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ABSTRACT

Spatid and intetempord integration of food markets in developing
countries are important for the price sysem to efficiently alocate resources
and products across regions and time. Indias liberdisation of food crop
marketing in the ealy 1990's has renewed interest in evauding the
consequences for market integration. Not surprisngly, this interest is
widespread because dructurd change and liberdisation have occurred in the
agricultura sectors of many developing countries.

Given the importance of this topic there have been many internationa
dudies on agriculturd market integration. The influentid research in the
1990's criticised the early reliance on corrdaion anadysds due to the
prevaence of tempora trends in agriculturd commodity prices. These sudies
commonly usad Engle-Granger type cointegration techniques to overcome the
datigtica inference problems. The finding of cointegration was presented as
evidence of market integration.

This paper provides a critique of the rdiance of these studies on the
andyss of parwise price reationships usng correation and cointegration
techniques. It is shown by a smple example usng Indian wholesde wheat
prices that andyses which ignore the effects of smultaneity are flawed and
any conclusons about market integration based on this methodology, will be
invaid. A conceptud framework is developed which formdly modds market
price interdependencies in a Smultaneous system of tempord price equations.
Johansen's maximum  likelihood procedure is used to esimate the minimum
amount of information needed to identify the market system. This procedure
derives dgnificant long run cross-price, own-price, non-price and short run
equilibreting price eadticity messures which are used to indicate the degree of
market integration. Evidence is provided on market integration for Indian
wheat, jower, paddy rice, groundnut, rapeseed and mustard seed. Comparisons
are made before and after agricultural marketing liberalisation.

KEYWORDS: Market integration, system estimation, Johansen cointegration.
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1. Introduction

It is commonly believed that spatid and intertempord integration of food markets in
developing countries are preconditions for sustainable agricultura development. The more
markets are integrated the greater is the likdihood the price sysem will more efficiently
dlocate resources and products across regions and time. This will dlow the benefits of
technicd change and productivity improvements to dleviate poverty and hep achieve food
security. Since Leles (1967) pioneering study of jower prices in Western India there has
been renewed interest in market integration as a consequence of Indids actions to liberdise
food crop marketing in the early 1990's The importance in determining the effectiveness of
food makets to efficiently dlocate agriculturd produce under these new inditutiona
arangements is crucid to the development process. This interest has not been redtricted to
the Indian economy, since marketing liberdisation and structura change have occurred in the
agriculturd sectors of many developing countries.

Accordingly there have been a number of influentid internationd gudies in the late
1980's and the 1990's which atempt to measure agricultural market integration. The earlier
research relied on corrdation andyss, which was subsequently criticised by Harriss (1979)
and others. This view argued that high corrdations between agriculturd prices might not
reflect close behaviord reaionships. Rather they may indicate spurious relationships caused
by common tempord trends which are prevdent in agricultura time series. Ravdlion (1986)
modelled market prices as possbly non-stationary error correction type processes which
were edimated usng ingdrumenta varidbles. Pdaskas and Harris-White (1993) and
Alexander and Wyeth (1994) estimated the error correction model using cointegration and
Granger causality ordinary least squares (OLS) techniques.

Dercon (1995), Barrett (1996), Timmer (1996) and Baulch (1997ab) have in turn
criticised these sudies for relying on market prices and cointegration techniques to explore
the degree of market integration. Excluding other important information like trangportation
costs and trade flows means that finding cointegration does not necessarily mean that markets
are integrated. For example, arbitrage will not occur where transport costs are high relative to
price variations across markets. If these markets face common production shocks and prices
have common time trends then the markets may be cointegrated athough not necessarily
integrated. Alternatively, integrated markets may not appear cointegrated due to the
discontinuous nature of trade flows caused by seasond and other effects. Indeed Barrett



(1996, p. 827) clams that ".. cointegration is neither necessary or sufficient for market
integration”.

This paper provides a critique of the empirica studies on market integration that are
based on corrdation and cointegration andyses® It is argued here that these studies use
ingppropriate methods which neglect important smultaneity effects across product markets.
The next section congders an example of Indian wheat markets to demonstrate the dangers of
ignoring the possible multiple interdependencies between markets. A conceptud framework,
which overcomes these problems by explicitty moddling price interdependencies across
markets is developed in Section 3. The andysis is expanded in Section 4 to incorporate the
complications caused by non-dationary market prices in the form of vector autoregresson
goedifications. The modd is then edimaed in Section 5 usdng full information maximum
likelihood techniques and wholesde prices for wheat. This procedure determines the rank of
the price sysem and derives plausble cross-price dadticity measures, defined as the
proportionate change in the equilibrium wholesde price in one maket rdaive to a
proportionate change in the equilibrium wholesdle price in other markets. The robustness of
these results are tested in terms of Granger block causdlity andlysis. Section 6 reports the rank
and dadticity estimates for jower, paddy rice, groundnut and rapeseed and mustard seed for
the pre and post liberdisation periods in India Summaries and conclusions are provided in
Section 7.

2. A Critique of Market I ntegration Analyses

Ealier empirica gudies of market integration relied on the cdculaion of parwise
corrdation coefficients for observed market prices. By way of example, the correation
coefficients for the end of month wholessle whest prices for nine important Indian markets
are shown in Table 1.2 Note that al measures for the period January, 1991 to June, 1998 are
very high, within te range of 0.86 to 0.98, and with average 0.92. The smple and transparent
measure of correation is wel known and forms the bass of much vaued datigtica andyss.
However the criticism of this gpproach detalls the possbly mideading nature of these
measures caused by spurious tempord relationships between the price variables. It is argued
that it is important to digtinguish the contribution of a common underlying time trend for the

1 Thefocus of this paper is to provide a critique of market integration studies and to construct a conceptual

model and apply empirical techniques which overcome the identified problems. Because if this focus the
paper does not directly consider the broader and important issue of market efficiency.
Microfit 4.0 was used for all the econometric estimations. Vide Pesaran and Pesaran (1997).



price series from joint behaviord characteristics of each of these price varidbles. If the
corrdation is principally due to the non-dationarity of the series then the incorrect concluson
that these variables are cdlosdy related in terms of the interactions of cause and effect will
provideinvaid policy advise.

To demondrate the importance of the intertempora behavior of prices, consder the
gmple firs order autoregressve representation p, =r p.,+v, t=23,..,n of the
wholesdle price series {p,t=12,...,n} with cusomay assumptions v,1 N(0,sZ) and
-1<r <1. This representation is common to the dynamic analyss of demand and supply and
cobweb type specifications. The important redtriction on r  ensures ability of these classes
of models. However if r 31, the series in deemed non-dationary and the associated models

become unstable. Moreover the presence of non-dationarity introduces problems of datistical
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inference. The ordinary least squares edimator, F has vaiance, s’ = 1
-r

undefined for r 3 1. The t-test cannot therefore be used to test for datisticd Sgnificance of
r , which importantly describes the dynamic evolution of the price varigble, p . For these

reesons the sudies on market integration in the 1990's were critical of the reliance on
correlaion coefficients and used cointegration techniques to analyse non-gtationary variables.
It is clear from ingpection of Table 2 that the wholesde wheat prices are non

stationary, p, [1(1) according to the augmented Dickey-Fuller (ADF) test®  Whilst the
Bahraich and Amritsar market prices are daionary, | (0), when the trend is induded in the
ADF regresson, they become nondationary without the trend. This implies that
cointegration techniques should be used in place of smple corrdation and linear regresson

andyss for these prices. To determine the effects of the non-dationary trend on the

wholesale whest prices, the trend values denoted { fi;t=12,...,n} were calculated from each

origind price series { p;t=12,...,n} by optimising the Hodrick-Prescott (1980) criterion for
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If the absolute values of the test statistics are greater than the critical values then the null hypothesis of non-
stationarity is rejected. The optimum order of the distributed lag (shown in parentheses) was selected
according to the Schwarz Bayesian criterion (SBC).

The parameter | was set to 126,400 as advised by Peseran and Peseran (1997) for monthly observations.
See also Harvey and Jaeger (1993).



Tablel
Correlation Coefficients
End of Month Wholesale Wheat Prices. Raw Data
January, 1991 to June, 1998

Patna Rajkot | Karnal | Indore | Hapur | Kanpur | Bahar- Delhi Anit-

aich sar
Patna 1.00 91 .90 91 91 91 92 93 .90
Rajkot 1.00 .90 .89 .88 .90 .89 91 .88
Karnal 1.00 .90 .96 91 95 .98 97
Indore 1.00 87 .86 .86 91 .90
Hapur 1.00 97 .96 97 94
Kanpur 1.00 .98 97 93
Bahraich 1.00 97 94
Dehi 1.00 97
Amritsar 1.00

Table?2
Augmented Dickey-Fuller Testsfor Wholesale Wheat Price Non-Stationarity *
January, 1992 to June, 1998

R - Price Level® Dp, - Price Difference? Find Result
Patna -1.884  NT (0) -5.850 NT (3) 1(2)
Rajkot 2450 T (1) -11.511  NT (0) 1(2)
Karnal 2815 T (1) -4.495 NT (6) 1(2)
Indore 2578 T (1) -12.986 NT (0) 1(2)
Hapur 3009 T (0 -8.793 NT (0) 1(2)
Kanpur 3373 T () -7.386  NT (0) 1(2)
Bahraich 3761 T (D) 1(0)
Delhi 3200 T (1) -7.596  NT (0) 1(2)
Amritsar 3663 T (1) 1(0) *

Notes. ! All wholesale prices arein Naperian logs.

2 The test statistics in bold denote greater than the 5% critical values of -2.899 for no linear trend
included (NT) in the ADF regression and -3.467 for linear trend included (T). The optimum order
of the distributed lag in the ADF regression is shown in parentheses.

The price series in levels was found to be | (1) when the trend was excluded from the ADF
regression.



Table3
Correlation Coefficients
End of Month Wholesale Wheat Prices: Detrended
January, 1991 to June, 1998

Patna Rajkot | Karnal | Indore | Hapur | Kanpur | Bahar- Delhi Anit-

aich sar
Patna 1.00 79 74 75 a7 .78 .80 .83 75
Rajkot 1.00 .67 .67 64 73 .70 71 .63
Karnal 1.00 .65 .90 .90 91 94 .90
Indore 1.00 .59 .60 .62 67 .65
Hapur 1.00 93 .90 91 .83
Kanpur 1.00 .95 93 .83
Bahraich 1.00 94 .86
Delhi 1.00 .90
Amritsar 1.00

Table4
Correlation Coefficients
End of Month Wholesale Wheat Prices: Partial Effects
January, 1991 to June, 1998

Patna Rajkot | Karnal | Indore | Hapur | Kanpur | Bahar- Delhi Anit-

aich sar
Patna 1.00 .38 -21 .33 .16 .00 20 23 -.09
Rajkot 1.00 .00 25 -22 27 -.07 .00 -.03
Karnal 1.00 .16 23 .02 .03 39 .35
Indore 1.00 -04 -.08 -17 .10 18
Hapur 1.00 46 -.05 .16 .02
Kanpur 1.00 .56 A2 -14
Bahraich 1.00 21 A1
Delhi 1.00 31
Amritsar 1.00




The correlation coefficients for the de-trended series are shown in Table 3. Note the
reduction in many of the vaues with the average fdling from 0.92 to 0.79 and the range
increesing from 0.86-0.98 to 0.59-0.95. The Rakot and Indore market prices appear most
affected by trending prices whilst the Kand, Dehi and Amritssr prices, with important
exceptions, are least affected.

It is clear that the very high corrdations reported in Table 1 are dependent to varying
degrees on the tempord effects, athough these effects are not as large as some would expect.
Neverthdess, the use of edimation procedures which explicitly dlow for non-dationarity in
the wholesde prices are appropriate. Examples of the studies which use cointegration
andyss indude Baffes (1991), Goodwin and Schroeder (1991), Palaskas and Harris-White
(1993), Alexander and Wyeth (1994), Dercon (1995), Goletti, Ahmed and Farid (1995),
Schroeder (1997), lsmet, Barkley and llewelyn (1998), Zanias (1993, 1999) and Centeno and
Mello (1999).

However, this paper agues that these dudies ignore the smultaneous
interdependencies across markets. The cointegration techniques used in these sudies dl have
the common characteristic of pairwise price andyses. This paper argues that this gpproach is
flaved and contradicts the notion of testing market integration. The finding of parwise
relationships is only one smple aspect of market integration. Indeed it is possble that whilst
markets may not exhibit high parwise rdationships the interdependencies may accumulate in
complicated ways over a range of markets. Alternatively, observed corrdations between two
price variables may be due to the effects of pricesin other markets.

