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Abstract

The COVID-19 epidemic has brought attention to the vulnerability of new illnesses,
and immunization remains a viable option for resuming normal life. This paper
examines the influence of COVID-19 vaccination on the death rate and the perfor-
mance of stock market in India. For this study, COVID-19 vaccination and death
rate data is gathered from the Ministry of Health and Family Welfare (MoHFW)
portal, and the data for the stock index is taken from the Bombay Stock Exchange
(BSE), India. In order to achieve a precise representation of feature significance and
distribution, EDA (Exploratory Data Analysis) is utilized in this study. The impact
of COVID-19 immunization on the mortality rate and stock market index is investi-
gated using both statistical analysis and Machine Learning Regression-based mod-
els. The models are remarkably accurate in reproducing actual result. The empirical
study suggests that vaccination has a strong positive impact on the stock market and
reducing the death rate. Furthermore, the policies recommended by government and
monetary authorities coupled with COVID-19 vaccine supported the stock market
recovery in pandemic.
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1 Introduction

The Coronavirus disease was first found in Wuhan, China, in December 2019,
and since then, it has spread throughout the world (Pasayat et al., 2020). As a
result, on 11 March 2020, World Health Organization (WHO) declared corona-
virus disease as a pandemic. After the Spanish Flu, the Coronavirus pandemic is
represented as the most devastating health crisis in the world. Thus for the com-
municable COVID-19, several countries have imposed restrictions on their eco-
nomic agents’ ability to move from one country to another or even inside the
same country. It is having a rising influence on the global economy, and due to
stress on supply chains, decrease in government income, labor movement restric-
tions, stock market volatility, and reduced consumer activity the global health cri-
sis has sadly turned into a global economic disaster (Du et al., 2021).

The death rate is the most significant element in determining whether a highly
contagious disease becomes a public health problem and poses a danger of
spreading to other people, resulting in a pandemic. The COVID-19 has sparked
worldwide concern and fear since numerous fatalities have been recorded (Wang
et al., 2020a; Wu et al., 2020). Recent research has produced a number of county-
level studies on the COVID-19 death rate. The researcher Wang et al. (2020b)
used the Patient Information Based Algorithm (PIBA) to estimate the death rate
based on patient data in Wuhan and later in other Chinese cities in which he has
demonstrated that PIBA can be used to forecast future fatalities and estimate the
death rate of a new infectious illness in real-time. Possible explanatory variables
for mortality rates at the state and county levels, including geography, demo-
graphics, socioeconomic, health conditions, hospital features, and politics, have
been examined by Feinhandler et al. (2020).

This pandemic wave creates volatility and chaos, which affect the confidence
of investors in both Indian markets and the world. As a consequence, a lot of
researchers are interested in exploring the impact of the pandemic on financial
markets. Al-Awadhi et al. (2020), Topcu and Gulal (2020), and Ashraf (2020)
have shown that the growth rate of the confirmed covid cases and death rate influ-
ence the price of the stock negatively. In addition to equities, the influence of the
other assets classes like cryptocurrency (Conlon & McGee, 2020; Demir et al.,
2020), gold (Gharib et al., 2021); Mensi et al., 2020), real estate (Milcheva, 2021;
Ling et al., 2020), oil price (Sharif et al., 2020; Wu et al., 2021) and bonds (Falato
et al., 2020) have been explored by the research. Furthermore, by examining the
potential internal and external determinants, Khattak et al. (2021) explored the
potential predictors of European financial market during COVID-19 crisis. In
this literature, they have used Least Absolute Shrinkage and Selection Operator
(LASSO) Machine Learning technique for both selections of the model and regu-
larization in the analysis.

Moreover, a lot of researchers studied the effect of COVID-19 and its conse-
quences on the Indian economy. As India is the country with the second largest
population in the world, the pandemic hit the stock market as well as the Indian
economy drastically. Pegu (2020) examined the future probability of GDP in the
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Indian economy as well as analyzed different sectors which are affected due to
the COVID-19 pandemic. To study the significant effect of COVID-19 cases on
twelve sectors, an Ordinary Least Square (OLS) regression model was devel-
oped by Yadav et al. (2021). The study found that at the initial stage of the pan-
demic, the stock market responded negatively, but after some days, the indices
are in their recovery mode. Barbate et al. (2021) have shown the long-term and
short-term effects of lockdown by taking a decision tree approach for making
the projections on COVID-19. Using a multivariate econometric model, Baber
and Rao (2021) examined the impact of lockdown and social distancing on the
Indian economy. In this study, the authors compare the economy for the period
before and after lockdown and analyzed the economic activity, stock market, and
exchange rate in India. In addition to that, Alam et al. (2020) used the Market
Model Event study methodology to check the Indian Stock market before and
after the lockdown period in India. As a result, a positive average return has been
found in the lockdown period, which proves that until the improved situation in
India, the stock market performance was affected positively.

