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ABSTRACT 

Background: The devastating spread of the novel coronavirus, named COVID-19, 

starting its journey from Wuhan Province of China on January 21st, 2020, has now 

further threatened lives of almost all the countries of the world in different 

magnitudes with its second, and somewhere third waves. Mostly the developed 

countries have been hit hard, besides the emerging countries like China, India and 

Brazil. The Indian major states are now highly affected by its second wave starting 

from Maharashtra and Kerala in early February 2021. The government of India as 

well as the state governments are struggling to arrest the situation.  Objectives: 

The study aims to predict the number of cases in India and its severely impacted 

states like Maharashtra, Kerala, Karnataka, Tamil Nadu, Gujarat, Andhra 

Pradesh, Uttar Pradesh, West Bengal, Rajasthan and Delhi for the period May 11-

June 30, 2021 and compares the predicted values with the actual values to judge 

its depth of severity and growth. Method: The study uses Box-Jenkins method of 

forecasting in an Autoregressive Integrated Moving Average (ARIMA) structure on 

the basis of the daily data published by the Government of India from February 1st 

to May 10th, 2021. Results: It is derived that India and its ten highly affected states 

will be facing the gloomy scenario in the number of cases and deaths in the coming 

51 days. Tamil Nadu is an exception with regard to the number of deaths as its 

predicted deaths will be declining. India will reach around 3.87 crore of number of 

cases and 4.9 lacs of death on June 30. Maharashtra will be the leader in the 
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group keeping all the remaining states well behind in both the number of cases and 

deaths. Mass scale vaccination is recommended to save the people of country from 

the ill effects of the virus. 

 

KEYWORDS: COVID-19; prediction; ARIMA, Box-Jenkins; mean difference. 

INTRODUCTION 

COVID 19 in its second- round outbreak has affected a list of countries from both 

the developed and developing countries with a greater severity due to, as the 

scientists claimed, its several times mutations. The countries such as England, 

United States, Brazil, Spain, France, South Africa etc. were badly hit in the early 

phase of the second round. Mostly the mutated forms such as Britain strain and 

African strain were responsible for this severity in its attack. But, since the last 

couple of months, India has been the worst hit country in the world. According to 

Rao (2020, September), in the National Herald, has mentioned that India has been 

the new epicenter of global pandemic. The effects of Britain strain and a deadly 

variant, Indian strain, have been identified as the central cause of the new spread in 

the sub-continent. The Lancet (2021, May) very recently opined in its editorial that 

there will be about one million death by 1st August, 2021. Several causes have 

been identified by the report for this massive death rates, out of which policy 

failure on the part of the government regarding vaccination and capacity buildings 

have been in the priority list. But it is not observable from the report the method 

through which the estimation is made. Further, having an average span of three to 

five months of the impact in the second round, the estimated figure for August may 

be too late. In addition to that, the report could not throw lights upon the 

consequent impacts across the major/highly affected states in India in terms of 

both the number of cases and number of deaths.  

The present study under this backdrop aims to proceed for twin objectives. 

Objective 1 aims to predict the total number of incidences/cases and number of 

deaths for the period May 11, 2021 to June 30, 2021 for India as a whole and its 

ten highly affected states, Maharashtra, Karnataka, Kerala, Andhra Pradesh, Tamil 

Nadu, Gujarat, Uttar Pradesh, Rajasthan, West Bengal and Delhi. And Objective 2 

tries to test whether the predicted average values are greater than the actual values 

for the number of cases and deaths for the same set of units to justify whether the 

country and its states are recovering from the pandemic. 

Existing Literature 

There have been a lot of studies in the existing literature that deal with the effect of 

different viruses and bacteria upon the people of Asia and Africa which show that 

the people of these regions are with high immunity base due to high magnitudes of 

hunger and poverty levels and hence they are least affected by bacteria and virus 
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like COVID 19 (Raja, 2008; Hoch, 2010; Barreiro, 2016; Curtis et al, 2020). But it 

is now proved wrong in case of COVID 19 and its different strains.  

There have been some studies done in the recent past that made predictions of 

COVID spread and death rates for different countries and regions of the world. 

Das (2020) had made forecasting of incidences for the countries such as USA, UK, 

Italy, Spain, France, China and India for the period July 12-Septembert 11, 2020 

and estimated that USA and India would face respectively 80 lakhs and 41 lakhs 

number of cases. The actual results were near the estimated results. Hernandez-

Matamoros et al (2020) did the forecasting of COVID 19 for specific geographical 

areas, specific countries, or create a global model and showed that there was a 

relation between the virus spread and the different variables present in the 

countries, which belong to the same geographic region.  Bayyurt and Bayyurt 

(2020) aimed to compose of forecasting model to predict the spread of COVID-19 

in Italy, Spain and Turkey in an ARIMA structure and the results showed, while 

number of cases in Italy and Spain was expected to decrease as of July, in Turkey 

was expected to decline as of September.  Further, the number of deaths in Italy 

and Spain was expected to be the lowest in July and highest for Turkey in July. In 

a recent study, Malki et al (2021) developed a predictive model to estimate the 

expected period that the virus could be stopped and the risk of the second rebound 

of COVID-19 pandemic using a SARIMA model on several selected countries and 

showed the expected COVID-19 infections for the top countries of the highest 

number of confirmed cases would be manifested between December-

2020 and April-2021. Further, the study forecast that there might be a second 

rebound of the pandemic in a year time if the currently taken precautions were 

eased. There are a few more studies in the list that could be added. But no study 

except the report of The Lancet (2021) has focused upon the new epicentre, India, 

and its states, to predict the number of cases and deaths in the coming two months 

around. The present study aims to accept the venture and makes predictions of 

number of cases and deaths for India and its ten major states in terms of spread for 

the period May 11-June 30, 2021 and to compare the mean values of the predicted 

with that of the actual to judge whether the situation is improving. 