Removing the gmultaneous effects from esch wholesdle price vaidble and
cdculating the new corrdation coefficients can eesly tet whether these effects are
important. This was done by regressng each price varidble againgt al other prices (excluding
the price which was to be included in the pairwise correation). The predicted values for each
price, p, was then removed from the origind price varidble and the corrdation coefficients

recaculated. These vaues ae shown in Table 4 and the differences are driking when
compared to the correlations for the detrended prices in Tables 1 and 3. These results have a
number of important implications. The firg is that only seven of these 36 measures are now
greater than 0.30. They are Kanpur with Bahraich (0.56) and Hapur (0.46), Karnal with Delhi
(0.39) and Anmritsar (0.35), Ddhi with Amritsar (0.31), and Patha with Rgkot (0.38) and
Indore (0.33). Second, the new range of -0.21 to 0.56 is double the previous range of 0.59-
095, indicating a much larger vaidion in parwise reaionships. Third, there are smdl



negative corrdations indicating inverse reaionships between market prices for Pana and
Kana (-0.21), Rakot and Hapur (-0.22), Indore and Bahraich (-0.17) and Kanpur and
Amritsar (-0.14). Negative relaionships are possble, for example, a shift of productive or
marketing resources from one market to another could cause an inverse relationship between
the costs and prices in these two markets® Findly, the mgority of messures are not different
from zero with the average value of the corrdation coefficients fdling from 0.79 to 0.11. The
concluson to be drawn from this smple demondration is that Smultaneous inter-market
effects are very important. The andytic methods based on pairwise anadyss of market prices
do not identify these sgnificant effects. In one sense the corrdation and Engle-Granger type
cointegration anayses may double count the interdependencies, which inflates the pairwise
measures used causing a bias towards finding in favour of market integration. An dternative
interpretetion is that these sudies, which do not find dgnificant pairwise rdationships, may
in fact be missing more complicated Smultaneous market integration effects.

In order to illudrate these effects consder the four markets Anvitsar, Delhi, Karnal
and Hapur. Figure 1 summarises the relationships between these market prices with the three
pairwise correlaions caculated from the raw data (Table 1)/ 'detrended data (Table 3) and
on the next line, 'partid datd with the smultaneous effects removed (Table 4). The measured
correlation between the Amritsar and Hapur raw data prices of 0.94 conceds a non-existent
direct relationship of 0.02 between these prices. The smultaneity occurs between Amritsar
and Kana and between Kand and Hapur. This indirect rdationship, whilst different in
details, dso occurs between Hapur and Anritsar via the Delhi market. Both of these indirect
effects reinforce the gpparent direct correlation and cointegration between the Amritsar and
Hapur markets whilst the partid corrdation is only 0.02. This result is very different to the
direct relationship between the Dehi and Karna markets, where the partial correlation effect
is relativedy high a 039. Clealy the finding of dgnificant (or inggnificant) cointegrating
reationships between pairs of price does not indicate whether markets are integrated or not.
The sudies by Baffes (1991), Goodwin and Schroeder (1991), Palaskas and Harris-White
(1993), Alexander and Wyeth (1994), Dercon (1995), Goletti, Ahmed and Farid (1995),
Schroeder (1997), Ismet, Barkley and llewelyn (1998), Zanias (1993, 1999) and Centeno and
Melo (1999) use flaved methodology. By ignoring important Smultaneous effects their
conclusions relaing to market integration based on this anaysiswill beinvaid.

®  There are another five correlations, which although negative, are in the range of -0.03 to -0.90. The

possibility of inverserelationshipsis discussed in more detail in Section 5 of this paper.



Figurel
Selected Correlation Coefficients
End of Month Wholesale Wheat Prices
January, 1991 to June, 1998

Corrdations are shown as ca culated from:
raw data/ detrended
Amritsar V\ partia effects
0.97/0.90
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002 \
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In light of the many inggnificant partid corrdations shown in Table 4, the question
becomes how many dgnificat rdationships (if any) exig within the sysem of prices?
Remembering that the example in Fgure 1 only congders a maximum of two links a a time
the quedtion is non-trivid for the large subsets of the sysem of markets. Another way of
viewing this is to consder how many combinatiions of prices describe, or more correctly,
identify the dgnificant multi-dimensona spatia price reaionships. For the smal subset of
four markets consdered in Figure 1, two pairs of prices describe the links between Amritsar
and Hapur via Dehi andlor Karnd. Equivaently, an dternative combination of two price
pars link Dehi with Karnd via Amritssar and/or Hapur. The complexity increases nonlinearly
as the spatid dimension increases and 0 it becomes necessary to formulate the problem of
identification of the vector of prices more formdly. This is done in the next section by
devdoping a sysem of smultaneous equations which aso overcomes the objections of
Ravdllion (1986) and Baulch (1997a).



3. AFormal Mode of Price I nterdependencies

Consider the system of n demand equations. The demand for the i" commodity (i = 1,
2, ..., n) denoted q, is specified to be a function of its own price, pi , the prices of al other

commodities, pj ( = 1, 2, ..., i-1, i+1,..., n) and income, X;. All other effects on the demand
for good i are included in each demand equetion in the form of a vector z :

Q1d =Py tPuPL PPy T +Py, P, 0%, +d;Z)
qg =Py PP PPt +P,,P, 9%, +d,Z,

@

Of =Prot PPy +Pn2Py + oo +P 1 Py +0,X%, +d, 2,

Assume that the demand for each commodity is inversdy reaed to its own price and
postively related to the prices of other commodities, which are assumed to be gross
subgtitutes. That is:

p; =9a'/Tp <0 and p;=19’/Ip; <0, " it j. @)

The commodities are dso assumed to be normd, giving podtive income effects, whilst the
effects of dl other factors, z, are dlowed to be ambiguous:

9, =T9'/Tx20 ad d =7¢'/7z30. &)

Now consder possble interdependencies between these equations. For example, let
totd income affect the demand for each commodity, so that the income vaiable in each

demand equation, x; is replaced byx:é x . If it is dso assumed that total production

i=1
supplied to these markets comprises total income for the economy, then the identity, q° © X,

aso holds. In equilibrium we have for each market, g = g°, so that:

& Mo _ dT9’ _n .o
a—=1 ad g—=0,"j=01,...n 4
i=1 ﬂx i=1 ﬂpj

The equditiesin (4) can be smply expressed as the adding up requirements:
épijzédizo, "j=0,1,....n and égi:1 (5)
i=1 i=1 i=1

which are the direct results of:



Q=g =x=a X - (6)

i=1

The important consequences of these assumptions shown in relationships (4), (5) and
(6) are that the n equations in (1) form a linearly dependent set. Accordingly, any arbitrarily
chosen eguation in this example can be determined from the remaining n-1 equations in (1)
and the congraining identity (6).

The importance of this demondration lies in the possble interdependencies across
these eguations. If some of these markets ae integrated then each will form a linear
combination of the other markets. Prices for each of these commodities do not need to be the
same, only some condant multiple of the other prices. This sructure therefore redidicaly
dlows for price differentids across markets, which may be due to different production
environments, varying qudities of the same commodities or different transportation and other
marketing costs. Now consder the subset of the vector of prices in the commodity demand

equations (1) in more detail:®

{ D1 +PuaPi +P 1P +vovvveerst Py P
{PatPaP +PrpP, +oeeee. +P 5 P}
(7)

{Poo PP +P 2Py + e +P Py}

The minimum number of eguations, necessxry to fully describe the system, will
indicate the extent of market interdependencies. Putting the system of prices shown in (7)

into metrix form gives

éplo Pu - - Pn l}'éll‘;l

11 P2 P - - P, UeP, U
P'p=¢e. . . Ué u (8)

Phel Ge

8w Pu - - PumHER.H

€U 0y Py - . PyUERU

Pl Pry P - - PRUEPU

=e . u+e . . L ue . u

e.aée. . . ue.

g)nOH ggnl pn2 ' ' pnnagpnﬁ
\ Pp'=P +Pp ©

®  Theconstant terms, P,y,i =1,2, ...,n, may beconsidered to include all other relevant factors.
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This shows that the rank, r >0 of the n” n coefficent matrix P, will indicate the number of
independent price equations. If the rank of the matrix P is unity then only one equation is
required to describe the full system of price equations, which implies the markets prices are
fully interrdlated. On the other hand, if P is found to have full rank, n, then al of the n
equations are required to describe the system so that there needs to be an equation to explain
each endogenous price. For dl other possble vaues, 1£r <n, the rank will indicate the
extent of the interdependencies between market prices. For example, integrated markets
segmented into two digoint regions will have arank of two.

Returning to the wheat example, the end of month wholesae prices for each of the
nine markets are graphed in Figure 2 for the period January, 1991 to June, 1998. Whilg it is
difficult to disentangle individua market price behavior, it can be seen tha there are possbly
two identifidble groups. The Patna, Rgkot and Indore market prices are characterigticaly
higher than the remaining market prices and casua observation indicates that possbly two
price vectors are sufficient to describe the nine markets. However closer examination of the
fird¢ group of prices in Figure 3 shows that there are important divergences in price
movements. From mid 1991 to mid 1992, the Patna price is consgtently above the Rgkot and
Indore market prices, which move closaly together. There are changing patterns between
these prices until mid 1995, after which the three prices come together until early 1997. After
this, the close rdationships bresk down with the Indore price moving away and above the
Patna and Rajkot prices. It is possible that two (or more) prices are required to explain these
markets.

Figure 4 deals the remaining sx makets whose price behavior appear more
consgent across markets, dthough it is possble that the Hapur, Kanpur, Bahraich and Dehi
markets could be separated into another sub-group. It appears there needs © be two prices to
describe this group, giving a total of at least four price vectors needed to explain the price
behavior of the nine markets. The rank, r, of the system would therefore be expected to be in

the order of four (or more).
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The reduced rank system, Qi P hasdimenson r” n, for r <n, and can be formadly

represented as.

éb, by, D, UEP; U

b, by, b,,Uép,u
bp=¢€. . ué . a (10)
- . 0. d

sbrl br2 brn Hsan

The number of reduced rank vectors required to span the P space is therefore r, shown as the
number of rows in b . The estimation of the b matrix will dso provide important detail about

how prices are relaied across markets. This will require efficient and conggtent estimation in a
smultaneous setting, which  explicitly includes cross maket covariances Full  information
maximum likelihood is therefore gppropriate. It would be very useful if the procedure dso
provided standard errors estimates for these coefficients.

The fina important complication that needs to be addressed is the possble presence of
common tempora affects on prices across markets. It is necessary to determine whether
obsarved reationships represent datigticaly dgnificant behaviord  interdependencies  between
the prices or spurious relationships due to non-dationary time series. These aspects will be

conddered in more detall in the next section.

4. Modelling Non-Stationary Prices

The edimation procedure needs to obtain edtimates of the rank, r, of the coefficient
matrix P and to efficiently and consstently estimate the bijT b coefficients of the reduced

matrix.”  This procedure needs to take into account both the smultandity and possible non
dationary characterigtics of the market prices. Unfortunately, the presence of intertempora
non-dationary effects complicates the system gpecification and estimation. An gppropriate
method is to use Johansen's vector autoregressve (VAR) agpproach which explicitly
incorporates both systematic spatia and tempora effects® To this end define a VAR for the
n” 1 vector of market prices, B

P, :§°+ék Fip,. +é|_ Y X, +u

i=1

— =0

t=1.2,...,T (11)

t

" Sincetherank of the matrix is determined asr therewill be r * n elements, b of matrix b .

8 Vide Johansen (1991, 1995), Johansen and Julius (1992) and Pesaran and Pesaran (1997).
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where X :{g,g,_z} represents dl dationary non-price effects defined in (1) above. This

relationship can therefore be interpreted as wholesde prices being determined by the history of
prices and other factors which represent the marketable surplus. This relationship has an error
correction (ECM) representation:

k-1 |
DEt :§O+é- GDEt-i +P_pt—k+é-ijt'i+V\lt (12)
i=1 j:O

k
where P :é_ F.-1, with | denoting the identity matrix. This P matrix is the equivaent to

i=1
the P matrix in relationship (9) extended to sum the over the distributed lag, i = 1, 2, ..., k.°
Its rank, r, can be determined using Johansen's trace, eigenvalue and mode sdection criteria

Once this is determined the b; elements of the b matrix can be estimated with standard
erors udng full information maximum likeihood methods The rdationship between the P
and b matricesis given by:

P =ab¢ (13)
where the b matrix has dimenson r” n and represents the long run steedy dtate relationship
between the equilibrium prices. Whilst the n prices p;,,j =1,2,...n ae non-gdionary in
levdls p [ 1(1) and sationary in first differences, Dp, [ 1(0), the relationship b, is
stationary, b, [11(0). The r” 1 relations given by bdp, are called he cointegrating vectors

and if the prices are in Nagperian log form, p =InP, i=12,...,n then the raio of the

coefficients- b—' represent market equilibrium cross-price elagticities, g, , defined as:
J

fink __ R/R _
- = =e.
Tk~ R/R

b.
- b_'J = (14
It can be argued that the finding of sgnificant market cross-price esimates in the cointegrating
relationships characterise the extent of market price interdependencies in long run equilibrium.
Findly, the n"r marix a will dso be of interet because it gives the edtimated (error
correction) responses of market prices to short run deviations from the long run equilibrium
relaionships.

®  Thematricesare equivalent for k = 0.
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The smultaneous egtimation, which is centrd to this paper, overcomes the objections
of Ravalion (1986) and Baulch (1997a) and does away with the need to arbitrarily sdect a
benchmark market whereby only pairwise comparisons can be made. This gpproach highlights
the deficiency of previous cointegaion studies which have been redricted to Engle-Granger
type techniques These single equation procedures are inconsstent with the smultanety
characterigtics of the markets they are testing and contradict their purpose of testing for market
integration. The paper will now edimate the deady date cointegrating relationships to derive
the long run equilibrium cross-price eadticities.