On the other hand, the arrival of the first COVID-19 vaccination in early 2021
came with a hope of stepping closer towards immunity, and due to this, the unex-
pected and uncontrolled growth of COVID-19 death rate has been decreased. Song
and Yi (2021) predicted the impact of different vaccination strategies on mortality,
productivity loss, and healthcare burden in the UK using a Susceptible-Exposed-
Infectious-Removed (SEIR) model. In addition to that, using official information of
Tennessee, United States, Roghani (2021) demonstrated how age-specific immuni-
zation regimens lower daily cases, hospitalizations, and mortality rates. From the
study they found that, vaccination of older age groups is the most effective approach
to avoid greater transmissions, lower hospitalization and mortality rates.

Furthermore, it brought a normal and stable condition to financial markets.
Despite that, the impact of vaccination on this exciting field has not been fully
explored. An asset pricing perspective is developed by Acharya et al. (2020), which
examines the value of a cure by creating a novel “vaccine progress indicator". They
estimated the level of exposure within each industry and studied the vaccine pro-
gress impact in the cross-section of the industries. Moreover, they found that the
return of the stock market can be possible by the decrease in the expected vaccine
deployment time in a year. The reactions of the stock market to COVID-19 vac-
cine human clinical trial has been analyzed by Chan et al. (2021). As a result, it is
concluded that the investor’s sentiment, as well as the return of the stock market of
49 countries, rises after the first day of the clinical trial. In other words, after the
consecutive phases of the clinical trial, the equity market started to react positively.
Rouatbi et al. (2021) explored the impact of vaccination on the volatility of the inter-
national equity market. In which, they have shown that the impact of vaccination in
the developed market is relatively stronger than emerging one.

Since India has the second-largest population, the sixth-largest economy in the
world by nominal GDP and the third-largest by purchasing power parity, the pan-
demic poses a particular threat to the country. The country has never seen such a
widespread health epidemic; further, because of asymptomatic COVID- 19 trans-
mission during the incubation phase, vaccination is the only way to develop herd
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immunity. In this regard, pharmaceutical companies around the world have devel-
oped COVID-19 vaccines, which have received regulatory approval for emer-
gency use. Countries have begun major immunization campaigns. It is seen that
vaccination in India has a great impact on the mortality rate and the stock market.
To the best of the authors’ knowledge, there are only a few studies on the impact
of the COVID-19 vaccination on the Indian stock market and death rate.

The article has two objectives, one is to investigate the influence of COVID-19
immunization on the Indian stock market, and the other is to predict the mortal-
ity rate with response to the vaccination process. For this, data for COVID-19
vaccination, death rate, and share market index are collected for the same time
period. This study implements both statistical data analysis and Machine Learn-
ing regression techniques. Moreover, EDA is employed to provide a statistical
picture of the data distribution and to investigate the appropriate features. The
major objective is to show that the introduction of the vaccination results in a sta-
ble stock market with a lower mortality rate.

Regression is a supervised learning technique that aids in the discovery of
variable correlations. Also, it allows us to forecast a continuous output variable
using one or more predictor variables. Prediction, forecasting, time series mod-
elling, and determining the causal-effect relationship between variables are all
common applications of regression (Dasgupta et al., 2011). On a target-predictor
graph, regression depicts a line or curve that passes through all of the datapoints
in such a way that the vertical distance between the datapoints and the regression
line is as small as possible. Many Regression Techniques analyses are available,
depending on a variety of factors such as the number of predictors, the type of
target variable, and the shape of the regression line. However, in this work linear
regression, support vector regression, random forest regression, and KNN regres-
sion techniques have been used for prediction process.

— Linear Regression Linear regression is one of the most easy and simple algo-
rithms for calculating regression and displaying the relationship between con-
tinuous variables. It is called linear regression because it depicts the linear
relationship between the independent variable (X-axis) and the dependent
variable (Y-axis). Simple linear regression is defined as linear regression with
only one input variable (x). When there are multiple input variables, the linear
regression is referred to as multiple linear regression. The mathematical equa-
tion of linear regression is

