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ABSTRACT 

This is a study of functioning of selected commodity markets in terms of price relationship to each other. 
Spatial price integration has been assessed for crops viz. Aman (HYV), Boro (HYV), wheat, mustard and 
lentil in selected districts firstly, by one to one correlation matrix and secondly by the Augmented Dickey-
Fuller co-integration test. District-wise market prices of the crops were collected from the Department of 
Agricultural Marketing (DAM) for the period of 1986-2005. Aman HYV markets were well integrated but the 
Boro HYV markets were not well integrated. Wheat markets were not all (48 percent) interdependent in price 
formations but peak prices season flour markets became largely integrated. Out of 21 paired markets, only 7 
paired markets were integrated for unprocessed lentil and 10 paired markets were integrated after processing. 
Seventeen market pairs are significantly correlated during harvest season of mustard (whole). And all the 
correlation coefficients appeared significant for mustard oil. Markets were more inter-linked during the period 
of scarcity and more integrated for processed primary products. Level of market integration has improved than 
any time before the study period. Integrated markets in general imply policy formulation at macro level will be 
effective throughout all trading markets. But extent of market integration of the same commodity during harvest time 
and pre-harvest season and segmented any particular region has to be taken into consideration for fine tuning of 
agricultural policies attaining more success. 
 

1. INTRODUCTION 

The economy of Bangladesh is growing in the sense of increased production and 
marketing facilities. Efficiency should be attained not only in production activities but also in 
marketing of the produce as to ensure fair returns to the growers. Rice and wheat are major 
food crops which help men to survive providing protein and essential nutrients. Lentil is the 
main pulse crop which is the main source of plant protein. Mustard is the important oil 
crop. Mustard oil plays an important role as a fat substitute in our daily diet. Growth of 
production is not enough to sustain overall development unless markets for distribution of 
inputs and produce work efficiently and simultaneously. 

The basic objective of the price policy is to safeguard the interests of producers and 
consumers. The producer's interest can best be safeguarded if he is paid appropriate price 
for his produce. He gets fair prices if markets are well integrated. Marketing margins of 
the middlemen in the value chains depend whether commodity markets are integrated or 
not. In well integrated markets (separated by space), middlemen's share of margin should be 
reasonable and consumers get produce at fair prices. So it is very important to understand 
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whether commodity markets function efficiently. Markets function efficiently when these are 
integrated in price relationships. It is imperative to see whether infrastructural and 
technological development in communication system has improved the functioning of 
commodity markets. 

 

In a competitive market with free flow of information, the price differences between any 
two regions (or markets) will be equal to or less than transfer costs between the two markets. 
Then `law of one price' should work in all markets and markets are said to be integrated. 
Spatially price differentials for a particular commodity arising from place differences 
would correspond closely to the costs incurred in providing the respective transportation 
facilities. In integrated markets, they will perform efficiently and there will be no scope for 
traders to make excessive profits by arbitrage. 

If there are imperfections in the form of either oligopoly power among the sellers or 
unequal information among sellers, then it is expected that they will be able to reap abnormal 
profits and subsequently, wide intra-regional price differentials will exist in the market and in 
such imperfect market situation producers are deprived of their due share in consumers' paid 
prices. 

In this study, efforts were made to test for market integration, where it is assumed, 
markets operate within a single pricing system for a homogeneous product. Prices vary only to 
the extent of transfer costs including costs of wastages in the transfer process. On the other 
hand, the non-competitive structure of the agricultural sector may also result in considerable 
price uncertainties and segregation of markets. For example, lack of market information will 
result in greater price uncertainties and subsequently, excessive price differences will occur 
among trading markets. In such a situation, markets would appear segmented or having very 
weak form- of price inter-linkages. 

Each agricultural commodity has a unique marketing system. Though rice is the 
dominant crop, the marketing system of other leading crops like wheat, lentil and mustard (for 
these crops- resource substitution for each other is possible) has also to be investigated to 
arrive at a broader scenario of functioning of marketing system in the crop sub-sector. If 
market segmentation is proved, there is broader scopes and need for government intervention 
policies. For any effective price policy formulation, the essential ingredient would be the 
results of price inter-linkages among the commodity trading markets. 

 
Methodological developments for studying market integration are quite sparse. Revallian 

(1986) developed a general approach to modeling market integration that can estimate the 
extent to which local prices are influenced by prices elsewhere. He employed the model with 
rice prices in Bangladesh prior to and during the 1974 famine. His test of segmentation in rice 
markets rejected the hypothesis of segmented markets, but the test on short-run integration of 
markets was inconclusive. 

Ahmed and Bernard (1989) used Revallian's model for testing integration of rice 
markets for the period 1981-85 for selected 19 district markets. They found under half of the 
markets (9 out of 19) are highly integrated with the central market during dry season. In 
the dry season, about 36 percent of the markets are relatively weak in inter-market linkages. 
During 



Testing Market Integration of Leading                                              59 

monsoon season about 74 percent of the markets are poorly integrated and only 26 percent 
remain highly integrated with the central market. This reveals as overall, rice markets (the 
largest commodity market) were not well integrated. There is dearth of studies which 
intensively investigated integration of rice markets (not with standing varieties) and not at all 
for any other leading field crops in Bangladesh. So, a thorough study on integration of crop 
markets using advanced test of market integration was long over-due. Whether farmers get fair 
prices depend on the extent of integration of the distributing markets. For this the specific 
objectives of the study are set as: 

i) Whether markets for selected crops (representing major cereal and non-cereal 
             crops) function under competitive market structures and for this -spatial price 
              integration has to be tested for the selected crops. This will help to understand 
             whether selected product markets operate under competitive conditions (if 
              integrated) in the long run. 
ii) Assess whether regional commodity markets are influenced by the central market 
             prices.   

iii)         Suggest policy measures based on the analytical findings on the functioning of  
             markets separated by space. 

