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Abstract  
To analyze the contribution of industry to a macroeconomic variable, GDP, is an important concern in economics. It 
plays major role in the government and industrial sector of Country. A time series model can provide a reasonable 
benchmark to evaluate the value added of economic theory relative to the pure explanatory power of the past 
behavior of the variable; recent developments in time series analysis suggest that more sophisticated time series 
models could provide more accurate benchmarks for economic models. In this paper the feature of yearly data on 
industrial contribution to GDP from fiscal year 1979-1980 to 2011-2012 are analyzed. There are two methods 
named Auto Regressive Integrated Moving Average (ARIMA) and Holt’s linear Smoothing method are fitted to our 
data set. In this study Box Jenkings is method were used to construct ARIMA model. The goodness of fit is 
determined via Akaike Information criterion and Bayesian information criterion. By comparing the measures of 
error we can see that ARIMA model is a better model than Holt’s linear trend model to forecast contribution of 
industry to GDP of Bangladesh. 
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INTRODUCTION 
Bangladesh is a developing country. Economic growth of Bangladesh is complied of three main 
sectors. If we look deeply to the GDP, which is the major indicator of economy of a country, it 
can be seen that from the beginning Bangladesh’s economy was not strong. The years after 
independence, the total size of GDP, per capita GDP and the growth rates were small. As a 
developing country, Bangladesh has several production sectors which have greater contribution 
on GDP. They are playing important roles on the growth of GDP. The major sectors in the issue 
are: agriculture, industry and service. 
 
Bangladesh is mainly an agricultural country though the biggest part of GDP is coming from 
service sector and industry is the second largest contributor in the percentage share which 
includes garments and knitting sector, factories, leather industry, food and beverage. The 
contribution of this sector to GDP was 31.26 % for the fiscal year 2011-12. 
 
Anam and Hossain (2012) showed Time Series Modeling of the Contribution of Industry to GDP 
of Bangladesh. In decision making process, this article proposes a time series model based on the 
contribution of Agriculture to GDP from fiscal year 1972 to 2010. In this paper, they identified 
ARIMA model as a reasonable model to forecast the yearly growth rate of GDP of Bangladesh. 
They also found that the GARCH model with a specified set of parameters is the best fit for our 
concerned data set. The proposed models help to identify the influence of the agricultural sector 
on GDP. 
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Methodology for ARIMA Model 
The basis of the Box-Jenkins approach for modeling time series data is consists of three phases. 
Identification is the first step in this process which is broadly classified into two categories: data 
preparation and model selection. In data preparation part data is transformed to stabilize variance 
and differences of data are considered to obtain stationary series. In model selection part data is 
examined by checking ACF (Auto Correlation Function) and PACF (Partial Autocorrelation 
Function) to identify potential model. ACF plot is frequently used to identify whether or not 
seasonality is present in a given time series data to identify appropriate model for specific 
situations and to determine if data are stationary .The general non-seasonal model is known as 
ARIMA (p, d, q) where p is order of autoregressive part, d is degree of first differencing 
involved, q is order of moving average part. For illustrative purpose consider the following 
general  ARIMA (1,1,1)  model:  

                         (1) 

Where: 

      =  Autoregressive of order 1 

                     =  The current value of the time series examined 

                =  The backward shift operator BXt = Xt-1 

          =  1st order difference 

       =  Moving average of order 1 

The second step of Box-Jenkins approach is modeling time series data by estimating parameters 
and testing the significance. This step involves the estimation of the parameters to fit potential 
models and to select a suitable criterion which can be used to determine the best model among 
plausible models. This criterion is well known as Akaike's Information Criterion (AIC) 
developed in 1974 defined as:  

                AIC = (-2log L+2 m)            (2) 

Where, L is the maximized likelihood function and m is the number of parameters estimated in 
the model. The model which attains minimum AIC value is considered as the best model. After 
choosing the most appropriate model, parameters are estimated by using the method of 
maximum Likelihood. The method of maximum likelihood finds the values of the parameters, 
which maximizes the likelihood function. Computer programs for fitting ARIMA models will 
automatically find appropriate initial estimates of the parameters and then successfully refine 
them until the optimum values of the parameters are found. A test of significance of the 
estimated parameters is done from the parameter estimate and its standard error. Some of the 
estimated parameters may have been found insignificant (p-value larger than 0.05). If so, a 
revised model is considered dropping the insignificant explanatory variables. In diagnostic 
checking step check autocorrelation function (ACF) of residual. This is usually done by 
correlation analysis through the residual ACF plots and the goodness-of-fit test by means of Chi-
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square (χ2) statistic. If the residuals are correlated, then the model should be re-considered as 
discussed in step one. Otherwise, the model is adequate to represent the time series data. 