Data  

The data on number of cases and deaths for India are obtained from the WHO 

database and for the states they are from India Government Database 

(www.mygov.in ) for the date 01.02.2021 to 10.05.2021. There are ten highly 

affected states considered for the study which are Maharashtra, Karnataka, Kerala, 

Andhra Pradesh, Tamil Nadu, Gujarat, Uttar Pradesh, Rajasthan, West Bengal and 

Delhi. These states constitute around 75% of the total number of COVID cases in 

all India level for the selected period of the study. 

 

 

http://www.mygov.in/
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Methodology for Objective 1 

There are several methods of forecasting of a variable available in the literature of 

natural as well as social sciences. The present study uses the Box-Jenkins (1976) 

method of forecasting in an Autoregressive Moving Average (ARMA) framework 

which is a widely used method in forecasting variables in economic science. The 

period of prediction is taken to be 11.05.2021-30.06.2021, a 51-foreword time 

point.  

Box-Jenkins’s (B-J) method is a linear structure model which traces all the past 

values of the variables and their stochastic components to predict the values for all 

the future periods. Before to proceed for forecasting we need to have the idea 

on‘how a time series data of a particular variable is generated’. There are three 

such processes behind the unit of a time series data- 

1. AR (autoregressive) Process: Here, the past values of the variable and error 

term lead to the generation of the data. 

2. MA (moving average) Process: Here, only the errors or the disturbance term 

generate the data, no values of the variable under concern is taken into 

consideration. 

3. ARMA (autoregressive and moving average) Process: Here the data is 

generated by the combination of AR and MA processes which is both the past 

values of the variable and the error term.  

Any time series of a variable has its own order of integration, that is, how many 

differences are to be taken to convert the series into the stationary series. For 

example, if the series is differenced once then it is called integrated of order one or 

I(1). Hence, the ARMA model is modified to ARIMA model where ‘I’ stands for 

the order of Integration of the series or how many differencing is done for making 

the time series of the variable to be stationary.  

An AR (p) process is one where the current or present period’s value of a variable 

‘x’ depends on only the past values plus an error term. If there are ‘p’ order in the 

process i.e. current value of ‘x’ depends on the ‘p’ order of past (e.g. t-1, t-2, etc.) 

values and an error term of the current period then the AR(p) can be written as- 

1 1 2 2 3 3 4 4      ..       t t t t t p t p t i t i tx x x x ux x ux       − − − − − −= + + + + +  + + = + +
… (1) 

whereutis the white noise (WN) error term havingzero mean, constant variance and 

zero auto-covariance features.  

On the other hand, an MA(q) process, is the linear combination of all the q terms 

of the past values of the white noise terms depending on time. It is a white noise 

process in which the current value of ‘xt’ depends on the current value of the WN 

error term and all past values of the error terms. Because all the errors are WN, the 
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combination of all plus and minus values of the errors hover around the value zero, 

so, an MA process is necessarily a stationary process.  

Therefore, an MA (q) process can be written as- 

1 1 2  2 3  3 4  4       ..      t t t t t t q t q t i t iu u u u ux u u u     − − − − − −= + + + + +  + = +
…… (2) 

An AR process becomes stationary if the characteristic root lies outside the unit 

circle or having the values greater than unity. If it is so then then φ becomes less 

than 1. This means the condition φ<1 leads to the values lying inside the unit circle 

representing stationarity of the AR process, the model is thus having stability 

property. The AR coefficients should then be less than unity or they should lie 

within the unit circle. 

An ARIMA (p, q) process is the combination of AR and MA process, I being the 

order of integration which can be represented by ‘d’, number of differencing to 

convert the series from non-stationary to stationary. The model for ARMA (p, d, q) 

can then be written as- 

1 1 2 2 3 3 4 4 1 1 2  2 3  3 4  4          .         ..  t t t t t p t p t t t t t q t qu u ux x x ux x u ux          − − − − − − − − − −= + + + + +  + + + + + + +  +  

Using the Lag operator, we have 

( ) ( )2 3 4 2 3 4

1 2 3 4 1 2 3 41       ...     1      ...   p q

p t q tL L L L L L L L Lx L u          − − − − − − = + + + + + + +

( ) ( ),        t tO uxr L L  = +
 ………… (3) 

This relation (3) stands for invertibility between the AR and MA process which 

means AR and MA processes can be made invertible from one to the other.  

Unit Roots Test of Stationarity-the Augmented Dickey-Fuller (ADF) Test 

For a data set (xi,t,i = 1, 2, …., n and t= 1, 2, ..., T), where t denotestime,let us 

consider the following linear regressionset up for unit root test for two versions of 

theADF(p)(1979) regression–viz., 

, , 1 , , ,

                                 

  

                                1

i t i i t i j i t j i t

p

x x x u

j

  − − = + +  +

=   …………………(4) 

for thewithout time trend case and 

, , 1 , , ,

1

                                 

t+  

                               

p

i t i i i t i j i t j i t

j

x x x u   − −

=
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for thewith time trend case. 

 

If βi =1 is rejected by the ADF test statistic then we say that the series for the 

ithidentity is stationary. If this property holds for the series for ‘x’ then we can run 

regression without the chances of getting spurious results. 

Forecasting in ARIMA Model: Box-Jenkins Method 

The B-J model experiences several sub-models and it is thus requiredto determine 

which model is appropriate. It is thus an iterative process. The entire procedure 

follows four-steps: 

Step 1: Identification: Here the appropriate values of p, d,and q are determined. 