Y=aX+b

where X is independent variables (predictor variables) , Y is dependent variables
(target variables), and a and b are constants (Noi et al., 2017). Linear regression
assumes that the dependent and independent variables have a linear relationship,
which is not always the case in real-world scenarios. This is when you should use
non-linear regression techniques. Furthermore, if the independent variables are
related to one another, or if there is muulticollinearness, Linear Regression will
fail. To avoid this, only keep one of the correlated independent variables.
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— Support Vector Regression The Support Vector Regression algorithm is a
continuous-variable regression algorithm. In SVR, we always try to find a
hyperplane with the largest possible margin, so that the maximum number of
datapoints are covered. SVR’s main goal is to consider as many datapoints as
possible within the boundary lines, and the hyperplane (best-fit line) must con-
tain as many datapoints as possible (Smola & Scholkopf, 2004). SVR outper-
forms the linear regression model in high-dimensional space while being more
robust to outliers. In support vector regression analysis, it is also very simple to
accommodate new data points. However, training takes a long time and is not
suitable for large datasets. If the number of samples is less than the number of
features, SVR will perform poorly. The predictions do not have any probabilistic
explanations.

— Random Forest Regression Random Forest Regression is a supervised learn-
ing algorithm for regression that employs an ensemble learning method. The
ensemble learning method combines predictions from multiple machine learning
algorithms to produce a more accurate prediction than a single model. During
training, a Random Forest builds several decision trees and outputs the mean of
the classes as the prediction of all the trees (Shataee et al., 2012). Random For-
est Regression model is both effective and precise. It usually works well on a
wide range of issues, including those involving non-linear relationships. How-
ever, there are some drawbacks, such as lack of interpretability, the possibility of
overfitting, and the need to choose the number of trees to include in the model.

— KNN Regression KNN regression is a non-parametric method that approxi-
mates the relationship between independent variables and continuous outcomes
by averaging observations in the same neighborhood in an intuitive manner. The
analyst must set the size of the neighborhood, or it can be chosen using cross-
validation to find the size that minimizes the mean-squared error (Franco-Lopez
et al., 2001). While the method is appealing, it quickly becomes impractical as
the dimension grows, i.e. when there are a large number of independent vari-
ables.

1.1 Policy Recommendation

Following decisive monetary and fiscal policy responses, gradual easing of COVID-
19-induced lockdown measures, and strong FPI inflows, the Indian equity market
experienced sharp corrections in Q4:2019-20 amidst the tragic outbreak of COVID-
19 (Dev et al., 2020). Furthermore, the stock market recovery in the pandemic was
aided by policies recommended by government and monetary authorities, as well as
the COVID-19 vaccine. Overall, the BSE Sensex increased by 68.0 percent to close
at 49,509 on March 31, 2021, while the Nifty 50 increased by 70.9 percent to close
at 14,691.

The Indian stock market got off to a strong start this year, posting its biggest
monthly gain in 11 years in April 2020. During the month, the BSE Sensex rose
14.4% on expectations of a second round of government stimulus and the Reserve
Bank’s announcement of various liquidity measures. Market sentiment was lifted by

@ Springer



656 J.Beheraetal.

positive reports of COVID-19 drug trials and the easing of lockdown measures in
major economies. Domestic equities took a breather after the Reserve Bank of India
announced the "Aatma Nirbhar Bharat" stimulus package and a large policy repo
rate cut on May 22.

Investors weighed the roll-out of corona virus vaccines in the country and upbeat
corporate results for Q3:2020-21 against the persistent rise in COVID-19 cases
around the world as domestic markets remained largely volatile in January 2021. On
January 21, 2021, the benchmark hit 50,000 for the first time in history in intra-day
trade before losing all of its gains due to concerns about reports of a new border
standoff between India and China, weak global cues over stretched valuations in US
equities, and cautious trading ahead of the Union Budget. The benchmark rose to a
new high of 52,154 on February 15, 2021, reversing a downward trend that began
at the end of January 2021, boosted by budgetary proposals, the Reserve Bank’s
optimistic outlook for GDP revival, and positive global market cues (Reserve Bank
of India, 2021).

The remaining of the study proceeds as follows: Sect. 2 presents the details of the
used data and methodology. In Sect. 3, the results are analyzed. The summary of the
paper is highlighted in Sect. 4. Finally, in Sect. 5, a concluding remark is presented.

2 Data and Methods

This section describes the data that was utilized in the study as well as the method-
ology that was employed. It begins with collecting data, which includes vaccina-
tion, stock market, and death rate in India. The relationship between vaccination and
the stock market index and death rate has been investigated using statistical data
analysis. Furthermore, to make the dataset suitable for training, preprocessing and
pre-analyzing approaches are used for Machine Learning prediction. The dataset is
then trained using four algorithms or estimators. After that, the models are tested to
check the link between vaccination with the stock market index and death rate.

