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RICE PRODUCTION IN BANGLADESH EMPLOYING 
BY ARIMA MODEL 

M. A. AWAL1 AND M.A.B. SIDDIQUE2  

Abstract 

The present study was carried out to estimate growth pattern and also examine 
the best ARIMA model to efficiently forecasting Aus, Aman and Boro rice 
production in Bangladesh. It appeared that the time series data for Aus and 
Aman were 1st order homogenous stationary but Boro was 2nd order stationary. 
The study revealed that the best models were ARIMA (4,1,4), ARIMA (2,1,1), 
and ARIMA (2,2,3) for Aus, Aman, and Boro rice production, respectively. The 
analysis indicated that short-term forecasts were more efficient for ARIMA 
models compared to the deterministic models. The production uncertainty of 
rice could be minimized if production were forecasted well and necessary steps 
were taken against losses. The findings of this study would be more useful for 
policy makers, researchers as well as producers in order to forecast future 
national rice production more accurately in the short run.  

Keywords: Production, ARIMA model and forecasting of rice.  

Introduction  

Bangladesh is an agro-based developing country and still striving hard for rapid 
development of its economy. Agriculture is the mainstay of Bangladesh economy 
and it contributes about 22 percent of the gross domestic product (GDP). 
Approximately, 12 percent of GOP has been derived from crops while rice alone 
contributes 9.5 percent to the agricultural GDP (BBS, 2008). In Bangladesh, 
although 63 percent of the labour force is directly engaged in agriculture and 78 
percent of total cropped area is devoted to rice production, the country is still 
suffering from a chronic shortage of foodgrain (BBS, 2008). Rice contributes 
more than 80 percent to the total food supply. More than 95% of population 
consumes rice and it alone provides 76% of calorie and 66% of total protein 
requirement of daily food intake (Bhuiyan et al., 2002). In fact, Agriculture 
sector is largely dominated by rice production. Growth in agriculture has 
tremendously centered on the expansion of modern rice production through 
investment in research and extension services. Rice, however, continues to 
remain main sources of food supply for the people of all the sectors. Rice in 
Bangladesh is grown in three distinct seasons, namely Boro (January to June), 
Aus (April to August), and Aman (August to December) covering almost 11.0 
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million hectares of land in Bangladesh (DAE, 2010), producing nearly 95 percent 
of the total food requirements, but there is still a need to increase production to 
feed the growing population which increases at the rate of 1.32 percent per 
annum (BER, 2010). However, the economic development of the country is 
fundamentally based on agriculture. It is often argued that the future development 
of the country depends predominantly on the sustainable development and 
utilization of the agriculture sector. The food problem is still one of the most vital 
aspects of economic development. It stands upon the rate and structure of 
economic growth, rate of inflation, poverty and nutrition, and the balance of trade 
and government’s fiscal position.  

Nevertheless, with the exploitation of full potentiality of rice production, the 
government of Bangladesh has to import huge amount of foodgrains from other 
countries through national and international agencies every year. Among the rice 
producing countries in Asia, Bangladesh occupies one of the lowest positions in 
rice production per hectare (WRS, 1995), Over the last three decades, the 
agricultural value added could not maintain pace with the population growth 
(BBS, 2008).  

It is necessary to enhance the growth of rice production through increasing 
land productivity to meet the increasing food demand for the vast population of 
the country as the country has serious land constraints. Significant differences in 
rice productivity among the different regions are also barriers to the production 
growth (Hossain, 1990; Hossain and Ahamed, 1989). Many steps to enhance the 
growth are being taken from the part of the government and non-government 
agencies since the independence of the country. For future planning, it is 
necessary to evaluate the growth pattern of rice production that is achieved at the 
time in the country as a whole and also in the different varieties of the country. 
To reveal the growth pattern and to make best forecasts of Aus, Aman, and Boro 
rice in Bangladesh using appropriate time series models that can be able to 
describe the observed data successfully are necessary.  