5. Estimation of the Simultaneous Model for the Wholesale Prices of Wheat

Returning again to the end of month wholesale whesat prices, the important question is
whether these observed co-movements of these prices reflect close behaviord
interdependencies between markets or spurious tempora relationships due to common time
trends. As mentioned in Section 2 the augmented Dickey-Fuller test found that al of the whesat
prices appeared to be non-detionary.’® However it is generdly acknowledged that these test
results have low power in rdaively smal sub-samples and tend to be biased in the presence of
structurd change and seasondlity.** Whilst some of these factors can be incorporated into tests
of daionarity, it is more sensble to assume the system of wholesale prices are non-dationary
and to use Johansen's FIML cointegration estimation. The additional benefit of usng the
Johansen procedure is that it dso checks the joint Sationarity of al the market prices when full
rank is found.*?

To further account for these complicating factors, dummy variables were included in
the dationary X matrix in specification (12) to capture seasonal and sructural change effects.
Eleven seasond dummy variables were included for the months of January to November in
addition to the congant term. A sructura dummy variable took the vaue one for the period
October, 1991 to March, 1993 and zero esewhere. There was dso high inflation in the
reported period 1996-97 for production in 1995-96, due to speculation that there was going to
be a shortfal in wheat production. Because this occurred towards the end of sample and there
is a degrees of freedom congraint, no dummy variable was included for this effect.

10 All variables are in Naperian logs to facilitate elasticity calculations in the cointegration analysis. Bahraich

and Amritsar were only non-stationary if the trend was excluded from the ADF regression. There were large
differences between the model selection criteriafor Patnaand Karnal.

1 Vide Perron (1989).

12 The procedure also allows over-identifying restrictions to test whether the possibly stationary market prices
should be excluded from the cointegration analysis.
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The firsd gep in the estimation procedure is to determine the optimum lag length, K, of
the VAR modd specified in (12) above. Both the Schwarz Bayesian criterion (SBC) and the
adjusted likelihood ratio test agree the optimum lag is order 1, which indicates there is only
low order memory effects in the vector of month-end wholesale prices. This implies that whesat
markets equilibrate relaively quickly, over one to two months, consstent with observed
clearing of product surpluses and deficits by private and public buying and sdling in these
markets. Interestingly, it gppears tha inventories are not held for longer periods of time
because they typically induce an autoregressive structure in the prices.

The fird order cointegrating VAR with redricted intercept and no trend give mixed
results for the determination of the rank of the sysem. The estimated eigenvaues are liged in
descending order:

{0.738, 0.629, 0.586, 0.470, 0.340, 0.289, 0.237, 0.168, 0.140}

All modd sdection measures are flat over range with the Akake Information criterion (AIC)
and Hann-Quinn criterion (HQC) indicating a rank of eght. This large number of cointegrating
vectors is supported by the likdihood ratio (LR) trace test which implies that seven to eight
equations are required to explain the nine wholesale market prices. This surprigngly large rank
condition is not supported by the eigenvalues, which would have to include such low vaues as
0.168 and 0.140. It appears that the degrees of freedom condraint is adversdy affecting these
measures. The Schwarz Bayesan criterion (SBC) tends to be the most reliable measure and
indicates a rank of three. This preferred modd sdlection criterion is aso the most parsmonious
and is conggtent for large samples when the ‘true mode is known. Under the assumption of
efficent markets then dl prices will be fully reveding and will therefore reflect the true
unknown modd and S0 this measure would consgently measure the number of cointegrating
vectors. The LR maxima eigenvalue measure supports this with a rank of four, which agrees
with the prior andyss of the price series in Figures 2 to 4. From these conflicting results there
appear to be possibly four cointegrating vectors.

If this concluson is accepted then four relaionships explain dl the market prices for
the post-liberdisation period in agriculturd marketing. To help interpret this result congder the
wholesale price as the dependent variable in equation (12).* Here there is an equation for each
of the nine markets which forms a VAR system of nine smultaneous equetions. The esimation

procedure used here, being FIML, takes account of the cross equation covariances as explained

13 This equation can be thought of as the marketable surplus determining market price.
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in the giticiams in Section 2 of this paper of the studies by Paaskas and Harris-White (1993),
Alexander and Wyeth (1994), Dercon (1995) and others. The finding of cointegration indicates
that linear combinations of these equations are dationary so that the prices for the different
markets have a dationary long run equilibrium relaionship. Note that this reationship alows
differences between prices reflecting differences across markets in terms of such things like
qudity and productive efficiency. However for cointegration to exist these differences must be
congant over time. Now a finding of rank of four indicates that the price reaionships are not
unique S0 that only four price equations are required to explain dl the nine equilibrium market
prices. This indicates a degree of market integration, as defined in the Smultaneous mode of
Section 3, whereby the nine price vectors are linear combinations of each other so that they can
be condensed into four representative vectors. The four estimated long run cointegrating

vectors in § and the associated short run error correction coefficients given by & are detailed

in Table 5. All of the sgnificant error correction coefficients a the 5% level have the correct
sgn. However, thee findings are not sufficient to conclude the markets for wheat are
integrated and it is advisable to obtain more information about the interdependencies between
the wholesale whest prices.

The maximum likeihood esimaes of the @ﬂp matrix are dso presented in Table 6.

Remember that according to (14) the prices in logs derive the cross-price dadticities. These
eladicities were cdculated by identifying dl of the cointegrated vectors and normdisng esch
vector on a market wholesde price (which is liged in the left hand column) and estimating
using maximum likelihood. That isfor the m™ cointegrating vector, 1E £ r

{b/"p+b'p, +..+b"p, +..+ b"p +..+b"pl =ul N(0s?)

Taking expectations of both Sdes and normaisng for p. gives

b? by bl pp
=- L1 p-—23pP, - —Pi- - —p_. 15
pl b.m pl b.m p2 bim pJ bm pn ( )

This rdationship can then be identified by exduding the required number of variables with
smdlest coefficients™* Maximum likelihood estimation will give the eladticity estimate:

e'=- i m_ (16)

14 Exact identification required applying r restrictions on the price variables in each cointegrating vector. One of

the restrictions was the normalisation which left r-1 zero restrictions. Where these restrictions coincided
across the cointegrating coefficients, the next smallest coefficient was used the exclude that variable.
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condgent with (14). Only the dadicity edimates that are dgnificant a the 10% levd ae
included in the table. Where the dadticities were Sgnificant for more than one cointegrating
vector the vaue with the highest t-datistic was selected. The superscript denotes the relevant
cointegrating vector from which the edimate is derived and the t-ddidics are included in
parentheses below the estimated coefficients. Each dadticity refers to the percent change in the
equilibrium price for the market liged in the left hand column of that row, associated with a
one percent increase in the equilibrium price for the market liged a the head of the rdevant
column. The exception is the find column, which shows the eadticities caused by non-price
effects. It is important to note that these are not short run eadicities. They should be
interpreted as measures of respondveness of equilibrium market prices, caculated from the
long run equilibrium cointegrating relationships, which characterise steady Sate.

Overdl there are 42 out of a possble 72 pairwise dadticities (nearly 60%) which are
sgnificant. Remember that each edimate has been derived from the sSmultaneous estimation
over dl makets which takes into account al possble interdependencies. As shown in Table 4
of Section 2 the number of dgnificant parwise reationships fdl dramaticdly when
smultaneous effects are netted out. In this sense there are a surprisng number of sgnificant
relaionships, dthough it is expected the magnitudes of the estimates could be sendtive to the
Specification of the system.

Twenty-five of these edimaes have podtive dgn indicating an increese in the
equilibrium price in one market is associated with an incresse in the equilibrium price of
another market in the long run. Ten of these measures are indadtic ranging in vaue from 0.18
to 0.86, whilst the remaining dastic measures range from 112 to 3.79.° There are many
possble examples which explain this long run postive relaionship in prices. One is an excess
demand in a market causng an abitraging import of produce from another market, which
causes prices to rise in both markets. Another example is a common increase in demand for
wheat across markets causing a generd increase in prices. Interestingly the dagticity between
two makets is the inverse of the reverse dadicity estimate only when both measures are
cdculated from the same cointegrating vector. More dggnificat  effects from  other
cointegrating relaionships can therefore derive asymmetric responses between markets in the
long run. For example the long run cross-price eadicity effect of Amritsar on Karnd is 0.86
whilst the reverse effect of Karnal on Amritsar isdouble thisat 1.74.

15 Thisexcludestherelatively high elasticity estimates for Patna, which range from -10.42 to 8.99.
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Table5
Estimated Cointegrating Vectors. Wheat

January, 1992 to June, 1998. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 4.

{-0.1331Patna+ 0.8931 Rajkot -2.9165 Karnal +0.3580 Indore - 0.-4133 Hapur - 0.76740 Kanpur +1.7731 Bahraich

Vector 1
-1.1110 Delhi +2.3402 Amritasr -0.2862} ~ 1(0)
Vedar 2 {-0.3731 Patna + 0.1444 Rajkot +0.9198 Karnal - 0.4001 Indore - 3.0814 Hapur +2.5226 Kanpur - 1.4375 Bahraich
+0.8085 Delhi +0.4242 12.12 Amritsar + 0.6969} ~ 1(0)
Vector 3 {-0.1230 Patna -1.2676 Rajkot -2.1285 Karnal + 0.7269 Indore - 0.3839 Hapur + 2.0426 Kanpur - 1.4635 Bahraich
+1.3752 Delhi + 0.8336 Amritsar +2.2151} ~ 1(0)
Vedor 4 {-0.4607 Patna + 0.9293 Rajkot - 0.8427 Karnal - 0.6342 Indore +0.4550 Hapur - 0.9355 Kanpur -2.0551 Bahraich

+2.3491 Delhi +0.8183 Amritsar +2.1913} ~ 1(0)

Estimated Short Run Error Correction Coefficients: Wheat *

Patna Rajkot Karnal Indore Hapur Kanpur Bahraich Ddhi Amritsar
-0.020 -0193* | -0215% | -0222* | -0180* | -0172* | 0030 -0.156* | -0.060
ECM (Vector1) | o) (-290) (-4.31) (-2.98) (-3.47) (-300) (050) (-3.06) (-1.03)
-0.103 _0.237* | -0.076 20,032 [0.265* | -0.052 -0.004 -0.008 -0.026
ECM (Vector2) | 57 (-356) (-159) (-0.43) (-5.11) (-0.90) (-0.07) (-017) (-0.45)
-0.039 0211* | -0120* | -0160* | -0.014 -0.105 _0.065 -0.026 -0.050
ECM (Vector3) | g0 (-317) (-242) (-2.15) (-0.29) (-185) (-107) (-052) (-0.86)
-0.021 -0.075 -0.056 -0.143 -0.052 -0.095 0.162* | -0.042 -0.171
ECM (Vector 4) (-0.01) (-1.13) (-1.13) (-1.92) (-1.01) (-1.67) (-2.65) (-0.82) (-0.29)
R 028 059 057 052 061 053 050 045 0.42
F 15,62 162 6.05 541 44 6.58 472 416 340 303
Fsc 12,50 127 0.72 2R 203 100 138 130 110 122

Notes: * Figuresin parenthesis below the estimated elasticitiesaret-statistics.  * Represents the elasticity is significant at the 5% level.

Fscisthe modified LM test statistic for serial correlation.
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Table6
Estimated Equilibrium Elagticities: Wheat @
January, 1992 to June, 1998. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 4.

Patna Rajkot Karna Indore Hapur Kanpur Bahraich Ddhi Amritsar | Intercept
Petra 5473 | -1042°3 -6.163 5.243 8.993 10.57%
(3.01) (-2.02) (-251) (L.77) (2.14) (172
Raikot 0.18° 1.90° 1.12°3 -0.95° 3.45% -1.64°
q (3.05) (3.10) (4.63) (-2.70) (1.67) (-4.00)
Kamal -0.10°3 0523 0.261 -0.593 050+ 0.86 3
(-2.00) (3.10) (3.29) (-2.68) (3.03) (6.82)
Indore 2.15% 3.79*1 -2.70% -1.921 -2.281
(2.00) (3.29) (-1.65) (-3.68) (-2.64)
1.28°
Hapur 3.02)
K arour 0.733 1.31° 1.42°3 -1.083 0.793 -0.933
P (5.31) (3.01) (5.07) (-257) (1.86) (-3.00)
Batraich -0.51°3 1.971 -0571 0.70°3 0.80* -1.131 0.85%
(-4.75) (2.79) (-1.99) (5.07) (5.35) (-253) (4.51)
Dk 0.683 -0.923 1.244 -1.05%
(3.17) (-2.56) (5.35) (-3.26)
: -0.93° 1741 -0.31°2 1.26° -0.881
Amrtser (-212) (4.14) (-178) (186) (-253)

Notes: # Each elasticity shows the percent change in the wholesale price for the market listed in the first column due to a + 1% change in the wholesale price for the
market shown at the head of each column.
The superscripts denote which cointegrating vector is used to estimate the coefficients.
Figuresin parentheses indicate the estimated t-statistics. Blank cellsindicate coefficients are not significant at the 10% level.
® The elasticities in this column show the percent change in the wholesale equilibrium prices for the markets listed in the first column due to a +1% change in
factors other than market wholesale prices
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There are saventeen dadticities with negative sgn, with nine being indadic in the
range -0.10 to -0.95 and the rest dadic with values ranging from —1.13 to —2.70 (ignoring
Patna). This is condgtent with the partid corrdation findings reported in Table 4. The two-way
negative dadticities for Patna and Karna, Rakot and Bahraich, Indore and Bahraich, Rakot
and Anritsar and the one-way negdive eadticity for Kanpur to Indore are dl reflected in the
respective negative partid corrdations of Table 4.