2.1 Data

To review the effectiveness of COVID-19 vaccination on the stock market of the
Indian economy, daily data is collected for the stock market index of S&P SENSEX
from the Bombay Stock Exchange (BSE India 2021), for the time period of Febru-
ary 1, 2021, to July 30, 2021, which consists of Opening price, High price, Low
price, and Closing price of the stock index. The sample of the data set is represented
in Table 1.

On January 16, 2021, India began administering COVID-19 vaccinations. Cov-
ishield, a brand of the Oxford-AstraZeneca vaccine manufactured by the Serum
Institute of India, and Covaxin, created by Bharat Biotech, were approved for emer-
gency use in India at the start of the program. The Indian government approved the
Russian Sputnik V vaccine (distributed locally by Dr. Reddy’s Laboratories) as a
third vaccination in April 2021, and it went into effect in May 2021.
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Table1 Sample of S & P BSE Date Open High Low Close

SENSEX dataset
01-Feb-21 46617.95 48764.4 46433.65 48600.61
02-Feb-21 49193.26 50154.48 49193.26 49797.72
03-Feb-21 50231.06 50526.39 49515.88 50255.75
04-Feb-21 50212.25 50687.51 49926.45 50614.29
05-Feb-21 51031.39 51073.27 50565.29 50731.63
01-Mar-21 49747.71 50058.42 49440.46 49849.84
02-Mar-21 50258.09 50439.82 49807.12 50296.89
03-Mar-21 50738.21 51539.89 50512.84 51444.65
04-Mar-21 50812.14 51256.55 50539.92 50846.08
05-Mar-21 50517.36 50886.19 50160.54 50405.32
01-Apr-21 49868.53 50092.48 49478.53 50029.83
05-Apr-21 50020.91 50028.67 48580.8 49159.32
06-Apr-21 49441.13 49582.26 48936.35 49201.39
07-Apr-21 49277.09 49900.13 49093.9 49661.76
08-Apr-21 49885.26 50118.08 49581.61 49746.21
03-May-21 48356.01 48863.23 48028.07 48718.52
04-May-21 48881.63 48996.53 48149.45 48253.51
05-May-21 48569.12 48742.72 48254.32 48677.55
06-May-21 48877.78 49011.31 48614.11 48949.76
07-May-21 49169.14 49417.64 49036.38 49206.47
01-Jun-21 52067.51 52228.65 51808.88 51934.88
02-Jun-21 51749.1 51913.92 51450.58 51849.48
03-Jun-21 52121.58 52273.23 51942.2 52232.43
04-Jun-21 52367.52 52389.02 51952.7 52100.05
07-Jun-21 52231.38 52378.69 52054.76 52328.51
01-Jul-21 52638.5 52638.5 52281.01 52318.6
02-Jul-21 52434.55 52527.9 52177.68 52484.67
05-Jul-21 52682.89 52919.17 52604.35 52880
06-Jul-21 52874.85 53129.37 52804.18 52861.18
07-Jul-21 52919.71 53105.41 52751.76 53054.76

Further, the Vaccination data is also collected from the MoHFW portal for the
same time span as the stock market. (MoHFW 2021). Figure 1 shows a daily trend
for vaccine dose graph, with the x-axis representing the date and the y-axis repre-
senting persons who received one dose, two doses, or the total dose.

Moreover, vaccination trend by age and vaccination trend by category graphs are
provided in Figs. 2 and 3, respectively. The category graphs show the gender distri-
bution, and the different types of vaccines used.

In addition to that, data for India’s death rate is gathered via the MoHFW portal
(MoHFW 2021) for the same time period as vaccination and stock market. Figure 4
shows the mortality rate of India where the date is represented in x-axis and death

rate is given in y-axis.
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2.2 Methodology

This section includes Exploratory Data Analysis, Statistical Data Analysis, and
Machine Learning-based prediction process for achieving the objectives. The EDA
part depicted a statistical picture of the data distribution and relevant feature analy-
sis; statistical data analysis shows the descriptive statistics and correlation, whereas
the Prediction Process section detailed the technique for objective prediction.

2.2.1 Exploratory Data Analysis (EDA)

EDA is a type of statistical data analysis that focuses on graphical features (Abt,
1987). The fundamental goal of EDA is to gain a deeper understanding of a data-
set’s hidden pieces of information. The relationship between features, arrangement,
distribution, and stability of the feature association with the target variables are all
advantages of EDA. It also illuminates the dataset’s key properties and statistical
characteristics, such as the existence of missing values, distribution types such as
skewness and kurtosis, class disproportion, and so on. However, if EDA is not per-
formed properly, it can misguide a problem. Also, when EDA is dealt with high-
dimensional data, it is not effective.

