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COINTEGRATON AND ERROR CORRECTION 

MODELLING APPROACH 
Gazi Hasan Kamal 

Abstract 

The aim of this study is to increase our understanding of the specification and estimation of Boro 
rice (principal rice) supply response in Bangladesh as well as to provide instrument for agriculture 
planting decision and price policy by using econometric tools-cointegration and error correction 
model with careful attention to time series data to avoid spurious regression of traditional 
econometric analysis Econometric model has been specified on the basis of theoretical arguments. 
This study also provides a theoretical argument that leads to formulate an empirical model from 
various aspects with price and non-price variables. The study is designed to identify statistically 
the acreage responses of Boro rice in Bangladesh. Time series data have been used in the 
analysis for the period 1972-73 to 2003-04. Econometric and statistical techniques are applied 
to estimate the supply responses of Boro rice at the national level. Long-run own price acreage 
elasticities for Boro is 0.95 (near to unitary elastic) respectively. Short-run own price acreage 
elasticities for Boro rice shows inelastic rang 0.21. Limitations and inadequate irrigation 
facilities at private level, distribution and availability of fertilizer in time are always 
problems in Bangladesh. Moreover, a main input like capital is insufficient in the short-
run. These constraints helped to dampen the price elasticity of Boro rice supply in the short-
run.The result suggests that farmers in Bangladesh are responsive to price incentives for 
Boro rice. If government promotes expanding expenditure at public and private level to build 
irrigation infrastructure and certified seeds it would give positive results on Boro supply in the 
country. Finally, if Bangladesh government follows a price stabilization policy it will reduce price 
risk and produce positive impact on Boro rice as well as overall crop supply situation in agriculture 
sector. 

 
1. Background 

It  is observed that farmers adjust their production on the basis of price 
phenomena in the market. Price mechanism and its impact on farmers' supply 
behaviour are crucial issue for policy makers. In this connection price incentives or 
price support mechanism accelerate output in a country like Bangladesh. For this 
reason farmers' reaction or response to financial incentives is a prime concern for  
policy makers and for the government.  

It is a prime concern 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 Ahmed, 1989). Many steps to enhance the growth are being 
taken from the part of the government and non-Government agencies since the 
dependence of the country. For future 
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planning it is necessary to forecast accurately through time series analysis in context of supply 
aspects of rice. 

The total production of rice in 2005-06 is 280.76 lakh metric tonnes in which the share of aus, 
aman and Boro are contributed 6.2, 38.46 and 55.28 percent respectively. The growth rate of total 
rice production is 3.6 percent over the last ten years (1995-2005).Boro production growth was 
impressive. The area cultivated for Boro is increasing. Boro covers 28% of all rice area. The 
contribution of Boro rice is 54% in total rice production (Uttam and others, 2004:17).So, 
production performance of Boro rice has been treated as a pivotal factor in our rice economy. 

In Least Developed Countries (LDCs) price policies have great impact on farmer's crop 
production and resource allocation. More specifically, price and non-price variables influenced 
farmers' supply decisions. This study will consider both price and non-price variables as Boro 
rice supply response factors through econometric representations. One of the most important issues 
in production economics is supply response since the responsiveness of farmers to economic 
incentives largely determines agriculture's contribution to the economy. Agricultural pricing 
policy plays a key role in increasing both farm production and incomes, and fundamental to an 
understanding of this price mechanism is supply response (Nerlove and Bachman, 1960). 

 
In context of estimation procedures, the previous studies (Hossain 1984, Rahman,19,86, 

AIam1992,Yunnus 1993, Shahabuddn and Zohir 1995, Begum et al 2002, Hauque, Hossain and 
Rahman 2004) used traditional tools and techniques, like simple linear equation and Ordinary 
Least Square (OLS). These studies used time series data irrespective of stationary and nonstationary 
situation. But in practice it was observed that time series data were not essentially stationary. So, 
previous studies did not give any attention to time series variables whether it was stationery or not. 
Such non-stationary data could produce spurious regression. It means that outcomes of the 
regression did not forecast significant relationships among the variable. The aim of this study is to 
avoid spurious regression of traditional econometric analysis by using cointegration and error 
correction mechanism. 
 
