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All investors are eager to know about the trend of wheat production, 

whether it will increase or decrease. Recently, wheat production has 

become a hot topic for everyone; it fluctuates rapidly from the past 

few years. In this study, we propose a time series model for 

forecasting annual wheat production of Pakistan and India by using 

secondary data in 1000MT from 1960 to 2015. By using Box-Jenkins 

methodology, Autoregressive Integrated Moving Average (ARIMA) 

model is selected and the model selection criterion (AIC and SBC) 

shows that ARIMA (1,1,1) and (0,1,1) showing good performance in 

case of Pakistan where ARIMA (1, 1,0) and (0,1,1) are good for 

India’s annual wheat production forecast. Forecasted values of 
ARIMA (1,1,1) and ARIMA (1,1,0) are more accurate for Pakistan 

and India respectively on the bases of Mean Absolute Error (MAE), 

Mean Absolute Percentage Error (MAPE) and Root Mean Square 

Error (RMSE). 
   Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:- 
Agriculture is the backbone of Pakistan’s economy and it contributes to the economic and social well-being of the 

nation through its influence on the gross domestic product (GDP), employment and foreign exchange earnings. 

Pakistan is an agrarian country where more than 70% population is directly or indirectly indulged in agricultural 

activities. 

 

First of all, we must know that what is wheat?  Philosopher defined it as, "A cereal which is the most important kind 

grown in temperate countries, the grain of which is ground to make flour for bread, pasta, pastry, etc." 

 

Wheat industry is a third biggest industry of Pakistan. Along with the wheat producing country, Pakistan stands at 

9th position in terms of area (8.5 million hectares) and 59th in terms of yield (21.0 m ton) annually. It occupies a 

highest position in the food grains of Pakistan, it covers 66% of the total area under food grains and contribute 74% 
of the total food grain production. Wheat only contributes 13.8% to the value other in agriculture and 3.4% towards 

Gross Domestic Product (GDP) of Pakistan.  

 

Currently, India is third largest producer of Wheat in the world after China with about 12% share in total world 

Wheat production. Now, India is surplus and in a position to export Wheat in the International Market and can earn 

foreign exchange. 
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Wheat is the second-most formed crop on Earth, covering behind only corn. Wheat provides a large portion of the 

food protein and total food supply, and is grown all throughout the world, in a broad variety of climates. Wheat is 

afasten crop, grown as a primary food product and for other uses as well. Wheat is perhaps the oldest cultivated 

plant.  

 

If top countries in wheat production is disturbed, then in top ten countries European Union is at top, it's rate is 
157.98 million metric tons. China is at number 2 and its rate is 130.19 million metric tons. Pakistan is at 9th number 

and its rate is 25.48 million metric tons. India is at 3rd position and its rate is 88.94 million metric tons. As far as in 

top 10 countries last one is concerned...Turkey is at number ten and its rate is 19.5 million metric tons. 

 

Today, wheat is a grass that grows between 2 and 4 feet (0.6 to 1.2 meters) tall. The physical look of the grain is 

recognizable to most consumers, with a long stalk that terminates in a strongly formed gather of curvy kernels with 

this by a beard of smooth spikes. The plant is an annual, which means that at the end of each year, fields must be 

plowed and prepared again to grow the grass. Inherited wheat perhaps looked very different, with much smaller 

kernels. The early domesticators apparently wanted to select for plants with for the most part large kernels, since 

more food could be eked out from each stalk. Because wheat is generally a self-pollinating plant, each plant tends to 

produce clones of itself. When farmers want to hybridize a twist, they must physically pollinate the different plants. 

Farmer’s combination wheat for a variety of purposes usually unites different seeds at harvest time and extends them 
regularly over the field.In this study, these models were applied to forecast the production of wheat crop in Pakistan. 

This would enable to predict expected wheat production for the years from 2016 onward. 

 

Literature Review:- 
Muhammad et al. (1992) conducted an empirical study of modeling and forecasting time series data of rice 

production in Pakistan. ARIMA model has been frequently employed to forecast the future requirements in terms of 
internal consumption and export to adopt appropriate measures. 

 

Saeed et al. (2000) investigated the study of forecasting for wheat production with considering a variable wheat 

production. The box Jenkins time series technique is utilized on the data from 1998-2013. The diagnostic checking 

shows ARIMA (2, 2, 1) is appropriate. Forecasting from this model show that these forecasts are helpful in future 

policy makers for agriculture and grain storage and import & export of wheat production. 

 

Shah et al. (2001) investigated the comparative study of wheat production before & after chashma right bank canal. 

Survey data was collected from five villages. The study has assessed variable per acre yield of wheat & area under 

wheat production. Two approaches used for this analysis one is t statistics and other is regression analysis. The 

result show that there is a significance change in per acre yields & area under wheat production. This result also 

show that CRBC play an important role in increasing change in wheat production. 
 