Descriptive statistics is a summary of a dataset using either the full dataset or a
selection of the dataset. Measures of central tendency (mean, median, and mode),
measures of variability (spread), and skewness and kurtosis may all be used to do
descriptive statistics. The mean, median, and mode are calculated using central ten-
dency measurements. The standard deviation, variance, minimum and maximum
values are determined by the measures of variability, while the skewness and kur-
tosis define the data distribution. Thus, descriptive statistics are used to summarize
quantitative data as shown in Fig. 5. There are 119 counts or samples in each col-
umn, with mean values that are suitable for the specified minimum and maximum
values.

The correlation of two numerical variables is measured by statisticians and data
analysts in order to get insight into their relationships. A correlation matrix is a
matrix formed by the set of correlation values between pairs of characteristics in a
dataset with numerous attributes. Figure 6 shows the correlation matrix on a heat-
map. From the figure we can derive the insights that there is a high positive correla-
tion between the total vaccination and closing price of the stock market, while nega-
tive correlation exists between the total vaccination and death rate.

Total

Open High Low Close . cinated

Dose-1 Dose2 total cases  new cases  total deaths new_de

count 119.00000 1.190000e+02

50872.01563

mean 5

8 3.161399e+07 414188.0C

0 53158.85000 4.615185e+08 3.5

Fig.5 Quantitative descriptive statistics
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Pairplot visualizes continuous or categorical data to discover the relationship
between them. Figure 7 shows the pairplot of total vaccinated people with stock
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index closing price and new deaths per day. From the figure, it can be observed that
the closing price of the stock index is directly proportional to total vaccination while
a new deaths per day is inversely proportional to total vaccination.

2.2.2 Statistical Data Analysis

Statistical analysis helps the researchers to quantify a wide range of phenomena,
allowing them to study topics like social behaviour, political opinions, cellular biol-
ogy, and forest growth rates objectively. On the other hand, statistical analysis is far
from perfect and can lead to serious errors and false conclusions. To begin with, a
statistical test is only as good as the data that it analyses. The statistical analysis will
be misleading if researchers collect data using faulty or biased procedures. Another
issue with statistical analysis is the proclivity for drawing rash conclusions about
causal relationships. Researchers frequently discover evidence of high correlation
between two variables, but this does not prove that one variable causes the other. In
addition to that, statistical data is frequently secondary data, which makes it easy to
misinterpret.

In this section, the relationship of vaccination with the stock market, as well
as with the death rate in India, has been tested in two sections. According to that,
for both the sections, we have defined two hypotheses as Null hypothesis (H,,) and
Alternative hypothesis (H,).

For vaccination and stock market:

— H, = There will be no significant relationship between vaccination and the stock
market in India.

— H, = There will be a significant relationship between vaccination and stock mar-
ket in India.

For vaccination and death rate:

— H, = There will be no significant relationship between vaccination and the death
rate in India.

— H, = There will be a significant relationship between vaccination and the death
rate in India.

There are two variables in each section, and all are continuous variables. For the
vaccination and stock market section, variables are total vaccinated people and the
closing price of the stock market where for vaccination and death rate section, the
variables are total vaccinated people and daily new death rate in India. Moreover, in
this study, Pearson correlation has been used to check the relationship between the
variables. For both the sections, descriptive statistics and correlations of the vari-
ables are analyzed with Statistical Package for the Social Sciences (SPSS) software.
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2.2.3 Machine Learning based Prediction Process

Machine Learning is a important part of today’s technology. Many tasks such as
pattern recognition and data prediction would be impossible without it. Moreover,
Machine Learning algorithms are good at dealing with multidimensional and mul-
tivariate data, and they can do it in dynamic or uncertain environments. Also, as the
amount of data increases, algorithms learn to make more accurate predictions in less
time. However, Machine learning requires large dataset for training, which must be
inclusive, unbiased, and of high quality. In addition to that, running models with dif-
ferent algorithms and determining the most accurate algorithm based on the results
is a manual and time-consuming task. Also, it is highly susceptible to errors.

@ Springer



COVID-19 Vaccination Effect on Stock Market and Death Rate... 663

500000000
450000000
400000000
350000000
300000000
250000000
200000000
150000000

Total vaccinated people

100000000
50000000

0
01-Feb-21  01-Mar-21 01-Apr-21 01-May-21 01-Jun-21 01-Jul-21
Date
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To predict the status of the Indian stock market and death rate with concern to
COVID-19 vaccination, Machine Learning models like Linear regression, Sup-
port Vector Regression, KNN Regression, and Random Forest Regression are used
in this research. The conceptual framework for Machine Learning prediction is
depicted in Fig. 8.