2. Objectives 

 To identify pertinent factors causing changes in area allocation of Boro rice to the 
relevant variables which influenced supply response of Boro rice 

 To estimate (elasticity) the long-run changes in terms of area yield, output, irrigated 
area and nominal prices of Boro rice. 

 
3. Econometric Methodology 
 

      This section provides a discussion on empirical methodology, applied in this study. 
Methodologies include testing unit root, cointegration and Error Correction Mechanism (ECM). 
One of the key objectives of this study is to avoid spurious regression. As a first step to avoid 
this problem, it is important to test for the presence of unit roots among the series. In this respect, 
DF and Augmented Dickey-Fuller test are used. 
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The framework of cointegration testing procedures developed by Johansen (1988, 1995) and 
Johansen and Julious (1990, and 1992) can be applied to evaluate long-run relationships among 
the variables. Augmented Dickey-Fuller residual tests and Johansen's (1988) maximum likelihood 
estimation method of reduced rank can be used to test the null of no cointegration. The residual-
based tests are analogous (similar way) to univariate tests used to specify the order of 
integration of the variables, but it is the residuals that are tested. One of the major limitations of 
the residual-based method is that it implies a unique cointegrating vector. So if the cointegrating 
regression has more than two variables, there may be more than one cointegrating vector. In this 
respect, the use of residual-based approach is not appropriate. As a result Johansen's method which 
allows the estimation of all the possible cointegrating relationship exists among the variable is 
preferred. When variables are cointegrated, it implies that there exists an ECM. In fact, ECM is a 
generalization of the partial adjustment model. This theorem is a vital result as it implies that 
cointegration and ECMs can be used as a unified empirical and theoretical framework for the 
analysis of both short-run and long-run behaviour. 
 
4. Specification of Variables 

 
Variables, those are included in this research are discussed as follows: In this study price. 

production, irrigated area and yield rate have been used as explanatory variables, which are 
responsive to area allocation of concerned crop. 

Production: production (Output) of the concerned crop is one of the decision-making variables 
in crop production in Bangladesh. Farmers always maximize their crop output towards food 
self-sufficiency and profit maximization in comparison to other competitive crops 

 
Selection of price: Price has an allocative influence on resources and is most important for 

policy purposes. In fact, farmers take planting decisions with respect to expected prices prevailed 
during the post harvest period. This expected price is generated on the basis of different 
expectation generators such as realized prices; last period expected price, variations in prices and 
the prevailing prices at different points in time in the preceding year. Harvest prices of Boro rice 
have been taken into consideration for the reason that whole sale and retail price may not reflect 
what farmers actually receive, because farmers are usually set at a considerably higher level than 
what farmers get. Moreover, in case of Bangladesh rural farmers sell large portion of their products 
at immediate post harvest periods price. Considering these, harvest prices of crops have been 
selected for analysis. 

 
Area of Boro rice: Area of the crop plays important role in decision-making variable of farmers. 

This variable has been used as dependent variable, which is responsive to prices, output, yield, 
irrigated area and prices of concerned crops. Boro area ( Av ) have been taken for this study. This 
are actual planted area of Boro rice measured in `000' acre. 

Yield rate: Yield per acre in metric tonnes of the crop has been used in this study. 
 
      Irrigated area: Irrigation has a significant impact on rice production. Boro rices are being 
grown during mid-March to mid August and November to end of March respectively. In 
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exogenous shock to price, output, irrigation and yield rate. In summary, the estimated co 
integration vector will answer the question of the long-run relations. All these procedures have 
been completed by applying Eviews software (version 3). 
 
6.1 Unit Root 

The presence or absence of unit root is of importance in empirical models based on time 
series data, where price and non price related variables are significant explanatory variables, 
when models examine relationship between these variables and supply response in 
agriculture. The data generating process of agriculture supply response has been assumed 
to be stationary (absence of a unit root) in almost all the earlier studies in Bangladesh 
(already mentioned in background section). However, in cases this assumption is not valid, 
standard asymptotic distribution theory can not be used for the purpose of drawing 
inference, because traditional regression analysis that includes variables with unit root can 
produce Spurious" or "crazy" regression result (Granger and Newbold 1986). 

