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We propose a Seasonal Markov Switching Autoregressive model and apply it to analyze sugar production in India. The 
dynamics is governed by two regimes, along which both the autoregressive coefcients and the innovation distributions 

are altering moreover; the hidden regime indicator process is allowed to be non-Markovian. After examining stationarity and basic properties of 
the model, we turn to its estimation by Markov Chain Monte Carlo (MCMC) methods and propose two algorithms. The values of the latent process 
serve as auxiliary parameters in the rst one, while the change points of the regimes do the same in the second one in a reversible jump MCMC 
setting. After comparing the mixing performance of the two methods, the model is tted to the Sugar production data. 
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Figure 1: Actual data for Sugar Production in India (1995-2018)

Figure 2: Sample ACF of Seasonal markov switching autoregressive 
models

Table 1: Estimation of the parameter of SMS-AR Model

Coeffi
cient

AR (1) AR(2) AR(3) AR(4) SAR(1) SAR(2
)

SAR(3
)

Interc
ept

Estim
ate

0.7099 -.0638 -.6303 -0.308
4

0 .3975 0.2473 0.1315 52597.
226

S.Erro
rs

0.0610  .0716 0.0722 0.0595 0.0613 0.0632 0.0620 5419.5
28

Sigma squared estimated as 71877017
Log-likelihood=--3018.57, AIC=6055.15, AICC=6055.79, 

BIC=6088.11

Model: Markov Switching SAR(2;4,0,0)(3,0,0)  State: 2 AIC:  6116.096, BIC: 6171.884, Loglik : -3052.04812

Low Production (State 1) High Production (State 2)
Coef. Estima Std.Er t-stats p-value Estimat Std.Er t-stats p-value

Constant 12269.2 12435.8 0.9866 0.3238 11486.3 12435.8 0.9237 0.3556
MSAR 1 0.9398 0.0797 11.791 <2.2e-1*** 0.9398 0.0797 11.7917 <2.2e-1***
MSAR 2 -0.2 0.06 -3.5 0.00041*** -0.23 0.06 -3.5 0.0004 ***
MSAR 3 0.0916 0.0365 2.5096 0.01208*** 0.0916 0.0365 2.5096 0.0120***
MSAR 4 -0.60 8238.41 0.000 1.00000 -0.00 8238.41 0.00000 1.0000

Residual Std.Err 11238.82 Residual Std.Err 11238.82
2 Multiple R = 0.6618 2 Multiple R = 0.6542

Standard Residuals Standard Residuals
Min Q1 Med Q3 Max Min Q1 Me Q3 Max

-27232 -339 -1.90 382 3.983. -243 -23 4 35 22

Figure 3: Seasonal markov switching model for sugar production

Table 3: The Estimated parameter of SMS-AR Model with state 1 and state 2

 INDIAN JOURNAL OF APPLIED RESEARCH 19



Volume - 10 | Issue - 10 | October - 2020 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

Figure 4: Forecasting from SMS-AR Model (2;4)*(3,0,0)12

Table 4: Transition Probabilities for Seasonal Markov Switching 
Models

 
Low 

production  
High 

production 

Low production 0.5926750 0.4073250
High  production 0.6122774 0.3877226

St St-1

Table 5: Seasonal Markov Switching Model for error value

ME RMSE MAE MPE MAPE MASE
623.745 8478.031 5838.552 -1.675 11.128 0.6771

Figure 5: QQ-plot of residuals in Seasonal markov switching 
Models

RESULT AND DISCUSSION
Seasonal Markov Switching Autoregressive Model (SMS-AR) is 
selected with the order p of the autoregressive process. The AR order is 
p=4, therefore, there are two regime and the state 2. Consider the 
Markov switching autoregressive (MS-AR) model; the transitions are 
driven by a hidden two-state Markov chain. After that we will t the 
model for using the state 2 and the AIC value 6116.096 and BIC: 
6171.884.The parameters are estimated for the models it is given in the 
Table 3. The identied SMS-AR (2:4,0,0)(3,0,0)12 is as follows.

Seasonal Markov switching autoregressive model is selected in the 
order (2;4,0,0)(3,0,0) the estimated values are given in the Table 3.

CONCLUSIONS
In this paper, introduce a seasonal Markov Switching Autoregressive 
Model has been applied in the sugar production in India. The time 
series data and relevant models are considered.  They are able to 
describe the marginal distribution of the time series and thus pre-
processing the data. The SMS-AR(2;4,0,0)(3,0,0)  model is identied. 12

The probability of transition from low production (state1) to low 
production (state1) is 0.592675 and 0.6122774 denotes the probability 
of transition from low production (state 1) to high production (state 2) 
and so on. Since the single step transition probability matrix the 

thstationary transition probability matrix is attained in 5  step. At last, the 
values are forecasted for the 24 months ahead. The results show that the 
SMS-AR model is more accurate.
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