2. Objectives  

The specific objectives of the present study are as follows:  

i)  to estimate the growth pattern of rice production of different seasons in 
Bangladesh;  

ii)  to develop appropriate ARIMA models for the time series of Aus, Aman, and 
Boro rice production in Bangladesh;  

iii)  to make five-year forecasts for all the time series with appropriate prediction 
interval; and compare the forecasting performance of ARIMA and 
deterministic models. 
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Methodology  

The present study was conducted mainly based on the secondary data. Majority 
of the information on the time series data of Aus, Aman, and Boro rice 
production pertaining to the period of 19972-73 to 2007-08 were generated and 
compiled from published volumes of Bangladesh Bureau of Statistics (BBS). 
lnferential statistical tools were employed in analyzing the data. In order to 
forecast the rice production was modeled by Box-Jenkins type stochastic 
autoregressive integrated moving average (ARIMA) process. The Box-Jenkins 
type ARIMA process (Box and Jenkins, 1978) can be defined as ø(B) (∆dyt-µ) = 
θ(B)εt. Here, yt denotes Aus, Aman, and Boro rice production in million metric 
tons, µ is the mean of ∆dYt, ø(B) is 1-ø1B----øpBp, θ(B) is 1-θ1B----θqBq, θ 
denotes the moving average parameter, ø denotes the autoregressive parameter, 
p, q, and d denote the autoregressive, moving average and difference orders of 
the process, respectively, ∆ and B denote the difference and back-shift operators, 
respectively. The estimation methodology of the above model consists of three 
steps, namely identification, estimation of parameters, and diagnostic checking. 
The identification step involves the use of the techniques for determining the 
value of p, d, and q. Here, these values are determined by using autocorrelation 
and partial autocorrelation functions (ACE and PACF) and Augmented Dickey-
Fuller (ADF) test. The model used for ADF is y-yt-1=α+βt+(ρ-1)yt-1+λ∆yt-1 
(Pindyck and Rubinfeld, 1991, p.461).The second step is to estimate the 
parameters of the model. Here, the method of maximum likelihood is used for 
this purpose. The third step is to check whether the chosen model fits the data 
reasonably well. For this reason, the residuals are examined to find out if they are 
white noise. To test if residuals are white noise, the ACE of residuals and the 
Ljung and Box (1978) statistic are used. In case of two or more competing 
models passing the diagnostic checks, the best model is selected using the criteria 
multiple R2, Root Mean Squared Error (RMSE), Akaike Information Criterion 
(AIC), Bayesian Information Criterion (BIC), Mean Absolute Error (MAE), and 
Mean Absolute Percent Error (MAPE). Nine deterministic types’ growth models 
are also considered in this study for comprising the forecasting efficiency of 
stochastic models. The above mentioned model selection criteria are used to 
select the best deterministic model forecasting purpose.  

Results and Discussion  

Stationarity checking using ACF  

Auto correlation function is a very constructive tool to find out whether a time 
series is stationary or not. Both ACF and PACF are also used to determine auto-
regression and moving average orders of the models. All the figures represent 
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that autocorrelations taper very slowly indicating that all the series are non- 
stationary. Now it is needed to take 1st difference of all the time series and 
construct autocorrelation functions to examine whether they are stationary or not. 
The autocorrelation functions of 1st differenced time series of Aus, Aman, and 
Boro rice, 2nd differenced time series for Boro production are shown in Fig. 1 to 
and Fig. 7, respectively. The 1st differenced time series seems to be stationarity, 
as the autocorrelation declines faster than that of undifferenced series. 
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Now it is clear that ACFs of all the 1st differenced series decline rapidly. So, 
it is revealed that Aus and Aman time series are stationary of order one but Boro 
time series is stationary of order two. Before taking decision about stationarity of 
the series, the study needs to carry out the formal ADF test of stationarity. 

Stationarity checking using ADF  

Apart from the graphical methods of using ACF for determining stationarity of a 
time series, a very popular formal methods of determining stationarity is the 
Augmented Dickey-Euller (ADF) test. Here, these tests were done for all the time 
series. The estimates of necessary parameters and related statistics for the time 
series of Aus, Aman and Boro rice production are presented in Table 1.  

Table 1. ADF test of stationarity of Aus, Aman, and Boro rice production in 
Bangladesh. 