Furthermore, to ensure consistency and completeness in the data set, stock index
data is appended with COVID-19 vaccination data in one part, and in other part, the
death rate data is appended with the vaccination data.

Figures 9 and 10 show the daily rate of stock market index and COVID vacci-
nated people, respectively.

In addition to that, Regression analysis is a collection of statistical approaches for
estimating relationships between one or more independent variables and a depend-
ent variable (Pasayat et al., 2020). Hence, in the stock market and vaccination sec-
tion, the closing price of the stock index is considered to be a dependent variable,
while others are supposed to be independent variables, and in the vaccination and
death rate section, new death cases are assumed as dependent variables. Then, we
divide our dataset into two parts as training dataset and testing dataset with 70% and
30% proportion respectively.

The models are trained using the training data set to predict the stock market clos-
ing price and mortality rate of India. After training, each of the models are tested
with 30% testing data set to find out their performance level. Further, to estimate the
accuracy and error, R? value, mean squared error, and mean absolute error have been
used in each of the forecasting models.

— R? Value The coefficient of determination, often known as R-squared, is the pro-
portion of the variance in the dependent variable. It is a scale-free score, mean-
ing that regardless of how little or huge the values are, the R square value will be
less than one. The formula to compute this is given in Eq. 1 (Liong & Sivapra-
gasam, 2002).

@ Springer



664 J.Behera et al.
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where y= predicted value of y; y= mean value of y.

— Mean Squared Error (MSE) The squared difference between the original and
forecasted values in the dataset is represented by the Mean Squared Error. The
variance of the residuals is calculated using the formula provided in Eq. 2 (Zheng
et al., 2015).

R =1- (M

N
_1 PY
ME—N;m 9 )

— Mean Absolute Error (MAE) The average of the absolute difference between
the actual and predicted values in the dataset is represented by the Mean absolute
error. It computes the average of the dataset’s residuals by the formula repre-
sented in Eq. 3 (Lian et al., 2013).

N
1
MAE=—Z =3
N & ly; = 31 3)

Descriptive Statistics

Mean Std. Deviation N
Total vaccinated 1693539546 1389707121 119
Close 50872.0156 1524.60054 119
Correlations
Total
vaccinated Close
Total vaccinated  Pearson Correlation 1 627"
Sig. (2-tailed) <.001
N 119 119
Close Pearson Correlation 627" 1
Sig. (2-tailed) <.001
N 119 119

** Correlation is significant atthe 0.01 level (2-tailed).

Fig. 11 Statistical data analysis between vaccination and stock market
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3 Result Analysis

This section empirically demonstrated the impact of COVID-19 immunization on
the stability of the Indian stock market and the decrease of the mortality rate. The
data on COVID-19 vaccination, stock market index and mortality rate in India for
the same time period are gathered. Here, we calculate both the statistical-based cor-
relation among the variables and the machine learning based-prediction.

3.1 Statistical Data Analysis Results

From the descriptive statistics of Fig. 11, we found the mean and standard deviation
of the variables. In both the cases, sample size () is 119, which means any data has
not been missed. Moreover, the correlation of each combination of the variables is
given in the correlation matrix of Fig 11. When the total vaccinated people is corre-
lated to the closing price of the stock market, the coefficient of the correlation (r) is
0.627. Also, the level of significance (a) in the correlation matrix is less than 0.001,
which proves that the correlation between the total vaccinated people and the clos-
ing price of the stock market is significant.

Since the r value is positive, the total vaccinated people and closing price
are positively correlated. In other words, we can say that if the total vaccina-
tion increases, then the closing price of the stock market is also increases. As we
know, if the r value is > 0.5, then the relationship is strong, and in the correlation
matrix of Fig. 11, our r value is 0.627, which shows that total vaccination and
closing price are strongly correlated. Hence, the null hypothesis got rejected here.
In addition to that,

Descriptive Statistics

Mean Std. Deviation N
Total vaccinated 239395032.7 109185791.3 115
new_deaths 2152.78 1472.373 115

Correlations

Total
vaccinated new_deaths
Total vaccinated  Pearson Correlation 1 -389"
Sig. (2-tailed) <.001
N 115 115
new_deaths Pearson Correlation -389" 1
Sig. (2-tailed) <.001
N 115 115

** Correlation is significant atthe 0.01 level (2-tailed).

Fig. 12 Statistical data analysis between vaccination and death rate
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Coefficient of determination = (r)> x 100 4)

which tells how much variance the two variables share. Thus, here coefficient of
determination is 39.3129. That means total vaccination and closing price of the
stock market have 39.3129% of shared variance.