➢ The main tools in this search are thecorrelogram and partial correlogram where 

the values of autocorrelation coefficients (ACF) and partial autocorrelation 

coefficients (PACF) are generated. A steady declining trend of ACF indicates 

non stationary nature of the series. The appropriate values of ACF and PACF 

at different lags having spikes are considered as the possible combinations of 

the orders of AR and MA respectively. For example, if ACF has a spike at lag 

3 and after that it dies out then the order of AR is 3, or the model becomes 

AR(3). Again, if PACF has the spike at lag 4 after that it dies out then it is 

called MA(4). Further, if the series is I(2) then the appropriate ARIMA will be 

of order (3,2,4). There can be more than one such spikes in both the cases and 

so we need to select the appropriate one by means of diagnostic checking. 

Step 2: Estimation: Herethe parameters of the chosen model on AR and MA and a 

constant term are estimated using the ordinary least square (OLS) technique. 

Step 3: Diagnostic Checking: In this step it is proceeded to check if the residuals 

from the fitted models are white noise. It is based on the statistical significance of 

the estimated values of AR and MA terms (following Step 2), the values of 

adjusted R square (which should be maximum), and lowest possible values of the 

information criterion such as Akaike Information Criteria (AIC) and Swartz 

Information Criteria (SIC). 

➢ If they satisfy all the above, then we accept the chosen model; if not, we start 

afresh.That is why the BJ methodology is an iterative process.  

Step 4: Forecasting: The ultimate test of a successful ARIMA model lies in its 

forecasting performance, within the sample period as well as outside the sample 

period. On the basis of the acceptable results obtained from Step 1 to 3, forecasting 

is made on the appropriate model of ARIMA. The forecasting results are accepted 

on the basis of the acceptable values of root mean square error (RMSE), bias 

proportion, variance proportions and covariance proportions. The acceptable 

forecasted values will be those whose RMSE will be minimum possible and 
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covariance proportions will be greater than the values of bias proportions and 

variance proportions. 

Methodology for Objective 2 

The test statistics for examining whether there are significant increases or 

decreases in the numbers of cases and deaths of the predicted values vis-à-vis the 

corresponding actual values in India and across its states is the student t statistics.  

The formula for t statistics for the mean difference is- 

t = (µp - µa)/√ (Sp
2/np + Sa

2/ na)  

with degrees of freedom (np+na-2). 

where ‘µ’ stands for mean value for predicted (p) and actual (a). S2 represents 

variance of the predicted and actual values. 

Computation of Results, Analysis and Discussion 

Before going for the computations of the predicted values of the number of cases 

and deaths we present graphically the actual numbers of the two indicators for the 

period 01.02.2021 to 10.05.2021 for India and the ten major states. Figure 1 to 

Figure 4 present the data. 

Figure 1 and Figure 2 respectively present the actual as well as predicted number 

of cases and deaths respectively for India. The data for the predicted values in both 

the figures are marked in the figures. It is observed that both the total number of 

affected persons and death are increasing during the actual period, 01.02.2021 to 

10.05.2021 but the trends took steep rising shape from the mid of April 2021. 

Starting with 1.076 crore in 01.02.2021 the number of total cases in India reached 

2.29 crore in 05.10.2021, a jump of 113% during the 99 days duration. 

Figure 1.Total Number of Actual and Forecast Cases in India 

 

23344434

38712628

0

5000000

10000000

15000000

20000000

25000000

30000000

35000000

40000000

45000000

2/1/2021 3/1/2021 4/1/2021 5/1/2021 6/1/2021

Forecast number of cases on 11-05-2021

Forecast number of cases on 30-06-2021

↖  Actual number of cases  from 01-02-2021 to 10-05-2021 ↑



Das (2021). Asian Journal of Research in Social Sciences and Humanities, 

Vol. 11, No.6, pp. 1-27. 

8 

 

Source: Drawn by the author 

On the other hand, total number of deaths in India (Figure 2) starts with 1.54 lacs 

in 01.02.2021 and reaches 2.46 lacs in 10.05.2021, a jump of 59 % for this 99-day 

phase. Although the rate of increase in number of deaths is less than that of the 

number of cases, the figure of 2.46 lacs is not a matter of joke so far as the human 

capital value of this dead population is concerned. 

Figure 2.Total Number of Actual and Forecast Deaths in India 

 

Source: Drawn by the author 

Now come to the actual scenario of number of cases and number of deaths for the 

selected ten highly affected states in India. Figure 3 presents the data for number of 

incidences for the states. The total number of affected people has been increasing 

over the time for all the states. Unlike that of India, the severity in the increase 

starts from the late March for only Maharashtra, Delhi and Gujarat, but for rest of 

the states, the severity starts from the mid of April. But the level of incidence is 

much higher in Maharashtra compared to the other nine states. Maharashtra started 

with 20 lacs cases and ends with 51 lacs, a jump of 250 %. The states like West 

Bengal, Uttar Pradesh, Tamil Nadu and Kerala are now the highly affected states 

in India. Two causes are mentioned by the scientists, doctors and reports such as 

The Lancet (2021), Rao (2020), for the states. Except Uttar Pradesh, all the three 

states went through the assembly elections with no such restrictions for COVID 

protocol was imposed by the election commission of India. Most of the central 

level leaders from the BhartiyaJanta Party (BJP) including the Prime Minister, and 

the other political parties did lots of public rallies in an eight-phase election, 

particularly in West Bengal to throw out the ruling government, All India 

Trinamool Congress (AITMC), from the power. Although the political objective of 

the BJP was not fulfilled, the curse remained for the common people which 

showed the affected COVID cases of around 20000 per day. The Supreme Court of 

India and other High Courts did not miss to blame the central government and the 

Election Commission of India. 
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Figure 3.Total Number of Actual Cases in the States of India 

 

Source: Drawn by the author 

The precarious situation of Uttar Pradesh has been identified by the reports as due 

to religious mass gathering like KumbhMela. According to a report in National 

Herald (www.https://www.nationalheraldindia.com ) on May 4, 2021 that due to 

the Kumbh effect,60 out of 61 Kumbh returnees test positive for COVID in 

Madhya Pradesh.Besides all these causes, the continuity in air traffic flow, migrant 

labour movements, etc are identified as the other possible causes to support the 

data on incidence. 