 
2. METHODOLOGY 

The present study makes an extensive use of secondary data on price of major crops 
 in Bangladesh over the period of 20 years. To understand developments in marketing system, 
a 20 year period is considered to be long enough. 

The study covers the time period of 20 years from 1986-2005 (as the latest data 
available). 1986-1989 period was before full implementation of privatization policies. 1990 -
2005 period was after implementation of privatization policies. The later period fell in the 
structural adjustment reform period. Privatization of irrigation equipment and fertilizer 
distribution was introduced during this period. Besides, subsidies on fertilizer and other inputs 
were also largely withdrawn during this period. Further, output markets were liberalized and 
private sector was allowed to import food grains. That is, the economy essentially has thrived 
during this period based on functioning of markets. 

Selection of Prices 

In the present study harvest and lean period one month price of selected crops (average of 
four weeks) have been taken for analysis. Off-season (lean period) price indicates the 
wholesale price in processed form prior to one month of harvest. For correlation and 
cointegration analyses, deflated rather than nominal prices were used to assess the 
relationship in terms of real price changes. This is imperative when using time series data 
spreading over a 20 year period, when inflationary price rises were substantial. Agricultural raw-
materials prices (index) for the corresponding period were used as deflator. For a district 
market price, the respective divisional agricultural raw-materials prices index was used as the 
deflator, as the index is only available up to the divisional level. 

Choice of markets 
For Aman (HYV), seven leading district markets have been selected. These are Dhaka, 

Kishoregonj, Rangpur, Satkhira, Potuakhali, Moulvibazar and Feni. For Boro (HYV), Dhaka, 
Kishoregonj, Joypurhat, Jessore, Barisal, Comilla and Sunamgonj, and for wheat, Dhaka, 
Faridpur, Thakurgaon, Meherpur, Bhola, Chandpur and Hobigonj are selected. For each crop 
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a district is selected from each Division on the basis of highest growing area under the crop. 
Dhaka is selected as the central market. For mustard, Dhaka, Myminsingh, Rajshahi, Khulna, 
Barisal, Hobigong and Chittagong are taken. For lentil Dhaka, Mymensingh, Rajshahi, 
Khulna, Chandpur, Hobigonj and Chittagong are selected. All these are leading growing 
areas, for that matter, largest markets for the respective crops. 

Analytical Techniques 
Measures of the spatial integration of markets by correlation coefficient 

 
The degree of correlation between prices in various markets is taken as an index of the 

extent to which the two markets are integrated. A higher degree of the correlation co-efficient 
indicates a greater degree of integration, at least in terms of the pricing of the product 
between the local market and central market, vice versa. 

The correlation coefficient in the price of a commodity in any two markets is assumed 
unity under conditions of perfect spatial price integration. A correlation co-efficient of 0.81 or 
more is a high degree of inter market price relationship because, in such a case, 81 percent 
or more variation in the prices in one market is associated with that in another market, and that 
the remaining 19 percent variation may be assumed to stem from transportation, information lag 
and data bottleneck ( Lele, cited in Acharya & Agarwal, 1994, p. 217). In this study we 
assumed `r' value of 0.70 for two markets as highly correlated in price changes as we have 
used deflated prices rather than nominal prices of crops and followed test of significance. 
Revallian (1986), Ahmed and Bernard (1989) all used nominal prices in their analysis. 
       
      The simple correlation coefficient for the prices in each pair of selected markets has been 
estimated. 

There is often problem of spurious correlation between times series variables-when there 
is effect of inflationary growth (if it is price variable) or variables show same growth trends or 
for some other reason. So, advanced method of assessing market integration (by co-
integration test) was also used in this study. 

Market integration by cointegration test: 
Empirical work based on time series data usually assumes that the under lying time series 

is stationary. In regressing a time series variable on another time series variable, one often 
obtains a very high RZ (in excess of 0.9) even though there is no meaningful relationship 
between the two. This situation exemplifies the problem of nonsense regression. This problem 
arises if both the time series involved exhibit strong trends; the high RZ observed is due to the 
presence of the trend, not to a true relationship between the two. This may also happen for the 
same reason when estimating `r' (paired correlation coefficient) between two price variables. 
That is why advanced technique like co-integration method has also to be tried in this study to 
arrive at conclusive decisions on integration of commodity markets. 

Co-integration test, the methodology developed recently by Granger (1986) and Engle and 
Granger (1987) has been used to show whether selected agricultural product prices move in 
unison in the markets chosen for this study. If there are structural deficiencies in between 
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Correlation co-efficient can serve only as an indicator of integration between the price 

movements of two markets, assuming uniformity in market structure and conduct of both the 
markets. 

