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STRUCTURAL DETERMINANTS OF MARKET INTEGRATION.

mr~ CASE OF RICE MARKETS IN BANGLADESH.

1. Introduction

The study of market integration has usually tried to characterize the degree of comovement

of prices across spatially separated markets. Since prices are the most readily available and often the

most reliable information on developing country marketing systems, market integration studies bas

almost exclusively referred to events resulting in price changes. Most specifically, market integration

is restricted to the interdependence of price changes across spatially separated locations in a market

(Wyeth 1992).

Past research has identified various measures of market integration including correlation

coefficients (see Farruk 1970, Lele 1972, Jones 1972; Blyn 1973), short and loog term tests of

integration (see Ravallion 1986), long term multipliers and times to adjust (see Boyd and Borsen

1986, Mendoza and Rosegrant 1991, and Goletti 1993a), cointegration coefficients (see Ardeni 1989,

Goodwin and Schroeder 1991, Wyeth 1992, Palaskas and Harris 1991, Goletti 1993b), symmetry tests

(Goletti 1993a), causality and centrality tests (see Mendoza and Farris 1992, Goletti 199330 Alderman

1993).

Most of these studies have ideotified market integration with one specific measure, be it

correlation coefficients, cointegration coefficients, or any other of the measures mentioned above.

However, a comparison of various measures as well as an analysis of the structural factors affecting

. these measures of market integration has been largely neglected, with the exception of the Goodwin

and Schroeder 1991, and Faminow and Benson 1990.

The concept itself of market integration is not well defined. It. refers to comovements of

prices, and, more generally, to the smooth transmission of price signals and information across

spatially separated markets. In many instances, prices arc not well defined, because quality varies

widely. Markets are complex institutions, encompassing hierarchies and interlinked transactions that

may involve the simultaneous consideration of various commodities (sec Palaskas and Harris 1991).
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To expect that a simple measure based on often unreliable price sources can describe the process of

transmission of information conveyed by price signals is quite heroic or pretentious. A more

systematic effort to relate the available m:asures of market integration to structural factors should

be undertaken.

The objective of this paper is to understand how different measures of market integration may

be used to derive conclusions about the structural de!l"Oninants of market integration. The

underlying hypotheses are that marketing infrastructure, price stabilization policy, and the degree of

self-sufficiency in production are the major determinants of market integration.

There are several reasons to study market integntion. rust, by offering a taxonomy of.
markets it opens the possibility of clustering groups of integrated markets, so that it allows to avoid

duplication of interventions. If locations A, B, and C, are well integrated, then the government may

well think of withdrawing from, or at least reduce its effort to influence the process of price

transmission in those locations. A scarcity in A will be quickly transmitted to B, and C, making it

redundant to duplicate the same program (for example an open market sale operation, or a

procurement activity). Second, to know the extent of price transmission across different locations

within a country may be quite useful to improve the design of liberalization programs. It is customary

to design a hoera\ization program, as if the various regions of a country were all equal1y developed,

and equal1y responsive to incentives transmitted from the capital city. However, because of the

existence of transaction and adjustment costs, the response may vary and takes time. By giving a

more detailed picture of the process of transmission of incentives across the marketing chain,

knowledge of market integration'is relevant to the success of market liberalization. Moreover, it

ensures that a regional balance occurs among food deficit, food surplus regions, and regions

producing non-food cash crops (see Delgado 1986). If price transmission does not occur, the

localized scarcities and abundances may result in excessive strain for the population (see Ravallion

1986). The study of market integration allows to monitor price movements, and in particular the

speed of adjustment to shocks arising in different localities of the country. The knowledge of the

time needed for a local shock in the rite sector to be transmitted to all the other spatially separated
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markets is paramount to a more effective management of price stabilization policy. Third, models

of integration can be used to predict prices all over the territory. By knowing the relation of prices

in neighboring markets, it facilitates price monitoring and forecasting analysis, in order to give prompt

answers to questions concerning the price situation of the country. Fourth, by identifying the

structural factors responsible for the integration of markets, investment policy that is directed to the

development of markets could be improved. This information is relevant to understand which types

of marketing infrastructure is more likely to benefit market integration.

The orgaDization of the paper is as follows. Section 2 gives the main issues and methodology

used in the remaining sections. Section 3 descn'bca the data used in the paper. Section 4 reports

different approaches to measure market integration, highlighting some of their uses. Section S links

the previous measures of market integration to structural factors. Section 6 givca the conclusions.

2. The main Issues and methodology

This paper addresses two main sets of issues.

The first set of issues is about the concept and measurement 01 market integration. What is it

meant exactly by saying that ~arkets arc integrated? How is market integration measured, and

therefore translated into an operatiozial concept? How do different measures of market integration

relate to each other, and what different insights do they givc?

The second set of issues is about the relalion between nuzrket integration and structural/acton.