An dadticity with negative sgn implies that the steady State equilibrium prices move in
opposite directions. However there are other possble interpretations of these coefficients. The
fird is the negative sgn could be due to the daa definitions and collection. The reporting
conventions for wheat are unlike any other agriculturd products in India The mearketing
season for wheset is April to March and the figures quoted for wheat production are lagged one
year. So wheat production quoted for the 1995-96 season refers to actua wheat production in
1994-95. Given that the prices are quoted as 'end of month' it is possble that the timing of the
recording of the reported wheeat prices is not fully synchronised across markets. Preiminary
exploration of leading and lagging some of the market price series by a month do affect
coefficient estimates so the timing of data could be contributing to the negeative signs.

Another possble reason for the negative dgns is that they reflects changes in long run
relative prices. To see this, consder relationship (15) which was used to derive the dadticities:

b b," b, b

pi+b—},qu:'ﬁp1'ﬁpz'----' o P,

Denote the right hand side by the function Q( p) which is a linear function of prices included
in the relationship. Subgtituting the left hand sde with prices in Nagperian logs, p, =InP, gives

@
p S
In¢—__~

Ep

shows that it is possble that even though both prices ae moving in the same direction, the

- O:

= Q( p) and exponentiating derives the relaive price P‘bj :eQ(P). This rdaionship
Ly P

J

ratio may be increesing or decreasng depending on the movement in reative prices. The

outcome will depend not only on the Sgns of b, and b; but dso on the tempora behaviour of
(e)

posshility of ggnificant negative price reationships in the long run. Indeed these findings
could be demondraing important equilibrium rdaionships like the transfers of factors of

the function of dl other prices, e For this reason it would be unwise to rule out the

production across markets which have differing influences on market costs and prices. For
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example, consder markets facing different relative growths in production and/or marketing
productivities. The markets losng productive resources would face increasing costs and prices
relative to the factor importing markets. Whilst productivity is increesng in both markets,
market costs will change and it would be expected that relative prices could adso vay
negativedly or pogtively. In this case, the movements of these factors represent another
important form of market integration which has not yet receved adequate attention. This
important economic question will be briefly consdered in Section 7.

Taking care when interpreting individud cdls in the matrix of Table 6, it can be seen
that there are many dgnificant cross-price dadticities. Overdl, these results indicate there are
important interdependencies between market prices which imply a degree of market integration
for wheat. In terms of the columns it is clear that the Rgkot, Karnd, Kanpur, Bahraich and
Amritsar markets are influentia whilst the rows show these effects are soread over dl markets.
Hapur is the exception which only links (dagticaly) with Kanpur.

The cross-price dadticities are summed across the relevant rows in Table 6 for each
market and included in the left hand column of Table 7. The totd eadticities for Patna, Rgkot
and Kanpur are much higher than for the other markets which have the range of 0.88 to 1.45
for Kana, Hepur, Bahraich, Dehi and Amritsar. Indore is the only maket with negdtive,
amog unitary, tota dadicity. The own-price dadticities liged in the next column of Table 7
measure the responsveness of the proportionate change in equilibrium prices for each market
caused by a 1% price increase in the same market. These estimates, 1-p,, i=1,2,...,n are
obtained from the diagond dements of the long run multiplier matrix,p,, and indicate the
degree to which equilibrium prices chage in each market.!® All equilibrium prices are
increasing with Rgkot, Kanpur, Karna and Hapur being the most responsive.

The equilibrium tota non-price dadicities in the next column of Table 7 show the
intercept terms from the regressons (reproduced from the last column in Table 6). These
edimates indicate the proportiona response of the equilibrium price each market to changes in
factors other than those captured in the equilibrium price changes within and across markets.
The data shows that these effects are not sgnificant for Rakot, Indore, Amritsar, Karnal and
Hapur. There are rddively large nontprice effects on Patnas equilibrium price, whilst the
other markets have variable effects. This implies the cross-price and own-price effects
dominate the non-price effects in equilibrium.

16 Unfortunately no standard errors are available for these estimates.
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Table7

Estimated Elasticities: Wheat *
January, 1992 to June, 1998

Market qu:ilibri um_Totd Equilibrium_ Totd | Equilibri um Totd Equilibrqipg ]
ross-Price Own-Price Non-Price Price Elasticity
Elasticity 2 Elasticity * Elasticity *

Patna 312 1.02 10.57 -

Rajkot 4.06 154 - -0.24
Karnal 1.45 2.00 - -0.21
Indore -0.96 1.30 - -0.22
Hapur 1.28 1.92 - -0.27
Kanpur 3.17 1.57 -0.93 -0.17
Bahraich 1.26 1.38 0.85 -

Dehi 1.00 131 -1.05 -0.16
Amritsar 0.88 1.20 - -

Notes: 1 Only coefficients (except the equilibrium total own price elasticities) that are significant at the

2

The lagt column ligs the equilibreting price eadicities. The estimates with the highest
t-gatistics were sdlected from the error corrections in Table 5 and dl entries in this table are
ggnificant a the 5% level. These coefficients measure the proportional response of a market
price to market disequilibrium, which is defined as a 1% divergence in the market price from
the equilibrium level. Stability requires the dadticities to be negetive o that a price higher
(lower) than equilibrium will cause the price to subsequently fal (rise). Indeed most markets
show dggnificant indagtic and negdive responses, with over 20% of price disequilibrium
eiminated in the firda month for the Rgkot, Indore, Karnd and Hapur markets. Whilst these
elagicities imply dower than expected responses to disequilibrium they are in addition to Al
the price and nonprice effects previoudy discussed, which in turn affect equilibrium market

prices.

10% level areincluded in this summary table.
Defined as the total proportionate change in the equilibrium wholesale market price relative

to the sum of the proportionate changes in the prices of all other markets.

Defined as the proportionate change in the equilibrium wholesale market price relative to a

proportionate change in the same market pricein the previous equilibrium.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in factors other than market wholesale prices.
Defined as the proportionate equilibrating change in the market price due to a proportionate
positive divergence from the equilibrium price.
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Findly, in order to provide further information on the interactions of these markets,
Granger causdity tests for the month-end wholesde market prices were conducted. The
procedure involved testing the redriction of excluding each individud price from the vector
autoregression specification (11) for al the market prices. These tests are therefore not smple
parwise Granger causdity tests but involve each market price being tested agangt the system
of dl maket prices and classfied as ether Granger causd or noncausd. There was no
evidence of Granger causdity & the 5% leve implying the interdependent effects across
markets occurred within the same month. The results of the more discriminating 1% leve of
ggnificance are summarised schematicaly in Figure 5. The Rgkot, Hapur, Kanpur and
Amritsar markets were found to Granger cause wheat prices whilst the Delhi, Bahraich Karndl,
Indore and Patna markets follow.

It is tempting to compare these Granger causdity results with the dadticity esimates in
Tables 6 and 7. However the Granger causdity tests were conducted on the first difference of

the logged price data, which represent the growth rates of prices. This is very different to

Figure5
Granger Causality Tests: Wheat
(1% Level of Sgnificance)

January, 1992 to June, 1998

A Granger causes B

Al——p(B

Amritsar

Hapur

Patna

Delhi
Bahraich

Ka‘npur

Rajkot
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cointegration results based on the levels of the log prices. With this in mind, the columns of
Table 6 show that Rakot, Kanpur and Amritsar are dso dominant in terms of the size of ther
affects on other markets. The large eadticities in the rows for Paina and Indore in Table 6
confirm that other markets sgnificantly affect these markets. Whilst there are exceptions (in
particular Hapur), these outcomes are remarkably consstent with the Granger causdity results.
Wilson's (1999) dynamic smulaions of the responses of Indian wholesde wheat prices to
shocks at the market, national and nternationd levels dso support these findings. The body of
evidence on wheat market integration therefore appears robust to the different estimation
methodologies.

The next section agpplies the andyds to other important Indian commodities in the
1980's and 1990's.

6. Analysisof Indian Wheat, Jower, Paddy Rice, Groundnut, Rapeseed
and Mustard Seed: Pre and Post Liberalisation *’
Wheat

Whest is further analysed for the earlier period January, 1982 to June, 1988 in order to
provide a comparison with the resuts presented in Section 5 for the period January, 1992 to
June, 1998.

The augmented Dickey-Fuller tests for the first sample show that the Karnal and Hapur
wholesdle prices appear non-trended with the test datistic indicating they are dtationary | (0).
Whilgt the prices in the Kanpur and Dehi markets are dso possbly dationary | (0) they
become non-dationary | (1) when the linear trend is excluded from the ADF test. The prices in
the remaining markets al appear to be nondationary, so only the Karnal and Hapur markets
were excluded from the cointegration andyss. As for the post liberdisation period, eeven
seasona dummy variables were included for the months of January to November in addition to
the congant term. To further correctly specify the rdaionship a sructurd change dummy
variable was included for the period March, 1984 to July, 1985 to captured the active
government buying and sdlling of wheet in the markets during thistime.

The econometric results for al the markets excluding Karmd and Hapur show the
optimum VAR lag is order one, which indicates that inventories are not normaly held for long
periods. These obsarvaions are condsent with wheat markets surpluses and  deficits
equilibrating relatively quickly.

1" Theresults reported in this section for wheat, jower and paddy come from Wilson and Swami (1999).
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The caculated eigenvaluesin descending order are:
{0.551, 0.510, 0.426, 0.308, 0.296, 0.179, 0.067, 0.032}

and the tedts for the number of cointegrating reaionships show mixed results, ranging from
three to five with some evidence for a rank of three. It is concluded that three relationships
explain dl the long run equilibrium market prices for the period January, 1982 to June, 1988.
All the ggnificant error correction coefficients a the 5% levd have the correct sgn and the
Lagrange multiplier (LM) test indicates that serid corrdation is not a problem in these
regressons.

Table 8 detals the estimaed long run equilibrium cross-price eadicities which are
sgnificant a the 10% levd. Seventeen have podtive dgn with seven having an dadic range
from 1.12 to 357. The remaining ten inedlastic measures range from 0.30 to 0.95. There are
eight negative dadticities, with four being dadic in the range -1.35 to -3.44 and four in the
range —0.32 to —0.74. As explained with the post liberdisation period, the table presents the
most dgnificant eadicities from the source cointegrating vector identified in the superscript.
The Amritsr market has only one dgnificant link with another market, whilst Kanpur appears
highly integrated with many markets. Bahraich has an eadtic and postive affect on Patna and
Kanpur, whilst these markets plus Rgkot and Mehasana effect it indadticaly. Note that the
effects can be asymmetric with Delhi having dadtic effects on Pana, Mehasana, Indore and
Kanpur, whilst only being inelastically affected by Indore.

Compare these results in Table 8 with those shown in Table 6 for the second period.
Noting there are different markets across the to samples with the second period including
Karna and Hapur and excluding Mehasana, there are many more dgnificant eadicities for the
post liberdisation period. Overdl, these results imply there are more interdependencies
between markets and therefore a higher degree of market integration for the second period.
This is certanly true for Anritsar and Bahraich and there is the emerging importance of the
Rakot, Karna and Kanpur markets.

Also compare the results for the two periods which are summarised in Tables 7 and 9.
The equilibrium totd cross-price eadticities are the sums of dl the cross-price dadticities for
esch market in Tables 6 and 8. The dadicities for Patna, Rgjkot and Kanpur are much higher
than for the other markets in the second period with Rakot increasing fivefold whilst Patna

and Kanpur marginally decrease and increase respectively.
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January, 1982 to June, 1988. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 3.

Table8

Estimated Equilibrium Elagticities: Wheat @

Patna Rajkot Mehasana Indore Kanpur Bahraich Ddhi Anmvitsar | Intercept °
Pana 0.912 -1.462 -1.921 2141 3.572 4301
(1.94) (-2.15) (-4.04) (5.10) (3.41) (1.82)
: 0.783
Rajkot (323)
0.952 1.252 0.922 -3.441 4.192
Mehasana 2.12) (1.94) (1.90) (-2.25) (1.95)
0.802 -0.742 2.75% -3.352
Indore (1949) (-178) (2.49) (-272)
K arour -0521 -0.342 0.361 -1.351 1.122 3.722 1.691
P -(3.84) -(1.79) (2.15) (-1.81) (9.50) (3.35) (3.78)
: 0.461 0.303 -0.321 0.891 1501
Bahraich (4.94) (183) (-2.20) (9.50) (-388)
. 0.392 4803
Dehi (301) (1.64)
, 1.213 5313
Amritsar (346) 233
Notes:. # Each elasticity shows the percent change in the wholesale price for the market listed in the first column due to a + 1% change in the wholesale price for the

market shown at the head of each column.
The superscripts denote which cointegrating vector is used to estimate the coefficients.
Figuresin parentheses indicate the estimated t-statistics. Blank cellsindicate coefficients are not significant at the 10% level.
P The elaticities in this column show the percent change in the wholesale equilibrium prices for the markets listed in the first column due to a +1% change in
factors other than market wholesale prices
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Table9
Estimated Elasticities: Wheat *
January, 1982 to June, 1988

Market qu:ilibri um_Totd Equilibrium_ Totd | Equilibri um Tota .Equilibrelti ng ]
ross-Price Own-Price Non-Price Price Elasticity
Elasticity 2 Elasticity * Elasticity *

Petna 3.24 1.13 4.30 -0.11
Rajkot 0.78 131 - -0.22
Mehasana -0.32 1.07 4.19 -

Indore 281 1.30 -3.35 -0.25
Kanpur 2.99 1.27 1.69 -0.13
Bahraich 1.33 142 -1.50 -0.22
Ddhi 0.39 1.42 4.80 0.13
Anitsar 121 111 5.31 -0.09
Notes: * Only coefficients (except the equilibrium total own price elasticities) that are significant at the

10% level areincluded in this summary table.