Iqbal et al. (2005) investigated the study of wheat production in Pakistan. The study of wheat production determines 

the forecasting of wheat production in Pakistan up to the year 2022. They used time series technique that is ARIMA 

model. Considering variable is wheat production. The ARIMA model show that production of wheat would be 

29774.8 thousand tons in 2002-22. The possibility of higher area and production lies in enough accessibility of 

inputs, cultivating and guidance the agricultural group of people, soil protection and recovery, and especially the 

encouraging government policies concerning wheat promotion in the country. 

 

Karim et al. (2005) applied regression modeling to forecast wheat production of Bangladesh districts. Authors used 

seven model selection criteria’s and found that different models were identified for different districts for wheat 

production forecasts. They have found that wheat production in Bangladesh districts i.e. Dinajpur, Rajshahi, and 
Rangpur would be 1.54, 0.35, 0.31, and 0.58 million tons, respectively, in 2009/10. 

 

Amin et al. (2014) investigated the study country planning, forecasting is the main tool to determine the situation 

that would be in the coming years in country. Various time series models were used on this data from (1902-2005) 

using two software’s JMP & Stat graphics and found that the best model is ARIMA (1, 2, 2). On the basis of results 

they conclude that production of wheat in Pakistan would become 26623.5 thousand tons in 2020 and would become 

double in 2060 compared as 2010. 
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Iqbal et al. (2014) analyzed the future situation of economy and trade affairs in four major countries Bangladesh, 

India, Pakistan and Sri Lanka of SAARC for different commodities during 1970 to 2010, while for Bangladesh the 

period has been counted from 1972 to 2010.The results expose that India will enjoy top level in the export of cotton, 

sugar and rice while Pakistan will achieve second level and future export of Bangladesh and Sri Lanka will remain 

at low level in all the commodities. 

 
Choudhury and Jones (2014) analyzed several forecasting techniques for evaluating crop yield assessments in Ghana 

to provide useful information for decision making about Ghana’s economy. They compared different models 

(Damped-Trend Linear Exponential Smoothing, ARMA models, Simple and Double Exponential Smoothing) under 

each district data and found ARMA model more robust (independent from cyclical length) and preferable over other 

models. 

 

Ali and Jabbar (2015) investigated growth and variation in area, and yield and production of fruit crops (apple, 

peach, pear, and plum) in Khyber Pakhtunkhwa province based on data from 1975-76 to 2011-12 which is further 

split into three periods; Period-I (1975-76 to 1990-91), period-II (1991-92 to 2011-12), and period-III (1975-76 to 

2011-12). For variability analysis Cuddy-Della Valle index has been used and find out as a foremost contribution of 

apple, pear and plum is low then peach during Period-I. In period-II as compare to I more variability in fruit 

production and in Period-I both area under fruit and yield cause of variability in fruit production. 
 

Ramesh (2015) worked on modeling and forecast the production/yield of wheat in India from 1961-2013. Compared 

different models (Parametric regression, exponential smoothing and ARIMA) to observed trend of wheat 

production. Found best model ARIMA (1,1,0) on basis of several goodness of fit criteria (Root Mean Squared Error, 

Mean Absolute Percentage Error, Mean Absolute Error, Mean Squared Error, Akaike Information Criterion, 

Schwarz's Bayesian Information Criterion and R-squared) and forecasted value 100.271 million tons for 2017-18. 

They also examined independence and normality assumption through Run test and Shapiro-wilk test respectively. 

 

Methodology:- 
A mystery to know, what happened in the future, the index rises or fall, a forecasting methodology was planned by 

Box and Jenkins in 1970 named as Box-Jenkins methodology. It is most suitable model selection method for 

forecasting of time series variable. The Box-Jenkins methodology is valid only when the variable fulfills some 

assumptions. First of all, variable should be stationary and there is no seasonality, but if the variable violated the 

assumption or any pattern according to scale or location then the first mission is to make it stationary for applying 

Box-Jenkins model. Practice shows that most variables are non-stationary in real life so to convert non-stationary 

variables into stationary variables we obtain the difference of variables and the new variables are known as 

integrated variable. The Box-Jenkins methodology may be followed by this way:      
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For testing the null hypothesis “data is not stationary”, we use Augmented Dickey Fuller (ADF) test. If the 

significant value of ADF test is less than desired level of significance which is mostly 0.05, we conclude that data is 

stationary.  

 

The linear relationship between two values of the similar variable is terms as autocorrelation (ACF). If we determine 
ACF after removing any linear dependency from the lag values, it will have called partial autocorrelation (PACF). 

