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Abstract

The study was undertaken to examine the best fitted ARIMA model that could be used to make efficient forecast boro
rice production in Bangladesh from 2008-09 to 2012-13. It appeared from the study that local, modern and total boro
time series are 1st order homogenous stationary. It is found from the study that the ARIMA (0,1,0) ARIMA (0,1,3)
and ARIMA (0,1,2) are the best for local, modern and total boro rice production respectively. It is observed from the
analysis that short term forecasts are more efficient for ARIMA models. The production uncertainty of boro rice can
be minimizing if production can be forecasted well and necessary steps can be taken against losses. The government
and producer as well use ARIMA methods to forecast future production more accurately in the short run.
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Introduction

Agro-based developing country like Bangladesh is striving hard for rapid development of its economy.
The economic development of the country is mainly based on agriculture. The contribution of agriculture
sector in GDP is 20.87 percent (BER, 2008). In the agriculture sector, the crop sub-sector dominates with
14.32 percent in GDP of which rice alone contributes about 53 percent. In Bangladesh although 63
percent of the labour force is directly engaged in agriculture and 78 percent of total crop is devoted to rice
production, the country has still a chronic shortage of food-grain (BBS.2003). Boro - a Bengali term
originated from the Sanskrit word 'BOROB'. It refers to a special cultivation of rice in low land pockets
during November-May; taking advantage of the residual water in the field after harvest of Kharif crop,
longer moisture retentivity of the soil and surface water stored in the near by ditches (Singh et al 2003a).
Thakur et al. (2003) reported boro in Shivapuran as one of the offerings to the God. In Bangladesh rice is
grown in three distinct seasons; boro (January to June), aus (April to August), and amon (August to
December). Modern rice varieties were introduced for the boro and aus seasons in 1967 and for the
amon seasons in 1970 (Hossain et al. 1994). In Bangladesh boro rice occupied nearly 35% of the 10.80
million ha of rice harvested area, and contributed 50% of the 38.7 million tons of rice produced in
2001/2002. The yield in 2001/2002 was 4.9 ton/ha (Singh et al 2003b).

For future planning it is necessary to evaluate the growth pattern of boro 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 the best forecast of boro production in Bangladesh appropriate time series model
that can be able to describe the observed data successfully are necessary.

For prediction purpose one or both of two types of models, usually known as structural regression models
and time series models are often used in practice. The use of structural regression models requires
information about the factors affecting the time series. On the other hand, time series analysis, especially
Box-Jenkin type ARIMA models, let the data speak for themselves i.e. the future movements of a time
series are determined using its own present and past values (Box and Jenkins, 1978). Among the
stochastic time series models ARIMA types are very powerful and popular as they can successfully
describe the observed data and can make forecast with minimum forecast error. These types of models
are very difficult to identify and estimate. They are also expensive, time consuming and possesses a
complex model building mechanism. So far we know few works have been undertaken for forecasting
boro rice production in Bangladesh using ARIMA models. The objective of the study is to develop
appropriate ARIMA models for the time series of local, modern and total boro rice production in
Bangladesh and to make five year forecasts for all the time series with appropriate prediction interval.
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Material and Methods

To achieve the stipulated objectives, the present study has been carried out on the basis of local,
modern and total boro rice production data pertaining the period 1967-68 to 2007-08, which were
collected from secondary (BBS various issues) source. The time series data of local, modern and total
boro rice production were 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 @(B)(A"Y, — 1) = O(B)¢,, Here, Y,denotes local, modern and total boro rice production
million metric tons, zis the mean of A"Y,, ¢(B)=1-¢,B —--- -¢,B° ,0(B)=1-6B~---—6,B?,

0. denotes the ith moving average parameter, di denotes the ith autoregressive parameter, p, ¢and

d denote the autoregressive, moving average and difference order of the process respectively, A 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 (ACF and PACF) and Augmented Dickey-Fuller (ADF) test. The model

used for ADF is y—VY,; =a+ Bt+(p—1)Y, 4, 4, , (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 the residuals are white
noise the ACF 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 fitted model is selected using the following

criteria multiple R?, Adjusted R?, Root mean squared error (RMSE), Akaike Information Criterion (AIC),
Bayesian Information (BIC), Mean absolute error (MAE) and Mean absolute proportion percent error
(MAPPE).