 
Aman HYV market 

The harvest time wholesale price of Aman (HYV) paddy markets appeared all highly 
linked, i.e. the co-efficient values are more than 0.78. The range of integration is from 0.78 to 
0.99. All the markets were significantly highly integrated. However, off-season prices of 
HYV Aman (Table 2) appeared more integrated (all the markets) with relatively higher 
magnitudes of coefficients. From Tables 1 and 2 it is observed that Aman (HYV) paddy 
prices are more integrated than harvest price of Boro (HYV) paddy. 
 
Table 1. One to one correlation co efficients of deflated harvest prices of Aman (HYV) paddy 

in selected markets (1986-2005). 
 Dhaka K.gonj Rangpur Satkhira Potuakhali M.bazar Feni 
Dhaka 1 0.98** 0.78** 0.89** 0.88** 0.83** 0.82** 
K.gonj  1 0.83** 0.90** 0.88** 0.89** 0.87** 
Rangpur   1 0.90** 0.89** 0.93** 0.92** 
Satkhira    1 0.99** 0.89** 0.90** 
Potuakhali     1 0.86** 0.87** 
M.bazar      1 0.98** 
Feni       1 

**Correlation is significant at 1 percent level (a 2-tailed test) . The software used for estimation 
has been SPSS 
Notes: K.gonj = Kishoregonj, M.bazar = Moulvibazar 

Table 2. One to one correlation co-efficients of deflated prices of Aman (HYV) rice during 
off-season prices season in selected markets (1986-2005). 

 Dhaka K.gonj Rangpur Satkhira Potuakhali M.bazar Feni 
Dhaka  0.97** 0.93** 0.94** 0.94** 0.91** 0.93** 
K.gonj  1 0.95** 0.92** 0.92** 0.92** 0.89** 
Rangpur   1 0.89** 0.90** 0.90** 0.88** 
Satkhira    1 0.99** 0.92** 0.92** 
Potuakhali     1 0.92** 0.95** 
M.bazar      1 0.92** 
Feni       I 

**Correlation is significant at 1 percent level (a 2-tailed test) 
Notes: K.gonj = Kishoregonj, M.bazar = Moulvibazar 

 
      The off season (pre-harvest period) wholesale prices of Aman (HYV) rice markets were 
also highly linked. The co efficient values are between 0.88-0.99. All the rice markets were 
highly integrated both in harvest and in peak prices seasons. Markets were more integrated (18 
pairs show 90 percent or more associations during off season than harvest season where 
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only 8 pairs show more than 90 percent or more association) than production season. Markets 
were highly interdependent in terms of price changes for Aman HYV during both production and 
off-season. 

Boro (HYV) market 

      The paired correlation co-efficients for the harvest period prices of Boro (HYV) paddy 
during 1986-2005 are presented in Table 3. The immediate observation that emerges from the 
correlation co-efficients is that, Boro (HYV) paddy markets were not well integrated (out of 21 
paired markets, 11 i.e. 52%) were not integrated. Only 48% paired markets were integrated. 
Ten paired co-efficients are above 0.73 and significant at 1 percent level, meaning all leading 
rice markets were well integrated in terms of price movement. 

Table 3. One to one correlation co efficients of deflated harvest prices of Boro (HYV) 
paddy in selected markets (1986-2005). 

 Dhaka K.gonj Joypurhat . Jessore Barisal Comilla S.gonj 
Dhaka 1 0.86** 0.64** 0.49* 0.54* 0.74** 0.30 
K.gonj  1 0.64** 0.78** 0.79** 0.89** 0.53* 
Joypurhat   1 0.34 0.32 0.60** -0.11 
Jessore    1 0.98** 0.79** 0.73** 
Barisal     1 0.80** 0.73** 
Comilla      1 0.63** 
S.gonj       1 

**Correlation is significant at the 1 percent level (a 2-tailed test) 
*Correlation is significant at the 5 percent level (a 2-tailed test) Notes: 
K.gonj = Kishoregonj, S.gonj = Sunamgonj 

Table 4. One to one correlation co-efficients of deflated off-season prices of Boro (HYV) rice in 
selected markets (1986-2005). 

 Dhaka K.gonj Joypurhat Jessore Barisal Comilla S.gonj 
Dhaka 1 0.62** 0.78** 0.82** 0.88** 0.89** 0.55* 
K.gonj  1 0.54* 0.79** 0.59** 0.59** 0.84** 

Joypurhat   1 0.89** 0.88** 0.85** 0.74** 
Jessore    1 0.93** 0.86** 0.89** 
Barisal     1 0.90** 0.73** 
Comilla      1 0.72** 
S.gonj        

**Correlation is significant at 1 percent level (a 2-tailed test) 
*Correlation is significant at 5 percent level (a 2-tailed test) Notes: 
K.gonj = Kishoregonj, S.gonj = Sunamgonj 

During pre-harvest time, Boro HYV rice markets were more integrated than harvest time 
paddy markets. According to our cutting point of 0.71 (r-value), 16 markets (76 percent 
markets) were highly and significantly integrated. Boro HYVs are less storable than other HYVs 
and followed by Aman HYV harvest and that might create to an extent market  
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segregation for the Boro HYV paddy during harvest season wherein farmers' stores are filled in 
with Aman harvests. 