Assuming that we know how to measure market integration, what arc thc'main factors responsible

for it? To what an extent marketing infrastructure, policy, and production characteristics are the.

main determinants of market integration?

We address these issues with a twtNtage approach.

In the first stage, time serica analysis of price data is conducted in order to arrive at a

reasonable set of measures of market integration. Four measurca arc considered. The first is given

by the old correlation coefficient of prices. In order to detre~d prices, first differences instead of

levels are used. The second measure consists in cointegration coefficients that capture the existence
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ofstable long term relation between price series. The third measure is given by long term multipliers

that express the cumulative response of one market to price show originating in another market,

incorporating the dynamics ofprice transmission. The last mCllSure is an elaboration of the third one,

where not only the magnitude of price adjustment, but nlso the time needed to adjust is taken into

account.

In the second stage, the measures of integration computed in the first stage are linked to

structural factors. The structural factors considered in this paper are those related to marketing

infrastructure, policy, and production.

Marketing infrastructure is the set of transportation, communication, credit, and storage

facilities that allow a smooth functioning of markets.

Policy affects market integration in a variety of ways. Price stabilization policy, trade

restrictions, credit and transport regulations are just a small sample of the numerous public

interventions affecting the marketing system.

F"mally, thc production feature of the area surrounding each mlllket will determine its self­

sufficiency status relativc to the rest of the country. Markets divide into thosc that havc generally

a surplus in the commodity under consideration, those that have generally a deficit, and those that

are generally marginally self-sufficient. The more diverse is their respective self-sufficient position,

the more likely will bc that lWo markets are integrated.

3. Data

Marbling lnCrastnacture

Data on population, areas, production, communications and transportation infrastructure was

assembled on a district basis for 1990/91., Table 1 shows sOIDe of the structural charactcristics of

Bangladesh, particularly the high density ofpopulation, the marginal sclf-sufficiency in tcrms of grain

production, and the cmemely low indicators for transportation and communication infrastructure.

In terms of geographic distributio~ .tructural variables exhibit quite a variety of behavior.

Whereas road, banlc branches, and a post offices have relatively little variation over regions, railways
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deDsity, dCDlity of c1cctric: connections, and telephone per capita have quite a large variation as

. measured by a cacfficient of variation of over 100 percent.

Roads and railways are badly developed in the South and South West, mainly because this is

a deltaic area, where roads:are continuously interrupted by rivers. In the Chiltagong Hill tract the

hilly nature also makes difficult the road and railways coIISuuction. The only badly connected part

in the North West is Pabna region. The NW-SE axis is relatively well developed in terms of road

and railway infrastructure.

With respect to telephone connection, the only relatively well deVeloped areas are the regions

where· the main three cities of the country are located, namely Dhaka, Chiuagong, and KbuIna.

Ouwdc of the largest urban areas, telephone connections are very thinly spread.

In district such as KbuIna, SyIhet, Noakhali, and Chiltagong Hill Tract, post offices appear to

have the 1Ughcst dcusity. One possible explanation is the high number of many emigrants Crom these

areas of the country. It does not seem related to tho rice business. Moreover, this statistics is not

informative of the amount of correspondence. One would expect that the number of letters per

capita in Dhaka is higher.

The highest density of bank branches is in Dhaka and Chittagong, as expected. The high

number in SyIhet is explained with an argument simiIar to the high density of post offices, namely the

relations with Sylhet·bom people who have emigrated abroad and who send money back home. The

number of branches is not ncccssariIy related with the amount of loanable funds and credit available

in a certain area. It is only indicative of the convenience represented by ~ hi~ number of offices

available to conduct bank operations.

For electric connection only Dhaka and Chittagong are relatively well developed. Most of the

country is badly developed, as also pointed out by the high coefficient of variation of this index.

Disturbances. Disturbances are categorized into 14 groups (see table 2). They include disturbances

such as strikes, flood, drought, pest attacks, cyclon~ salted water, govemment godoWD closed, etc.

They are obtained by screening of newspapers for news relative to aU districts. The total number of
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disturbances was higher in 1991/92 than in previous years, as the result of more strikes, particularly

transportation strikes. All disturbances were further classified into two categories (see table 3). The

first category has been denominated strike disturbances, and include full day strikCG, half day strikes,

transportation strike.', and curfews. This category is directly affecting the movement of goods, in so

far as they make either impossible or extremely difficult interdistrict transportation of commodities

such as rice, At best, they delay deliveries; at worst, they cause damage and serious disruptions in

the flow of trade. The second category has been denominated supply disturbances, and they include

floods, Indian water, dam flooding, drought, salted water, pest attacks. They affect production of rice

directly, and create localized scarcities. The disturbances originating from supply shocks have been

relatively stable, even though they have declined in the last year of the sample.