Now come to the scenario of number of deaths in the selected states. Figure 4 

shows that Maharashtra is still with highest number of deaths in the entire period 

of actual data. Starting from 51000 total death in 01.02.2021, it ends up with 

75000, which is a jump of 50% in the less than a three-and-a-half-month duration. 

The steep increasing trend for the state has started from the end of March like that 

in the number of cases.  

Figure 4.Total Number of Actual Deaths in the States of India 
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Source: Drawn by the author 

The other states in the list are also with increasing trends in the number of deaths. 

Maharashtra is followed by Tamil Nadu, Delhi, Uttar Pradesh, Karnataka and West 

Bengal. Rajasthan is at the bottom level in both the number of cases and number of 

deaths. Most of the states in the list except Maharashtra and Delhi have 

experienced steep rise in the trends during the mid of April. 

Objective 1-Prediction of Number of Cases and Deaths for INDIA and Its 

States 

Let us come to our true aim of research. We proceed for presenting the empirical 

results on the forecasting through the B-J method in step by step.  

Step 1-3 of prediction 

The results of first three steps of prediction for both the number of cases and 

deaths are presented respectively in Table 1 and Table 2. First, we come to the 

results of prediction of number of cases. Column 2 of Table 1 presents the values 

of the Augmented Dickey-Fuller (ADF) teststatistic (a popular procedure for 

testing stationarity of a time series data) to show the stationarity of the series and 

order of integration, column 3 gives all possible forms of ARIMA based on the 

shapes of ACF and PACF functions as derived from the respective correlograms, 

column 4 shows the regression results which determine the values of AR and MA 

terms, column 5 gives the values of adjusted R square and column 6 and 7 

respectively show the values of AIC and SIC information criteria.  

TABLE 1. UNIT ROOT TEST AND ARIMA RESULTS FOR NUMBER OF 

CASES 
Groups ADF Possible forms 

of ARIMA 

Regression Co-effs. 

(Prob) 

 

Ṝ2 

AIC SIC 

       

India -4.29 (0.00) 

I(2) 

 

(1,2,1) AR(1) = 1.03 (0.00) 

MA(1) = 0.99(0.00) 

0.04 21.38 21.48 

(1,2,7) AR(1) = 0.13 (0.23) 

MA(7) = 0.78(0.00) 

0.40 21.30 21.38 

(7,2,1) AR(7) = 1.03 (0.00) 

MA(1) = 0.64(0.00) 

0.45 21.58 21.68 

(7,2,7) AR(7)=0.92(0.00) 

MA(7)= -0.03(0.82) 

0.54 21.07 21.11 

(14,2,7) AR(14)=0.71(0.00) 

MA(7)=0.85(0.00) 

0.54 21.16 21.24 

Maharashtra -17.71(0.00) 

I(2) 

(1,2,1)  AR(1) = -0.13 (0.37) 

MA(1) = -0.62 (0.00) 

0.36 20.70 20.79 

(1, 2,2) AR(1) = -0.73(0.00) 

MA(2) = -0.42 (0.00) 

0.36 20.70 20.78 

(7,2,1) AR(7) = 0.27(0.01) 

MA(1) = -0.72(0.00) 

0.39 20.71 20.79 

(7,2,7) AR(7) = 0.88(0.00) 0.14 21.05 21.13 
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MA(7) = -0.91(0.00) 

Karnataka  -14.14(0.00) 

I(2) No  

 

(1,2,1)  AR(1) = -0.29 (0.20) 

MA(1) = -0.14 (0.54) 

0.16 18.29 18.37 

(5,2,1)  AR(5) = 0.65(0.00) 

MA(1) = -0.59(0.00) 

0.40 17.99 18.07 

(5,2,5)  AR(5) = 0.70 (0.02) 

MA(5) = -0.29(0.42) 

0.19 18.29 18.37 

(5,2,7)  AR(5) = -0.45 (0.00) 

MA(7) = 0.10 (0.00) 

0.18 18.30 18.38 

Kerala -3.05(0.05) 

I(2) 

(1,2,1)  AR(1) = 0.12 (0.67) 

MA(1) = -0.46 (0.08) 

0.07 18.82 18.90 

(7,2,1)  AR(7) = 0.69 (0.00) 

MA(1) = -0.52(0.00) 

0.38 18.48 18.56 

(1,2,7)  AR(1) = -0.40 (0.00) 

MA(7) = 0.53 (0.00) 

0.29 18.56 18.64 

Andhra 

Pradesh 

-3.65(0.05) 

I(2) 

(1,2,1)  AR(1) = 0.13 (0.75) 

MA(1) = -0.36 (0.37) 

0.02 17.01 17.10 

(1,2,2) AR(1) = -0.19 (0.06) 

MA(2) = -0.13 (0.19) 

0.03 17.01 17.09 

 (4,2,2) AR(4)=0.41(0.00) 

MA(2)=-0.07(0.45) 

0.12 16.94 17.02 

 (4.2,4) AR(4)=0.75(0.00) 

MA(4)=-0.33(0.34) 

0.13 16.92 17.01 

 (7,2,10) AR(7) = 0.62(0.00) 

MA(10) = 0.41(0.01) 

0.19 16.88 16.97 

 (11,2,10) AR(11)= 0.63(0.00) 

MA(10) = 0.24(0.15) 

0.13 17.01 17.09 

Tamil Nadu -4.05(0.01) 

I(2) 

(2,2,2) AR(2) = 0.99(0.00) 