Furthermore, in Fig. 12, descriptive statistics and correlation of the variable in
vaccination and death rate section are illustrated.

From the descriptive statistics, it can be observed that mean of the vari-
ables of total vaccinated people and death rate are 239,395,032.7 and 2152.78,
respectively, whereas the standard deviation of the same are 109, 185, 791.3
and 1472.373. Also, for both the cases, N = 115, which means no data has been
missed. Furthermore, from the correlation matrix of Fig. 12, it can be observed
that, coefficient of correlation (r) = —0.389 when total vaccinated people is cor-
related with the new death rate. As the value of r is negative, total vaccinated
people and death rate are negatively correlated, which means if total vaccination
increases, then death rate decreases accordingly. Moreover, the level of signifi-
cance is less than 0.001, which shows that the correlation between the variables
is significant.

In addition to that, for the case vaccination and death rate, coefficient of deter-
mination is 15.1321, which states that the total vaccination and death rate have
15.1321% of shared variance.

3.2 Machine Learning based Prediction

Here, Machine Learning models are being used to investigate the link between the
stock market and vaccination. To evaluate the performance of the models, metrics
like R? score, mean squared error (MSE) and, mean absolute error (MAE) are taken
into consideration. After model implementation, when the actual and predicted val-
ues are known, we have calculated the above-mentioned metrics. The accuracy of
the model’s performance is calculated by R? score, whereas the error in the perfor-
mance is estimated by MSE and MAE.

Tablt? 2 Percentage of various Model R2 score MSE MAE
metrics score
Linear regression 72 0.02 0.102
Support vector regression 91 0.006 0.058
Random forest regression 89 0.004 0.071
KNN regression 82 0.011 0.072
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Fig. 13 Estimation vs actual values for each regression method in stock market regrading vaccination
process

R-squared value

0 10 20 30 40 50 60 70 80 90 100

KNN Regression # Random Forest Regression

m Support Vector Regression ® Linear Regression

Fig. 14 R? value comparison between the models for vaccination and stock market

3.2.1 Vaccination and Stock market

The estimated values of the metrics in the prediction process of stock market regard-
ing to Vaccination process are represented in Table 2.

From Table 2, the result found that, Linear Regression, Support Vector Regres-
sion, Random Forest Regression and KNN Regression models give accuracy (R?
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Table. 3 Percentage of various Model R2 score MSE MAE
metrics score
Linear regression 70 0.018 0.105
Support vector regression 87 0.009 0.058
Random forest regression 89 0.078 0.067
KNN regression 85 0.013 0.079

score) of about 72%, 91%, 88%, and 82%, respectively, whereas the MSE are 0.02,
0.006, 0.004, and 0.011 and MAE of the models are 0.102, 0.058, 0.071 and 0.072,
respectively.

The graph of actual value vs predicted value of different regression models in
stock market concerned to vaccination process has been illustrated in Fig. 13. It can
be seen that Support Vector Regression model gives the better prediction followed
by Random Forest Regression, KNN regression and Linear Regression.

Comparison between the performances of the models is shown in Fig. 14. From
this figure, it is observed that the Support Vector Regression model gives better
accuracy of 91% followed by Random Forest Regression with 88%, KNN Regres-
sion with 82%, and Linear Regression with 72%. Despite the fact that the Random
Forest Regression model has the second-highest accuracy, the difference between

Linear Regression SVR
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Fig. 15 Estimation vs actual values for each regression method in death rate regrading vaccination pro-
cess

@ Springer



COVID-19 Vaccination Effect on Stock Market and Death Rate... 669

R-squared Value
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= Support Vector Regression ® Linear Regression

Fig. 16 R? value comparison between the models for vaccination and death rate

the Support Vector Regression and Random Forest model is small, implying that the
Regression model can be used for stock market prediction in the future for a better
comparison.

3.2.2 Vaccination and Death rate

Moreover, the estimated values of the metrics in the death rate prediction with con-
cern to COVID-19 vaccination are provided in Table 3.

According to Table 3, the accuracy (R? score) of Linear Regression, Support
Vector Regression, Random Forest Regression, and KNN Regression models is
about 70%, 87%, 89%, and 78%, respectively, while the MSE is 0.018, 0.009,
0.078, and 0.013, and the MAE is 0.105, 0.058, 0.067, and 0.079, respectively.

Figure 15 depicts the graph of actual value vs. predicted value for various
regression models in death rate regarding to vaccination process. As can be seen,
the Random Forest Regression model outperforms the Support Vector Regres-
sion, KNN Regression, and Linear Regression models.