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 used to determine auto-regression and moving average orders of the models.
ACF and PACF of our three time series of local, modern and total Boro rice production are constructed.
All the graphs represent that autocorrelations taper of very slowly indicating that all the series are non-
stationary (Fig. 1, Fig. 3 and Fig. 5. Now it is needed to take 1st-difference of all the time series and
construct autocorrelation functions to see if they are stationary or not. The autocorrelation functions of 1st
differenced time series of local, modern and total boro rice production are presented in Fig. 2, Fig. 4 and
Fig. 6 respectively. The 1st differenced time series shows stationarity, as the autocorrelation declines
faster than the auto correlation of undifferenced series.

Now it is clear that ACFs of all the 1°-differenced series decline rapidly. So, it is revealed that local,
modern and total Boro time series are stationary of order one. Before taking decision about stationarity of
the series, the study need to carry out the formal ADF test of stationarity.

Stationarity Checking using ADF

A part from the graphical methods of using ACF for determining stationarity of a time series, a very
popular formal method of determining stationarity is the Augmented Dickey-Fuller test. Here, these tests
done for all the time series. The estimates of necessary parameters and related statistics for the time
series of local, modern and total Boro rice production are presented in Table 1.
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Table 1. ADF test of stationarity of local, modern and total Boro rice production in Bangladesh

Area Model a ﬂ -1 | A RSS DF |[DW F Fos, 41
Local Unrestricted | 231781.52 | -3732.79 -.35 | -.18 |207539906444.8 |35 2.28 5.20
S. Error 104734.65 | 2092.78 12 142
Restricted -28029.58 -.34 |265918308058.3 |37 2.14 6.95
S. Error 13760.84 14
Modern |Unrestricted |-432072.40 | 126461.56 | -.40 | -.16 [893496.9431 35 1.24 0.14
S. Error 751854.11 | 74148.54 .20 .58
Restricted 331476.08 -.56 [900047.9361 37 1.11
S. Error 329235.36 .53
Total Unrestricted | -104028.03 | 123636.05| -40 | -.19 |8.321740607 35 1.24 2.27
S. Error 619698.91 | 70187.98 .20 .53
Restricted 305855.65 -.55 19.344842050 37 1.11
S. Error 308165.10 .49

The analysis exposed that the hypothesis of random walk that underlying process of generating the time
series is non-stationary can not be rejected, as the related F statistics is insignificant at 5% level. So, all
the undifferenced time series are non stationary and they must be 1°-differenced to see if 1°-differenced
are nonstationary.

To perform the ADF test for the 1°-differenced time series of local, modern and total Boro rice production
essential analysis are presented in Table 2. A further, the analysis shows that local, modern and total
Boro rice production, the 1°-differenced time series are stationary as the F statistics are significance at
5% level. From the ACFs and ADF test, we can take decision that local, modern and total boro times
series are stationary of order one.

Table 2. ADF test of stationarity of local, modern and total Boro rice 1°' different production

Area Model a p N | A RSS DF | DW F | Fos 40
Unrestricted | -80221.55 | 2034.03 | -1.62 | .14 |241838851693.3| 34 | 1.99
S.Error 33457.13 1286.06 .27 .16 18.88
Local  IRestricted -4958.75 -62 | 495513056044.8 | 36 | 2.65
S.Error 19057.17 12 206
Unrestricted | 574009.50 | -23919.94 | -74 | -72 | 9532666.779 34 | 1.14 :
Modern |S-Error 620729.48 | 28754.18 | .83 | .60 16.10
Restricted -233366.83 -1.13 | 1003763.5609 | 36 | 1.12
S.Error 275558.52 43
Unrestricted | 517613.78 | -22303.94 | -72 | -66 | 4291737.1606 | 34 | 1.15
Total  |S:Error 601496.885 | 28035.957 | .83 | .55 19.80
Restricted -232326.99 -1.04 | 9012506.665 36 | 1.15
S.Error 265956.38 .36

Modeling time series of local boro rice production

For selecting ARIMA model for local boro rice production series a routine test of identification applied
before using Box-Jenkins methodology. Figure 1 represents the ACF and PACF plots of local boro rice
production series at their level up to 16 lags. From this figure, the facts stand out that at the beginning
ACF has five significant spikes and PACF has only one significant spike .On the other hand, the ACF
plots and PACF plots in the Fig. 2 is showing a different configuration. In this figure, the ACF shows no
significant auto-correlation at any lag. It is also evident from the Box-Ljung statistic presented on the top
of ACF that all the differenced values are within the 95% confidence limit. This implies that the series is
non-stationary at their level and stationary at first difference. Moreover, the residuals are uncorrelated.
Augmented Dickey-Fuller unit root tests are showing the stationarity position of this series at same order
of difference.
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Fig. 1. Undifferenced local boro rice production in Bangladesh
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Fig. 2. 1st-differenced local boro rice production in Bangladesh
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Fig. 3. Undifferenced modern boro rice production in Bangladesh
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Fig. 4. 1st-differenced modern boro rice production in Bangladesh
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Fig. 5. Undifferenced total boro rice production in Bangladesh
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Fig. 6. 1st-differenced total boro rice production in Bangladesh
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Observing the nature of ACF and PACF plots of the series and their theoretical properties, the order of
auto-regression and moving average process of local boro rice production series are selected by
estimating the ARIMA models at p=0,l and q==0,1,2,3,4,5 using the SPSS 11.5 software packages.