Wheat market 
From Table 5, it could be seen that the paired correlation co-efficients of harvest time 

prices of wheat were high for 11 pairs of markets (61 percent). The results imply that wheat 
markets were not all (39 percent) interdependent in price formations but peak prices season 
flour price (after processing) became largely integrated. All markets during pre-harvest season 
were significantly correlated. 

Table 5. One to one correlation co-efficients of deflated harvest time prices of wheat (whole) 
in selected markets (1986-2005). 

 Dhaka Faridpur T.gaon Meherpur Bhola C.dpur 
Dhaka 1 0.92** 0.80** 0.93** 0.65** 0.74** 
Faridpur  1 0.84** 0.96** 0.80** 0.67** 
T.gaon   1 0.76** 0.86**      0.40 
Meherpur    1 0.70** 0.74** 
Bhola     1      0.23 
C.dpur            1 

**Correlation is significant at 1 percent level (a 2-tailed test) Notes: 
C.dpur = Chadpur, T.gaon = Thakurgaon 

 
Table 6. One to one correlation co-efficients of deflated harvest prices of wheat (flour) 

during peak prices season in selected markets (1986-2005). 
 Dhaka Faridpur T.gaon Meherpur Bhola C.dpur 
Dhaka 1 0.95** 0.7G** 0.89** 0.74** 0.83** 
Faridpur  1 0.84** 0.90** 0.80** 0.89** 
T.gaon   1 0.78** 0.84** 0.82** 
Meherpur    1 0.85** 0.77** 
Bhola     1 0.84** 
C.dpur          1 

**Correlation is significant at 1 percent level (a 2-tailed test) 
 Notes: C.dpur = Chandpur, T.gaon = Thakurgaon 
 

 
The correlation co-efficieints of off-season wholesale prices of wheat (flour) are above 

0.74. The values are significant at 1 percent level. Flour markets (atta) at wholesale levels 
were more competitive and many more market actors were there than whole wheat markets 
at production seasons. 

Lentil market 

Analysis of correlation co-efficients of harvest prices of lentil has been carried out in relation 
to the 21 paired markets and results are presented in Table 7. For lentil, only 33 % markets 
(pair-wise out of 21) were significantly highly integrated and the rest (67%) were 
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not during harvest season. During the slack season, the situation improves a little and 48% 
paired markets got integrated 
 
Table 7. One to one correlation co efficients of deflated lentil (whole/unprocessed) prices in 

selected markets (1986-2005). 
 Dhaka Mymsingh Rajshahi Khulna C.dpur H.gonj Ctg. 
Dhaka 1 0.71** -0.12 0.20 0.72** 0.88** 0.60** 
Mymsingh  1 0.30 0.35 0.77** 0.70** 0.45* 
Rajshahi   1 0.15 0.08 O.OG -0.09 
Khulna    1 0.62** 0.22 0.69** 
C.dpur     1 0.77** 0.80** 
H.gonj      1 0.58* 
Ctg.       1 

**Correlation is significant at 1 percent level (a 2-tailed test) 
*Correlation is significant at 5 percent level (a 2-tailed test)  
Notes: C.dpur = Chandpur, H.gonj = Hobigonj, Ctg. = Chittagong 

The country is deficit in meeting her lentil demand. So, local markets are also being 
influenced by import quantity and prices. Different markets are there at different levels of 
distribution process. So, local markets with domestic products may not be much integrated as 
import markets which also influence price formation. As the markets were (monthly) 
segmented, price policy if any, for lentil improvement should be considered regionally for the 
effectiveness of such policies. Efforts need to be taken for market development throughout the 
country. 

 
The paired correlation co-efficients of pre-harvest prices of lentil (processed) are 

presented in Table 8. It could be observed from the table that the correlation co-efficients are 
significant in 10 pairs (48 percent) of markets out of 21 market pairs. Numbers of integrated 
markets were more than harvest season markets. Between regional markets, the level of 
integration is the lowest and insignificant when compared pairing with Dhaka. 

Table 8. One to one correlation co-efficients of deflated pre-harvest prices of lentil (1986-
2005). 

 Dhaka Mymsingh Rajshahi Khulna C.dpur H.gonj Ctg. 
Dhaka 1 0.95** 0.85** 0.49* 0.75** 0.86** 0.62** 
Mymsingh  1 0.85** 0.37 0.60** 0.77** 0.56* 
Ra'shahi   1 0.20 0.46 0.70** 0.38 
Khulna    1 0.69** 0.52* 0.61** 
     1 0.89** 0.89** 
H. - on'      1 0.79** 
Ctg.       1 

**Correlation is significant at 1 percent level (a 2-tailed test) Notes: C.dpur = Chandpur, H.gong = 
Hobigong , Ctg.= Chittagong 
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The country is deficit in lentil and had to import largely and the growing districts are not also 
blessed with surpluses. So, local production partly meet local demands and supply is erratic 
depending on the import arrivals. As a result, arbitrage may not be so effective to make the 
markets instantaneously to be in equilibrium in supply demand with all other deficit 
markets. 
 
Mustard market 

The correlation co-efficients of mustard (seed) prices between the various selected 
production districts are presented in Tables 9 to 10. From the table, it could be seen that, the 
correlation co-efficients between the markets (81 percent paired markets) were highly 
significant and these indicate that the markets were significantly correlated for mustard in respect 
of their price changes. 
 