Figure 16 shows a comparison of the performance of the models. The Random
Forest Regression model has a higher accuracy of 89%, followed by Support Vec-
tor Regression with 87%, KNN Regression with 78%, and Linear Regression with
70%, as seen in the graph.

4 Discussion

The global economy, where India is a large contributor, has been affected by the
COVID-19 pandemic. Almost all the stock markets around the world have been
affected by the COVID-19 pandemic. It pushed the world economy into a great cri-
sis. Since the population of India is so large, the pandemic becomes more dangerous

@ Springer



670 J.Beheraetal.

to it. However, the delivery of the vaccination raises some hopes in both the stock
market and the death rate.

This study has two purposes; one is to predict the stock market response to the
vaccination process, and the second is to find the relationship between the mortality
rate and vaccination in India. EDA has been employed to analyze the key features of
the dataset with visual methods. Moreover, statistical data analysis has been used to
demonstrate the relationship of vaccination with the stock market and death rate. As
a result, it is found in vaccination and stock market part that total vaccinated peo-
ple and closing price of the stock market are positively correlated, since r value is
positive. In addition to that, as the value of » > 0.5, vaccination and stock market are
strongly correlated. At the same time, in the vaccination and death rate section, vac-
cination process and death rate are negatively correlated as the value of r is negative.

Furthermore, different Machine Learning Regression models have been imple-
mented to predict the stability of the stock market and decrease in death rate after
vaccination process . The study reveals that in the part of stock market and vaccina-
tion, the Support Vector Regression model surpassed all other models in terms of
accuracy, with an R* score of 91% and excellent prediction outcomes whereas in
death rate and vaccination section, the highest accuracy produced by the Random
Forest Regression model is 89% . The result has met our expectations thoroughly by
giving the prediction of the stock market and mortality rate concerning the vaccina-
tion data.

The result summarized in the above section shows that increasing vaccination
process decrease the volatility and chaos in the stock market. Moreover, with an
increase in the number of daily vaccination, decrease the death rate in India. There-
fore, the reaction of the mass vaccination process in India can be seen positively in
the stock market with less mortality rate.

In addition to that, we have included some policy recommendation taken by Gov-
ernment in Introduction section. To summarise, the Reserve Bank took a number of
steps to boost confidence in the financial markets and the economy. These efforts not
only maintained orderly market conditions, but they also hastened the rate of recov-
ery, as evidenced by high frequency economic indicators. The unwinding of some
of the policy measures implemented in the aftermath of the pandemic necessitates
a measured and deliberate approach. Financial market movements will be led in the
future by progress in managing the COVID-19 pandemic, particularly through vac-
cine delivery, the pace of global and domestic economic recovery, and changes in
global liquidity and financial conditions (Reserve Bank of India, 2021).

5 Conclusion

The Coronavirus has spread throughout India, posing serious health and economic
threat. Though India is not as badly impacted as many other Eurozone countries, the
disease’s effects have made India no exception to the predicament. Nevertheless, in
early 2021, the development and widespread distribution of a vaccine raised expec-
tations of reviving the economy and stabilizing the stock market with reducing the
death rate. This paper examines the stock market index value and mortality rate with
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concern to COVID-19 vaccination in India. The link of immunization with the stock
market and the death rate has been demonstrated using statistical data analysis. For
the Machine Learning process, Linear Regression, Support Vector Regression, Ran-
dom Forest Regression, and KNN Regression model has been implemented in this
work. It is found that the stock market becomes stable after the introduction of the
COVID-19 vaccination process. Furthermore, daily vaccination in the country also
decreases the mortality rate. From the experiment, it is concluded that if the vac-
cination process goes on accordingly, better improvement can be seen in the stock
market with a lower death rate. The limitation of our work is the relatively fresh and
short data set.

In future studies, researchers may consider other indicators like the number of
tests and the number of patients who recover. Also, a micro-level (i.e. company-
based) analysis, as well as a macro-level (i.e. main stock exchange indices) analysis,
could be used to examine the reaction to the vaccination process. Other statistical or
econometric methods, such as Deep Learning Algorithms, Markov Switch Regres-
sion, Neural Networks, Multivariate Adaptive Regression Splines and Wavelet
Coherence Approach, could be used in future research. In addition, the effect of vac-
cination on the stock market in other countries could be investigated. Moreover, new
analyses of the stock market’s reaction to the vaccination process, based on full data
from the beginning to the end of the vaccination, could add to the existing literature.
The findings of these studies could be helpful in formulating policies to mitigate
the pandemic’s negative effects on economies, financial markets, stock exchanges,
and major indices. Furthermore, future research on this topic could also look into
the effects of vaccines on other asset classes, such as currencies, commodities, and
corporate bonds.
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