PrIces. Data on prices have been collected from the Department ofAgricultural Marketing. These

are weeklywholesale rice prices between 1989/90 and 1991/92, for the 64 district headquarters (ZiJa).

Many missing data were encountered in the data set. A fitting procedure consisting of three steps

was used to arrive at a data set of wholesale coarse rice price. This is the first time that such data

were computerized and used in an analysis of rice markets of Bangladesh. The fitting procedure

outlined below is therefore an initial attempt to produce a unified weekly price time series at district

level for Bangladesh. As such, it needs further exploratory work. In the first step, four rice prices

series compiled by the Department of Agricultural Marketing were cousidered: Aman HYV, Aman

local coarse, Aus HYV, and ~oro HYV, For each series a linear interpolation of missing data was

us'; ,7 whenever no more than.4 consecutive weeks were missing. In the second step, the four weekly

series were put together to create a series of weekly coarse prices. For each week of the year, the

minimum price available among the four series was chosen. In the third step, a new interpolation

of missing data, as in the first step, was undertaken on the series constructed in the second step.

Looking at mean and coefficients of variation of prices (sec table 4), a few observations can

be made. F'U'St, the volatility of prices seems to decline between 1989/90 and 1990/91. Second, the

level of variability of weekly prices is higher than the variability of nationwide monthly prices of
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wholesale coarse price, as reported for example in Goletti 1993a. The percentage difference is about

2-3 points. Third, contrary tu prior expectations, the price variability is quite limited, being less than

10 percent in all years, (or most of the markets considered. F'maI1y, the price variability among

districts is between 4 and 9 percent with an increasing movement during the 1990/91 (soc figure 1).

PoUcy

Numerous policy interventions may be identified that have a bearing on market integration.

However, the only set of policies that is considered in this paper is that related to foodgrain price

stabi1ization. In its attempt to stabilize seasonal and inter-year fluctuations, the government affects

the behavior of snarkets. The main instrument used in the context of Bangladesh is stock policy,

involving operations with foodgrain stocks, consisting of rice and wheat. The main operations are

those related to public distn'bution, procurement, and open market operations. Public distribution

involves either subsidization o( consumption o( foodgrains to target groups, or in kind transfers

according to specific programs, such as food for w\)rk programs. Procurement involves the purchase

of domestical1y produced rice at pre-specified prices with thc purpose of supporting prices. Opcn

market sales involve the sales of rice and wheat at pre-specified prices, with thc purpose to avoid

price hikes.

Thc government maintains public stocks of foodgrains and releases thosc stocks or incrcases

them in order to stabilize prices. This general behavior suggests a simple, crude measurc o( the

degroc of policy intervention. Since the correlation between public stocks and prices is expccted to

be negative, the higher the absolute value of such a correlation, the highe~ is the degroc of policy

intcrvention. Since we were not able to obtain weekly public stocks for all districts, we have used end

of the month stocks instead, and computed the correlation betwccn 'the average monthly prices at

each district and the end of month stocks. The results are r.eported in table 5, where also the

correlations of first differences of prices and public stocks arc shown.

,.
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4. Measures or integration

The intuitive idea behind the measurement of market integration is to understand the

interaction among prices in spatially separated markets. In the extreme case of two markets A and

B completely separated from each other, the prices of the same commodity should not be related.

If the areas where market A is located experiences a bad harvest, prices will suddenly increase. In

market B, there is no reason to assume that a bad harvest has also occurred. In the absence of

communication flows between the two markets, prices in B would not show any movement. On the

other hand, if A and B were integrated, the price in B would also increase. This is because some

food would flow from B to A decreasing the available supply in B. At the same time the price in A

would be lower than in the absence of market integration.

Therefore, the comovcment of prices gives an indication of the degree of market integration.

However, i~ is conceivable that two pairs of markets (A,B) and (A',B') exhibit the same price

comovement and yet show a different process of price adjustment. That suggests that the dynamics

of price adjustment may also give important information about the integration of the two markets.

If, for example, price shocks from A to B take longer to be transmitted than from A' to B', even

though the index of priCe comovement betwccn A and B is the same as between A' and B', then we

may think of the second pair more integrated than the first one.

This section considers various measures of integration. All these measures are derived nom

transformation of time series of prices, and involve various degrees of complexity, where complexity

is measured by the computational difficulty involved. The less complex measures will be considered

first. The first two measures, correlation coefficients and cointegration coefficients are explicitly

trying to capture the comovement aspect of price integration. The last two measures, long term

multipliers and composite measures, try to capture the dynamic aspect of price integration.