Defined as the total proportionate change in the equilibrium wholesale market price relative
to the sum of the proportionate changes in the prices of all other markets.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in the same market price in the previous equilibrium.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in factors other than market wholesale prices.

Defined as the proportionate equilibrating change in the market price due to a proportionate
positive divergence from the equilibrium price.

2

3

The own-price eadicities liged in the next column of Tables 7 and 9 show little
differences between the two periods with Rgkot, Kanpur, Karnd and Amritsar being the most
regpondve in the second period. The equilibrium totd non-price eadicities, which are
sgnificant a the 10% leve, indicate tha nonprice effects are not important for Rgkot for
both periods and for Indore, Amritsar, Karnd and Hapur in the second period. There are
relaively large non-price effects on Pana's equilibrium price in both periods. Whilst the other
markets have variable effects it is clear that the nonprice proportiond effects are generdly
smdler in magnitude for the second period. This implies the cross-price and own-price effects
dominate the non-price effectsin equilibrium.

The lagt columns in Tables 7 and 9 lig the equilibrating price dadticities which are
sdected from the mogt sgnificant error correction estimates a the 5% level. These edimates
messure the proportiona response of a market price to market disequilibrium, in addition to 4l
the price and nontprice effects. Stability requires the eadticities to be negative so that a price
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higher (lower) than equilibrium will cause the price to subsequently fal (rise). Mot markets
show indagtic responses with over 20% of price disequilibrium eiminated in the fird month
for the Rgjkot, Indore, Karnal and Hapur markets.

Finaly, smultaneous Granger causdity tests were dso conducted for the first period
January, 1982 to June, 1988. The Rgkot, Bahraich axd Dehi markets were found to Granger
cause the totd sysem of al the market prices a the 5% level of sgnificance. Compare the
schemdtics in Figure 6 with Figure 5 for the second period. Rgkot and Dehi are the leading
markets in terms of price changes in the first period. For the second period, Rgkot remains a
leading market whilst Delhi switches to a following market and Hapur, Kanpur, and Amritsar
switch from followers to leaders. Patna and Indore follow the other markets for both periods.

Figure6
Granger Causality Tests: Wheat
(5% Level of Sgnificance)

January, 1982 to June, 1988

Amritsar A Granger causes B

Al——[B

Patna

Delhi

/ Bahraich
Mehasana

/ Kanpur
Rajkot
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In summary, despite the reliance on price data adone in this sudy, there is a clear
message that dramatic changes have occurred in the way whest markets interact since
liberdisation. The markets, which previoudy demondrated a high degree of interaction, have
certainly become more integrated with Rgkot, Kanpur and Amritsar dominant in terms of the
sgnificance of the dze and timing of affects across markets. On the other hand Patna and
Indore are affected by other markets, both in terms of the size and timing of effects.

Jower

End of month wholesale price data was collected for two sub-samples October, 1981 to
February, 1988 and October, 1991 to February, 1998. The augmented Dickey-Fuller test was
used to determine the dtationarity of the price series in Ngperian logs. In the first period, prices
for the Kolhapur market appear dationary | (0) when the trend is excluded. In comparison,
prices are non-sationary | (1) when the trend is excluded for the Patan and Indore markets and
when the trend is included for Madurai. The remaining market prices appear non-dationary.
Smilaly for the second period, there is no firm evidence that any of the prices are definitely
dationary. Whilst prices in the Nandya, Patan, Sdem and Bahrach markets are possbly
dationary, as explaned in the previous section it is better to dlow the posshility of non
sationarity and to indude them in the cointegration anaysis'® Accordingly, only Kolhapur
was excluded from the subsequent cointegration analyss for the firg period, leaving Sx
markets, whilst al €leven markets were included for the second period.

The cointegration pre-tests unambiguoudy show that the optimum lag in the vector
autoregresson (VAR) is one for the first period. Like wheeat, this implies that production
vaiations in Jower are quickly deared in markets which show no sgnificant stockpiling. The

cointegration with eeven seasond dummy variables and a constant derived the eigenvaues:
{0.527, 0.361, 0.165, 0.143, 0.095, 0.063}

The number of cointegrating vectors is one according to the trace, maximum egenvadue and
SBC measures. The error corrections coefficients show the Patan and Indore markets exhibit

relaively rgpid adjustments to disequilibrium.

18 The test for Coimbatore gave ambiguous results in the form of large dfferences in the model selection
criteria.
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Table 10
Estimated Equilibrium Elagticities: Jower 2
October, 1981 to February, 1988. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 1.

Nandyal Patan Gulbarga Indore Nagpur Madurai Intercept °
Nandyal
1.361 2011 -1.271 -5.341
Petan (3.49) (4.95) (-2.77) (-242)
0.731 -1.481 0941 3931
Gulbarga (3.49) (-272) 2.23) (253)
0501 -0.681 0.631 2661
Indore (4.95) (-2.72) (4.25) (2.26)
Nagpur
: -0.791 1.07*1 1.581 -4.191
Madura (-2.77) 2.23) (4.25) (-165)

Notes: # Each elasticity shows the percent change in the wholesale price for the market listed in the first column due to a + 1% change in the wholesale price for the
market shown at the head of each column.
The superscripts denote which cointegrating vector is used to estimate the coefficients.
Figuresin parentheses indicate the estimated t-statistics. Blank cells indicate coefficients are not significant at the 10% level.
® The elasticities in this column show the percent change in the wholesale equilibrium prices for the markets listed in the first column due to a +1% change in
factors other than market wholesale prices
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Table 11
Estimated Equilibrium Elasticities: Jower 2
October, 1991 to February, 1998. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 4.

Nandyal |Hyderabad| Patan | Gulbarga | Indore | Kolhapur | Nagpur |Coimbatore| Salem Kanpur | Bahraich | Intercept

Nandyal

Hyderabad

Patan

0.451

Gulbarga (2.76)

2.67%

Indore (258)

2201

Kolhapur 276)

Nagpur

0.37°

Coimbatore (2.58)

Salem

3.56°

Kanpur (2.26)

Bahraich

Notes: 2 Each elasticity shows the percent change in the wholesale price for the market listed in the first column due to a + 1% change in the wholesale price for the
market shown at the head of each column. The superscripts denote which cointegrating vector is used to estimate the coefficients.
Figuresin parentheses indicate the estimated t-statistics. Blank cellsindicate coefficients are not significant at the 10% level.



Table 10 ligs the estimated cross-price dadticities for each market for the first period
October, 1981 to February, 1988. Only eadticities which are dgnificant at the 10% leve are
included in the table and care needs to be exercised when examining individua matrix cels.
Each dadticity represents the proportionate change in the equilibrium wholesde price for the
market liged to the left of the redevant row, due to a one percent increase in the equilibrium
wholesde price for the market listed a the head of the column. Whilst the Nandya and Nagpur
markets appear isolated the remaining markets, namely, Patan, Gulbarga, Indore and Madurai
gopear to be highly interdependent. In particular, Patan is dadticdly affected by these markets
(ranging from 127 to 201 in absolute terms) whilst Indore is indadicaly affected. This
pattern is reversed for Patan having indadtic effects and Indore having dadtic effects (1.48 to
201 in absolute terms). The dadticities for Gulbarga and Madural are mixed in terms of Sze
and sgn. The intercept terms for these markets dso show strong non-price eadicity effects on
al markets except Nandyal and Nagpur.

The results of the cointegration analyss for the second period October, 1991 to
February, 1998 show a less clear picture of market interdependencies. The end of month
wholesale price data exhibit structurd change to varying degrees gpproximatdy around early
1993. A dummy variable which took the vaue one for the firs sub-period October, 1991 to
March, 1993 and zero for the remainder of the sample, was included dong with eeven
seasond dummy variables and a congant term. The tests for the optimum lag in the vector
autoregresson are ambiguous S0 it is possible that he number of lags may be zero, one or four.
The unusua behaviour of the AIC measure and the adjusted LR test indicate they are sendtive
to the lack of degrees of freedom. The SBC parsmonious measure of lag one is therefore
adopted. The results for the edts for the number of cointegrating variables are dso ambiguous
ranging from no cointegration according to the SBC measure, 4 to 7 cointegrating vectors
according to the trace and maximum eigenvaue daidtics, and up to 10 cointegrating vectors if
the AIC measure can be beieved. With thiswide range in mind, perusal of the eigenvaues.

{0.685, 0.668, 0.639, 0.510, 0.448, 0.384, 0.335, 0.277, 0.186, 0.101, 0.033}

shows that, whilst there are many possible vectors, there are at least three to five. In order to
keep the andysis tractable the rank of four was selected athough the number could be as high

as ven.
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Table12

Estimated Elasticities; Jower !

Market Equilibrium Equilibrium Equilibrium Equilibrating
Total Cross-Price | Total Own-Price | Tota Non-Price | Price Elagticity °
Elasticity 2 Elasticity 3 Elasticity
October, 1981 to February, 1988
Nandya - 1.00 - -
Patan 2.10 1.18 -5.34 -0.33
Gulbarga 0.19 1.08 3.93 -0.11
Indore 0.45 1.56 2.66 -0.51
Nagpur - 1.01 - -
Madurai 1.86 1.07 -4.19 -
October, 1991 to February, 1998

Nandya - 1.32 - -0.26
Patan - 1.30 - 0.53
Gulbarga 0.45 1.85 - -0.63
Indore 2.67 1.43 - -0.65
Nagpur - 1.07 - -0.16
Kolhapur 2.20 141 - -0.46
Hyderabad - 1.81 - -0.43
Coimbatore 0.37 1.30 - -0.17
Salem - 1.08 - -0.12
Kanpur 3.56 1.17 - -0.42
Bahraich - 1.08 - 0.18
Notes: 1 Only coefficients (except the equilibrium total own price elasticities) that are significant at the

2

3

10% level areincluded in this summary table.

Defined as the total proportionate change in the equilibrium wholesale market price relative
to the sum of the proportionate changes in the prices of all other markets.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in the same market price in the previous equilibrium.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in factors other than market wholesale prices.

Defined as the proportionate equilibrating change in the market price due to a proportionate
positive divergence from the equilibrium price.
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In comparison with the single cointegrating vector found for the firs period, these
markets in the second period appear to be behaving very differently. Whilst Nandya, Patan,
Gulbarga Indore and Nagpur markets are included in both samples, the second sample excludes
Madurai and includes Kolhapur, Hyderabad, Coimbatore, Salem, Kanpur and Bahraich.®
Conggent with the more complex behaviour of these markets, they exhibit sgnificantly more
rapid equilibrating adjusments.

The reaively few edimaes of the cross-price dadticities in Table 11 show that there
do not appear to be any important market interactions during the period October, 1991 to
February, 1998. Keeping in mind the table only reports dadticities which are sgnificant at the
10% leve it is interesting to note that the firgt three cointegrating vectors, which are ranked in
declining order of importance, supply only three Sgnificant dadticities. With the exisence of
some forms of dructura change in the price series early in the sample, it is difficult to identify
reasons for this apparent lack of interdependence in these markets. The summary in Table 12
shows that despite this, the Gulbarga and Indore markets have larger totd cross-price
eladticities in the second period, whilst Patan has less. The Kolhgpur and Kanpur totd cross-
price eadicities are dso larger than the totd average for the two periods. The tota own price
eladticities for the Nandyd, Patan, Gulbarga and Nagpur markets are higher in the second
period, with the exception of Indore. Generdly spesking the other markets in the second period
demondrate relatively high totd own price dadticities.

Indeed, the observation that the markets included in this study demondrate little
sgnificant integration for the second period is supported by the results in Table 12. The last
column shows that these markets, with only a few exceptions, equilibrate rgpidly. They are
adso respongive to own-price changes in equilibrium, (as shown in the second column). Both of
these results demondrate the ability of these markets to equilibrate by themsdlves in the second
period. This observation is consgent with both the lack of sSgnificant externd non-price
effects on each maket equilibrium price (column three) and with the reported lack of
sgnificant equilibrium price responsveness across markets (column one). Due to the lack of
observed market interreationships for the second period, no Granger causdity tests were
conducted.

19 The study was limited to markets which had reliable wholesale price data available for the common sample
periods prior to and after liberalisation in 1991. Three markets included in both samples, Patan, Indore and
Kolhapur were found to be stationary according to the ADF test and were therefore excluded from the
analysis. This further reduced the conjoint sample.
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The results do not support the hypothesis of market integration for Jower for the second
period. In comparison, the markets for jower appeared to be more integrated prior to
liberdisation. These reauts if accurate, whils agreeing with the findings for wheat in that
there have been dramatic changes to the way markets interact snce liberaisation, they contrast
dramaticdly with the observed increasing interdependence of wheat markets.

