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Abstract 

With the increase in Covid-19 patients throughout the world, the advent 

effect of vaccination plays an important role in improving the population 

immunity, controlling the effects of virus and reducing the health crisis. The 

major task in the planning of enhancing the vaccination drive lies in 

identifying the pattern of people coming forward to vaccinate in the age 

group expected to expose vaccination. The principal objective of this study 

is developing a model to predict the demand of vaccines in future pandemic 

situations in India using the ARIMA statistic model. 
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Introduction 

The novel corona virus epidemic was first reported in January 27, 2020 in India. 34,822,040 

people were infected with this disease, 480,860 people lost their lives and 34,258,778 recovered 

cases. The recovery case is around 98.6 % in India. The death rate in India is 1.4 %. India began 

administration of COVID-19 vaccines on 16 January 2021. Vaccines are the one of the 

significant factor to prevent the people from COVID-19 pandemic in India. 60.9 % of the 

Indian population haven taken the first dose vaccine. 42.5 % of the Indian population were 

fully vaccinated [11].  

It is evidence-based and officially approved by health authorities is generally safe. Vaccination 

is a collective strategy that needs a high proportion of the population to be vaccinated in order 

to generate a protective effect [2]. Vaccination against COVID-19 is one of the critical tools to 

fight the Ongoing pandemic. Globally, it began on 31st December 2020, when WHO issued an 

Emergency Use Listing (EUL) for the Pfizer vaccine. In India, the Central Drugs Standard 

Control Organization (CDSCO), a regulatory body, has provided emergency use authorization 

to Covishield (AstraZeneca’s / Serum Institute of India) and Covaxin (Bharat Biotech Limited) 

on 3rd January 2021[8][10].  Age wise vaccination drive has faced lot of challenges to bring 

people to get vaccinated. 
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Related Works 

A great effort of research and global coordination, which has resulted in a rapid process of 

development of vaccines and other medical products considered strategic in the fight against 

COVID-19, is evident [4],[7]. Considering the initiatives for the rapid development of 

vaccines, Jason Wang and Petar Radanliev aims at identifying the main factors and innovative 

environments that are promoting this phenomenon [6][13]. It also seeks to understand the ways 

and processes that lead to the resolution of problems that plague our society, such as infectious 

diseases of global relevance, and, based on accumulated learning, to provide new perspectives 

of pathways and strategies that can be used for new vaccines within the scope of innovation 

management, especially in pandemic context [1][3]. Hugo Garcia Tonioli Defendi Analyzed 

the COVID‐19 Vaccine Development Process[5]. Shantani Kannan discussed the Role of 

Artificial Intelligence and Machine Learning Techniques in the Race for COVID-19 

Vaccine[12]. Md Mijanur Rahman carried out a study on Artificial Intelligence and Machine 

Learning Approaches in Confronting the Coronavirus (COVID-19) [9]. L. J. Muhammad 

designed the Supervised Machine Learning Models for Prediction of COVID‐19 Infection 

using Epidemiology Dataset [10]. Vikas Chaurasia did time series analysis for prediction 

COVID-19 pandemic [17]. Kolla Bhanu Prakash Analysis, Prediction and Evaluation of 

COVID-19 Datasets using Machine Learning Algorithms and concluded that the Random 

Forest Regressor and Random Forest Classifier has outperformed other models in terms of CoD 

and Accuracy [7]. Stephen Wai Hang Kwok said that the level of positive sentiment among the 

public may not be sufficient to increase vaccination coverage to a level high enough to achieve 

vaccination-induced herd immunity. Rajani Kumari suggested the model to predict the 

economic losses in India due to Covid 19 [14]. 

The paper is organized as follows: Section 2 presents related works; Section 3 discusses the 

Problem Description and Research framework. Section 4 analyzes the given samples and finally 

Section 5 contains the Conclusion. 