Correlation CoeJDcleDts

One simple way to study market integration is to consider correlation of price series at

different markets. This is intuitively related to the idea that integrated markets cxIu'bit prices that
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move together. Price correlations are the easiest way to measure these comovements. However, the

traditional tests of marlet integration focused on correlation coefficients of spatial prices (see Lele

1972 for India, Farruk 1970 for Bangladesh, Jones 1972 for Nigeria) mask the presence of other

synchronous factors, such as general price inflation, seasonality, population growth, procurement

policy, etc. Early criticism of this approach has been advanced by Blyn 1973, Harriss 1979, and

Timmer 1974.

One way to take care of some of this criticism is to consider correlation of price differences,

which has the attractive property of interpreting market integration as interdependence of price

changes in different markets. Moreover, price change would largely eliminate common trends that

introduce spurious correlation. This is the measure used in this paper and it will be denoted by Pu

.. Correlation of price changes between market i and market j, where i is different from j. For 64

markets, there arc 64-63/2-2016 ~uch correlation coefficients.

A statistics to test if the coefficients are significantly different from lero is given by

[1]

which has a t distribution with n-2 degrees of freedom, under the hypothesis that PlJ .. 0 (see

Lindgren 1976).

Besides the problem of spurious correlation, there are other serious problems related to the

often non stationary nature of the price series involved. These probleqlS arc taken up by the

cointegration analysis undertaken in the followLtg paragraphs.

Colntegratlon coefficients Il."td market segmentation

Within the analysis of one commodity that is undertaken in this paper, a relevant issue is to

understand if there is a stable relation among prices in different localities. Prices move from time

to time, and their margins are subject to various shocks, that may drive them apart or not. If in the

long run they exhibit a linear constant relation then we say that they are coinlt!grated. Let Ph
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denote the rice price at time t and at location i of a certain given quality and a certain given

marketing stage.

In order to study the interdependence of prices between any pair of markets i and j, it has

been recently (see Palaskas and Harriss 1991, Goodwin and Schroeder 1991, Ardeni 1989) suggested

to study if there is any relation among the price series in the two markets, such as the one expressed

by a linear relation of the type

(2]

Since the price series are generally nonstationary, this relation has interest only if the error

term lit is stationary, implying that price changes in market i do not drift far apart in the long run

from market j. When lit is stationary the two series are said to be c:ointegrated. However, standard

statistical techniques do not allow to c:onduct explicit significant tests of the parameters a and p.

Engle and Granger (1987) proposed a two-step procedure for evaluating the properties of a pair of

nonstationary economic time series.

In the first step, each series is taken separately and tested for the order ·of econometric

integration, that is for the number of times the series needs t.o be differenced before transforming

it into a stationary series. The test for integration is the Augmented Diclcey Fuller test (Diclcey and

Fuller, 1979).

t-I;

~Pl,l • ceo + ClIPl,I-1 + E cet.I~Pl,l·t + "
t-I

(3]

where A refers to the difference operator, that is AXj = Xi - lG... for each variable x. The null

hypothesis is that the series Pl.. is integrated of order 1, and the alternative hypothesis is that the

series is of order O. If the t statistics for the coefficient cr. is greater in absolute value than a aitical

value given by the Augmented-Dickey Fuller aitical value, then the null hypothesis is rejected. The
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alternative hypothesis of stationarity is accepted. If the null hypothesis is not rejected, thcn one must

go on to test whether the series is of order of integration higher than just 1, pOSSIbly of order 2. In

this case the same regression equation [2] is applied to the second differeuces A2p~1 co A (Ap~J.

In the second step, the residual II, of the OLS regression [1] between the two series is again

tested for stationarity, with the Augmented Dickey Fuller test.

If the first stage results in two nonstationary series, both integrated of order 1, and th~ second

stage results in a stationary error term, then the two series are said to be cointegrated of order 1,l.

The presence ofcointegration between two series is indicative of interdependence bctween the

two series. In other words, cointegration is indicative of non segmentation between the two series.

Cointegration analysis is a powerful tool to give a clear answer about the existence or not of a

relation between two economic time series. Unfortunately the cointegration coefficient fJ cannot be

tested to sec how strong this interdependence is (see Palaskas and Harris 1991).

In the previous section it was seen that two markets A and B are cointegrated when prices

exhibit a stable long term linear relation. Market segmentation refers to the case when the two

markets do not exhibit cointegration neither in the direction from A to B nor from B to A. This

could be easily checked in the data set to hold for 216 links out of 2016 links. However, in order to

have practical relevance, the definition of marker segmentation should be restricted even further.

It makes sense to consider only those pairs of markets that arc not close. If market A and

B are very far away from each other, the lack of cointegration may be due to transportation costs.

It is more interesting to focus on those markets that, in spite of being "close enough", do not exhibit

cointegration.

The problem is to define what constitutes a "close enough" distance. One reasonable way to

solve this problem in the case of rice markets in Bangladesh, is to considered only those markets such

that a truck could do a delivery within one day. A crude approximation is to consider markets

separated by a distance of less than 250 km, assuming that this is the maximum distance that could

be covered by onc day trip of a truck loaded with rice bags.
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Under these assumptions, segmented markets arc those markets that arc nol cointegrated with

each other and that arc separated by a distance of less than 250 kro.