Paddy Rice
The periods chosen to compare the interrdationships between markets for paddy rice

were October, 1981 to February, 1988 and October, 1991 to February, 1998. Only five markets
were included in the firs period due to the lack of continuous wholesae price data being
avalable. Unfortunatdly this limits the direct comparison of markets for the two periods to
Raipur, Kolhapur, Amritsar and Bahraich. The augmented Dickey-Fuller tests for dationarity
indicate that Bahraich is gationary | (0) with trend in the first period with the other markets
non-stationary | (1) without trend?® For the second period the Tadepalgudam, Raipur,
Kolhapur, Bahraich and Manipur markets are non-dationary. The Nizamabad, Purnea and
Darbhanga markets are dationary with trend. However, Pdakkad, Smoga, Durg, Amritsar,
Thanjavur, Kanpur and Attara, whilst stationary with trend, are non-dationary when the trend
is excluded. Since excluding the trend misspecifies the ADF specification the prices for these
markets are most likely dationary. Ingpection of the price time series however shows a
sructura bresk around early 1995. Plots of the series characterised them as trended in the
period to mid 1994 and then non-trended after early 1995. This change in dructure is certainly
the cause of the mixed Sationary results. Whilgt it is tempting to include these markets in the
andyss, there is the binding condraint of insufficient number of observations to run the
cointegration andyds for tweve markets. Excluding these markets leaves five markets which
give enough degrees of freedom to obtan sengble esimates However only Rapur and
Kolhapur are non-dationary in both periods, which limits the ability to directly compare
markets before and after liberalisation of agricultura marketing.

The cointegration andyss for the firg period included a congant, eleven seasond
dummy varigbles and a dummy varigble for the rdatively short period July, 1982 to October,
1983. Like wheat and jower the optimum lag for the vector autoregression (VAR) was one.

20 Large differences were found between the model selection criteria for the Amritsar market. The lower SBC

value was chosen.
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The eigenvaues, listed in descending order:
{0.349, 0.247. 0.179, 0.052}

and rank tests, indicate a most only one cointegrating vector. The error correction
equilibrating adjusments, whils relaively dow, ae dgnificant & 10% for Rapur and
Kolhapur and 5% for Jatni and Amritsar.

The edimated equilibrium cross-price eadicities are shown in Table 13 for the fird
period. Clearly Amritsar is the only market which influences other markets at the 10% leve of
sgnificance. Whilst hese effects on Raipur and Kolhapur are dagtic, with vaues 1.44 and 4.75
respectively, their feedback effects on Amritsar are indadtic (0.69 and 0.21 respectively).
There are no observed interdependencies between Raipur and Kolhapur and no cross-price
effects & dl for Jatni. The non-price dadticities shown in the last column of Table 13 have no
effect on market equilibrium prices.

Table 13
Estimated Equilibrium Elaticities; Paddy Rice?®

October, 1981 to February, 1988. Restricted Intercepts and No Trends in the VAR
Number of Cointegrating Vectors, r = 1.

Raipur Kolhapur Jatni Anmritsar Intercept
Raipur 144
pu (3.10)
4741
Kolhapur (1.94)
Jatni
Aniter 0.691 0211
(3.09 (1.99)
Notes: ? Each elasticity shows the percent change in the wholesale price for the market listed in the first

column due to a + 1% change in the wholesale price for the market shown at the head of each

column.

The superscripts denote which cointegrating vector is used to estimate the coefficients.

Figures in parentheses indicate the estimated t-statistics. Blank cells indicate coefficients are

not significant at the 10% level.

The elasticities in this column show the percent change in the wholesale equilibrium prices for

the markets listed in the first column due to a +1% change in factors other than market

wholesale prices
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Table 14

Estimated Equilibrium Elasticities: Paddy Rice?
October, 1991 to February, 1998. Restricted Intercepts and No Trends in the VAR.

Number of Cointegrating Vectors, r = 3.

Tad((jagdr;]gu- Raipur K olhapur Bahraich Manipur Intercept °
Tedepalgu- 1.28°3 2241 1.632 -7.801
dam (3.45) (4.33) (2.35) (-2.25)
: 0.783 1.741
Raipur (3.45) (3.12)
3.012
Kolhapur (2.41)
, 0573 0.701 3371
Bahraich (3.12) 4.77) (341)
: 0.61%2 0.361 1.401 -4.761
Manipur (2.35) (163) 4.77) (-242)
Notes: ? Each elasticity shows the percent change in the wholesale price for the market listed in the

first column due to a + 1% change in the wholesale price for the market shown at the head of
each column.

The superscripts denote which cointegrating vector is used to estimate the coefficients.
Figures in parentheses indicate the estimated t-statistics. Blank cells indicate coefficients are
not significant at the 10% level.

These elasticities show the percent change in the wholesale equilibrium prices for the markets
listed in the first column due to a+1% change in factors other than market wholesale prices

The cointegration specifications for the second period October, 1991 to February, 1998
include a congant, deven seasond dummy vaiables and a Sructurd dummy variable which
accounts for the observed change in trend by taking vaue one for the start of the period
October, 1991 to January, 1995, and zero esewhere. The optimum lag for the VAR is
unambiguoudy one and the number of cointegrating varidbles is ether two or three. Sdecting

three vectors based on the eigenvalues:
{0.417, 0.327, 0.243, 0.132, 0.043}

gives dl markets, except Manipur, rgpid and sgnificant corrections to equilibrium. Table 14
shows the edtimated equilibrium cross-price eadticities for the second period. There are twice
as many dgnificat dadicities than for the fird period indicating a higher degree of market
interdependencies. Whils Tadepdgudam affects Raipur and Manipur indasticdly (0.71 and
0.61 respectively) it is affected dadticdly by Rapur (1.29), Bahraich (2.24) and Manipur
(1.63). Smilaly Bawrach dadicdly affects dl markets except Kolhgpur and is affected
indastically by Raipur (0.57) and Manipur (0.70).
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Table 15

Estimated Elasticities: Paddy Rice?

Market Equilibri um. Equilibri um Equilibri um Equilibrating
Total Cross-Price | Tota Own-Price | Tota Non-Price | Price Elasticity 5
Elasticity 2 Elaticity 3 Elasticity *
October, 1981 to February, 1988
Rapur 144 1.13 - -0.12
Kolhapur 4.74 1.05 - -0.15
Jatni - 1.06 - -0.15
Amritsar 0.90 133 - -0.21
October, 1991 to February, 1998
Tadepalgudam 5.16 1.34 -7.80 -0.71
Rapur 2.52 122 - -0.80
Kolhapur 3.01 1.13 - -0.60
Bahraich 1.27 157 3.37 -1.94
Manipur 2.37 1.14 -4.76 -0.03
Notes: 1 Only coefficients (except the equilibrium total own price elasticities) that are significant at the

2

3

Table 15 summarises these results for the two periods and it can be seen, with the
exception of Kolhapur, tota cross-price dadticities are larger in the second period reflecting a
high degree of interdependence between markets. The markets for paddy rice therefore appear
to be increesngly integrated in the period October, 1991 to February, 1998. The externa
effects of non-price effects are dso large in the second period (as shown in column 3). The
ability for these makets to clear is sgnificantly higher in the second period with the own
equilibrium price adjusments (shown in column 2) being higher in the second period. The
drong support for this concluson is given by the large adjustments to equilibrium (shown in
the last column). These rates of adjustment are very high, unlike mogt of those found for whest
and jower. Note the indability of the Bahraich market with an adjustment coefficient of -1.94

10% level are included in this summary table.

Defined as the total proportionate change in the equilibrium wholesale market price relative
to the sum of the proportionate changes in the prices of all other markets.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in the same market price in the previous equilibrium.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in factors other than market wholesale prices.

Defined as the proportionate equilibrating change in the market price due to a proportionate
positive divergence from the equilibrium price.

implying that the price adjustment overshoots the equilibrium.
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Groundnut

The periods to be andysed are the same as for paddy and jower, namey October, 1981
to February, 1988 and October, 1991 to February, 1998. The Nandya, Rakot, Bombay,
Chennai and Kanpur markets are common to both periods whilst the post-liberdisation period
includes the Viziangram, and Kapadwan] markets. All market prices were found to be non
stationary using the ADF test with and without trend.?! The search for the optimum lag in the
VAR showed it dso equa to one according to the SBC and adjusted LR tests for both periods.
In order to correctly specify the VAR, seasona dummy varigbles were included, as were
gpecid dummy variables for the periods of atypica behaviour from March, 1986 to February,
1988 and November, 1993 to August, 1995. The rank of the sysem of prices for the first
period was unambiguoudy determined by the SBC, trace and maxima eigenvaue Satistics as

three. The eigenvaues were calculated as.
{0.511, 0.411, 0.295, 0.169, 0.008}

and the edimates of the dadicities, which are sgnificant a 10%, are shown in Table 16. All
ae podtive and show parwise rdationships of market prices, for example, Nandyd with
Rakot and Bombay, Chennai with Bombay and Kanpur with Rakot. Four of these measures
are indadic whilg the remaining five are dadtic with some larger vaues in the range 3.6 to 4.9
for the Nandya market.

The rank for the post-liberdisation period was less eadly determined. The eigenvaues
tend to beflat:

{0.478, 0.424, 0.388, 0.339, 0.259, 0.205, 0.010}

and the SBC, AIC and HQC datidtics tend to point to the ends of the range. The maxima
eigenvaue and trace statigtics indicate a rank of four to five. It was decided to sdect the rank

of four based on these eigenvalues.??

21
22

The Bombay market was | (0) for the first period when the trend was included in the ADF regression.
The SBC criterion indicated no cointegrating vectors whilst the AIC and HQC measures were maximised at a
rank of six. Thevalue of four is also aweighted average of these values.
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Table 16
Estimated Equilibrium Elagticities: Groundnut 2

October, 1981 to February, 1988. Restricted Intercepts and No Trends in the VAR
Number of Cointegrating Vectors, r = 3.

Nandyal Rajkot Bombay Chennai Kanpur Intercept
Nandyal 0.281 0.62°2
(2.50) (2.93)
: 3.601 0.72%
Rakot (2.50) (5.47)
1.701 0.66 2 2563
Bombay (1.89) (2.16) (165)
2
Chennai %25116)
Karnour 4891 1.382
P (197) (5.47)

Notes: ® Each elasticity shows the percent change in the wholesale price for the market listed in the
first column due to a + 1% change in the wholesale price for the market shown at the head of
each column.

The superscripts denote which cointegrating vector is used to estimate the coefficients.
Figures in parentheses indicate the estimated t-statistics. Blank cells indicate coefficients are
not significant at the 10% level.

P These elasticities show the percent change in the wholesale equilibrium prices for the markets
listed in the first column due to a +1% change in factors other than market wholesale prices

The edimated equilibrium eadticities are reported in Table 17.  Similar to the earlier
period, most of the dgnificant dadicities indicate parwise rddionships, for example the
Rakot market with the Bombay and Kapadwan] markets and the Chennai and Kanpur markets.
However, despite there being two additiond markets for the post-liberdisation period there are
only eght dgnificant cross-price eadicities compared to nine for the firs period. The
comparison shows that the number of sgnificant dadticities for the markets, common to both
periods, has falen from nineto five,

Table 18 further summarises the results for the two periods. The tota cross-price
eladticities tend to be larger for the firg period, consgent with a relaively higher degree of
price interdependencies. The second and third columns show the markets tend to equilibrate
themsdves with own-price dadticities dl pogtive and dadtic, with the exception of the
Bombay market. The externa effects, which are not captured in the groundnut prices, are only
sgnificant for two markets. The eguilibrating price dadicities liged in the find column of
Table 18 have the highest t-vaues out of the dadticities which are sgnificant at 10% leve.
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Egtimated Equilibrium Elagticities: Groundnut 2

Table 17

October, 1991 to February, 1998. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 4.

Nandyal Rajkot Bombay Chennai Kanpur Viziangram Kapadwan] I ntercept b
Nandyal
: 0.61° 0.86 2
Rajkot 2.15) 2.01)
1.64°3
Bombay (2.15)
: 1.141 0531
Chenna (1.65) (1.89)
1.881
Kanpur (1.89)
Viziangram
: 1.27°2 0.804 -1.994
Kapadwar (2.19) (L67) (1.96)

Notes: ? Each elasticity shows the percent change in the wholesale price for the market listed in the first column due to a + 1% change in the wholesale price for the
market shown at the head of each column.
The superscripts denote which cointegrating vector is used to estimate the coefficients.
Figuresin parentheses indicate the estimated t-statistics. Blank cells indicate coefficients are not significant at the 10% level.
b The elasticities in this column show the percent change in the wholesale equilibrium prices for the markets listed in the first column due to a +1% change in
factors other than market wholesale prices



Table 18

Estimated Elasticities: Groundnut *

Market Equilibri um. Equilibri um Equilibri um Equilibrating
Total Cross-Price | Tota Own-Price | Tota Non-Price | Price Elagticity 5
Elasticity 2 Elasticity 3 Elasticity ¢
October, 1981 to February, 1988
Nandyal 0.90 1.39 - -
Rajkot 4.32 1.24 - -0.16
Bombay 492 1.82 2.56 0.28
Chennal 151 1.03 - 0.12
Kanpur 6.27 121 - -0.21
October, 1991 to February, 1998
Nandyal - 1.16 - -0.12
Rakot 1.47 157 - 0.22
Bombay 1.64 0.89 - -
Chennai 1.67 1.43 - 0.24
Kanpur 1.88 1.25 - -0.20
Viziangram - 1.48 - 0.49
Kapadwan 2.07 148 -1.99 0.30
Notes: * Only coefficients (except the equilibrium total own price elasticities) that are significant at the

2

3

Unlike the other commodities examined in this paper, there are ungable disequilibrium
effects for the Bombay and Chenna markets in the firg period and the Rgkot, Chenna,
Viziangram, and Kapadwanj markets in the second period. These pogtive disequilibrium
eadicities dlow the possbility of price bubbles in that during disequilibrium, the market

10% level areincluded in this summary table.