Problem Descriptions and Framework 

The main objective of this paper is to create a model that provides the information about the 

requirement of vaccines against any pandemic situation in India.  COVID-19 dataset for corona 

virus is collected based on confirmed, recovered, and death cases in India from January 2020 

to July 2021. The dataset is taken from www.kaggle.com. The csv file downloaded and its 

details are given below.  

State wise Testing Details.csv contains the fields. 

Date, State, Total Samples, Negative and Positive. State, Total Doses Administered, Total 

Sessions Conducted, Total Sites, First Dose Administered, Second Dose Administered, Male 

(Individuals Vaccinated), Female (Individuals Vaccinated), Transgender (Individuals 

Vaccinated), Total Covaxin Administered, Total CoviShield Administered, Total Sputnik V 

Administered, AEFI,18-45 years (Age), 45-60 years (Age),60+ years (Age) and Total 

Individuals Vaccinated. 
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Covid_19_india.csv contains the below details. 

Date, Time, State/Union Territory, Confirmed Indian National, Confirmed Foreign National, 

Cured, Deaths and Confirmed 

The procedure applied to generate the prediction model is shown in Fig 1.  

 

Fig. 1 - Schematic presentation of methodology applid for the study. 

The collected data is pre-processed and cleaned to convert the raw data in to efficient data 

format. The final Data Set after Data pre-processing is shown in figure 2. 

 

Fig. 2 - Data Set after Data pre-processing 

Auto Regressive Integrated Moving Average Model (ARIMA) is used to create a predictive 

model for the above said pre-processed data. An ARIMA model is a class of statistical models 

for analyzing and forecasting time series data. A standard notation is used of ARIMA (p,d,q) 

where the parameters are substituted with integer values to quickly indicate the specific 

ARIMA model being used. 

The parameters of the ARIMA model are defined as follows: 

p: The number of lag observations included in the model, also called the lag order. 

d: The number of times that the raw observations are differenced, also called the degree of 

differencing. 

q: The size of the moving average window, also called the order of moving average. 

A linear regression model is constructed including the specified number and type of terms, and 

the data is prepared by a degree of differencing in order to make it stationary, i.e. to remove 
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trend and seasonal structures that negatively affect the regression model. A value of 0 can be 

used for a parameter, which indicates to not use that element of the model. This way, the ARIMA 

model can be configured to perform the function of an ARMA model, and even a simple AR, I, 

or MA model. Adopting an ARIMA model for a time series assumes that the underlying process 

that generated the observations is an ARIMA process. This may seem obvious, but helps to 

motivate the need to confirm the assumptions of the model in the raw observations and in the 

residual errors of forecasts from the model. 

Analysis on Covid-19 India Dataset 

From  the  seaborn  package, a  barplot  has  been  plotted  to  visualize  the  race  between  the 

total number of confirmed cases in the State/Union territory and to the cured cases. Figure 3 

shows the Race between confirmed cases and to the cured cases. In this below  plot  RED  

colour  indicates  the  total  number  of  confirmed  cases  and  GREEN indicates  the  cured  

cases. From the below barplot, Maharashtra, Kerala, Karnataka are the states secured the top 3 

places in the race between the recovered and the total number of cases 

 

Fig. 3 - Race between confirmed cases and to the cured cases. 

Trend  of  corona virus  has  been  observed  using  the  confirmed  cases  with  the  help  of  a 

scatter plot. Confirmed cases in India with respective to the date has been visualized and hence 

an increased trend is observed from MARCH 2020 till JULY 2021. Figure 4 shows the trend 

of Confirmed Cases in India and Figure 5 shows the cases in India on daily basis. 
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Fig. 4 - Confirmed Cases in India 

 

 

 

 

 

 

Fig. 5 - Cases in India on daily basis 

Trend of death cases has been observed using the number of deaths with the help of a scatter 

plot. Figure 6 shows the Death Cases in India. Death cases in India with respective to the date 

has been visualized and hence an increased trend is observed from MARCH 2020 till JULY 

2021. Figure 7 shows the Death Cases in India on daily basis. 

 

Fig. 6 - Death Cases in India 
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Fig. 7 - Death Cases in India on daily basis 

A scatter plot has been plotted to visualize the combined trend of confirmed, recovered and 

death cases in India with respect to the date starting from JANUARY 2020. Figure 8 shows the 

confirmed, recovered and death cases in India. 