Twelve ARIMA models at different values of p, d, and q are estimated using the same packages as
mentioned in the previous section. The tentatively selected models are ARIMA (0,1,0), ARIMA (0,1,1),
ARIMA (0,1,2), ARIMA (0,1,3), ARIMA (0,1,4), ARIMA (0,1,5), ARIMA (1,1,0), ARIMA (1,1,1), ARIMA
(1,1,2), ARIMA (1,1,3), ARIMA (1,1,4) and ARIMA (1,1,5). Out of these twelve models three models are
selected comparing the minimum values of the criteria A1C and B1C. The selected models are ARIMA
(0,1,0), ARIMA (0,1,1) and ARIMA (1,1,0). These three models are again compared according to the

minimum values of RMSE, MAE, MSE and MAPPE and maximum value of R? and R? which are given in
Table 3. Hence, it can be concluded that ARIMA (0,1,0) is the best fitted model for forecasting the local
boro rice production in Bangladesh. This justified that the selection of ARIMA (0,1,0) is the best model to
represent the data generating process very precisely. From the above table 3 it is observed that the
model ARIMA (0,1,0) is better than the other models because this model satisfied the all criterion except

MSE and R?. So the select ARIMA (0,1,0) is the best model.

Table 3. Diagnostic tools and model selection criteria for local boro rice production of best fitted
models

Values of selection criteria
Model MAE MSE RMSE AlIC BIC MAPPE R? ?

ARIMA(0,1,0) |80816.03 |27644838033.25 |163089.84 |989.75 993.18 14.53 0.383 0.342
ARIMA(0,1,1) |81205.67 |26598294596.83 |166267.37 |990.17 995.31 14.74 0.358 0.350
ARIMA(1,1,0) |83408.13 |26635915648.30 |163205.13 |990.23 995.37 15.08 0.382 0.349

Note: The value of the criterion for a model with bold numerals that the model is better than other models with
respect to that criterion

Modeling time series of modern boro rice production

For selecting ARIMA model of modern boro production series a routine test of identification applied before
using Box-Jenkins methodology. Fig. 3 represents the ACF and PACF plots of modern boro rice
production series at their level up to 16 lags. From this figure, the facts stand out that at the beginning
ACF has nine significant spikes and PACF has only one significant spike .On the other hand, the ACF
plots and PACF plots in the Fig. 4 is showing a different configuration. In this figure, the ACF shows no
significant auto-correlation at any lag. It is also evident from the Box-Ljung statistic presented on the top
of ACF that all the differenced values are within the 95% confidence limit. This implies that the series is
non-stationary at their level and stationary at first difference. Moreover, the residuals are uncorrelated.
Augmented Dickey-Fuller unit root tests are showing the stationarity position of this series at same order
of difference.

Observing the nature of ACF and PACF plots of the series and their theoretical properties, the order of
auto-regression and moving average process of modern boro rice production series are selected by
estimating the ARIMA models at p=0,l and q==0,1,2,3,4,5,6,7,8,9 using the same software packages.

Twenty ARIMA models at different values of p, d, and q are estimated using the same packages as
mentioned in the previous section. The tentatively selected models are ARIMA (0,1,0), ARIMA (0,1,1),
ARIMA (0,1,2), ARIMA (0,1,3), ARIMA (0,1,4), ARIMA (0,1,5), ARIMA (0,1,6), ARIMA (0,1,7), ARIMA
(0,1,8), ARIMA (0,1,9), ARIMA (1,1,0), ARIMA (1,1,1), ARIMA (1,1,2), ARIMA (1,1,3), ARIMA (1,1,4),
ARIMA (1,1,5), ARIMA (1,1,6), ARIMA (1,1,7), ARIMA (1,1,8) and ARIMA (1,1,9). Out of these twenty
models three models are selected comparing the minimum values of the criteria A1C and B1C. The
selected models are ARIMA (0,1,0), ARIMA (0,1,3) and ARIMA (1,1,0). These three models are again
compared according to the minimum values of RMSE, MAE, MSE and MAPPE and maximum value of R
and R? which are given in Table 4. Hence, it can be concluded that ARIMA (0,1,3) is the best fitted model
for forecasting the modern boro rice production in Bangladesh. This justified that the selection of ARIMA
(0,1,3) is the best model to represent the data generating process very precisely.
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Table 4. Diagnostic tools and model selection criteria for modern boro rice production of best
fitted models