MA(2) = -0.95(0.00) 

0.26 15.45 15.53 

(2,2,7) AR(2) = 0.33(0.00) 

MA(7) = 0.21(0.05) 

0.16 15.57 15.65 

 (7,2,2) AR(7) = 0.41(0.00) 

MA(2) = 0.22(0.03) 

0.19 15.58 15.66 

  (7,2,7) AR(7) = 0.98(0.00) 

MA(7) = -0.88(0.00) 

0.31 15.42 15.50 

Gujarat -5.17(0.00) 

I(2) 

(2,2,2) AR(2) = 0.73(0.00) 

MA(1) = -0.52(0.05) 

0.05 15.47 15.55 

(6,2,2) AR(6) = -0.52(0.00) 

MA(2) = -0.32(0.00) 

0.12 15.44 15.52 

(2,2,6) AR(2) = 0.20(0.05) 

MA(6) = 0.36(0.00) 

0.14 15.38 15.46 

(11, 2, 11) AR(11)=-0.43(0.00) 

MA(11)=0.89(0.00) 

0.18 15.43 15.52 

(11, 2, 6) AR(11)=0.25(0.02) 

MA(6)=0.40(0.00) 

0.16 15.46 15.54 

Uttar Pradesh -3.65(0.05) 

I(2) 

(3,2,3) AR(3)=0.65(0.01) 

MA(3)=-0.31(0.30) 

0.12 17.62 17.70 

(3,2,6) AR(3)=0.30(0.00) 

MA(6)= 0.32(0.00) 

0.19 17.55 17.63 

(6,2,3) AR(6)=0.47(0.00) 0.19 17.57 17.66 
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MA(3)= 0.28(0.01) 

(8,2,3) AR(8)=0.39(0.00) 

MA(3)=0.17(0.12) 

0.15 17.65 17.73 

(8,2,6) AR(8)=0.36(0.00) 

MA(6)= 0.29(0.01) 

0.19 17.60 17.68 

(8,2,10) AR(8)=0.28(0.01) 

MA(10)=-0.84(0.00) 

0.22 17.56 17.65 

West Bengal -6.55(0.00) 

I(2) 

(1,2,1) AR(1)=0.93(0.00) 

MA(1)=-0.66(0.00) 

0.38 14.26 14.34 

(2,2,1) AR(2)=0.38(0.00) 

MA(1)=0.37(0.00) 

0.29 14.41 14.50 

(3,2,1) AR(3)=0.47(0.00) 

MA(1)=0.20(0.05) 

0.31 14.38 14.46 

(7,2,7) AR(7)=0.93(0.00) 

MA(7)=-0.91(0.00) 

0.28 14.47 14.55 

(7,2,1) AR(7)=0.38(0.00) 

MA(1)=0.33(0.00) 

0.28 14.46 14.55 

Rajasthan -3.97(0.00) 

I(2) 

(2,2,2) AR(2)=0.61(0.00) 

MA(2)=-0.19(0.36) 

0.19 15.09 15.17 

(2,2,3) AR(2)=0.45(0.00) 

MA(3)=0.14(0.19) 

0.20 15.07 15.15 

(7,2,2) AR(7)=0.25(0.02) 

MA(2)=0.42(0.00) 

0.19 15.14 15.22 

Delhi -9.54(0.00) 

I(2) 

(3,2,3) AR(3)=0.43(0.20) 

MA(3)=-0.14(0.68) 

0.06 17.49 17.57 

  (3,2,7) AR(3)=0.29(0.00) 

MA(7)=0.21(0.04) 

0.10 17.44 17.52 

  (7,2,3) AR(7)=0.29(0.01) 

MA(3)=0.20(0.06) 

0.10 17.49 17.58 

  (7,2,7) AR(7)=0.54(0.22) 

MA(7)=-0.24(0.59) 

0.05 17.54 17.63 

  (2,2,9) AR(2)=0.13(0.22) 

MA(9)=-0.33(0.00) 

0.02 17.51 17.60 

  (7,2,9) AR(7)=0.35(0.00) 

MA(9)=-0.40(0.00) 

0.11 17.48 17.56 

Note: Bold marks indicate significant results and the accepted ARIMA structures 

for which forecasting are made. 

Source: Computed by the author 

The appropriate ARIMA model for India is derived as ARIMA (14,2,7) where 14 

stands for the order of AR chosen from ACF, 2 is the order of integration that is 

the series is stationary at its second difference, and 7 stands for the order of MA 

chosen from the PACF. The model gives maximum adjusted R2 value and lowest 

AIC and SIC values. All other possible models are there but they are not as best as 

ARIMA (14,2,7). It is to further describe ARIMA (14,2,7) as the 14th lag in the 

historical values of the number of cases (xt in the equations) in AR and 7th lag in 

MA of the respective series for the error term (μ) are significant out of the 99 

values in the series. For all the states, the bold marked indicate significant results 
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and the accepted ARIMA structures for which predictions for the number of cases 

are made. For example, the appropriate model for Maharashtra is ARIMA (7, 2, 1). 

TABLE 2. UNIT ROOT TEST AND ARIMA RESULTS FOR NUMBER OF 

DEATHS 
Groups ADF Possible 

forms of 

ARIMA 

Regression Co-effs. 