ACF and PACF both ranges from -1 to +1. The graphical representation of ACF and PACF is called Correlogram. 

In the correlogram ACF show the order of autoregressive model (p) and PACF show the order of moving average 

model (q).  
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Results and Discussion:- 
For the forecasting purpose, data is taken from the site of Index mundi and it consists of the yearly wheat production 

in Pakistan and India (1000MT) from 1960 to 2015. 

 

Stationary Test:- 

When the variable is without any modification of its average value and variation for a long time, is said stationary. 

For using the Box-Jenkins methodology, variable must be stationary. In the literature numerous charts and empirical 

methods, available to verify stationary. In this study, both graphics and empirical methods were used for these 

purposes. Figure 1 shows the line chart of wheat production of Pakistan and India from 1960 to 2015. Figure 2 

shows correlogram for yearly wheat production. 

 

 
 

Figure 1. Yearly wheat production 

 

Figure 1 shows time on x-axis and wheat production on y axis. The pattern reveals that there are many ups and 

downs in the wheat production in both countries. Long term increasing pattern of wheat production indicates that it 
is non stationary. It also shows that long run increase in production is rapid in India as compare to Pakistan.   
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Pakistan India 

  

Figure2:-Correlogram for yearly wheat production. 

 
In Figure 2, Correlogram shows that there is high correlation between the values, but with the passage of time it 

decreases but still shows significant behavior. 

 

In empirical methods, ADF (Augmented-Dickey Fuller) test has been utilized. On the basis of its ADF values 

0.580382, 0.073287 for Pakistan and India respectively, we don’t reject our H0 at the 5 % level of significance.  In 

this study, differenced technique is utilized to make variable stationary. Line chart, Correlogram and ADF test have 

been utilized again after taking 1st difference of variable.   
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Figure 3:-Line chart of wheat production in Pakistan and India at 1st Difference. 

Line chart of the yearly wheat production by using the 1st difference is shown in Figure 3. It shows that the mean of 

wheat production has no change so it has constant variation throughout the time period. We may say that series is 

stationary at 1st difference.      

 

Pakistan India 

 
Figure 4:-Correlogram of wheat production at 1st Difference 
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Correlogram of the yearly wheat production by using the 1st difference is shown above in Figure 4. It clearly 

indicates that all spikes are random and very small in magnitude, so, our data is stationary.  

When we apply ADF test on 1st difference data it shows ADF values -8.365612, -10.53668 for yearly wheat 

production of Pakistan and India respectively. So we reject our H0 at the 5 % level of significance. We conclude that 

our data is stationary at the 1st difference.   

 

Model Identification and Parameter Estimation:- 

Table 1:-AIC and SBC of Different ARIMA Models 

Pakistan  

Models AIC SBC 

0,1,1 16.45914* 16.53213* 

1,1,0 16.76689 16.84055 

1,1,1 16.47323** 16.58373** 

1,1,2 16.67879 16.78929 

1,1,3 16.80320 16.91370 

2,1,0 17.15058 17.22493 

3,1,0 17.18048 17.25553 

0,1,2 17.11410 17.18710 

0,1,3 17.12409 17.19708 

 

India  

Models AIC SBC 

0,1,1 19.18484* 19.25783* 

0,1,2 19.30213 19.37512 

1,1,0 19.19033** 19.26400** 

1,1,1 19.22727 19.33776 

1,1,2 19.22734 19.33784 

1,1,3 19.20639 19.31689 

2,1,0 19.35408 19.42843 

3,1,0 19.38631 19.46136 

4,1,0 19.34665 19.42240 

0,1,3 19.33601 19.40900 

** Second lowest value of AIC and SBC, *lowest value of AIC and SBC. 

 

Forecasting Accuracy:- 
India:- 
For forecasting purposes ARIMA (0,1,1) and ARIMA (1,1,0) models are utilized. 

𝐷(𝑤𝑝) =𝐶+𝛼𝐴𝑅 𝑝 +𝛽𝑀𝐴 𝑞 +𝜇𝑖  

 

Where 𝐷(𝑤𝑝)   is 1st differenced series of the yearly wheat production, C is an intercept, α is coefficient of 

autoregressive lag values AR(p), β is coefficient of moving average lag values MA(q) and µ shows the residuals of 

model. In Box Jenkins model residuals should be independently identically normally distributed.      In ARIMA 

(1,1,0) we use AR (1) model so its estimated equation is. 

𝐷 𝑤𝑝  =1484.408 - 0.411965𝐴𝑅 1  
 

In ARIMA (0,1,1) we use MA (1) model so its estimated equation is. 

𝐷 𝑤𝑝  =1504.174 - 0.409665𝑀𝐴 1  
For measuring the accuracy of these two models we use MAE, MAPE and RMSE. 