Table 9. One to one correlation co-efficients of deflated mustard (whole) prices in selected 

markets during harvest season (1986-2005). 
 Dhaka Mym. Rajshahi Khulna Barisal Hgonj Ctg. 
Dhaka 1 0.86** 0.62** 0.82** 0.89** 0.73** 0.73** 
Mym.  1 0.86** 0.90** 0.71** 0.87** 0.91** 
Rajshahi   1 0.86** 0.57** 0.8G** 0.90** 
Khulna    1 0.8G** 0.86** 0.91** 
Barisal     1 0.66** 0.68** 
Hgonj      1 0.97** 
Ctg.       1 
**Correlation is significant at 1 percent level (a 2-tailed test) 
Notes: Hgonj = Hobigonj, Ctg. = Chittagong, Mym. = Mymensingh 

Markets for mustard were well formed and the traders' wide spread use of cell phone 
technology, easy transportation facility have made the markets competitive and highly 
interlinked for mustard. 

Table 10. One to one correlation co-efficients of deflated pre-harvest prices of mustard (oil) 
(1986-2005). 

 Dhaka Mym Rajshahi Khulna Barisal H.gonj Ctg. 
Dhaka 1 0.99** 0.89** 0.94** 0.91** 0.89** 093** 
Mym  1 0.84** 0.93** 0.92** 0.87** 0.88** 
Rajshahi   1 0.92** 0.86** 0.78** 0.95** 
Khulna    1 0.98** 0.81** 0.92** 
Barisal     1 0.77** 0.85** 
H.gonj      1 0.90** 
Ctg.       1 

**Correlation is significant at 1 percent level (a 2-tailed test) Notes: H.gonj = Hobigonj, Ctg.= 
Chittagong, Mym.= Mymensingh 
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All the correlation co-efficients show high magnitudes of correlation among them and 

linked significantly to Dhaka market. Good communication among them and easy 
transportation facility has made the markets more competitive even for the processed product (oil) 
of mustard. 

 
A lower correlation will reflect bottlenecks arising from lack of market information, 

lack of perfect mobility of the product due to natural barrier like the river Yamuna, institutional 
rigidity, and lack of product homogeneity or development of a syndicated market force. 
Certainly, all these ale not barriers now-a-days with well developed highways connecting the 
selected districts undertaken for the study with concomitant revolution in cell-phone 
technology in the country. 
 
3.2 Measuring Market Integration by Cointegration Test 

To test the univariate price series for stationarity, the Augmented Dickey-Fuller(1979) test 
(ADF test) have been carried out. Initially, test has been performed on price series in levels, which 
implied testing a null hypothesis of non-stationarity against alternative of stationarity. The 
null hypothesis is Ho: P, is I(1) i.e., non-stationary which is rejected in favour of I(0) if the 
coefficients of the lagged price variable is found negative and statistically significant 
(stationary series). Dhaka market is considered as central market. So all the market prices are 
tested whether co-integrated or not with Dhaka market 
 
Aman (HYV) market 
Table 11. Unit root tests for Aman (HYV) price series. 
 Aman (IIYV) paddy price (haryest season) 

Markets ADF test at level 
I(1) 

ADF test at first 
difference I(2) 

ADF test at second 
difference I(3) 

Dhaka -0-66 -2.08 -3-47*** 
Kishoregonj -0.35 -3.17** - 
Rangpur -2.71 -2.79* -4.35*** 
Satkhira -1.59 -3.10** - 
Potuakhali -1.49 -3.51*** - 
Moulvibazar -2.21 -3.15** - 
Feni -2.23 -7.52*** - 

 Aman (HYV) rice price (pre-harvest) 
Markets ADF test at level I(1) ADF test at first 

difference I(2) 
ADF test at second 

difference I(3) 
Dhaka -1.43 -2.38 -4.40*** 
Kishoregonj -0.07 -2.10 -3.22** 
Rangpur -1.67 -2.11 -3.25** 
Satkhira -1.93 -2.64 -4.26*** 
Potuakhali -1.07 -3-74*** - 
Moulvibazar -1.53 -3.41** - 
Feni -1.53 -3.41** - 

Dickey-Fuller (1979) critical values (ti values): 
-2.57 at 10% level, -2.86 at 5% level &-3.43 for 1% level of significance 
*** Significant at 1 % level ** Significant at 5 % level * Significant at 10 % level 
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Empirical results of the unit root test (ADF test) for the hypothesis that Aman (HYV) 

prices for Kishoregonj, Rangpur, Satkhira, Potuakhali, Moulvbazar and Feni were each 
individually integrated of order one, the set of regression was run once more after 
differencing all the terms. The second differencing was done for data series. The tau (i) 
statistics were compared with Dickey-Fuller critical t(ti) values. The results for the first-
difference of the variables show that the prices were stationary i.e. contain unit roots for all 
markets at different levels of significance. In some cases the null hypotheses Y, - I(2) is 
rejected implying that those series do not require second differencing to achieve stationarity. For 
some series second differencing was necessary to make the series stationary (ADF test at second 
difference). 

 
Engle-Granger tests of residual equation confirm the stationarity of the residual series. The 

ADF results of unit root equation indicate that the Aman (HYV) paddy price series were of I(2). 
While Engle Granger (EG) results of residual equation indicate that the residual series were I 
(0). 