The result is interesting, because out of 2016 links, only about 44 arc segmented in the sense

specified above (sec table 6). This would confum the intuition gathered during rapid appraisal

surveys of rice markets in Bangladesh (sec Goletti 1993c).

Finally, it L\ useful to point out that the segmented links could be easily tracked down and

policy intervention focused on them, in ord~r to arrive at an effective solution, Without setting up

complex panterritorial policies.

Dyn~c Atijustments

Often, it is not enough to say that markets arc integrated. One would like to know the extent

of integration. Segmentation occurs when there is no cointegration. Perfect integration would occur

. if the price in one market is just a translation of the price in the other market, implying that price

changes arc the same. The translation factor can be interpreted as a transfer cost between the two

markets. However, it is only in extreme cases that perfect integration or segmentation occurs. Most

of the time, intermediat~ degrees of integration occur. The effort of the analyst is then to make

precise how to measure these different degrees. The main issue becomes that to measure the

magnitude ofprice transmission. The immediate impact of price shocks should be distinguished from

the impact that is building over time. The process of price transmission usually takes time, M the

result of complex dynamic adjustments. A short run and a long run can then be distinguished, and

dynamie multipliers computed.

The reduced form of a ~tructural model ofspatial equihorium (sec Takayama and Judge 1971)

allows to compute magnitude and speed of the dynamic adjustment process. The price Pu is

expressed as dependent on a set 9t of variable;; affecting both supply and demand. Under the

conditions ofperfect competition, and ris1<: neutrality, the market equihorium is efficient (see Newbery

and Stiglitz 1981). However, these conditions are never satisfied. Imperfect competition, imperfect

information, the absence of markets to deal with risk, and many institutional constraints (such as anti-
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hoarding laws, limitations to credit for trading) introduce structural rigidities and affect the dynamics

of the price transmission process. Moreover, the presence of expectations and storage implies that

prices are better described by a dynamic process whereby the c:urrent and P?st value exogenous

variables arc taken into account, as in the following expression:

[4]

Information about the structural variables 81•1 is difficult to obtain. Boyd and Brorsen 1986,

and Rava1lion 1986 proposed to decompose this dynamic process into a deterministic part DI and a

sto~tic part 51 as follows:

[5]

The deterministic part includes trend and seasonal dummies. The stochastic part is modelled

as an autoregressive process, whereby the values of prices are regressed upon their past. Whereas

cointegration analysis offers a method to understand if there is any long run relation, the

autoregressive process of price changes allows. to study the dynamics of price transmission. Price

changes, instead of price level are the preferred unit of analysis. FltSt differences of logarithm. are

taken because they offer an immediate interpretation in terms of percentage change. For every pair

of market locations i and j, the following bivariate autoregressive process is estimated:

t.... II...

PLI • L aLt PLI-t + LPLII PJ.I-ll + ~I '1 + ELIt., 1100

(6)

where PLI is the price of rice in market i at time t, Pl.1 is the price of rice in market j at time t; Xta arc

exogenous variables such as seasonal dummies and time trend, and ELI is an error term. au>,8LIIJ and

'71 are coefficients to be estimated, and mu and I1j are the number of lags of prices in market i and

j, respectively.
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In the estin1l1tion, problems of simultaneity may be encountered, related to the

contemporaneous use of price in market i and in market j. Since both prices may respond to the

same type of &how, it is expected the error term ~LI to be correlated with the price Pl.I' To overcome

this problem, an instrumental variables estimation of Pj.• has been used, taking lagged values of the

prices of all markets included in the study. The three lags, one for prices in market ~ one for prices

in market it and one for the instrumental variables, are determined simultaneously by application of

the Akaike information criterion (see Akaike 1969).

The magnitude 01price adjustment is estimated with djlDlllJlic multipliers. Dynamic multipliers

are interpreted as the effect of a price change due to a random shock or a shift in an exogenous

variable. In the context of the model introduced above, the cumulative effect of a shock to price in

market j on the price in market ~ after k periods is

[7J

The full adjustment of the dynamic process described by the model is given by the long run

dynamic multiplier, which corresponds to

[8]

These expressions can be computed recursively as follows.