Values of selection criteria
Model MAE MSE RMSE AlIC BIC MAPPE R? F

ARIMA(0,1,0) |610519.67 |2516195437797.74 |1586252.01 |1174.70 |1178.38 |17.53 0.859 ]0.855
ARIMA(0,1,3) [738134.46 |1929085826559.51 |1388915.34 [1169.81 [1178.13 [20.04 0.892 ]0.880
ARIMA(1,1,0) |620469.86 |2446256761944.36 |1564051.39 [1175.55 |1180.69 |16.92 0.863 ]0.856

Note: The value of the criterion for a model with bold numerals that the model is better than other models with
respect to that criterion

From the above Table 4 it is observed that the model ARIMA (0,1,3) is better than the other models
because this model satisfied the maximum criterion except MAE and MAPPE. So the select ARIMA
(0,1,3) is the best model.

Modeling time series of total boro rice production

For selecting ARIMA model of total boro production series a routine test of identification applied before
using Box-Jenkins methodology. Fig. 5 represents the ACF and PACF plots of total boro rice production
series at their level up to 16 lags. From this figure, the facts stand out that at the beginning ACF has nine
significant spikes and PACF has only one significant spike .On the other hand, the ACF plots and PACF
plots in the Fig. 6 is showing a different configuration. In this figure, the ACF shows no significant auto-
correlation at any lag. It is also evident from the Box-Ljung statistic presented on the top of ACF that all
the differenced values are within the 95% confidence limit. This implies that the series is non-stationary at
their level and stationary at first difference. Moreover, the residuals are uncorrelated. Augmented Dickey-
Fuller unit root tests are showing the stationarity position of this series at same order of difference.

Observing the nature of ACF and PACF plots of the series and their theoretical properties, the order of
auto-regression and moving average process of total boro rice production series are selected by
estimating the ARIMA models at p=0,| and 9==0,1,2,3,4,5,6,7,8,9 using the SPSS same software
packages.

Twenty ARIMA models at different values of p, d, and q are estimated using the same packages as
mentioned in the previous section. The tentatively selected models are ARIMA (0,1,0), ARIMA (0,1,1),
ARIMA (0,1,2), ARIMA (0,1,3), ARIMA (0,1,4), ARIMA (0,1,5), ARIMA (0,1,6), ARIMA (0,1,7), ARIMA
(0,1,8), ARIMA (0,1,9), ARIMA (1,1,0), ARIMA (1,1,1), ARIMA (1,1,2), ARIMA (1,1,3), ARIMA (1,1,4),
ARIMA (1,1,5), ARIMA (1,1,6), ARIMA (1,1,7), ARIMA (1,1,8) and ARIMA (1,1,9). Out of these twenty
models three models are selected comparing the minimum values of the criteria A1C and B1C. The
selected models are ARIMA (0,1,0), ARIMA (0,1,2), and ARIMA (1,1,0). These three models are again
compared according to the minimum values of RMSE, MAE, MSE and MAPPE and maximum value of R?

and R? which are given in Table 5. Hence, it can be concluded that ARIMA (0,1,2) is the best fitted model
for forecasting the total boro rice production in Bangladesh. This justified that the selection of ARIMA
(0,1,2) is the best model to represent the data generating process very precisely.

Table 5. Diagnostic tools and model selection criteria for total boro rice production of best fitted
models

Values of selection criteria
Model MAE MSE RMSE AlC BIC MAPPE R? ?

ARIMA(0,1,0) |646669.14 |2391023609045.31 | 1546293.51 | 1172.61 | 1176.04 | 15.29 0.854 | 0.850
ARIMA(0,1,2) |711139.58 |1915573060287.93 | 1384042.29 | 1167.52 | 1174.38 | 17.06 0.883 | 0.874
ARIMA(1,1,0) |647679.82 |2314982776542.01 | 1521506.75 | 1173.29 | 1178.43 | 14.72 0.859 | 0.851

Note: The value of the criterion for a model with bold numerals that the model is better than other models with
respect to that criterion
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From the above Table 5 it is observed that the model ARIMA (0,1,2) is better than the other models
because this model satisfied the maximum criterion except MAE and MAPPE. So the select ARIMA
(0,1,2) is the best model.