 

Table 12. Cointegration test results for market pairs of Aman (HYV) between 19862005. 
According to Engle-Granger test (1987), Aman (HYV) paddy prices during harvest time 

between Dhaka and other six regional markets each were co-integrated (Table 12) at second 
difference excepting Dhaka-Moulvibazar meaning during harvest time- Dhaka central 
market had strong price relationship with other markets except Moulvibazar. Moulvibazar was 
segregated from Dhaka in terms of having independent price making forces during Aman (HYV) 
harvest season. 

In preharvest time, all the markets were co-integrated with Dhaka (at 1%, 5% or 10% 
level) excepting again Moulvibazar region. Any price support policy for Aman 
 
Aman (HYV) paddy price series 
Market pairs Engle-Granger test at first 

difference 
Engle-Granger test at second 

difference 

Dhaka-Kishoregonj -2.60 -3.36* 
Dhaka-Rangpur -1.31 -3.38* 
Dhaka-Satkhira -2.34 -5.81*** 
Dhaka-Potuakhali -1.64 -5.22*** 
Dhaka-Moulvibazar 0.90 -2.61 
Dhaka-Feni -2.21 -3.68*** 
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Aroan (HYV) rice price series 
Market pairs Engle-Granger test at first 

difference 
Engle-Granger test at second 

difference 
Dhaka-Kishoregonj -3.20*  
Dhaka-Rangpur -2.32 7.83*** 
Dhaka-Satkhira -1.38 6.84*** 
Dhaka-Potuakhali -3.39* - 
Dhaka-Moulvibazar -2.24 -2.61 
Dhaka-Feni -2.66** -3.68** 

Davidson-Mackinnon (1993) asymptotic critical values are 
-3.13 at 10 %, -3.41 at 5 % &- 3.96 at 1% level of significance 
*** Significant at 1%r level ** Significant at 5 % level * Significant at 10 % level 

(HYN") crop should be separately designed for Moulvibazar region to make it effective (regional planning 
is required). 

Boro (HTrti) market 

The results of Unit root test for Boro (HYV) wholesale prices are presented in Table 13. The null 
hypothesis of non-stationarity cannot be rejected for Barisal, Comilla and Sunamgonj markets at level in 
harvest time paddy prices. From the results of first difference we can say Boro (HYV) price series were non-
stationary at level. 

Table 13. Unit root tests for Boro (HYV) price series. 
Boro (HYV) paddy price Markets 

ADF test at level I(1) ADF test at first difference I(2) 
Dhaka -0.44 -3.08** 
Kishoregonj -0.55 -3.20** 
Joypurhat -1.22 -5.21*** 
Jessore -1.61 -6.37*** 
Barisal -1.19 -2,94** 
Comilla -1.36 -2.74* 
Sunamgonj -2.23 -2.77* 

Boro (HYV) rice price Markets 

ADF test at level I(1) ADF test at first difference I(2) 
Dhaka -2.54 -3.21** 
Kishoregonj -2.65 -3.04** 
Joypurhat -0.01 -2.59* 
Jessore -0.62 -3.13** 
Barisal -2.75 -2.9G** 
Comilla -0.90 -3.34** 
Sunamgonj -1.54 -4.16*** 

           
            Dickly - Fuller (1979) critical values (π values) are: 
           -2.57 at 10 %, -2.86 at 5 % &- 3.43 at 1% level of significance 
          *** Significant at 1%r level ** Significant at 5 % level * Significant at 10 % level 
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As the Engle-Granger co-integration test reveals, Boro (HYV) paddy markets were not 

integrated with Dhaka during harvest season. Boro paddy for trading may not be directly 
connected to Dhaka or pass through Dhaka during harvest season (Table 14). 

According to Engle-Granger test, Kishoregonj, Jessore, Comilla markets for Boro (HYV) rice 
prices were integrated with Dhaka market at 5% level. And Joypurhat, Barisal, Sunamgonj 
markets rice prices were not integrated with Dhaka prices. These markets were segregated with 
Dhaka in terms of price relationship (Table 14). 

So, policy of price fixing for procurement of Boro (HYV) paddy during harvest season 
should be at different levels according to the prices of regional markets. Central policy 
making with single price may prove disastrous economically when markets appeared 
segregated. 
 

Table 14. Cointegration test results for market pairs of Boro (HYV) between 1986-2005. 
Boro (HYV) paddy price series 

Market pairs Engle-Granger test at first 
difference 

Engle-Granger test at second 
difference 

Dhaka-Kishoregonj -3.03 -1.95 
Dhaka-Joypurhat -2.18 -2.28 
Dhaka-Jessore -2.66 -2.01 
Dhaka-Barisal -2.51 -1.99 
Dhaka-Comilla -2.72 -1.89 
Dhaka-Sunamgonj -2.36 -1.98 

Boro (HYV) rice price series 
Market pairs Engle-Granger test at first difference Engle-Granger test at 

second difference 
Dhaka-Kishoregonj -3.21** - 
Dhaka-Joypurhat -2.20 -2.73 
Dhaka-Jessore -3.36** - 
Dhaka-Barisal -2.73 -2.66 
Dhaka-Comilla -3.70** - 
Dhaka-Sunamgonj . -2.40 -2.64 

Davidson-Mackinnon (1993) asymptotic critical values are 
-3.13 at 10 %, -3.41 at 5 % &- 3.96 at 1% level of significance 
*** Significant at 1% level * * Significant at 5 % level * Significant at 10 % level 

Wheat market 
The results of ADF tests for wheat markets are presented in Table 15. The results 

indicate that all prices were non-stationary in level but stationary in their first or second 
difference. 