Area Model α β (ρ-1) λ RSS DF DW F F05, 36

Unrestricted  934.13 -21.45 -0.24 -0.08 4467475.02 30 1.43 

S.Error  436.60 7.73 0.12 0.19  32 1.38 

Restricted  -90.03   -0.17 5094348.09 32 1.38 
Aus 

S.Error  69.04   0.28    

2.10 

Unrestricted  4234.11 116.39 -0.77 0.19 15163525.60 30 2.02 

S.Error 1119.88 32.02 0.20 0.17    

Restricted  180.12   -0.17 22543833.24 32 2.14 
Aman 

S.Error  145.73   0.17    

7.30 

Unrestricted  -202.509 76.00 -0.17 -0.12 9684950.34 30 1.80 

S.Error 233.06 30.72 0.09 0.21    

Restricted 318.798   -0.06 12099399.95 32 1.78 
Boro 

S.Error  124.146   0.19    

3.73 

7.01 

The empirical analysis revealed that the hypothesis of random walk as 
underlies in the process of generating the time series is non-stationary and this 
can not be rejected, since the F statistics is insignificant at 5% level. So, all the 
undifferenced time series are non-stationary and they must be 1st differenced to 
examine if 1st differenced are non-stationary. 
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Table 2. ADF test of stationarity of Aus, Aman, and Boro rice 1st different 
production 

Area Model α β (ρ-1) λ RSS DF DW F F05, 36

Unrestricted  211.26 -14.83 -1.46 0.21 4163811.54 29 1.54 

S.Error  153.45 6.95 0.41 0.27  31 1.70 

Restricted  -38.30   -0.51 6426307.48   
Aus 

S.Error  79.25   0.21    

8.15  

Unrestricted  230.16 1.69 -1.54 0.26 19615417.91 29 2.14 

S.Error 333.44 15.17 0.26 0.17    

Restricted  34.68   -0.48 42929701.58 31 2.36 
Aman 

S.Error  204.97   0.15    

17.82 

Unrestricted  27.025 16.419 -1.091 -.103 10573287.83 29 1.77 

S.Error 248.79 13.34 0.32 0.22    

Restricted -0.81   -0.66 15067161.91 31 2.11 
Boro 

S.Error  121.44   0.16    

6.37 

7.03  

2nd different Boro 

Unrestricted  161.08 -7.78 -2.196 0.347 13394657.12 28 1.86 F05, 34

S.Error 297.823 13.244 0.36 0.20    
Restricted -61.43   -0.75  30 2.48 

Boro 

S.Error  180.67   0.14 31294687.49   

20.04 
7.05 

The ADF test for the 1st differenced time series of Aus, Aman, and Boro rice 
production are presented in Table 2. The test analysis illustrated that Aus and 
Aman rice production, the 1st differenced time series are stationary since the F 
statistics are significant at 5% level, but Boro rice production is not stationary. 
So, Boro time series need to be difference to 2nd examine stationary of the series. 
The analysis showed that Boro time series are stationary at 5% level of 
significance. The ACFs and ADF test indicated that Aus and Aman time series 
are stationary of order one and Boro time series is stationary of order two.  

Aus rice productions  

The ACF and PACE of Aus time series data as shown in Fig. 4 indicated that the 
autoregressive and moving average orders can not be more than 5, since the ACF 
declines significantly after the 5 lag and PACF food declines significantly after 
the 1st lag and there is no significant spikes in both the functions. So, the tentative 
specifications of the model may be ARIMA (4,1,0), ARIMA (4,1,1), ARIMA 
(4,1,4), ARIMA (4,1,3), ARIMA (5,1,1), ARIMA (5,1,2), ARIMA(5,1 ,0), 
ARIMA (5,1,3), and ARIMA (5,1,5). All these models are estimated and their 
diagnostic checks are done using ACFs of residuals and Ljung and Box 
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chisquares test. In addition, model selection criteria R2, RMSE, AIC, BIC, MAE, 
and MAPE are used to select the best model. The value of chi-square with the P-
value and the values of model selection criteria are presented in Table 5 only for 
the best model. It was found that the best ARIMA specification for Aus rice 
production is ARIMA (4, 1,1) model with estimated parameters, standard errors: 
t and P-values are presented below:  

(1 + 0.56 B + 0.11B2 – 0.017B3 + 0.42 B4) (∆Yt –34.24) = (1 + 0.73 B)εt  
SE  =  (0.20)  (0.20)  (0.19)  (0.17)  (30.10)  (0.18)  
t  =  (-2.77)  (-0.56)  (0.0.08)  (-2.39)  (-1.13)  (-4.05)  