(Prob) 

 

Ṝ2 

AIC SIC 

       

India -4.39 (0.00) 

I(2) 

 

(3,2,3) AR(3) = 0.61 (0.05) 

MA(3) = -0.38(0.28) 

0.04 12.60 12.68 

(3,2,7) AR(3) = 0.16 (0.05) 

MA(7) = 0.53(0.00) 

0.25 12.35 12.43 

(7,2,3) AR(7) = 0.56 (0.00) 

MA(3) = 0.07(0.52) 

0.25 12.38 12.47 

(7,2,7) AR(7)=0.55(0.01) 

MA(7)= 0.03(0.82) 

0.25 12.39 12.47 

Maharash

tra 

-3.44(0.01) 

I(2) 

(1,2,1)  AR(1) = 0.11 (0.54) 

MA(1) = -0.62 (0.00) 

0.19 11.87 11.95 

(1, 2,2) AR(1) = -0.54(0.00) 

MA(2) = -0.42 (0.00) 

0.20 11.86 11.94 

(7,2,1) AR(7) = 0.55(0.00) 

MA(1) = -0.55(0.00) 

0.37 11.69 11.77 

(7,2,7) AR(7) = -0.16(0.14) 

MA(7) = 0.88(0.00) 

0.30 11.78 11.86 

Karnatak

a  

-15.66(0.00) 

I(2)   

 

(1,2,1)  AR(1) = -0.32 (0.19) 

MA(1) = -0.09 (0.72) 

0.14 9.86 9.94 

(2,2,1)  AR(2) = 0.16(0.15) 

MA(1) = -0.40(0.00) 

0.14 9.87 9.95 

(6,2,1)  AR(6) = 0.48 (0.01) 

MA(1) = -0.37(0.42) 

0.18 9.87 9.95 

(1,2,9)  AR(1) = -0.40 (0.00) 

MA(9) = 0.11 (0.00) 

0.15 9.85 9.93 

Kerala -15.34(0.05) 

I(2) 

(1,2,1)  AR(1) = -0.22 (0.31) 

MA(1) = -0.27 (0.22) 

0.18 5.62 5.70 

(1,2,7)  AR(1) = -0.44 (0.00) 

MA(7) = 0.10 (0.00) 

0.17 5.63 5.71 

(1,2,11) AR(1) = -0.42 (0.00) 

MA(11) = 0.24 (0.04) 

0.20 5.59 5.67 

(11,2,1) AR(11) = 0.31 (0.01) 

MA(1) = -0.47 (0.00) 

0.22 5.65 5.73 

(11, 2,11) AR(11) = -0.43 (0.00) 

MA(11) = 0.84 (0.00) 

0.14 5.74 5.83 

Andhra 

Pradesh 

-3.35(0.05) 

I(2) 

(1,2,1)  AR(1) = -0.31 (0.12) 

MA(1) = -0.24 (0.24) 

0.24 6.33 6.41 

(1,2,7) AR(1) = -0.48 (0.00) 

MA(7) = 0.56 (0.00) 

0.41 6.07 6.15 

(7,2,1) AR(7)= 0.64(0.00) 

MA(1)= -0.59(0.00) 

0.46 6.04 6.13 

(7.2,7) AR(7)=0.08(0.69) 0.23 6.39 6.48 
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MA(7)=0.59(0.00) 

Tamil 

Nadu 

-3.55(0.05) 

I(2) 

(3,2,3) AR(3) = 0.89(0.00) 

MA(3) = -0.80(0.00) 

0.14 7.14 7.22 

(3,2,6) AR(3) = 0.22(0.05) 

MA(6) = 0.35(0.01) 

0.11 7.17 7.25 

(6,2,3) AR(6) = 0.51(0.00) 

MA(3) = 0.21(0.05) 

0.14 7.16 7.25 

(2,2,8) AR(2) = 0.009(0.94) 

MA(8) = 0.40(0.01) 

0.04 7.24 7.32 

(8,2,2) AR(8) = 0.38(0.02) 

MA(2) = -0.01(0.89) 

0.03 7.30 7.38 

(8,2,8) AR(8) = 0.35(0.53) 

MA(8) = 0.02(0.96) 

0.03 7.30 7.38 

Gujarat -3.26(0.02) 

I(2) 

(2,2,2) AR(2) = 0.58(0.00) 

MA(2) = -0.05(0.79) 

0.28 5.88 5.96 

(6,2,2) AR(6) = 0.14(0.22) 

MA(2) = 0.46(0.00) 

0.24 5.98 6.06 

(14,2,2) AR(14) = -0.14(0.34) 

MA(2) = 0.49(0.00) 

0.24 6.07 6.16 

(17, 2, 17) AR(17)= 0.29(0.04) 

MA(17)= -0.82(0.00) 

0.18 6.18 6.27 

(17, 2, 2) AR(17)= -0.24(0.08) 

MA(2)= 0.46(0.00) 

0.25 6.09 6.18 

Uttar 

Pradesh 

-11.32(0.05) I(2) (1,2,1) AR(1)= -0.30(0.67) 

MA(1)= 0.15(0.83) 

0.003 8.34 8.42 

(1,2,7) AR(1)= -0.22(0.02) 

MA(7)= 0.46(0.00) 

0.15 8.18 8.26 

(7,2,1) AR(7)=0.60(0.00) 

MA(1)= -0.35(0.00) 

0.16 8.22 8.31 

(11,2,11) AR(11)=0.99(0.00) 

MA(11)=-0.80(0.00) 

0.10 8.34 8.43 

(1,2,11) AR(1)=-0.11(0.28) 

MA(11)= 0.52(0.00) 

0.08 8.25 8.33 

(11,2,1) AR(11)=0.47(0.00) 

MA(1)=-0.09(0.37) 

0.08 8.36 8.45 

West 

Bengal 

-6.55(0.05) I(2) (2,2,2) AR(2)= 0.46(0.16) 

MA(2)=-0.17(0.61) 

0.06 5.69 5.77 

(2,2,7) AR(2)=0.12(0.26) 

MA(7)=0.55(0.00) 

0.25 5.46 5.54 

(7,2,2) AR(7)=0.59(0.00) 

MA(2)=0.10(0.35) 

0.27 5.45 5.54 

(2,2,8) AR(2)=0.24(0.00) 