The above discussion about the fitness of various models to the time series of boro rice production in
Bangladesh reveals that ARIMA(0,1,0), ARIMA (0,1,3) and ARIMA (0,1,2) models are appropriate for
local, modern and total boro rice production respectively. It also reveals that the selection of the best
model for a particular category can sometimes be very confusing. However the discussion recommends a
best model for a particular category as given in Table 6.

Table 6. Best estimated models for boro rice production in Bangladesh

Variety The name of the The functional form of the model
best model
Local boro ARIMA(0,1,0) (AY, +16720.64) = ¢,
Modern boro ARIMA(0,1,3) | (AY, —281407.52) = (1—0.148B +0.148B2 —0.976B°)¢,
Total boro ARIMA(0,1.2) | (AY, —11689.94 )= (1-0.189 B + 0.961 B?)¢,

Diagnostic checking

For diagnostic checking ACF of residuals and Ljung and Box chi square statistic are widely used in
practice. In Table 7 the chi square statistics are given for all the best-selected stochastic models with P-
values. All the chi square values are insignificant. It implies that the residuals of the respective time series
are white noise implying that the model fitness is acceptable.

Table 7. Diagnostic tools and model selection criteria for the best fitted models

Area Model MAE RMSE AIC BIC MAPPE R? R? x° (BLat | P-value
16 lag)

Local ARIMA | 80816.03 | 163089.84 | 989.75 | 993.18 14.53 0.383 Not 19.01 0.268

(0,1,0) satisfied
Modern | ARIMA Not 1388915.34 | 1169.81 | 1178.13 Not 0.892 0.880 2.82 1.00

(0,1,3) | satisfied satisfied

Total ARIMA Not 1384042.29 | 1167.52 | 1174.38 Not 0.883 0.874 3.48 1.00
(0,1,2) satisfied satisfied

Forecasting

Five years forecasts of local, modern and total boro production are estimated using the best selected
models and are presented in Table 8. Prediction intervals of forecast are also presented. Table 08 reveals
that the forecasted total local boro rice production in the year of 2008-09 was 193053.80 metric tons with
a 95% confidence interval of (193053.80, 390211.40) metric tons whereas for modern and total boro rice
production these values are 6401414.40 metric tons and 6594468.20 metric tons with a 95% confidence
interval of (3311872.24, 9490956.56) metric tons and (3311872.24, 988116.96) metric tons respectively.
The analysis found that if the present growth rates continue then the local boro rice production, modern
boro rice production and total boro rice production in Bangladesh in the year of 2012-2013 will be
126171.24 metric tons, 12054627.72 metric tons and 12180798.96 metric tons with a 95% confidence
interval of (126171.24, 588033.91) metric tons, (6522547.22, 17586708.22) metric tons and (6522547.22,
18174742.13) metric tons respectively.
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Table 8. Forecast of boro rice production in Bangladesh for the period of 2008-09 to 2012-13 at

95% level
Variety Description Forecast year
2008-09 2009-10 2010-11 2011-12 2012-13
Local boro rice production LPL - - - - -
ARIMA (0,1,0) Forecast 193053.80 176333.16 159612.52 142891.88 126171.24
UPL 390211.40 458535.91 509329.29 551378.60 588033.91
Modern boro rice production LPL 3311872.24 114370.37 6050215.49 6287137.42 6522547.22
ARIMA (0,1,3) Forecast 6401414.40 | 4315717.96 | 11491812.68 | 11773220.20 12054627.72
UPL 9490956.56 | 8517065.54 | 16933409.87 | 17259302.98 17586708.22
Total boro rice production LPL 3311872.24 114370.37 6050215.49 6287137.42 6522547.22
ARIMA (0,1,2) Forecast 6594468.20 | 4492051.12 | 11651425.20 | 11916112.08 12180798.96
UPL 988116.96 8975601.45 | 17442739.16 | 17810681.58 1817474213
Conclusion

A time series model accounts for patterns in the past movement of a variable and uses that information to
predict its future movements. In a sense a time series model is just a sophisticated model of
extrapolation. Time series data have become very popular to be intensively used in empirical research
and econometricians have recently begun to pay very careful attention to such data. To select the best
model for a particular time series the latest available model selection criteria are used. The study
revealed that ARIMA (0,1,0), ARIMA (0,1,3) and ARIMA (0,1,2) models are appropriate for local, modern
and total boro rice production in Bangladesh respectively and it is to be noted that the short-term forecast
is better as the error of forecast increases with the increase of the period of forecast.
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