 

Fig. 8 - confirmed, recovered and death cases in India 

Figure 9 Shows the State wise confirmed, death, cured, active cases, Death rate(per 100),Cure 

rate (per 100) has been visualized in the descending order (i.e Highest number of cases). 

 

Fig. 9 - State wise confirmed, death, cured, active cases. 

Fatality  ratio  is  calculated  for  states  using  the  number  of  death  and  confirmed  cases. 

Figure 10 shows the Fatality Ratio among States. Visualization is done using the state/union 
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territory and the fatality ratio. From the below plot it has been observed, Maharashtra, Punjab, 

Gujarat are the three states with the highest fatality ratio. 

 

Fig. 10 - Fatality Ratio among States 

Fatality ratio in a year is calculated and visualized using the features like Dates and fatality 

ratio. Figure 11 shows the Fatality Ratio in a Year From  the  below  plot, it is   observed  that  

the  fatality  ratio  has  increased  rapidly during the month of MARCH 2020 and has been quiet 

steady throughout the months from JULY 2020. 

 

Fig. 11 - Fatality Ratio in a Year 

Highest number of confirmed cases with respect to the state/union territory has been analyzed 

and visualized below. Figure 12 shows the top 10 States with Highest Number of Cases .The 

states with highest number of confirmed cases are Maharashtra, Kerala, Karnataka, Tamil 

Nadu, Andhra Pradesh, Uttar Pradesh, West Bengal, Delhi, Chhattisgarh and Rajasthan. 

 

Fig. 12 - Top 10 States with Highest Number of Cases 

Highest number of recovered cases with respect to the state/union territory has been analyzed 

and visualized below. Figure 13 shows the top 10 States with Highest Number of Cured Cases. 

The states with highest number of cured cases are Maharashtra, Kerala, Karnataka, Tamil 

Nadu, Andhra Pradesh, Uttar Pradesh, West Bengal, Delhi, Chhattisgarh and Rajasthan. 
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Fig. 13 - Top 10 States with Highest Number of Cured Cases 

Highest number of death   cases with respect to the state/union territory has been analyzed and 

visualized below. Figure 14 shows the top 10 States with Highest Number of Death Cases. The 

top 10 states with highest number of death cases are Maharashtra, Karnataka, Tamil Nadu, 

Delhi, Uttar Pradesh, West Bengal, Punjab, Chhattisgarh, Andhra Pradesh, and Kerala. 

 

Fig. 14 - Top 10 States with Highest Number of Death Cases 

State wise testing details have been analyzed and below 10 states are found with the highest 

number of sample collected for testing. The states are Uttar Pradesh, Maharashtra, Karnataka, 

Bihar, Tamil Nadu, Gujarat, Kerala, Andhra Pradesh, Delhi, and Telangana. Figure 15 shows 

the top 10 States with Highest Number of Sample Collection. 

 

Fig. 15 - Top 10 States with Highest Number of Sample Collection 

In order to observe the trend of how INDIA is vaccinating,a line plot has been plotted using 

the features like Date and Total number of individuals vaccinated. From the below plot, a 

steady increase in the vaccinating trend has been observed from JANUARY 2020 till JULY 

2021. Figure 16 shows the total number of individuals vaccinated. 
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Fig. 16 - Total number of individuals vaccinated 

A barplot has been plotted to visualize the top 5 vaccinated states in INDIA. Using the features 

States and total number of Individuals vaccinated, the top 5 states are Uttar Pradesh, Karnataka, 

Gujarat, Madhya Pradesh and Haryana. Figure 17 shows the top 5 Vaccinated States in India. 