      Wheat markets during harvest period were integrated with Dhaka markets at different 
levels of significance (this corroborates the results of correlation test on wheat) wheat flour 
markets (pre-harvest time) were also integrated with Dhaka markets in terms of price 
behaviour. Wheat markets were well integrated (Table 16). Central price policy making will be 
effective in case of wheat commodity. Wheat as a commodity is more homogenous than 
paddy/ rice (not having so many varieties and seasons of production). 
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Table 15. Unit root tests for Wheat price series. 

                                             Wheat (whole) price 
Markets 

ADF test at level I(1) ADF test at first 
difference I (2) 

ADF test at second 
difference I (3) 

Dhaka -0.47 -2.62 -5.60*** 
Faridpur -1.24 -2.83* - 
Thakurgaon -0.81 -2.52 -4.51*** 
Meherpur -1.14 -3.10** - 
Bhola -2.32 -3.32** - 
Chandpur -1.60 -2.67* - 

 Wheat (flour) price 
Markets 

ADF test at level I(1) ADF test at first 
difference I (2) 

ADF test at second 
difference I (3) 

Dhaka -1.46 -2.97** - 
Faridpur -2.82 -3.38*** - 
Thakurgaon -1.86 -2.36 4.51*** 
Meherpur -1.60 -3.56*** - 
Bhola -2.35 -3.76*** - 
Chandpur -1.71 -2.04 3.33** 

Dickey-Fuller Critical values (i values) 
-2.57 at 10 % level, -2.86 at 5 % level & -3.43 for 1% level of significance 
*** Significant at 1% level ** Significant at 5 % level * Significant at 10 % level 

Table 16. Cointegration test results for market pairs of wheat between 1986-2005. Wheat (whole) price 
series. 

Market pairs Engle-Granger test at first 
difference 

Engle-Granger test at second 
difference 

Dhaka-Faridpur -3.21 * -3.55** 
Dhaka-Thakurgaon -4.06*** - 
Dhaka-Meherpur -3.68** - 
Dhaka-Bhola -1.32 -3.75** 
Dhaka-Chandpur -2.13 -3.73** 

Wheat (flour) price series 
Market pairs Engle-Granger test at first 

difference 
Engle-Granger test at second 

difference 

Dhaka-Faridpur -3.98** - 
Dhaka-Thakurgaon -1.22 -3.14* 
Dhaka-Meherpur -3.65** - 
Dhaka-Bhola -1.89 -4.36*** 
Dhaka-Chandpur -3.79** - 

Davidson-Mackinnon asymptotic critical values (1993) are 
                   -3.13 at 10 %, -3.41 at 5 % &- 3.96 at 1% level of significance 
                 *** Significant at 1 % level * * Significant at 5 % level * Significant at 10 % level 
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Lentil Market 

 
Lentil price series were also non-stationary at level which were turned stationary after first 

or second differencing (Table 17) and then Engle-Granger cointegration test was conducted 
for assessing long-run price equilibrium situation. Co-integration test on lentil prices reveals 
that the lentil markets were integrated with Dhaka markets during harvest time, except 
Dhaka-Rajshahi market pair. Dhaka-Rajshahi prices remain non-responsive during harvest time. 
Rajshahi lentil may serve own or other regions during the harvest time. 

 
The results reveal that-during pre-harvest time, lentil prices at Chandpur remain non-

responsive to Dhaka prices -though all other markets were well integrated with Dhaka during 
pre-harvest time (Table 18). At the time Chandpur market may be served by supply or 
demand from Chittagong market. 
 
Table 17. Unit root tests for lentil price series. 
 Lentil (unprocessed) price 

Markets ADF test at level I 
(1) 

ADF test at first 
difference I (2) 

ADF test at second 
difference I (3) 

Dhaka -0.99 -4.34*** - 
Mymensingh -1.70 -2.23 -4.31*** 
Rajshahi -2.09 3.23** - 
Khulna -1.82 -3.69*** - 
Chandpur -1.35 -2.39 3.45*** 
Hobigonj -2.17 -3.34** - 
Chittagong -1.75 -2.19 3.53*** 

 Lentil (processed) price 
Markets ADF test at level 

I(1) 
ADF test at first 
difference I(2) 

ADF test at second 
difference I(3) 

Dhaka -1.85 -3.10** - 
Mymensingh -1.24 -2.70 -3.00** 
Rajshahi -1.31 -3.35** - 
Khulna -2.37 -2.11 -3.80*** 
Chandpur -2.56 -3.69*** - 
Hobigonj -1.53 -4.35*** - 
Chittagong -2.50 -3.02** - 

Dickey-Fuller Critical values (ti values) 
-2.57 at 10 % level, -2.86 at 5% level &-3.43 for 1% level of significance 

            *** Significant at 1% level ** Significant at 5 % level * Significant at 10 % level 
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Table 18. Cointegration test results for market pairs of lentil between 1986-2005. Lentil 