Although, it has become almost necessary to pre-test for the presence of unit root in applied 
econometric works, this by no means is a simple exercise. Practically most econometric time 
series data show trends and are non-stationary (Nelson and Plosser, 1982; Perron, 1988). Any 
time series has a unit root where its first difference is stationary. Therefore, as first step in 
any time series empirical analysis is to test for the presence of unit roots in order to remove 
the problem of spurious regression. In this stage it is needed to explore the order of each 
variable to establish whether it contains unit roots and how many times it needs to be 
differenced to draw a stationary series. 

In this study acreage, yield price and irrigated area of rice are tested for unit roots for the 
period (1972-73 to 2003-04). Three types of rice and wheat data are available after 
independence of Bangladesh. Irrigated area variable is employed to represent technological 
change. Irrigated area is specifically thought to be the best supply shifters in the acreage 
equation.2 Section 6.2 produces the results for testing the null hypothesis of a unit root against 
the alternative of stationarity using the Augmented Dickey-Fuller test (ADF). 

6.2. Testing for Unit Roots 
Before specifying the respective crop supply equations, the order of integration of the time 

of the variables, and the existence of cointegration between them need to be determined. All 
variables are in logarithmic form. 

As first step to test the unit root of time series data, it is needed to observe graphical 
presentations of each series. Because it is convenient to detect qualitative feature such as 
trends and structural breaks. The Graphs of each series in levels and first differences are 
presented in Appendix at the end of this paper. 

 

 

 

 

 

 

2 Parikh and Triverdi (1979) assume that output elasticity in relation to irrigated acreage is treated as a measure of 
the contribution of technological progress to output. 
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Tests for unit roots are performed using the ADF tests. Akaike's Information Criterion is used 

to determine the optimal lag length for the augmented terms. The ADF tests for unit root are 
applied to check stationary property of the variables. The ADF test results for the logarithms of 
levels and first differences of all variables (area, production, price irrigated area and yield) are 
presented in Table: 2. 
 
Table 2. Boro Rice ADF test 

Variables                    Levels Difference 

InAb -0.284 -4.27 
InIb 0.228                  -4.298 
InPb                    -1.77 -8.41 
InQb 0.187 -3.32 
InYb 0.247 -3.75 

Note: The ADF tests reported here are with intercept. The 1% Critical Value for Level -3.66, 5% CV -
2.96 and 10% CV -2.62. The 1% Critical Value for Difference -3.66, 5% CV -2.96 and 10/% 
CV -2.62 

Results of the unit root test of InAb , InPb , Inlb,  InQb,  and InYb are presented in Table 2. 
Results show that for all variables the null hypothesis of unit root are not rejected at 5 percent level. 
On the other hand, when the first differences are tested, the null hypothesis (nonstationarity) is 
rejected. Results of unit root tests indicate that area of Boro rice ( InAb )> price of Boro ( InPb ), 
irrigated area of Boro ( Inlb ), production of Boro ( InQb ), and yield of Boro ( InYb ) variables and 
they all have unit root I(1). 

 
Therefore, results confirm that InAb,  InPb > Inlb, InQb and InYb variables are integrated of 

order one in levels but integrated of order zero in first differences. 

7. Theoretical Arguments and Model Specification for Boro Rice 
 
      Theory of supply response works as a basis of empirical works of supply response. Each 
theory provides a theoretical framework that leads to formulate an empirical model from various 
aspects. This section has been discussed in the light of theoretical perspective. Econometric 
model of supply response has been specified on the basis of theoretical arguments. The components 
of every model have been used as tools, for interpreting producers' behaviour in crop cultivation 
process. This study identifies variables that affect acreage at various circumstances. These 
variables are own price, price of inputs, technology and weather conditions. Most of previous 
studies (already mentioned in background section) in Bangladesh on supply response introduced 
price as only explanatory variable to measure supply response. So, concerned price and non-price 
variables need to be considered explaining supply response for a particular crop. Supply response 
may differ for the short-run versus long-run for rising and falling prices of own and competing 
crops. In this context, time lag is also a vital component of supply response. According to Tweeten, 
Pyles and Henneberry (1989) "Any one-parameter estimation is unlikely to utilize all information 
and is subject to considerable error; the most reliable estimates of supply response will utilize not 
only direct econometric estimates at hand, but also results of previous estimates along with 
good judgment based on knowledge of circumstances". 
 



 



 



 



 



 



 



 



 


