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In this current coronavirus disease-2019 (COVID-19) pandemic, we are waking up to the limitations of 

their analog health care system. We need an immediate digital solution, pursued on several fronts, to address 

this crisis. It is crucial to implement predicting maps during this outbreak and attain all possible ways to ex-
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ABSTRACT Objective: This pandemic of COVID-19 is tedious to 
control. The only lockdown is the way to stop the spread of this 

infection. Conventional health care is facing a real challenge to 

operate. Primarily the challenge is to provide health care support 
for COVID-19 patients with limited resources and continue the 

health care services like earlier. Perhaps, this challenge is the same 

but the magnitude differing depending on geographical locations 
around the globe. Material and Methods:-In this article, we 

presented a Bayesian algorithm with the Code to predict cases, 

death and recovery numbers death due to COVID-19 in Indian 
population. This code is possible to run at different time points and 

different geographical locations around the world. This code will 

help us to get the best strategy to optimize the implementation of 
lockdown in different regions. Results: We applied the Bayesian 

auto-regressive model. The autoregressive model is separated into 

linear and non-linear models. The posterior estimates of the 
regression coefficients are obtained by the linear autoregressive 

model. The model is performed for confirmed, recovered and died 

cases separately and corresponding estimates are generated. 
Conclusion: The model would provide physicians with an 

objective tool for counselling and decision making at different 

hotspots and small areas to implement. 
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ÖZET Amaç: COVID-19 pandemisinin kontrolü yorucu ve uğraştı-
rıcıdır. Bu enfeksiyonun yayılmasını durdurmanın tek yolu karanti-

nadır. Konvansiyonel sağlık bakımı gerçek bir zorlukla karşı karşı-

yadır.  Öncelikle zorluk, sınırlı kaynaklara sahip COVID-19 hasta-
ları için sağlık bakımı desteği sağlamak ve sağlık hizmetlerini daha 

önce olduğu gibi sürdürmektir. Belki de bu güçlük aynı ancak bü-

yüklüğü dünyadaki coğrafi konumlara bağlı olarak farklılık göste-
rir. Gereç ve Yöntemler: Bu yazıda, Hindistan'da vakaları, 

COVID-19 nedeniyle olan ölümleri ve iyileşen hasta sayılarını 

tahmin etmek için ölüm Kodlu bir Bayes algoritması sunduk. Bu 
kodun farklı zaman noktalarında ve dünyadaki farklı coğrafi bölge-

lerde işlemesi mümkündür. Bulgular: Bayesian oto-regresif model 

uyguladık. Oto-regresif model linear ve non-linear modellere ayrı-
lır. Regresyon katsayılarının posterior tahminleri linear oto-regresif 

modelden elde edildi. Model doğrulanmış, iyileşen ve ölen hastalar 

için ayrı ayrı uygulandı ve ilgili hesaplamalar oluşturuldu. Sonuç: 
Bu model doktorlara farklı sıcak noktalarda ve küçük alanlarda 

danışmanlık ve karar verme aracı sağlayacaktır. 
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plore an estimation of transmission rate who infected whom, where, when and what the rate? But it is diffi-

cult to understand the transmission because it is not known always. We can find out when a particular host 

individual contacted the infection, and thereafter transmitted to others. It is required to uncover the transmis-

sion process case to cases to create dynamic models. 

Lockdown is the only solution to stop the COVID-19 pandemic.  We preferred to perform the Bayesian 

autoregressive modeling. A total of 28 days of India's COVID-19 confirmed and mortality data is consid-

ered. The autoregressive model is used to predict the next 50 days' projections on mortality and confirmed 

cases for the general population.   

The univariate Bayesian approach is an already established method. It is possible to obtain parameter 

estimation by iterative generalized least square.
1,2

 The most common approach is the generalize the condi-

tional autoregressive distribution.
3
 The multivariate approach is already explored.

4-7
 The autoregressive ap-

proach is valid to predict the COVID-19 disease. We apply the autoregressive model in the COVID-19 India 

model.   

The objective of this work is to predict the appearance of COVID-19 related death in Indian population. 

The data visualization technique is utilized to represent the gravity of the problem. The linear and non-linear 

autoregressive modeling is performed. The National level data available of COVID-19 confirmed and death 

counts are considered to predict the COVID-19 case count and death for the next 50 days. Similarly, the 

same model is utilized with prior information on national data to predict Indian population death and con-

firmed cases for the next 50 days. We provide the code that will help us to get the best strategy and useful to 

predict as time to time basis. The model would provide policy makers with an objective tool for decision 

making at different hotspots and small areas to implement. The model is easy to run in OpenBUG software 

to generate the prediction. The OpenBUG software is open source. It is possible to generate prediction with 

convergence with updated real time data.   

    STATISTICAL MODEL 

LINEAR AUTOREGRESSIVE REGRESSION 

A linear model is defined as  

                                       (1) 

It is defined as      as the observation of the dependent variable at time t. Now       is presented as the 

i-th independent variable at time t, and finally 

     is the error term at time  . The errors               term is assumed with mean zero, have a 

constant variance, and autocorrelated. Now objective is to compute the Bayesian inference for the m with 

regression coefficient   .The unknown parameters of the error process. It is assumed that      to follow AR 

(1) with autocorrelation  .  