 

Table2:-. Forecasting Checks 

 Model(0,1,1) Model (1,1,0) 

RMSE 5061.670 4723.810 

MEA 4339.441 3971.268 

MAPE 15.07795 13.82048 

Table 2 shows that MAE, MAPE, and RMSE of ARIMA (1,1,0) model are less than ARIMA (0,1,1) model. So, 

there is less error in forecast values of ARIMA (1,1,0) than ARIMA (0,1,1). 

 

Analysis of Forecast Results:-
The yearly wheat production from 1960 until 2015 are used for forecasting the next 10 values of the yearly wheat 

production by using both ARIMA (0,1,1) and ARIMA (1,1,0) models. The forecasted results are following:    
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Model (0,1,1) 

 
Figure 5:-Forecast Analysis 

 

 

 

Model (1,1,0):- 

Figure 5 shows the forecast of ARIMA (1,1,0) and ARIMA (0,1,1) with 2 S.E. In the above figure year are taken on 

x-axis and wheat production on y axis. It clearly shows that Forecast of ARIMA (1,1,0) are better than ARIMA 

(0,1,1) due to less MAE, MAPE, and RMSE.   

 

Pakistan:- 

In ARIMA (1,1,0) we use AR (1) model so its estimated equation is. 

𝐷(𝑤𝑝) =418.3928 - 0.97649𝑀𝐴 1  
In ARIMA (1,1,1) we use AR (1) and MA (1) model so its estimated equation is. 

𝐷(𝑤𝑝) =422.1590+. 014448𝐴𝑅 1 -. 982480𝑀𝐴 1  

For measuring the accuracy of these two models we use MAE, MAPE and RMSE. 

 

Table3:- Forecasting Checks. 

 Model (1,1,1) Model (0,1,1) 

RMSE 864.7578 881.1657 

MEA 704.3548 717.6435 

MAPE 6.400445 6.763847 

Table 3 shows that MAE, MAPE, and RMSE of ARIMA (1,1,1) model are less than ARIMA (0,1,1) model. So, 

there is less error in forecast values of ARIMA (1,1,1) than ARIMA (0,1,1). 
 

Analysis of Forecast Results:- 

The yearly wheat production from 1960 until 2015 are used for forecasting the next 10 values of the yearly wheat 

production by using both ARIMA (1,1,1) and ARIMA (1,1,0) models. The forecasted results are following:    
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Model (1,1,1) 

Figure 6:-Forecast Analysis 

 

Model(0,1,1)

Figure 6 shows the forecast of ARIMA (1,1,1) and ARIMA (0,1,1) with 2 S.E. In the above figure year are taken on 

x-axis and wheat production on y axis. It clearly shows that Forecast of ARIMA (1,1,1) are better than ARIMA 

(0,1,1) due to less MAE, MAPE, and RMSE.   

 

Residuals Analysis:- 
In the Box-Jenkins methodology, best equipped model residues should be independently identical normally 

distributed (IID). To justify this hypothesis, normality plot and correlogram are utilized. 

India 

Pakistan 

 
Figure 7:-Correlogram of Residuals 

Correlogram of residuals indicates that they are stationary in nature and have no pattern. 
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Pakistan  

 
Figure8:-Normal Probability Plot of Residuals 
 

India 
The normality plot shows that residuals of ARIMA (1,1,1) and ARIMA (1,1,0) are normally distributed as the 

residuals close to the line. So, Normality plot and Correlogram tells that the selected model ARIMA (1,1,1) and 

ARIMA (1,1,0) are best for the forecasting purpose of yearly wheat production of Pakistan and India respectively.    

 

Conclusion:- 
As the population increases over time regularly, therefore it is necessary to plan to meet the requirements of nation. 

For this purpose, forecasting is the key tool to alarm about the need of nation in advance. Wheat is the basic need of 

any country all over the world. In this study, we developed time series models to forecasts wheat production of 

Pakistan and India on the basis of historical data i.e. 1960-2015. We have developed different time series models on 

wheat production of Pakistan and India on this data. Best model is selected on the basis of model selection criteria 

i.e. AIC and SBC. Main interest of developing time series model is that the model fitted is also satisfied residual 

assumptions i.e. normality, independence and no autocorrelation. On the basis of these model selection criteria, we 

have found that best model for wheat production forecasting of Pakistan and India are ARIMA (1, 1, 1), (0,1,1) 

respectively because these models have lower AIC and SBC as compared to other fitted time series models. On the 

basis of these models, we have found that wheat production of Pakistan would become 27623.5 thousand tons in 

2020 and would become double in 2060 as compared in 2010 under the assumption that there is no irregular 
movement or variation is occurred. 
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