MA(8)=0.19(0.13) 

0.06 5.68 5.76 

(10,2,10) AR(10)=-0.21(0.14) 

MA(10)=0.80(0.00) 

0.18 5.60 5.68 

(17,2,7) AR(17)=0.56(0.00) 

MA(7)= 0.42(0.00) 

0.32 5.48 5.57 

Rajasthan -11.21(0.00) I(2) (2,2,2) AR(2)=0.16(0.73) 

MA(2)=0.03(0.94) 

0.02 6.86 6.94 

(2,2,3) AR(2)=0.27(0.00) 0.07 6.81 6.89 
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MA(3)=0.27(0.01) 

(3,2,2) AR(3)=0.20(0.04) 

MA(2)=0.22(0.00) 

0.06 6.83 6.91 

(2,2,8) AR(2)=0.19(0.04) 

MA(8)=0.14(0.16) 

0.03 6.85 6.93 

(2,2,15) AR(2)=0.21(0.03) 

MA(15)=0.28(0.04) 

0.05 6.83 6.91 

(18,2,3) AR(18)=0.41(0.01) 

MA(3)=0.24(0.03) 

0.07 6.99 7.08 

Delhi -3.10(0.02) I(2) (4,2,4) AR(4)=-0.03(0.93) 

MA(4)=0.40(0.24) 

0.09 8.82 8.90 

(4,2,7) AR(4)=0.31(0.00) 

MA(7)=0.37(0.04) 

0.14 8.76 8.84 

(7,2,7) AR(7)=0.40(0.24) 

MA(7)=0.06(0.86) 

0.08 8.86 8.95 

(15,2,4) AR(15)=-0.64(0.00) 

MA(4)=0.46(0.00) 

0.25 8.75 8.84 

(15,2,7) AR(15)= -0.61(0.00) 

MA(7)=0.34(0.01) 

0.20 8.81 8.90 

Note: Bold marks indicate significant results and the accepted ARIMA structures 

for which forecasting are made. 

Source: Computed by the author 

Like Table 1, Table 2 gives the appropriate models of predictions for number of 

deaths in India and its states. The appropriate model for India is ARIMA (3, 2, 7) 

and ARIMA (7, 2, 1). The appropriate models for Maharashtra for both the number 

of cases and number of deaths are identical which indicate that both the series 

follow the same path and there is a balance between the two in terms of times and 

magnitudes of occurrence.  

Step 4 of Predictions of the Number of Cases and Deaths 

On the basis of the acceptable models obtained from Step 1 to 3 and presented in 

Table 1 and 2, predictions are made on these appropriate models of ARIMA. The 

predicted results are accepted on the basis of the desirable values of root mean 

square errors (RMSE), bias proportions, variance proportions and covariance 

proportions. Figure 1 and 2 present the graphical plots of predicted values of 

number of cases and number of deaths for India and Figure 6 and 7for the selected 

countries in respective ways. The numerical values of the forecasted series are 

given in the Appendix (Table A1 and A2).  

It is observed from Figure 1 that there will be continuity in the rising trend of the 

number of cases for India during the period of prediction, May 11 – June 30, 

although the rate of increase will be diminishing day by day. The predicted number 

of cases in India is expected to reach 3.87 crore in June 30 with respect to 2.29 

crore in May 10 which is around 1.5 crore higher in just a 51-day gap.  
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With respect to the predicted number of deaths in India it is evidenced from Figure 

2 that it will reach 4.9 lacs in June 30 with respect to 2.5 lacs in May 10. There is a 

jump of around 100 % in case of death as predicted. Hence, the claim of one 

million death in India on August 1 by The Lancet (2021) may be justified if the 

rate of death continues in the same ratio throughout the period May 11-July 30. 

But, from the trend of new death rates for the period 01.02.2021-10.05.2021, it is 

observed that it started declining after May 8 (Figure 5), and hence, reaching one 

million death figures may be subject to further investigation.  

Figure 5. Actual Number of New Deaths in India for 01.02.2021-10.05.2021 

 

Source: Drawn by the author 

The possible causes for this increasing number of predicted cases and deaths may 

be very slow vaccination programme in India, besides the causes such as elections, 

religious programmes, government’s failure in planning, etc. Up to May 10, 

around 15% of total India’s population has been vaccinated. The good effect of 

vaccination has been proved right as the people over 60 years of age and the 

frontline health and administrative workers are affected in a very low rate 

(www.https://swachhindia.ndtv.com/ ). 

Now come to the forecasting results of number of cases across the selected states 

in India. Figure 6 presents the data. All the states are showing increasing trends of 

predicted number of cases for the period 11.05.2021-30.06.2021. Maharashtra still 

remains in the top slot throughout the entire period of forecasting. Starting from 

51.5 lacs on 11.05.2021, it is expected to reach 85.2 lacs on 30.06.2021, around 34 

lacs more which is an 67% increase. The second to follow Maharashtra is 

Karnataka with a predicted number of cases of 54 lacs. The rate of increase in the 

predicted number of cases for both Maharashtra and Karnataka are almost similar. 
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Figure 6. Predicted Number of Cases for the States of India for May 11-June 

30, 2021 

 

Source: Drawn by the author from the derived results 

Kerala is in the third slot and Tamil Nadu in the fourth slot. Gujarat and Rajasthan 

are at the bottom level in this regard. West Bengal, Andhra Pradesh and Delhi are 

expected to reach the same number of cases (around 24 lacs) in June 30.  

Now come to the precited number of deaths across the states. Figure 7 presents the 

state-wise predicted data on the number of deaths. All the states are predicted to 

experience increasing death rates over the coming 51 days. Maharashtra is again at 

the top of the list. It starts with around 76 thousand in May 11 and ends up with 

1.21 lacs deaths in June 30. The states to follow Maharashtra are Karnataka, Delhi 

and Uttar Pradesh. Karnataka is expected to reach the toll of around 52 thousand. 