The third step of Box-Jenkins approach is to use the best fit model (as adjudged in step 2) for 
forecasting purposes. 

Holt’s Linear Smoothing 
 
Holt (1957) extended simple exponential smoothing to linear exponential smoothing to 
allowforecasting of data with trends. The forecast for Holt’s linear exponential smoothing is 
found using two smoothing constants,  and  (with values between 0 and 1), and three 
equations: 
 
Level:                               (3) 
Trend:                               (4) 
Forecast:                                                     (5) 
 
Here   denotes an estimate of the level of the series at time t and  denotes an estimate of the 
slope of the series at time Holt’s method is sometimes called “double exponential smoothing.” In 
the special case Where, =  the method is equivalent to “Brown’s double exponential 
smoothing.” 

 
RESULT AND DISCUSSION 
Estimation of ARIMA Model 
The data used in this study were obtained from the Bangladesh Bureau of Statistics (BBS). The 
data consisted of 33 yearly observations from 1979-1980 to 2010-2011. Here twenty eight year's  
observations were used for analysis and the remaining five year's data were kept for out of 
sample accuracy measurement.  
 
Statistical software R version 2.15.2 has been used for developing the ARIMA (Autoregressive 
Integrated Moving Average) model. First, the data were checked for stationarity by using time 
plot which is a useful graphical procedure for detecting such nature of a variable. 
Figure 1 represents contribution of industry to GDP of Bangladesh.To check stationarity of the 
data set, the ACF and the PACF were calculated and plotted. Figure 2 represents (a): 
Autocorrelation function (ACF), (b) Partial autocorrelation function (PACF) for original data set 
(contribution of Industry to GDP of Bangladesh).  
 
It is clearly evident from Figure 2 that the given time series data set is not stationary. In order to 
make it stationary, differences of original data were considered. After second differences the 
original variable becomes stationary. For second differenced variable dickey fuller test value is -
.571(p value .01), means data is stationary whereas for original and 1st differenced variable test 
value were 1.77(P value 0.99) and .046 (P value 0.99) respectively. The now stationary time 
series is shown in Figure 3. 
 
Suppose the ARIMA (p, d, q) model is considered for the given time series. Now the problem is 
to determine the values of the parameters p, q. considering different combinations of the values 
of the parameters p, q, a number of ARIMA model has been defined. To identify the best fit 
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model, the AIC and BIC values corresponding to each probable ARIMA model have been 
calculated. From the set of identified ARIMA models, it was found that the ARIMA (3, 2 and 0)   
model attains the lowest AIC and BIC value and they are 532.1 and 535.22 respectively. The 
details model selection procedure is presented in Table 1. Thus, the ARIMA (3, 2, 0) model is 
tentatively the best fit model for the given time series data. 
 
Considering the ARIMA (3, 2, 0) model, the autoregressive parameters ,    and    were 
estimated to be -0.2040 (p-value = 0.16), 0.1277 (p-value = 0.41) and 0.6476 (p-value = 0.00) 
respectively. This is shown in Table 2. Small p-value indicates that the coefficients of the 
selected model are significant.  
 
After estimating parameters for this model the adequacy of the model was checked by their 
residuals. Figure 4 represents the diagnostic values of the residuals. From this figure we can 
conclude that residuals are independently and identically distributed sequence with mean zero 
and constant variances. Box-Pierce and Ljung-Box tests show high p-value associated with the 
statistic shown in Table 3.  
 
Finally, based on the above results, the ARIMA (3, 2, 0) model was found adequate to represent 
the considered time series data on contribution of Industry to GDP and used for forecasting 
purpose. Figure 4 represents the diagnostic values of the residuals..  
 
Figure 6 and Figure 7 shows the predicted value along with their observed value on 
contribution of Industry to GDP for ARIMA model and Holt’s linear smoothing model 
respectively. Close proximity of the original and the predicted values indicate that the considered 
model provide acceptable fit to predict contribution of Industry to GDP. 
Hence, the fitted ARIMA (3, 2, 0) model could be written as: 
 

                                 (6)   
          

Finally the model in equation 4 is used for the forecasting purpose. 
 
Estimation of Holt’s linear smoothing model:  
At first, we have to obtain the value of the smoothing parameters that give the minimum mean 
square error for the model. The desired value of alpha and beta are estimated as α=0.82, β=0.84 
which minimizes the MSE 
 
Thus our Holt’s linear model becomes, 
 
Level:                                         (7) 
Trend:                                         (8) 
Forecast: , this model is used to forecast the future values.  
 
