figures of
observed case fatality rate by Table:14 and Figure:19 ; the figures of
forecasted case fatality rate by Table:15 and Figure:20 for Northern Region.
Its case fatality rates include all the states discussed above and it has helped
to depict the overall condition of the states also. At the initial stage the case
fatality rate has increased gradually. In June'20 it has reached its peak with
case fatality 24 per 1000 infected people the started decreasing. In October
there has been a mild peak with case fatality 16 per 1000 infected people.
In the month of February’21 the case fatality rate is 0.022577093 i.e. 22 per
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1000 infected people. The graph has decreased after that until April'21.
Overall, the graph has downward trend. In Figure:20 the case fatality rate
has been seen to be decreased with massive fluctuations. The impact of
COVID-19 on death cases is observed throughout the year 2021,2022 and
most of 2023.From the middle of 2024 the death records are seemed to be
zero(negative, which we assume to be zero). After a mild peak in
February’25 the Case Fatality rate is completely zero(negative, which we
assume to be zero). Thus, we can state that the impact of COVID-19 will be
reduced from beginning of 2025.

» Important Notes: In the graphical and tabular representation we can see

the modified data, arranged and presented accordingly in Tables and
Graphs. Here, some clarifications and descriptions of the Tables and
graphs are given below-

1.

Table:2, Table:4, Table:6, Table:8, Table:10, Table:12 represents the
modified figures of confirmed cases and deaths extracted from the
original data. Figures per month of confirmed cases and deaths in
Table:14 are the sum of the Table:2, Table:4, Table:6, Table:S8,
Table:10, Table:12. The data is there, from April’20 to May'21.

. The CFRS(observed and forecasted) in all of the above tables are

calculated without multiplier and graphs are shown the figures
according to it.

. In the graphs, Months are represented in X-Axis and the Case Fatality

Rates(without multiplier) are represented in Y-Axis.

. In Figure:2, Figure:3, Figure:4, Figure:5, Figure:6 we have fitted the

2nd 3rd 4t 5th gnd 6™ degree polynomial curves on the figures of
northern region of India and comparing with the line diagrams we can
state, 6™ degree polynomial curve is the best fit. Thus, we have only
represented the 6™ degree polynomial curves during rest of the
projects.
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5. The case fatality rate(without multiplier) figures of May'21 in Table:3,
Table:5, Table:7, Table:9, Table:11, Table:13 and Table:15 are not
exactly forecasted figures. We have included this month as the
forecasting lines are started from the points of CFR figures of May'21.

6. Case fatality rate can not be negative.Thus, we will assume the
negative figures as zero.

7T Interpretation:

The COVID-19 crisis not only challenges disease control and crisis
management but may also have long-term and far-reaching impacts on
states, societies and international co-operation. A densely populated
country like India, has faced more than 4 lakhs deaths due to this severe
outbreak of COVID-19. Here, we are interested to get an idea about the near
future condition of northern region of India as a whole, including the states
Himachal Pradesh, Jammu and Kashmir, Ladakh, Sikkim, Uttar Pradesh and
Uttarakhand.

In the forecasting process the real life factors like co-morbidity, vaccination,
number of asymptomatic persons etc., which are actually effecting the
original scenario haven’t been included here. As a result, we can say that
the forecasted figures won’t be considered as the ultimate figures or the
exact outcome of near future. But, it will surely provide a conjecture about
the ongoing crisis.

From the forecasted data of Northern Region as a whole, we see that the
case fatality rate is massively fluctuating over the years of 2021,2022,2023
upto mid of 2024. It is being suspected that the several waves of COVID-19
will effect the northern part of India in long-term. Although, it is a great
relief to observe a steady decrement of case fatality rate after February’25,
which indicates the northern region of India will be completely COVID-free
around March’25.