(unprocessed) price 
Market pairs Engle-Granger test at first 

difference 
Engle-Granger test at second 

difference 
Dhaka-Mymensingh -0.78 -3.40* 
Dhaka-Rajshahi -0.03 -3.00 
Dhaka-Khulna -1.20 -3.91** 
Dhaka-Chandpur -0.76 -3.83** 
Dhaka-Hobigonj -2.47 -3.88** 
Dhaka-Chittagong -1.32 -3.51 * 

Lentil (processed) price 
Market pairs Engle-Granger test at first 

difference 
Engle-Granger test at second 

difference 
Dhaka-Mymensingh -2.64 4.41*** 
Dhaka-Raj shahi -3.15 -5.35*** 
Dhaka-Khulna -2.13 -3.30* 
Dhaka-Chandpur -1.91 -2.71 
Dhaka-Hobigonj -2.85 -3.34* 
Dhaka-Chittagong 3.17 -3.78** 

Davidson-Mackinnon (1993) asymptotic critical values are 
-3.13 at 10 %, -3.41 at 5 % &- 3.96 at 1% level of significance 

*** Significant at 1% level * * Significant at 5 % level * Significant at 10 % level 

Mustard market 
Mustard prices at both harvest and pre-harvest periods were non-stationary (Table 19). 

These non-stationary series were all turned stationary at first differencing during harvest time 
and with first differencing also at pre-harvest time excepting Mymensingh, which required 
second differencing to make the series stationary. 

Co-integration test reveals (Table 20) the mustard (both whole and processed) market pairs 
were integrated excepting Dhaka- Chittagong during harvest season. But during preharvest season 
mustard oil markets were highly integrated. Prices move in unison in all the markets together. 
In general all the markets were integrated (more so in off- season) except Boro (HYV) harvest 
season markets. 

Table 19. Unit root tests for mustard price series. 
 Mustard (whole) price 

Markets ADF test at level I(1) ADF test at first difference I(2) 
Dhaka -0.02 -2.81** 
Mymensingh -0.66                 -3.81*** 
Raj shahi -2.09 -3.35** 
Khulna -0.56 -3.23** 
Barisal -1.43                     -3.73*** 
Hobigonj -0.71                              -2.79.* 
Chittagong -2.12     -3.22** 
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During harvest season, fifty-two percent of Boro HYV markets were not integrated. That 
is prices were determined with regional demand supply forces. But,-during pre-harvest (slack 
season) most of the paired markets got integrated. As of co-integration test, Dhaka prices 
did not influence regional markets during harvest season, but had strong inter -linkages 
(50% markets) with regional markets during slack season of supply. 

 

Sixty-one percent of paired wheat markets were strongly integrated during harvest season 
as of paired correlation test. All the markets for processed wheat were highly integrated. 
Cointegration test reveals that Dhaka price had strong relationship with regional markets 
both for whole wheat and wheat flour (atta). 

 

Lentil markets were segregated to each other largely both in production and lean season 
of supply as revealed by the paired correlation test. But co-integration test revealed that the 
Dhaka lentil price had strong price relationship with other 5 regional markets except Rajshahi 
(in production season) and Chandpur in slack supply season. 
 

Mustard and mustard oil markets were highly integrated. Only Dhaka-Chittagong 
markets showed little price relationship during production season as indicated by the co-
integration test. 

 

If price series are found non-stationary then- results of co-integration tests are more 
convincing for acceptance rather then using correlation coefficients. Therefore, it is 
suggested that the results of co-integration test received in this study should guide the 
recommendations on the level of price relationship between/among markets. Every product 
has a unique marketing system and thus shows unique price relationship between spatially 
separated markets. Price policy prescriptions should follow each marketing situation taking 
cognizance of market integration level among regions. The present study revealed that the 
level of prices integration/ association has improved over the years. Commodity markets 
were largely integrated but interestingly, Boro HYV paddy in the surpluses regions 
showed not so well integrated. For this commodity, if any procurement price is declared to 
support farmer prices, that should be decided on the basis of regional markets. A single 
price would not benefit all farmers equally. 

 

An important finding of the study is (both seasonal and off-seasonal markets) that 
Dhaka market is significantly integrated to regional markets of each commodity 
(exception Boro HYV). Dhaka proved to be a very influencing central market for the 
commodities studied. 

 

Dhaka serves as central depot of distribution of many agricultural commodities. In 
general, there is absence of segmentation of markets of the selected commodities with 
Dhaka market which implies that price analysis and formulation of policies at the 
aggregate level is valid and will be pertinent for policy implementation. Of course, 
regional markets shall also have to be developed establishing more wholesale markets at 
district / upazila headquarters having concomitant development of roads/ highways 
between them helping more markets to be integrated (as not all markets are highly integrated 
yet). 

[ 

There is variation to the extent of integration between production season and off-season, 
and primary products and processed primary products. Off-season markets were more 
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integrated than production season. To reduce this gap, policies for the development 
of storage facility by the pr ivate sector has to be encouraged and cost of storage 
shall have to be reduced (e.g. by lowering electricity charges). Value addition 
activit ies by processing shall have to be encouraged, a lso. Policies should be 
designed for commodity development keeping eye on variation in market linkages 
between harvesting season and lean period season. Different 
policy prescriptions are worth depending on the seasonality of supply.  
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