Figure 5 shows a comparison between the observed data and fitted data that resulted from the 
developed ARIMA model and Holt’s linear smoothing method for the period between 1979-1980 
and 2011-2012. The observed data is relatively close to the fitted data. Besides, it is clear that 
contribution of Industry to GDP continues to have its upward trend for the upcoming years and 
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there is an indication of increasing trend of the amount of  contribution of  Industry  to GDP of 
Bangladesh the  time. 
 
Figure 8 shows original values and the forecasted values for the out of sample data points. For 
comparing these two models, we calculated some error measures. The in sample error measures 
are presented in table 2 and the out of sample error measures are shown in table 4. Here we can 
see that for every error measure ARIMA produces smaller value than that of Holt's. 
 
CONCLUSION 
In this paper, we have used statistical methods to collect, analyze, explain and present various 
aspects of time series data on industrial contribution to GDP of Bangladesh. Various 
combinations of autoregressive, moving average, and linear trend models were considered. 
Among the various models ARIMA (3, 2, 0) is found to be the best model with lowest AIC and 
BIC values. We do not merely accept the values of information criteria as sole confirmation, but 
rather gain further confirmation through various statistical tests. These include test for goodness-
of-fit and Ljung-Box test for error independence. Furthermore, we clearly show the way to 
model any time series data by ARIMA and Holt’s linear smoothing model.  A close look of the 
plots of our actual and simulated time series data also confirm the steps of a proper time series 
modeling. We conclude that ARIMA is a better univariate model for predicting industry 
contribution to GDP of Bangladesh comparing Holt’s linear smoothing model based on their 
measures of error.  
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Figure 1: Time Series data on contribution of industry to GDP of Bangladesh from 1979-
1980 to 2006-2007 

 
Figure 2:  Autocorrelation function (ACF) and Partial Autocorrelation function (PACF) 
plot on contribution of Industry to GDP of Bangladesh. 
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Figure 3: Data on contribution of Agriculture to GDP after second order of differencing.  
 

 
Figure 4: Graph of the Diagnostic Checking of ARIMA (3, 2, 0) Model 
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Figure 5: Comparison of original value with fitted value of ARIMA and Holt’s linear 
smoothing model. 
 
 

 
 
Figure 6: Forecast with ARIMA model along with original value. 
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Figure 7:  Forecast with Holt’s linear smoothing method along with original value. 
 
 

 
Figure 8: Comparison between original and forecasted value for ARIMA (3, 2, 0) Model 
(out of sample data) and Holt’s linear smoothing model. 
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Table 1: The AIC and BIC values for ARIMA (p, d, q) model 
 

Model AIC BIC 
ARIMA(0,2,0) 

 
537.5355 538.7936 

ARIMA(0,2,1) 
 

538.519 541.0352 

ARIMA(0,2,2) 
 

535.23 539.0043 

ARIMA(0,2,3) 
 

1020 1020 

ARIMA(1,2,0) 
 

538.3896 540.9058 

ARIMA(1,2,1) 
 

540.381 544.1553 

ARIMA(1,2,2) 
 

1020 1020 

ARIMA(1,2,3) 
 

1020 1020 

ARIMA(2,2,0) 
 

540.3324 544.1067 

ARIMA(2,2,1) 
 

1020 1020 

ARIMA(2,2,2) 
 

1020 1020 

ARIMA(2,2,3) 
 

1020 1020 

ARIMA(3,2,0) 
 

530.1925 535.2249 

ARIMA(3,2,1) 
 

531.2485 537.539 

ARIMA(3,2,2) 1020 1020 
ARIMA(3,2,3) 1020 1020 

 
Table 2: Measure of Error for ARIMA model 

Model ME RMSE MAE MPE MAPE MASE 

ARIMA 1203.88 5187.41 4198.81 0.26 1.08 0.15 

Holts 2456.50 6930.41 5915.65 0.48 1.78 0.22 
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Table 3: Diagnostic checking for ARIMA and Holt’s method 
 

Model Test 
Name 

Lag Chi Square Value P Value 

ARIMA Box-Pierce 10 7.58 0.37 

Box-Ljung 10 10.85 0.15 

Holts Box-Pierce 10 8.49 0.39 

Box-Ljung 10 11.35 0.18 
 
 

Table 4:  Measure of Error (out of sample) 
 MAPE MAE MSE 

ARIMA 1.99 21510.82 639886084 

Holts 32.87 357117.7 1166655323843 
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