For Himachal Pradesh, the forecasted data is showing an upward trend all
over the time period, which is very unfortunate. But, as the whole northern
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region of India is forecasted to be COVID-free within very beginning of
2025, it is absurd for a state, included in that particular region, to show a an
upward trending line graph with very high case fatality rate all over the time
period. Thus, we will consider the lower interval bounds of the forecasted
values as another one of the possible forecasted outcomes. The lower
confidence bound of the forecasted figures shows a steady decrement of
case fatality rate after June'22. Thus, we conclude one of the possible cases
that Himachal Pradesh can be considered as COVID-free state from July'22.

From the forecasted data of Jammu and Kashmir, the severe impact of
COVID-19 has been observed throughout the years of 2021,2022 and even
in the beginning of 2023. The death figure is started fluctuating from mid of
2023.1t has been seen from February’24 that the outbreak of COVID-19 is
not effecting further.

For the state Ladakh, the forecasted data has shown an amazing fluctuation
of case fatality rate from the very beginning of forecasting period. We can
state that the death figure of this particular state is been in control for a
long time since June'22 except some sporadic death figures have been
observed during 2023-2024.From the end of 2024,i.e. December’24 Ladakh
seems to be absolutely free of COVID-19.

The forecasted figures of case fatality rate is showing a continuous
increment for Sikkim which is very absurd and impossible for a state with
such a small population figure. Therefore, we will consider the figures of
lower confidence bound of forecasting as one of the likely possible cases.
From the figures we get to see that there is a possibility that the death
figures due to COVID-19 may not exist since August’21. Although, we can’t
conclude that the state will be completely COVID-free after that. As, we
have forecasted that the northern region of India will be free of COVID-19
around March’s, we expect the COVID-19 situation of Sikkim won’t be an
exceptional.

As per the forecast, the case fatality rate of Uttar Pradesh has turned into
zero in May'22. But, it is very unfortunate to notice some sporadic spikes of
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positive values with case fatality 6 per 1000 affected people in October’22
and with case fatality 2 per 10000 affected people (case fatality rate is
0.000253875), which is very mild. We consider the raise in death figure is
due to some other causes like lack of awareness or importation of disease
from other states or countries. Overall, from December’22 Uttar Pradesh
won'’t suffer any death due to COVID-19.

The forecasted case fatality rate of Uttarakhand has been seen being
increased over the time, which is very unlikely. In fact, the lower confidence
bounds of the forecasted figures are showing an upward trend on graph. In
November’21 the lower confidence bound reaches zero and it has started
increasing since then. Though, the forecasted figures for the state is a bit
absurd, we expect this state will also be freed from COVID-19 within 2025.

Some of the forecasted figures are not satisfactory at all due to some
limitations. Although, it can be concluded that the whole northern region is
expected to be virus-free within mid 2025 and we would like to expect the
same thing for India as well.

v Conclusion:

We conclude that the Case Fatality Rate is a very effective measure to state
the actual condition of COVID-19 Disease as it depends on figures of
Confirmed Cases and Deaths. The growth curves of CDR well fits to 6%
degree polynomial for some of the region and for some states ,not for all

due to some limitations. But, we manage to work with that. Forecasting
depends on many real life variables, but here we only use the functional
tools. That is why, forecasted figures can not be the ultimate figures for
future. Upward and downward trending of graphs and figures have effected
the forecasting. So, the forecasting process may not be completely
satisfactory. Overall, we can conclude from this project work that the
COVID-19 will be lasted around more than four years. Hope, this project will
help in further research work.
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7w Future Scope for Work:

For further research, one can work on the case fatality rate over vaccinated
population or on the efficiency of health sectors of individual states of
North India. It can be observed whether there is any other factor(weather,
awareness, various policies of state and central govt.) rather than
comorbidity and immune system effecting the case fatality rate of
particular states. The case fatality rate can be also projected taking into
account age composition(For this, more detailed data is needed).

T  Appendix:

Main Data: https://1drv.ms/x/s!Arpab6S8FcLwlgx7VdL8fhk jVuzM
Modified Data: https://1drv.ms/x/s!Arpa6S8FcLwlgyAMJ1KWA4rQO7Vzal
Work Sheet: https://1drv.ms/x/s!Arpa6S8FcLwlgyhd7eCadENHXmMR9
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