The immediate impact of price PL. and PJ,I on the expected value of PLI is given by 8EpLJ8P'L... 1,

and BEPLJBPJ.I .. {J~. For subsequent periods the following recursive formulas are used:

[9]
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and

(10)

Composite measures Involving both magnitude and speed or adjustment
I

The analysis of dynamic adjustments allows to study the- speed of price transmission. That .

is, how many days, weeks, or months are needed for prices to be transmitted from one location to

ano~r? This is an issue of concern to policy makers for reasons related to planning of food

distribution and price stabilization. Sometimes, the speed of the response of prices is related to the

efficiency of the market system. However, this assumption is not validated. Rapid adjustments are

just an indication of flexibility of the mechanism. They do not necessarily imply well functioning

systems. Within the context of this discussion, it is important to consider the speed of adjustment

as just another dimension of integration. Given two markets A and B with the same value of the

magnitude of price adjustment with respect to a third market C, then the lower is the time to

complete this adjustment, the better integrated the market. In other words, this suggests a new

indicator of integration which is a combination of thc magnitude and speed of adjustmcnt. A ratio

of the two would is lIf1 e;eample of such and indicator, after normalization between 0 and 1. This

ration is denoted by p, with p->.fr, where>. is the long term multiplier and r is the time to adjust

to the long run.

Comparison among main indicators or market Integr&Uon

As shown in table 7, whereas over 50 percent of markets are integrated according to the

correlation and cointegration measures, only 3S percent of the market links are integrated according

to the dynamic adjustment measures (magnitude, speed, and composite measure). One possible



•

16

explanation for this lower percentage in the case of measures that explicitly involve dynamics of price
,

transmission is that the requirements for the long term multipliers to be significantly different from

zeros are more atringent than the requirement that prices simply move together. Unfortunately, it

is not true that if markets are cointegrated, they also exhibit a long term multiplier different from

zero. The liuk between cointegration coefficient and long term multipliers has still to be fully

undersf,ood in the literature.

Table 7 also reports the descriptive statistics for these measures of integration, showing that

the average correlation coefficient of price changes is 23 percent, the average cointegration coefficient

is 0.68, that the long term adjustment is 61 percent and takes an average of 2.6 weeks.

5. Factors of Integration

Market integration, however measured, is the result of the action of traders, as well as the

operating environment determined by the infrastructure available for trading and policies affecting

the price transmission. All the measures of integration considered so far, have in common the

feature of being computed using only price information available in a specified period of time (156

weeks, covering three years). Each market link is summarized by just one number. ~ is quite an

ambitious, and dangerous thing to do. Markets are complex institutions, and their performance as

well as their integration is the result of numerous factors.

Among these factors marketing infrastructure related to transportation and communication

is an obvious candidate as explanatory variable. The effect of foodgraUi policy, with particular

reference to price stabilization, need also to be taken into account. In the extreme case, perfect

market integration occurs when prices are stabilized at the same level all over the country. This is

rarely the case, but it is indicative of the fact that integration as measw:ed by price comovements and

price transmission is heavily affected by government intervention. A third structural factor is the

degree of dissimilarity in rice production of various markets. The more dissimilar are the markets,

the more incentive they have to trade with each other. A final factor that might explain integration

is the presence of monopolistic practices, as suggested by Faminow and Benson 1990. Recent surveys
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conducted in rice markets in Bangladesh seem to lend little reliability to collusive or basis point

pricing as a good description of the market structure (sec Chowdhury 1992).

The various groups of factors can be succinctly expressed as follows.

Market integration =f(marketing infrastructure, price stabilization, production) (11)

The hypotheses are that marketing infrastructure contributes to integration positively; the degree of

dissimilarity of production per capita is also affecting positively market integration, since the more

dissimilar the markets the more the incentive to trade with each other; and, finally, price stabilization

affects positively the comovement of prices, even though makes more difficult the transmission of

signals from one market to another.

In order to test these hypotheses, one needs to specify the variables mentioned in the

formulation (11), and to estimate the related equations.

For each pair of markets i and j, let Mudenote a measure of market integration. The four

measures introduced in the previous section will be used, namely the correlation oC price differences,

Pu, the cointegration coefficient, bu' the long term multiplier ~u, and the cumposite measure, Pu,

incorporating both long term multiplier and time to adjust.

Morketing infrastructure includes transportation, communication, and credit.

Transportation in£'astructure and costs arc captured by the road distance between market i

and j, du, the road density, roadu, measured by the density oC paved roads per squared kilometer in

the areas surrounding the two markets i and j, the railways density, raitu, measured by the density of

railways per squared kilometers in the areas surrounding the two markets i and j, and the number

of strikes, strikeu' in the areas surrounding the two markets i and j.

Communication is measured by the density of telephones per capita, teleu, In the areas

surrounding markets i and j; credit availability is measured by the density per squared kilometer,

banku, oC bank branches in the areas surrounding markets i and j.
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The choice of the variable used to measure marketing infrastructure is clearly limited by the

availability of data at district level that we were able to obtain at this stage of the research. Since the

results that we got so far are encouraging, it is probably worthwhile to pursue further data collection

in order to measure these explanatory variables more accurately.