According to the model selection criteria, the cubic model can be considered 
as the best deterministic model for Aus rice production. It denoted that the growth 
rate of Aus rice production was not constant during the study period. The 
estimated model with necessary statistics is as follows:  

Y = 2158.01 +230.12  t–15.32  t2 +0.24  t3  
SE = (180.46)  (41.66) (2.59)  (0.04)  
t = (11.95)  (5.52)  (-5.59)  (5.21)  

Aman rice production  

The ACF and PACF of the 1st differenced of Aman rice production as shown in 
Fig. 5 is similar to those for 1st differenced of Aus rice production. So, the same 
tentative specifications are considered for Aman rice production. It appeared 
from the analysis that the specification ARIMA (2,1,1) is the best. The chi-squre 
tests for diagnostic checking for this model can be viewed in Table 5. The 
estimated models with necessary statistics are presented below:  

(1–0.43B + 0.17B2)(∆Yt –144.68) = (1– 0.95B)εt  
SE=  (0.20)  (0.38)  (18.06)  (0.25)  
t =  (2.11)  (-0.88)  (8.01)  (3.68)  

According to the model selection criteria the exponential model can be 
considered as the best deterministic model for Aman rice production in 
Bangladesh. The estimated model with necessary statistics is as follows:  

Yt =5879.350+0.017t  
SE = (184.175)  (0.001)  
t = (31.92)   (11.96)  

Boro rice productions  

The ACF and PACF of the 1st differenced of Boro rice production as shown in 
Fig. 6 revealed that all the autocorrelations are too small and the Box and Ljung 
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test find all autocorrelation are insignificant. So, the best model for Boro rice 
production is ARIMA (2,2,3). The chi-square tests for residual and the value of 
model selection criteria R2, RMSE, AIC, BIC, MAE, and MAPE can be viewed 
in Table 3. The estimated models with necessary statistics are presented below:  

(1 + 1.69B + 0.87B2)(∆2Yt –16.94) = (1 + 0.81B –0.81B2 + 0.67B3)  

SE =  (014)  (0.129)  (12.69)  (0.24)  (0.29)  (0.27)  

t =  (-11.72)  (-6.71)  (1.33)  (-3.33) (3.78)  (2.47)  

The best deterministic model for Boro rice production is the Quadratic model 
presented bellow:  

Y = 2027.37–63.51t+10.62  t2  

SE =  (309.32)  (38.55)   (1.01)  

t =  (6.55)   (-1.64)   (10.51)  

Diagnostic checking  

For diagnostic checking, the ACF of residuals and Ljung and Box chi-square 
statistics are widely used in practice. The chi-square statistics are presented in 
Table 3 for all best selected stochastic models with P-values. All the chi-square 
values are insignificant. It implied that the residuals of the respective time series 
are white noise implying that the model fitness is acceptable. The estimated 
values of other model selection criteria for both best selected stochastic and 
deterministic models are also shown in Table 3. The table revealed that ARIMA 
models are superior to the respective deterministic models. 

Table 3. Diagnostic tools and model selection criteria for the best fitted models. 

Area Model R2 RMSE AIC BIC MAE MAPE χ2 (BL at 
16 lag) 

P-
value 

Aus  ARIMA 
(4,1,1)  086 205.50 384.78 394.11 154.04 6.37 9.11 0.91 

 Cubic  085 311.6 421.40 427.73 264.51 11.64   

Aman  ARIMA 
(2,1,1)  0.84 601.04 477.90 475.38 500.52 6.55 6.48 0.98 

 Exponential 0.81 721.37 479.84 481.01 566.27 7.16   

Boro  ARIMA 
(2,2,3)  0.98 511.68 436.16 445.32 350.26 8.18 15.93 0.45 

 Quadratic  0.97 559.71 461.57 466.32 443.89 8.95   
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Forecasting  

Five years’ forecasts of Aus, Aman, and Boro production are estimated using the 
best selected models and are presented in Table 4, 5, and 6, respectively. 
Prediction intervals of forecast are also presented. 

Table 4. Aus rice production forecast. 