 

Fig. 17 - Top 5 Vaccinated States in India 

A barplot has been plotted to visualize the least 5 vaccinated states in INDIA. Using the features 

States and total number of Individuals vaccinated, the least 5 states are Lakshadweep, Andaman 

and Nicobar Islands, Ladakh, Dadra and Nagar Haveli and Daman and Diu, Sikkim. Figure 18 

shows Least 5 Vaccinated States in India. 

 

Fig. 18 - Least 5 Vaccinated States in India 

Male, female, transgender vaccination ratio are calculated from the feature named 

INDIVIDUALS_VACCINATED. Using pie plot, gender vaccination ratio has been plotted 

.The ratio has been observed as follows: Male vaccinated ratio (53.7%), Female vaccinated 

ratio (46.28%) and Transgender vaccinated ratio (0.0173%). Figure 19 shows the Gender 

Vaccination Ratio. 
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Fig. 19 - Gender Vaccination Ratio 

From features (Total_covaxin_administered and Total_covishield_administered), covaxin and 

covishield administered ratio are 12.4% and 87.6% respectively. Figure 20 shows the covaxin 

and covishield administered ratio. 

 

Fig. 20 - covaxin and covishield administered ratio 

On analyzing the doses administered and individuals vaccinated, a ratio of 44.9% individuals 

vaccinated out of 55.1% doses administered. Figure 21 shows the Vaccine Status of States with 

Highest Number of Cases that representing the doses administered and individual vaccinated 

ratio. In Kerala, the ratio of Doses Administered and People vaccinated are 44.9% and 55.1% 

respectively. In Maharashtra, the ratio of Doses Administered and People vaccinated are 35.3% 

and 64.7%respectively. In Karnataka, the ratio of Doses Administered and People vaccinated 

are 44.5% and54.5 % respectively. In Tamil Nadu, the ratio of Doses Administered and People 

vaccinated are 45.2 % and54.5 % respectively. 
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Fig. 21 - Vaccine Status of States with Highest Number of Cases 

Arima Model Visualize The Time Series Data: 

The data is plotted as a time series with dates along the x-axis and individuals vaccinated on 

the y axis. We can see that the covid vaccination dataset has a clear trend. This suggests that 

the time series is not stationary and will require differencing to make it stationarity, at least a 

difference order of 1. 

 

Augmented Dickey fuller test is used to check the stationarity of the dataset. 

Dickey-Fuller Test: A Dickey-Fuller test is a unit root test that tests the mull hypothesis that 

α=1 in the following model equation. Alpha is the coefficient of the first lag on Y. Null 

Hypothesis (H0): alpha=1 

 

 

where, 

•  y(t-1) = lag 1 of time series 

•  delta Y(t-1) = first difference of the series at time (t-1) 

55.10%

64.70%

54.50% 54.80%

44.90%

35.30%

44.50% 45.20%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

KERALA MAHARASHTRA KARNATAKA TAMILNADU

People Administered

http://philstat.org.ph/


Vol. 71 No. 4 (2022) 
http://philstat.org.ph 

Mathematical Statistician and Engineering Applications 

  ISSN: 2094-0343 

2326-9865 

5596 

Fundamentally, it has a similar null hypothesis as the unit root test. That is, the coefficient of 

Y(t-1) is 1, implying the presence of a unit root. If not rejected, the series is taken to be non- 

stationary. The Augmented Dickey-Fuller test evolved based on the above equation and is 

one of the most common forms of Unit Root test. 

•  Augmented Dickey Fuller (Adf) Test: As the name suggest, the ADF test is an ‘augmented’ 

version of the Dickey Fuller test. The ADF test expands the Dickey-Fuller test equation to 

include high order regressive process in the model. 

 

 

If you notice, we have only added more differencing terms, while the rest of the equation 

remains the same. This adds more thoroughness to the test. The null hypothesis however is still 

the same as the Dickey Fuller test. A key point to remember here is: Since the null hypothesis 

assumes the presence of unit root, that is α=1, the p-value obtained should be less than the 

significance level (say 0.05) in order to reject the null hypothesis. Thereby, inferring that the 

series is stationary. 