Defined as the total proportionate change in the equilibrium wholesale market price relative
to the sum of the proportionate changesin the prices of all other markets.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in the same market pricein the previous equilibrium.

Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in factors other than market wholesale prices.

Defined as the proportionate equilibrating change in the market price due to a proportionate
positive divergence from the equilibrium price.

prices tend to move away from the long run equilibrium vaue for periods of time.

In summary, the markets for groundnut do not show a high degree of integration in
Indeed the
observed relationships appear to be mostly parwise and becoming relatively less important

teems of dgnificat observable interdependent wholesde price movements.
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after agricultura marketing liberdisation. The behaviour of the makets are dso different to
the other markets in terms of the rdaively smdl number of cross-price dadicities have large
elagtic values. Some of these markets alow the possibility of bubble price behaviour.

Rapeseed and Mustard Seed

The same periods have been sdected as those for groundnut, paddy and jower.
Wholesde end of month price data is available for the Nowgong, Purnea, Kanpur, Hapur,
Cdcuttay Dehi and Mehasana markets. Unfortunately only complete data was avalable for
Mehasana for the post-liberdisation period. Stationarity tests of the data series for each market
using the ADF procedure showed al time series were nondationary a the 5% leve, with and
without trends. As for the other crops, the optimum lag for the VAR was one for both periods.
Dummy variables were congructed for the periods December, 1983 to August, 1985 and
October, 1991 to March, 1993. As for the analyses of the other crops, monthly seasonal
dummy variables were dso included. The determination of the rank of the sysem was
problematic for both periods. The eigenvaues for the first period imply arank of around three:

{0.532, 0.435, 0.335, 0.282, 0.196, 0.023}

This vaue was sdected as midway between the SBC datigic which indicates a low rank of
one to two whilst the other measures indicate vaues of four or five This rank was dso chosen

for the second period which had dightly larger eigenvaues
{0.605, 0.512, 0.377, 0.307, 0.227, 0.164}

Whilg the maximd eigenvadue ddidic showed a rank of three, the other measures
ranged from two to an unredigticaly high rank of saven, which includes very low eigenvaues

The eadticities for the fird and second periods are reported in Tables 19 and 20
repectively. There is only one dgnificant relaionship in the first period between the Nowgong
and Hapur wholesale prices. The lack of significant rdaionships here imply there was little
market price interdependencies before liberdisation. The second period has seven significant
cross-price dadicities reflecting mostly parwise maket rdationships of Kanpur with Hapur,
Hapur with Mehasana, Mehasana with Hapur and Cacutta, and Cdcutta with Mehasana and
Dehi. These reationships imply a higher degree of market price interdegpendencies in the podt-
liberalisation period. Note that a number of these dadicities are quite large as are the totd

cross-price dadticities shown in Table 21.
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Table 19
Estimated Equilibrium Elagticities: Rapeseed and Mustard Seed?
October, 1981 to February, 1988. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 3.

Nowgong Purnea Kanpur Hapur Cdcutta Ddhi Intercept
3.60°
Nowgong (1.80)
Purnea
Kanpur
0.282
Hapur
® (180)
Cdcutta
Ddhi
Notes: ® Each elasticity shows the percent change in the wholesale price for the market listed in the first column due to a + 1% change in the wholesale price for the

market shown at the head of each column.

The superscripts denote which cointegrating vector is used to estimate the coefficients.

Figuresin parentheses indicate the estimated t-statistics. Blank cells indicate coefficients are not significant at the 10% level.

The élasticities in this column show the percent change in the wholesale equilibrium prices for the markets listed in the first column due to a +1% change in
factors other than market wholesale prices
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Table 20
Estimated Equilibrium Elagticities: Rapeseed and Mustard Seed?
October, 1991 to February, 1998. Restricted Intercepts and No Trends in the VAR. Number of Cointegrating Vectors, r = 3.

Nowgong Purnea Kanpur Hapur Cdcutta Ddhi Mehasana Intercept
-3.413
Nowgong (-2.15)
Purnea
092!
Kanpur (163)
1.091 -4.191
Hapur (1.63) (-1.77)
0.733 1.281
Caladtta 2.21) (2.50)
. 1.383
Dehi (221)
-0.241 0.781
Mehasana
(-1.77) (2.50)

Notes: ? Each elasticity shows the percent change in the wholesale price for the market listed in the first column due to a + 1% change in the wholesale price for the
market shown at the head of each column.

The superscripts denote which cointegrating vector is used to estimate the coefficients.

Figuresin parentheses indicate the estimated t-statistics. Blank cells indicate coefficients are not significant at the 10% level.

The elasticities in this column show the percent change in the wholesale equilibrium prices for the markets listed in the first column due to a +1% change in
factors other than market wholesale prices



Estimated Elasticities: Rapeseed and Mustard Seed *

Table21

Market Equilibrium_ Equilibrium_ Equilibri um Equilibrating
Total Cross-Price | Tota Own-Price | Tota Non-Price | Price Elasticity 5
Elasticity 2 Elaticity 3 Elasticity *
October, 1981 to February, 1988
Nowgong 3.60 1.30 - 0.30
Purnea - 1.07 - -0.17
Kanpur - 164 - 0.27
Hapur 0.28 1.76 - 0.41
Cdcutta - 114 - 0.12
Ddhi - 1.13 - 0.13
October, 1991 to February, 1998
Nowgong -341 111 - 0.18
Purnea - 1.47 - -0.33
Kanpur 0.92 1.66 - -0.27
Hapur -3.10 1.09 - -
Cdcutta 201 1.55 - -0.17
Ddhi 1.38 1.32 - -0.12
Mehasana 0.54 1.54 - 0.18
Notes: 1 Only coefficients (except the equilibrium total own price elasticities) that are significant at the

10% level areincluded in this summary table.

2

3

4

proportionate change in factors other than market wholesale prices.

5

positive divergence from the equilibrium price.

The negative vaues for the Kanpur/ Nowgong and Hapur/ Mehasana pars are dso
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Defined as the total proportionate change in the equilibrium wholesale market price relative
to the sum of the proportionate changes in the prices of all other markets.
Defined as the proportionate change in the equilibrium wholesale market price relative to a
proportionate change in the same market pricein the previous equilibrium.
Defined as the proportionate change in the equilibrium wholesale market price relative to a

Defined as the proportionate equilibrating change in the market price due to a proportionate

interesting and like the case for wheat require careful interpretation. The own-price measures
ae dl dadic and there are no dgnificant non-price effects. Similar to the error correction
findings for some of the groundnut markets there ae podtive equilibrating eadticities.
However most of these effects are in the first period and the only two postive vaues for the
Nowgong and Mehasana markets in the second period are reatively smaler. Overdl these
markets, whilst garting from a very low levd of integration, demonstrate a sgnificant increase




in the degree of maket price rdationships in the post-liberdisation period. Like groundnut,
some of these eadicities are large and like wheset, a few are negative in vaue. The gpparent
price bubble behaviour is less than for groundnut and reducing in the second period. Some of

these important characterigtics will now be considered in the concluding section.

7. Summary and Conclusions

This paper has focussed on the anadyss of spatid and intertempord integration of food
markets because more dosdy integraled markets imply the more efficient dlocation of
resources and products across regions and time necessary to achieve sudtainable agricultura
devdopment. This will dlow the benefits of technicd change and productivity improvements
to dleviate poverty and help achieve food security. However the more recent national and
international  experience of dructurd change in agriculture and the liberdisation of food crop
marketing have changed how markets interact in unknown ways.

Given the importance of this topic it is to be expected that there is a growing body of
internationa research on market integration. What is surprisng is the lack of agreement about
the research methodologies which are appropriate to andysing market integration. The early
findings based on corrdation andyds were criticised as representing spurious relationships
caused by tempora trends in the data, rather than behavioura interdependencies. The wide
adoption of the Engle-Granger cointegration techniques was in response to the problem of non
dationary data. This gpproach has aso been criticised in turn for two reasons, it relies on price
data only and the finding of cointegration is not a true test of market integration. These
criticdiams have been damning and it is true tha micro-based studies usng a spectrum of data
are required to fully identify the degree of market integration. However there is the problem
that this data does not exist in a congstent format across regions and time. Its collection is
expensve and piecemed and whilst providing detailed specific indghts it does not give policy
makers a generd picture of the degree of market integration a regiond and naiond levels. On
the other hand market price dataiis readily available.

This paper adopts this condraint and asks the questions. using monthly price data what
is gppropriate methodology to andyse market integration and what conclusons (if any) can be
senshly drawvn from these results? The contribution of this paper is that it addresses the
problem conceptudly and technicdly and in doing so provides a critique of existing
procedures. The research provides an dternative andytic structure which appears successful in
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examining the degree of market integration for Indian whest, jower and paddy rice during the
1980's and 1990's.

Centrd to this approach is the idea that the corrdation and cointegration methodologies
used in previous dudies are ingppropriste and the conclusons and recommendations are
flawed. Whilgt this paper shows in Section 2 that spurious relaions in end of month wholesde
prices are problematic for wheet in India during the 1990's its severity is oversated. What is
far more damaging is the smultaneity between wheet prices which is complicated and difficult
to disentangle, yet centrd to the anadyss of market integration. This important characteristic of
markets has been dmost completdy ignored in previous sudies which have andysed
interdependencies on a pairwise basis. It is shown by smple examples that measured pairwise
relationships may either hide complicated cumulative effects over a range of markets or inflate
the actual pairwise link by double counting other market interdependencies. To this end these
studies may understate or overstate the degree of market integration.

This paper therefore develops a conceptud framework which explicitly modes
multiple price interdependencies across markets in Section 3 and which dlows for trending
data in Section 4. The system of smultaneous price equetions is identified in terms of the
minimum amount of information required to fully determine dl market prices in deady Hate.
This is in the form of the rank of the price sysem, which is the number of linearly independent
price vectors which explain dl the market prices. Importantly, the vectors dlow the caculaion
of long run cross-price, own-price, nonprice and short run equilibrating dadticities using
Johansen's VAR procedure. The full information maximum likelihood egtimation provides
sandard errors which alow vdid gatigtical inference.

The rank of the price system and the price eadticities were estimated for Indian whest,
jower, paddy, groundnut, rapeseed and mustard seed using end of month wholesde prices for
important markets where continuous data was available. The periods consdered were January,
1982 to June, 1988 and January, 1992 to June, 1998 for whesat, whilst jower, paddy, groundnut,
rapeseed and mustard seed had common periods October, 1981 to February, 1988 and October,
1991 to February, 1998.

The ranks for wheat were caculated to be three (out of eight markets) for the first
period and four (out of nine markets) for the second, implying that gpproximatdy 40% of the
prices explain al wheat prices in these markets in the long run. Noting there are different
markets across the to samples with the second period including Karnd and Hepur and
excluding Mehasana, there are many more identified price reationships for the post
liberdisation period. The proportion of sgnificant equilibrium cross-price eadticities increased
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from 45% to 58% over the two periods. Overdl, these results imply there are more
interdependencies between markets and a higher degree of market integration for the second
period. This is certainly true for Amritsar and Bahraich and there is the emerging importance
of the Rakot, Karnd and Kanpur markets. The magnitudes showed differences between the
two periods with Rgkot, Kanpur, Karna and Amritsar being the most responsive in the second
period.

The cdcuation of dgnificat equilibrium totd non-price dadticities indicate that non-
price effects are not important for Rgkot for both periods and for Indore, Amritsar, Karna and
Hapur in the second period. There are rdatively large non-price effects on Patna's equilibrium
price in both periods. Whilst the other markets have variable effects, it is clear that the non
price proportiond effects are generdly smdler in magnitude for the second period. This
implies the cross-price and own-price effects dominate the nonprice effects in equilibrium.
The ggnificant equilibrating price dadicities show that most markets have indadic responses
with over 20% of price disequilibrium diminated in the fird# month for the Rgkot, Indore,
Kanad and Hapur markets. The optimum lags showed that the markets equilibrate redivey
fagt with little evidence of inventory accumulation.