ARIMA (4,1,1) Cubic 
Year 

Forecast LPL UPL Forecast LPL UPL 

2008-09  1735.65 1300.65 2170.65 1896.07 1279.51 2512.62 

2009-10  1686.78 1008.00 2365.56 1993.13 1324.71 2661.56 

2010-11  1658.29 847.70 2468.88 2114.47 1379.58 2849.36 

2011-12  1620.12 664.84 2575.40 2261.52 1444.71 3078.32 

2012-13  1599.80 593.60 2605.99 2435.72 1521.04 3350.39 

The empirical analysis illustrated that short-term forecasts are more efficient 
for ARIMA models compared to the deterministic models. In case of Aus rice 
production, cubic model forecast is higher compared to the ARIMA model, but 
MAPE (11.64%) of cubic model is higher than MAPE (6.37%) ARIMA model. 
Less MAPE (%) provided more accurate results than higher MAPE (%). So, 
ARIMA model produced more accurate results than deterministic model. 
However, the ARIMA model estimated that the Aus rice production 1735 
thousand metric tons in 2008-09 and if the present Aus rice production continues 
the Aus rice production of Bangladesh would be 1591 thousand metric tons in the 
year 2012-2013. 

Table 5. Aman rice production forecast. 
ARIMA (2.1.1) Exponential 

Year 
Forecast LPL UPL Forecast LPL UPL 

2008-09  11056 9476 12636 11305 9278 13774 
2009-10  11124 9319 12928 11506 9435 14031 
2010-11  11293 9467 13119 11711 9595 14294 
2011-12  11461 9631 13291 11920 9756 14563 
2012-13  11612 9772 13452 12133 9920 14837 

Table 3 indicated that Exponential model produced higher AIC(480), 
BIC(481), RMS(721), MAPE(566), and MAE (7.16) compared to ARIMA 
(2,1,1). Therefore, ARIMA Model is more appropriate for forecasting compared 
to deterministic model. The ARIMA model forecasted that the Aman rice 
production is 11056 thousand metric tons in 2008-09 and if the present Aman 
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rice production continues the Aman rice production of Bangladesh would be 
11612 thousand metric tons in the year 2012-2013.  

Table 6. Boro rice production forecast. 

ARIMA (2.2.3) Quadratic 
Year 

Forecast LPL UPL Forecast LPL UPL 

2008-09  13538 12399 14677 14229 12883 15575 

2009-10  13809 12051 15567 14963 13582 16343 

2010-11  14450 12252 16648 15718 14297 17139 

2011-12  15323 12493 18154 16494 15027 17961 

2012-13  15541 12275 18807 17291 15772 18811 

Deeply observing the forecasted values and confidence intervals presented in 
Table 6 reveal that forecasting error sufficiently small and consequently the 
intervals are too large. The forecasting found that If the existing Boro rice 
production continues, Bangladesh would obtain 13538 thousand metric tons in 
the year 2008-09 and it would increase 15541 thousand metric tons in the year of 
2012-13. Therefore, the Government of Bangladesh should take input subsidiary 
policy for the increase of productivity of this crop. The production uncertainty of 
Boro rice was minimized if prices were forecasted well ahead so that necessary 
step could be taken against losses. 

Conclusion 

This study made the best effort to develop a short run forecasting model of rice  
production in Bangladesh. The empirical analysis indicated that ARIMA (4,1,1), 
ARIMA(2,1,1), and ARIMA(2,2,3) were best fitted model for short run 
forecasting of Aus, Aman, and Boro rice production, respectively. However, the 
ARIMA model estimated that the rice production of Bangladesh were 1735, 
11056, and 13538 thousand metric tons in 2008-09 and if the trend in present rice 
production to be continued, the total rice (Aus, Aman, and Boro) production of 
Bangladesh would be 1591, 11612, and 15541 thousand metric tons in the year 
2012-2013. To increase rice production of Bangladesh, the government should 
put emphasis on adopting of high yielding rice varieties in three rice seasons and 
take proper input subsidiary programme in order to achieve food security. The 
production uncertainty of rice could be minimized if production were forecasted 
well and necessary steps were taken against losses. For this purposes, the 
findings of this study would be more useful for policy makers, researchers, and 
producers for future national rice production policies.  
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