Checking Stationarity Using Adfuller Test: Stationarity of the time series data has been 

checked using the augmented dickey fuller test.It has been observed that the p value is less than 

the significance level.Therfeore rejecting the null Hypothesis, and the Data is Stationary.  

 

P value is less than 0.05 implies there that the time series data is stationary. 

 Autocorrelation And Partial Autocorrelation: The coefficient of correlation between two 

values in a time series is called the autocorrelation function (ACF) For example the ACF for a 

time series ytyt is given by: 

Corr(yt,yt−k),k=1,2,....Corr(yt,yt−k),k=1,2,.... 

This value of k is the time gap being considered and is called the lag. A lag 1 autocorrelation 

(i.e., k = 1 in the above) is the correlation between values that are one time period apart. More 

generally, a lag k autocorrelation is the correlation between values that are k time periods apart. 

The ACF is a way to measure the linear relationship between an observation at time t and the 

observations at previous times. If we assume an AR(k) model, then we may wish to only 

measure the association between ytyt and yt−kyt−k and filter out the linear influence of the 

random variables that lie in between (i.e., yt−1,yt−2,…,yt−(k−1)yt−1,yt−2,…,yt−(k−1)), 

which requires a transformation on the time series. Then by calculating the correlation of the 

transformed time series we obtain the partial autocorrelation function (PACF). 
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Fig. 22 - ACF PLOT 

 

 

 

 

 

 

 

 

Fig. 23 - PACF PLOT 

• MODEL BUILDING: The stats models library provides the capability to fit an ARIMA 

model. An ARIMA model can be created using the stats models library as follows: 

1.   Define the model by calling ARIMA() and passing in the p, d, and q parameters. 

2.   The model is prepared on the training data by calling the fit() function. 

3.   Predictions can be made by calling the predict() function and specifying the index of the 

time or times to be predicted. 

An ARIMA model is fitted to the entire Covid Vaccination dataset and review the residual 

errors.An ARIMA (5,0 ,0)model is fitted. This sets the lag value to 5 for autoregression, uses 

a difference order of 0 because the time series is stationary, and uses a moving average model 

of 0. 

•  SUMMARY OF THE MODEL : Finally prints a summary of the fit model. This summarizes 

the coefficient values used as well as the skill of the fit on the in-sample observations. 
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Fig. 24 - Summary of the Model 

• Model Validation Using Walk Forward Validation 

In time series modeling, the predictions over time become less and less accurate and hence it 

is a more realistic approach to re-train the model with actual data as it gets available for further 

predictions. Since training of statistical models are not time consuming, walk-forward 

validation is the most preferred solution to get most accurate results. 

Predicted and estimated values after the walk forward validation are as follows 

 

• Evaluating Forecasts: Forecasts can be evaluated using the test and the predictions. 

RMSE(Root Mean Squared error) is used to evaluate the forecasts. Test  RMSE value of 

915383.186 is obtained while evaluating the forecasts of the covid vaccination dataset. 

 

 The model could use further tuning of the p, d, and maybe even the q parameters. 
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Arima Model Results 

 

 

 

Conclusion 

AD fuller test confirms that the time series data under study is stationary which implies it time 

series with trends or with seasonality are not stationary. We have fit ARIMA (5,1,0) model. 

This sets the lag value to 5 for auto regression, uses difference order of 1 to make the time 

series stationary and uses a moving average model of 0.The expected values are compared with 

rolling forecast predictions and it is seen that most of the trend are in correct scale. The RMSE 

value of 915383.186 can be used as a point of comparison for other ARIMA configurations. 

Also AIC and BIC values act as a point of comparison to choose a better ARIMA model. Thus, 

though the number vaccinated doesn’t follow any trend of seasonality the stationarity of data 

is maintained and a suitable predictive model is fitted.as normal. 
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