Smultaneous Granger causdity tests were dso conducted on the wholesde wheat
prices for both periods. Rakot and Dehi were the leading Granger causng markets in the first
period, whilg in the second period, Rgkot remains a leading market whilst Delhi switches to a
following market and Hapur, Kanpur, and Anmritsar switch from followers to leaders. Patna and
Indore follow the other markets for both periods. These findings appear robust to the different
esdimation methodologies. In summary, despite the reliance on price data done in this study,
there is a clear message that dramatic changes have occurred in the way wheat markets interact
since liberdisation. The markets, which previoudy demondrated a high degree of interaction,
have certainly become more integrated with Rgkot, Kanpur and Amritsar dominant in terms of
the dgnificance of the dze and timing of affects across markets. On the other hand Patna and
Indore are affected by other markets, both in terms of the size and timing of effects.

The case for jower is very different to that for wheeat. The ranks were calculated as one
(for ax markets) in the first period increesing to four (for eleven markets) in the second period.
However the number of sgnificant cross-price dadticities fell from 53% to a very low 4% over
the same periods. The very few dgnificant cross-price eadticities show that there do not appear
to be any important market interactions during the period October, 1991 to February, 1998.
Whilgt the Nandyal, Patan, Gulbarga Indore and Nagpur markets are included in both samples,
the second sample excludes Madurai and includes Kolhapur, Hyderabad, Coimbatore, Salem,
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Kanpur and Bahraich. Condgent with the more complex behaviour, these markets exhibit
ggnificantly more rgpid equilibrating adjusments. They ae dso responsve to own-price
changes in equilibrium which demondrate ther ability to equilibrate by themsdves in the
second period. This observetion is condstent with the lack of dgnificant externd non-price
effects on each market equilibrium price. Whilst the markets for jower appeared to be more
integrated prior to liberdisation, the results do not support the hypothess of market integration
for jower for the second period. These results contrast dramaticaly with the observed
increasing interdependence of wheat markets.

The edtimated ranks for paddy rice, like jower, increased from one (out of four
avalable markets) to three (out of five avalable markets) in the second period. This implies
that the proportion of prices required to explain al market prices in the sample increased from
25% to 60% over the two periods. However, unlike jower the proportion of dgnificant cross
price eadticities increased from 33% in the first period to 70% in the second period. With the
exception of Kolhapur, tota cross-price eadticities are larger in the second period reflecting
the higher degree of interdependence between markets. The markets for paddy therefore appear
to be increasingly integrated in the period October, 1991 to February, 1998. The significant
non-price effects are dso larger in the second period. The ability for these markets to clear is
increesng over the two periods with the own equilibrium price dadticities and the adjustments
to disequilibrium being higher in the second period. These latter rates of adjustment are very
high (unlike those for wheat and jower) with some evidence that the Bahraich price may tend
to overshoot the equilibrium leve.

The markets for groundnut required a rank of three for the first period, increasng to
four for the post-liberdisation period, to describe the system of prices. Since the number of
markets analysed are larger for the second period these ranks imply approximately 60% of al
the groundnut prices are required to explain the price sysem for both periods. The number of
dgnificant cross-price eadticities fdl from nine out of 20 (45%) to eight out of 42 (19%)
between the two periods. The sze of the totad cross-price dadticities aso fdl for the Rgkot,
Bombay and Kanpur markets. As for jower, the degree of market integration therefore appears
to have falen (or a best remaned datic) over the two periods. Uhlike the other commodities
andysed s0 fa, some of the groundnut markets displayed disequilibrium bubble price
behaviour. Disequilibrium in the Chennal, Rgkot, Viziangram and Kapadwanj markets caused
prices to further deviate from equilibrium over time This effect increased in these markets in
the post-liberdisation period.
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The markets for rgpeseed and mustard seed, whilst garting from an apparent very low
degree, demondrate an incresse in market integration over time. A rank of three is required D
explain the ax and seven markets for the two periods. Only the Nowgong and Hapur market
prices gppear related in the first period with one sgnificant pairwise cross-price dadticity. The
number of dgnificant eadicities increese to nine in the second period which essentidly
represent four market parwise relaionships. Like groundnut, some of these eadicities are
large and like wheet, three are negative in sgn. The disequilibrium behaviour, whilst prevaent
in the firg period, is redricted to the Nowgong and Mehasana markets with much lower
disequilibrium coefficients after liberdisation. Smilar to paddy, the markets for rgpeseed and
mustard seed demondrate an increasing degree of market integration dthough they dart from a
low base.

In summary the body of evidence shows the increasing degree of market integration for
Indian whesat, paddy rice, rgpeseed and mustard seed which contrasts with the findings for
jower and groundnut in the pod-liberdisation period of the 1990's. These results are derived
from a comprehendve andytic framework which explicitly incorporates smultaneous
interdependencies between market prices. This new methodology, by focussng on the
behaviourd system of market prices rather than just the temporad characteristics of prices,
overcomes the criticisms of previous market integration studies.

The additiond important outcome of this new approach is the finding of both pogtive
and negative long run equilibrium relationships for wheat prices and to a lesser extent for
rapeseed and mustard seed prices. These relaionships may be interpreted in terms of long run
dadicities or changes in eguilibium reative prices. The podtive findings ae essly
interpreted as reflecting common effects across markets like increesing demend for the
commodity and smple long term arbitrage across increasingly integrated commodity markets.

The negative or inverse findings are more complex and there are a number of possble
explanations. One explanation is the presence of uneven technologicd change across markets
affect production costs and product prices differently. If this is true then there must be
impediments to the disperson of these productivity increases across markets in the long term,
which implies a rdatively low leve of factor market integration in wheat and perhaps rapeseed
and mustard seed production. Another explanation is the movements of factors of production
between markets are in response to technical change and other factors. The production costs
and product prices for makets losng productive resources inversdy mirror the changes in
costs and prices relative to the factor importing markets. This second example, in contrast with
the firg explanation, implies that factor markets will be relatively integrated.
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The consequences of these dternative views for the integration of factor markets are
crucid to the efficient alocation of resources. The effective interdependencies between factor
markets will aso determine how the benefits of technica change are distributed aross regions
and time to reduce poverty and achieve food security. The andyss of the integration of factor
markets for food crops has not received adequate attention and should be given urgent priority.

55



Bibliography

Acharya, S. and N. Agarwa (1999), Agricultural Marketing in India, Oxford and IBH
Publishing, New Delhi.

Alexander, C. and J. Wyeth, (1994), “Co-Integration and Market Integration: An Application
to the Indonesian Rice Market”, Journal of Devel opment Studies, 30, pp. 303-328.

Alexander, C. and J Wyeth (1995), “Causdity Tesing in Models of Spatid Integration: A
Comment on an Article by Stefan Dercon”, Journal of Development Studies, 32, pp.
144-146.

Baffes, J. (1991), "Some Further Evidence on the Law of One Price: The Law of One Price
Still Holds', American Journal of Agricultural Economics, 73, pp. 1264-1273.

Barett, B. (1996), “Maket Anadyss Methods. Are Our Enriched Toolkits Well Suited to
Enlivened Markets?’, American Journal of Agricultural Economics, 78, pp. 825-832.

Baulch, B. (1997a), “Tedting for Food Market Integration Revisited’, Journal of Development
Sudies, 33, pp. 512-534.

Baulch, B. (1997b), “Trander Costs, Spatid Arbitrage, and Testing for Food Market
Integration”, American Journal of Agricultural Economics, 79, pp. 477-487.

Centeno, M. and A. Mdlo (1999), "How Integrated are the Money Market and the Bank Loans
Market Within the European Union?', Journal of International Money and Finance,
18, pp. 75-106.

Dercon, S. (1995), “On Market Integration and Liberdisation: Method and Application to
Ethiopid’, Journal of Development Studies, 32, pp. 112-43.

Engle, R. and C. Granger (1987), “Co-integration and Error Correction: Representation and
Tegting”, Econometrica, 55, pp. 251-276.

Goletti, F., R. Ahmed and N. Farid (1995), "Structurd Determinants of Market Integration:
The Case of Rice Markets in Bangladesh, Devel opment Economics, 33, pp. 185-202.

Goodwin, B. and T. Schroeder (1991), “Cointegration Test and Spatid Price Linkages in
Regiond Cattle Markets’, American Jurnal of Agricultural Economics, 73, pp. 452-
464.

Granger, C. and P. Newbold (1974), “Spurious Regressons in Econometrics’, Journal of
Econometrics, 2, pp. 111-120.

Harriss, B. (1979), "There is Method in My Madness. Or Is It Vice Versa? Measuring
Agricutura Product Performance’, Food Research Institute Sudies, 17, pp. 197-218.

Harvey, A. and A. Jeeger (1993), "Detrending, Stylised Facts and the Business Cycle", Journal
of Applied Econometrics, pp. 231-247.

Hodrick, R. and E. Prescott (1980), "Post-war U.S. Budness Cyces An Empiricd
Invedtigation”, (unpublished manuscript), Carnegie Mdlon University

lsmet, M., A. Bakley and R. Llewdyn (1998), "Government Intervention and Market
Integration in Indonesian Rice Markets', Agricultural Economics, 19, pp. 283-295.

Ja S and P. Sinivasan (1999), "Grain Price Stabilization in Indian Evauation of Policy
Alterndtives’, Agricultural Economics, 21, pp. 93-108.

56



Johansen, D. (1998), “Food Security and World Trade Prospects. Invited Address to the
American Agriculturd Economics Associaion”, American Journal of Agricultural
Economics: Proceedings, 80, pp. 941-947.

Johansen, S. (1991), “Edtimation and Hypothess Tedting of Cointegrating Vectors in Gaussan
Vector Autoregressve Models”, Econometrica, 59, pp. 1551-1580.

Johansen, S. (1995), Likelihood Based Inference on Cointegration in the Vector Autoregressive
Model, Oxford University Press, Melbourne.

Johansen, S. and K. Julius (1992), “Testing Structurd Hypotheses in a Multivariate Andyss of
the PPP and UIP for UK”, Journal of Econometrics, 53, pp. 211-244.

Kanwar, S. (2000), “Does the Dog Wag the Tail or the Tail the Dog? Cointegration of Indian
Agriculture with Nonagriculture’, Journal of Policy Modelling, 22, pp. 533-556.

Kurosaki, T. (1996), “Government Interventions, Market Integration, and Price Risk in
Pakistan's Punjab’, The Pakistan Devel opment Review, 35, pp. 129-144.

Lele, U. (1967), "Market Integration: A Study of Sorghum Prices in Western India’, Journal of
Farm Economics, 49, pp. 149-159.

Palaskas, T. and B. HarrissWhite (1993), “Testing Market Integration: New Approaches with
Case Materia from West Bengd Food Economy”, Journal of Development Studies, 30,
pp.1-57.

Pdaskas, T. and B. HarrissWhite (1996), “The Identification of Market Exogeneity and
Market Dominance by Tests Ingead of Assumption: An Application to Indian
Materid”, Journal of International Development, 8, pp. 111-123.

Perron, P. (1989), “The Great Crash, the Oil Price Shock and the Unit Root Hypothess’,
Econometrica, 57, pp. 1361-1401.

Pesaran, M. and B. Pesaran (1997), Working With Microfit 4.0 Interactive Econometric
Analysis, Oxford University Press, Mebourne.

Phillips, P. (1986), “Understanding Spurious Regressons in Econometrics’, Journal of
Econometrics, 33, pp. 311-340.

Phillips, P. (1987), “Time Series Regresson with a Unit Root”, Econometrica, 55, pp. 277-
301.

Pingdi, P. and M. Rosegrant (1998), “Supplying Wheat for Adds Increasingly Westernized
Diets’, American Journal of Agricultural Economics: Proceedings, 80, pp. 954-959.

Ravdlion, M. (1986), “Testing Market Integration”, American Journal of Agricultural
Economics, 68, pp. 102-109.

Rozdle, S, A. Pak, J. Huang and H. Jin (1997), “Liberdizatiion and Rurd Market Integration
in Chind’, American Journal of Agricultural Economics, 79, pp. 635-642.

Schroeder, T. (1997), "Fed Cattle Spatial Transactions Price Reationships', Journal of
Agricultural and Applied Economics, 29, pp. 347-362.

Timmer, C. (1996), “Liberdized Agriculturd Markets in Low-Income Economes
Discusson”, American Journal of Agricultural Economics, 78, pp. 830-832.

Weeks, J. (1999), “Trade Liberdisation, Market Deregulation and Agricultura Performance in
Centrd America,” Journal of Development Sudies, 35, pp. 48-75.

57



Wilson E. J (1999), Teding Indian Agricultural Market Integration’. Paper presented to the
Progress Workshop on the ACIAR Project Equity Driven Trade and Marketing Policy
Strategies for Improved Performance of Indian Agriculture: A Scoping Exercise,
Nationd Centre for Agriculturd Economics and Policy Research, Ddhi, 16-17

November.

Wilson, E. and K. Swami (1999), "A Report on Market Integration for Sub-Project 2:
Domegtic Agriculturd Marketing and Price Policies’, Peper presented to the ACIAR
Workshop, ACIAR House, Canberra, 25 July.

Zdewska-Mitura, A. and S. Hal (1999), "Examining the First Stages of Market Performance:
A Ted for Evolving Market Efficiency”, Economic Letters, 64, pp. 1-12.

Zanias, G. (1991), "Teding for Integration in the EC Agricultural Product Markets', Journal of
Agricultural Economics, 44, pp. 418-427.

Zanias, G. (1999), "Seasondity and Spatid Integration in Agriculturd (Product) Markets',
Agricultural Economics, 20, pp. 253-262.

58