Price stDbi/lzotion policy is supposed to influence market integration in a complex matter. On

one hand, by smoothing seasonal and interyear fluctuations it enhances the comovement of ~rices

across markets. On the other hand, this very stabilizing process may hinder the transmission of 'Jrice

signals across markets, in a way that long term multipliers should be able to capture. In order. to test

these hypotheses, it is necessary to get an index of the degree of price stabilization policy t'Jldertakeu

by the government in various districts. , One simple way to do this is to consider the correlation

between prices and end of period public foodgrain stocks, in each district, as explained in section 3.

This variable is denoted by policyU' This correlation is expected to be negative; its absolute value is

taken to be indicative of the degree of foodgrain price stabilization policy.

Production affects market integration through the degree of dissimilarity in rice self-sufficiency

of various markets. If market i is a surplus market and market j is a deficit market, then the

likelihood that i and j are linked by trade in rice is higher than if both markets were surplus or

deficit, ceteris pan'bus. The degree of dissimilarity is measured by the absolute value of the

percentage difference in production per capita, and is.denoted by prodclt). Another variable related

to production that we were able to get is the number of production shocks affecting ·..anous districts.

These shocks include days of flooding, drought, cyclone, salted water, pest 'attack, as collected from

newspapers. They are denoted by shocku. Their effect on market integration is not clear a priori.

When the production shocks are of a tremendous magnitude, as for example during the flooding of

1987/88 and 1988/89, one would expect that market integration is disrupted. In the case of normal

production shocks, they may even positively affect market integration, in so far as they add incentives

to trade between affected are'as and other areas.

The equations that are estimated are then of the following type:
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MU .. f(dtJ,roadtJ,railtJ,strikeij,teleij,banku,poliCYij,prodctij,shocku> [12]

The results of the estimation arc reported in detailed form in table 8. Table 9 summarizes

the results. The positive feature of the model is that the effect of some structural factors appear to

be robust across different specification of the measure of market integration. Distance is affecting

market integration negatively, as expected; but this effect is significant only for correlation and

cointegration coefficients. Road infrastructure has apositive effect on market integration, significantly

so for correlation and composite measurl':S of integration. The sign of telephone density is quite

puzzling, and contrary to our hypothesis of a positive effect of communication on market integration.

The puzzle may be partly explained by the type of data that we have on telephone. What is relevant

to trade is not simply the availability of telephones in an area, but the availability of country-wide

telephones, as opposed to local phones that work only through an exchange operator in the district

headquarter. In a recent survey of rice markets in Bangladesh (Goletti 1993c) it was found that some

areas that depend heavily on rice trade, such as Bogra district, have very few country-wide telephones

available to traders.

Bank branches density does not allow to derive any conclusion. This is probably because this

variable is a very bad proxy of credit available to traders. Possibly, the total umount of bank deposits

or loans by district could be a better indic.ator.

Railways density has also a puzzling negative sign, especially for long term multiplier and

composite measures of integration. One partial explanation is that, as the 'survey mentioned above

suggested, rail transportation is undertaken over very long distances, when prompt delivery is not a

major consideration, as in the case of deliveries to the government. Moreover, the density of railways

is not necessarily related to the location of main trade links. The railway train network was built

largely in colonial times for considerations independent of rice trade.

Strikes have asignificant negative effect on market integration, since they disrupt normal trade.

Dissimilarity in production affects market integration positively. Shocks to production also show a

positive effect on market integration. This has probably to do with the period considered in the
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estimation, namely the three years 1989/90 to 1991/92, characterized by only mild (relative to

Bangladesh history) production shocks.

Finally, the degree of price stabilization policy seems to have an asymmetric effect on

correlation and cointegration coefficients, 011 one hand, and on long term multiplier and composite

measures, on the other hand. One possible explanation is that price stabilization is strengthening the

degree of price comovements as measured by correlation coefficients and cointegration coefficients,

but is hindering the process of price transmission as measured by long term multiplier and composite

measures.

6. Conclusions

This paper has explored several issues related to market integration, according to a two stage

approach. The first stage used time series methods to construct four measures of market integration;

the second stage introduced structural variables to explain market integration. The analysis was

applied to rice markets in Bangladesh, and it used a very comprehensive 'and new data set that

included weekly prices of rice over a period of 3 years for 64 districts, and structural variables at

district level.

The major conclusion ~f the first stage is that the degree of market integration in Bangladesh

is quite high. The segmented markets are less than 10 percent of all conceivable Iinks in the network

of the 64 markets of the data set, a network of 2016 links. Moreover, if only those links among

markets that are separated by a distance of less than 250 kms from each other are considered, the

number of segmented market Iinis is just 44.

The major conclusion of the second stage is that market integration is affected negatively by

distance of markets and number of strikes, whereas it is positively affected by the density of paved

road, the degree of dissimilarity in production, and the number of production shocks. Moreover,

whereas price stabilization policy has a positive effect on price comovements among markets, it

hinders the process of price transmission.
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Several implications for policy emerge from the previous ar.talysis. Firsl, a withdrawal of the

government from price stabilization policy will lower the comovelllent of prices, even though the

transmission of price signals will flow more efficiently among markets. Second, an important role of

the government in enhancing market integration is related to investmenl in road infrastructure.