NON-LINEAR AUTOREGRESSIVE MODEL 

However, the number of cases count is unknown in the future. It may progress by non-linear trends. The 

non-linear autoregressive modeling is defined as  

                      (2) 

Similarly, the intercept is presented as    and the regression parameter is    are not known.  The corre-

sponding error for this model is estimated at     . The autocorrelation   with AR (1) process is assumed. 

The OpenBUG code is presented below. Suppose the observations are assumed as    The Bayesian 

computation is performed with 28 observations i.e. 4 weeks count data.  
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It helped to estimates of        , and    respectively. 

A total of 30,000 iterations for simulation and 5,000 burn-in-was performed. The observation with out-

come Y is assumed with a normal distribution. The variance-covariance matrix of AR (1) with correlation   

is defined.  

The posterior estimate is computed through simulation.  

    RESULTS 

Indian confirmed, recovered and death count data are presented (Figure 1) for the last 28 days. It shows the 

real and overwhelming success of lockdown to retain the case count with limited numbers. Perhaps, death is 

contributed to a marginal proportion. The available data on https://www.mohfw.gov.in/ website is presented. 

It presents a comparison between the proportion of death and recovery among confirmed cases (Figure 2A). 

Similarly, a 10% higher rate of death in Indian population with similar recovery rates is presented (Figure 

2B). 

Further, we applied the Bayesian auto-regressive model. The autoregressive model is separated into lin-

ear and non-linear models. The linear model is defined in equation (1). Similarly, the non-linear model is 

presented in equation (2). 

The posterior estimates of the regression coefficients are obtained by the linear autoregressive model. 

The model is performed for confirmed, recovered and died cases separately. The result of posterior esti-

mates is presented in Table 1. A total of four parameters are estimated. The    and    represents the inter-

cept and regression coefficients. The variance of the model is presented by V. the amount of autocorrela-

tion is estimated by    A total of 30,000 iterations are performed to obtain convergence and estimates 

(Figure 3). Now the linear autoregressive model is defined as Model 1 (for confirmed cases), Model 2 (for 

died case) and Model 3 (recovered cases). The posterior regression estimates of all the parameters can be 

used for prediction of the case and death count for the next 50 days (Figure 4). The linear model simulation 

is presented in Figure 5. It shows to obtain the convergence for the parameters. The posterior estimates of the 

non-linear model are presented in Table 2. The OpenBUG code is presented below can be used to obtain 

the prediction.  

 

 

FIGURE 1: The comparison between the official COVID-19 pandemic data of confirmed, died and recovered cases in India. 
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FIGURE 2: The comparison between died and recovered proportion in general population. 

 

 

 

TABLE 1: Linear autoregressive posterior estimates of confirmed, deceased and recovered cases on prediction. 

Parameter Mean SD 95% (HPD) 

Indian states confirmed cases 

   4.38 0.44 (3.56,5.11) 

   0.11 0.01 (0.08,0.14) 

  0.92 0.04 (0.82,0.97) 

v 3527 1164 (1873,6366) 

Indian states deceased cases 

   0.38 0.52 (-0.72,1.51) 

   0.13 0.02 (0.09,0.17) 

  0.71 0.17 (0.34,0.95) 

v 46.29 27.33 (10.29,110.9) 

Indian states recovered cases 

   -0.76 0.98 (-0.71,1.41) 

   0.22 0.03 (0.14,0.30) 

  0.74 0.17 (0.36,0.96) 

v 307.3 191.5 (77.96,767) 

 

SD: Standard deviation, HPD: Highest posterior density.  
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FIGURE 3: Trace plot history in Model 1. 

 

 

FIGURE 4: The prediction of case count and death count for next 100 days in general population. 

 

 
 

FIGURE 5: Iteration convergence of different parameters. 
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TABLE 2: Non-linear autoregressive posterior estimates of confirmed, deceased and recovered cases on prediction. 

Parameter Mean SD 95% (HPD) 

Indian states Confirmed cases 

   10.91 237.3 (-59.08,72.1) 

   15.84 35.08 (-44.67,78.47) 

  1.61 .000 (1.46,1. 74) 

v 0.00 0.00 (0.00,0.00) 

Indian states Deceased cases 

   4.92 57.52 (-58.92,72.97) 

   25.5 24.12 (-21.68,71.08) 

  1.96 0.13 (1.70,2.22) 

v 0.000 .000 (0.00,0.00) 

Indian states Recovered cases 

   -5.87 29.42 (-60.07,52.92) 

   26.2 12.13 (0.69,49.91) 

  1.31 0.13 (1.04,1.62) 

v 0.00 0.00 (0.00,0.00) 

 

HPD: Highest posterior density. 

    CONCLUSION 

This document aimed to provide a practical scenario in presence of COVID-19 infection spread among 

Indian population.  COVID-19 cases, death counts are available for every day. In terms of data availabil-

ity, especially in the public domain, it is a unique scenario. There are several scopes to develop the model 

and get better prediction. In the last ten months government administration to the common public, every-

one put all efforts to stop the spread of this virus. This behaviour is entirely new, and getting an error -free 

prediction is beyond the scope. Perhaps, all effort to predict cases and deaths were to make alert the ad-

ministration.  

Similarly, every effort was taken by the Indian government to prove the predictions were wrong, and 

that was the ultimate purpose of this prediction. After having, several challenges like developing econ-

omy, vast and dense population, India could retain the total fatality under 1.58 lakhs until now. This work 

served to the government of India to make the decisions by making lockdown criteria time to time relax or 

stringent until now. The right autoregressive prediction will obviously make it simple to plan the lock-

down criteria. 
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