Figure 7. Predicted Number of Deathsfor the States of India for May 11-June 

30, 2021 
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Source: Drawn by the author from the derived results 

West Bengal is in the fifth position of the group with a predicted toll of around 23 

thousand on June 30. Kerala stays at the bottom of the list with a predicted number 

of deaths of 10 thousand in the same time point. 

Objective 2-Significance Tests for differences between Actual and Predicted 

Values 

In order to test whether the mean differences of the predicted values are greater 

than that of the actual values for the number of cases and number of deaths we 

follow the student’s t statistic. The mean and standard deviation (SD), mean 

differences and t values for both the level and growth forms are respectively given 

in Panel A and Panel B of Table 3.Panel A presents the results for the number of 

cases and Panel B the number of deaths. It is evident that the mean values of the 

actual scenario is much lesser that that of the predicted scenario for both the 

number of cases and deaths for India and its states except that, for Tamil Nadu, the 

number of predicted deaths is lesser than its number of actual deaths, putting thus a 

negative values before the calculated ‘t’ statistic. 

TABLE 3. MEAN DIFFERENCE RESULTS FOR INDIA AND ITS STATES 
Panel A 

  

Actual Mean 

(Cases) 

Forecast 

Mean 

(Cases) 

Actual SD 

(Cases) 

Forecast SD 

(Cases) 

t(Forecast-

Actual) Cases 

India 13370750 31398700 3373655 4521746 25.10012784 

Maharashtra 2921107 6724959 968709 1001605 22.27959565 

Karnataka 1092455 3573249 246527 1027947 16.98495047 

Kerala 1175804 3172149 224193 797369 17.52642807 

Andhra 

Pradesh 942509 1825857 97243 308348 19.95378528 

Tamil Nadu 934044 2618707 134726 871699 13.717523 

Gujarat 347619 998497 116869 193974 21.99452588 

Uttar 

Pradesh 749027 2379642 259162 579820 19.12368589 

West Bengal 634150 1610934 107464 386050 17.71904904 

Rajasthan 385089 1276126 115670 320509 19.21935572 

Delhi 758212 1833772 201415 324269 21.63464332 

Panel B 

  

Actual Mean 

(Deaths) 

Forecast 

Mean 

(Deaths) 

Actual SD 

(Deaths) 

Forecast 

SD(Deaths) 

t(Forecast-

Actual) Deaths 

India 170918 362944 23044 71713 18.63340914 

Maharashtra 56624 97671 6692 13220 20.84044448 

Karnataka 13120 34421 1470 9705 15.58277463 

Kerala 4541 8019 509 1380 17.3936143 

Andhra 

Pradesh 7367 11844 370 2016 15.7227138 

Tamil Nadu 12912 11844 730 2016 -3.66259854 
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Gujarat 5033 12500 1114 2611 19.52727747 

Uttar 

Pradesh 9594 24861 1693 5721 18.64097902 

West Bengal 10517 17063 496 3145 14.77081191 

Rajasthan 3119 10346 685 2881 17.66175455 

Delhi 12036 29368 2229 6428 18.68474931 

Note: The bold figures show statistically significant results at 1% level of 

significance. 

Source: Author’s calculations 

It is also evident that the computed ‘t’ values for India and its states are positive 

and significant at 1 % level of significance as noted in the bold marks. This means, 

the predicted number of cases and deaths for India and all its states (except Tamil 

Nadu in case of death) are much larger that their actual values. It is thus still an 

alarming scenario to India and its major states at least up to June 30, the end time 

point of the forecasting period. Tamil Nadu is expected of reducing its death rate 

significantly, although its number if cases will continue to be alarming. 

DISCUSSION 

Using the appropriate model of ARIMA in the B-J line of forecasting it is now 

evident that India and its ten highly affected states will be facing the gloomy 

scenario in the number of cases and deaths in the coming 51 days. The claim of 

The Lancet in this regard may not be justified at this juncture. Tamil Nadu is an 

exception with regard to the number of deaths. India will reach around 3.87 crore 

of number of cases and 4.9 lacs of death on June 30. Maharashtra will be the leader 

in the group keeping all the remaining states well behind in both the number of 

cases and deaths. It has been proved that after vaccination the older age people 

have been least affected in the second wave. Hence, effective and large-scale 

vaccination can save the people of the country from the ill effects of the second 

wave of the virus. But, the rate of vaccination in India and its states is very slow 

due to low level of production. In addition to that the country could not maintain 

the COVID protocol like physical distancing, use of masks and sanitizers, allowed 

public gatherings such as in religious places like KumbhMela, and long phase 

assembly elections in certain states. It also did not put restrictions upon traffic 

movements, and could not perceive the severity of the second-round effect of the 

virus. The country became complacent in this regard which paid a huge sum in 

terms of loss of lives, and increasing health costs. And finally, there was a massive 

policy failure on the part of the central as well as state governments of the country. 

CONCLUSION 

Venturing with two objectives the present study attempted to predict the number of 

cases and deaths for India and its leading states for the period May 11-Jume 30, 

2021, and also to test whether the predicted values are greater than that of their 

actual values. Using the appropriate model of ARIMA in the B-J line of 
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forecasting it is derived that India and its ten highly affected states will be facing 

the gloomy scenario in the number of cases and deaths in the coming 51 days. 

Tamil Nadu is an exception with regard to the number of deaths. India will reach 

around 3.87 crore of number of cases and 4.9 lacs of death on June 30. 

Maharashtra will be the leader in the group keeping all the remaining states well 

behind in both the number of cases and deaths. Mass scale vaccination is 

recommended to save the people of country from the ill effects of the virus. 
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