Finally, a negotiating role in solving labor relation conflicts will help in reducing the frequency and

the incidence of strikes, enhancing thus the strength of market integration.
...
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Tablll 1_ Marketing Infrastructure and Production

ALL FIRST THIRD
SAMPLE THlR'I1LE THIRTILE

Variable Mean Standard Mean StaDdard Mean Standard
DeviaUon DevJadon DevJadon

Road density (Km 0.07 0.03 0.Q3 0.01 0.11 0.02
per squared Km)

Railways density 0.02 0.02 . 0 0 0.04 0.01
(KID per squared

KID)

Electrldty 11 26 3 1 24 44
Connections Density

(Number per
Squared KID)

Telephone density 100S 248S 281 S6 2343 4092
(number per mlJUon

people)

post.omce density 13 6 8 2 20 6
(number per million

people)

Bank branches S2 16 39 5 69 17
density (number per

million people)

Rice production 174 63 111 29 242 47
per capita (Kg per

capita per year)

Wheat production 10 12 0 1 23 12
.per capita (Kg per

capita per year)

Population density 822 521 473 184 . 1232 712
(Inhabitants per

squared KID)

Source: Data collected by Naser Parid.
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Table 2_ Types of Disturbances.

TYPE 1989/90 1990/91 1991/92 1989/92

FuU day strike 347 2fJ7 276 890

Hair day strike 7 2 8 17

Cunew 0 2 0 2

Transportation strike 296 91 lOSS 1442

Demurrage 7 20 6 33

Government godown closed 1 0 0 1

Government godown pest attack 1 0 0 1

'ndal surge and cyclone 108 46 33 187

Flood damage 27 3S 34 96

Indlan water 52 64 48 164

River/dam broken 50 91 30 171

Salted water 0 18 0 18

Drought 38 29 64 131

Pest attack 69 90 90 249

Source: Data collected by Naser Farid.
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Table 4_ Price Statistics by districts
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Tabln 3_ Disturbances by districts
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DunJCl' CGnlP.OI CGn(DP,DOI

OO,ALOON .0.41 .0.31

SIIAIUA'I? .0.9 .0.30

DIIAICA .0.40 002.,

O.wrt/l. .0.31 .0.00

NOUlllND .0." .0.14

NAMYAIIO .0.31 0.2.1

IdUIISHIGO .0.10 O,eM

NAllIICOON .0.21 .o.Of

SYUlBT .0.«1 .0.01

NOULVI.8 .0.'" .0.$7

HOBlOOIU .0." .0.01

IIINANOON .0." 0.01

COIdJl.L\ ....0••• .0.33

LII.UIA .0.11 .0.22

aJAIIDPUa .oAO .0.21

NOAICHAU .o.m .0.21

LAlCSllNIP .0.'1 .0031

FBNI .0.7' .0.11

CIlllTAOO .0." .0••,

COX".'" .0.30 .0.31

aANOAMAT .0." .0.30

KII1IORAOI .0. IS .0.0'

IAllDAIUIA .0.14 O.Of



32

Table 6_ Segmented Links: markets not cointegrated and less than 250 Ian apart
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Table 7_ Comparison of various measures of inlcgrntion
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Correlation coefficient p 53

Colntegralon coefficient b 56

Long term multiplier X 35

Time to alijust T 35

Composite measure It 35

Measure of Integration Percentage of
slgnJncant
market link..

Average of tbe StanlIard deviation
Measure of of the measure of
Integration over Integration over the
tbe slgnlncant slgntncant morket
mprket links links

0.23 0.08

0.68 0.14

0.61 0.25

2.6 1.15

0.31 0.24
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Table 9_ Summary effi:cts of structural factors on measures of integration.

Cmrelation of Cointcgration Long Term Composite Congruence
Price Coefficients Multiplier Measure among
Differences measures

Distance - - 0 0

Paved Road Density + 0 0 + +

Telephone Density 0

Bank Branches Density - + 0 + ?

Railway Density 0 0

Number of Strikes - 0

Degree of Price Stabilization + + - - +1-
Degree of lmsimilarity in + 0 + + +
Production

Production Shocks + 0 + 0 +

RZ 28.4 13.4 lL7 10.0

Notes
+ means signi6carivcly positive effect.

. - means significativcly negative effect.
omeans not sigDifativcly different from zero.
CoDgruence refers to the overall conclnsion from the different measures of integration.
+I- means that it has a positive effect on c:orrcIation aDd cointcgration coefficients aDd a negative effect on long term. multiplier aDd c:omposite measures.


