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Abstract—Market integration in  many agricultural
commodities had been extensively studied for tighi it
provides into the functioning of such markets, thixsng
valuable information about the dynamics of market
adjustment, and whether there exist market impgofec
which may justify government interventiohis study
empirically investigated price transmission, vdigti and
discovery of gram across four wholesale gram markeat.
Jaipur, Kishangarh, Chomu and Malpura in Rajasthan
state of India using Johansen’s multivariate caimngtion
approach, VECM, Granger causality tests, GARCH,
EGARCH and ARIMA. Monthly wholesale gram price data
spanning from January 2011 to December 2015 sourced
from AGMARKNET were used. Multivariate cointegratio
showed that all the selected gram markets were
cointegarted in the long-run, meaning long-run pric
association among these markets. The degree of emnark
integration observed is consistent with the vievatth
Rajasthan state gram markets are quite competitiias,
provide little justification for extensive and dgst
government intervention designed to enhance market
efficiency through improve competitiveness. Theegfn
order to sustain the present system of market iatim,
there is need to evolve mechanism that will geeensdrket
information and market intelligence which wouldveess a
platform for guiding farmers in marketing theirqutuce.
Keywords—Price transmission, Volatility, Discovery,
Gram, Market, Rajasthan.
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l. INTRODUCTION
One of the most important goals of development is
eliminating hunger, food insecurity and malnutritio
Orderly and efficient marketing of agricultural comdities
plays an important role in solving the problem aohber.
Most of those who go hungry do so because theyataget
food at affordable prices. If marketing system ist n
efficient, price signals arising at the consumdesel are
not adequately transferred to the producers, agsaltr
farmers do not get sufficient price incentive torgase the
production of the commaodities which are in shomy.
Further considerable quantity of food gets lost tie
marketing chain. Thus, an inefficient marketing teys
adversely affects the living standard of both terfers and
consumers. In agricultural-oriented developing does
like India, agricultural marketing plays a pivotalle in
fostering and sustaining the tempo of rural andneodc
development, thus, triggering the process of deuraknt.
Development of an efficient marketing system is antant
in ensuring that scarce and essential commodigashr
different classes of consumers. Marketing is ndy @an
economic link between the producers and the consgjrite
maintains a balance between demand and supply. The
objective of price stability, rapid economic grow#nd
equitable distribution of goods and services canbet
achieved without the support of an efficient mairigt
system. Rajasthan state was purposively selectedutty
market integration of gram, because it account tfo
highest quantity of gram production in India. Howev
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literature revealed few studies on market integratof
gram in India (Patiet al. 2014; Sharma and Burark, 2015;
Patil and Tingre, 2015) and neighbouring countgk{ftan)
e.g Hussairet al, 2010. Therefore, investigating the extent
and pattern of spatial integration, price volatiind future
prices in gram markets would provide an insight ittie
dynamics of market integration. Also, it will prod an
insight on the efficiency of marketing system i thtate,
thus, helping the policymakers and planners in
identification of the integrated markets to decidBether
government should intervene in the gram marketsatr
Also, findings from this study will add to literats on
market efficiency of gram in India.

Il. METHODOLOGY

Time series data containing monthly wholesale griper
quintal of gram for Jaipur, Kishangarh, Chomu arapdra
markets in Rajasthan State, spanning from Jan@af/ to
December, 2015, sourced from AGMARKNET were used.
Data collected were analyzed using series of titatisand
econometric techniques ranging from; Graphical, ADF-
GLS, Johansen Co-integration test, Vector Erromréation
Model (VECM), Granger Causality tests, Impulse oese
functions, ARIMA, GARCH, EGARCH and Index of
Market Connection.
Empirical Models

1. Model Selection Criteria
The information criteria are computed for the VARdels
of the form:
Yi=AY + ... +FAYm+ By X+ . + BXiq + CD; +
E o Q)
WhereY, is K-dimensional. The lag order of the exogenous
variablesX;, g, and deterministic ternd; have to be pre-
specified. For a range of lag orders n the modesisnated
by OLS. The optimal lag is chosen by minimizing asfe
the following information criteria:

AIC (n) = log det { ¥,(n) )} + (2T) nkK
o e )+ (2log log T K
ST o et Ty ¢ dog T ke
o ( n) ..... o (T ..... +(4) et Gt o

................................... (5)

WhereY,,(n) is estimated by ¥7_, UtU%, n* is the total
number of parameters in each equation of the metiehn

is the lag order of the endogenous variables, edgmting
the deterministic terms and exogenous variablese Th
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sample length is the same for all different laggtbs and is
determined by the maximum lag order.

2. Augmented Dickey Fuller Test
The Augmented Dickey-Fuller test (ADF) is the testthe
unit root in a time series sample. The autoregvessi
formulation of the ADF test with a trend term isve
below:
AP = a+ Pt B, BiAPe + € v (3)
Where, R is the price in marketat the timet, Apit (p; — p.
1) anda is the intercept or trend term. The joint hypotkesi
to check the presence of unit rootht: y = oo = 0 usingg,
statistic. Failure of the rejection of null hypothe means
that the series is non-stationary.

3. Johansen’s Co-integration Test
The Johansen procedure is a multivariate genetializaf
the Dickey-Fuller test and the formulation is adlofes
(Johansen, 1988):

PeEAIP T E e, (4)

So that

APt = AP —PRat E v (5)
Pe=(Ar D Pt & v (6)
APE TPt F e e e (7)

Where,p; and€; are (nx1) vectorsh is an (n x n) matrix of
parameters; | is an (n x n) identity matrix; grjds the @y-
1) matrix. The rank of At -1) matrix equals the number of
co-integrating vectors. The crucial thing to checlwvhether
(As-1) consists of all zeroes or not. If it does, thieimiplies
that all the f} in the above VAR are unit root processes,
and there is one linear combination of which igictery,
and hence the variables are not co-integrated.rahle of
matrix [] is equal to the number of independent co-
integrating vectors. Both trace and max test weseduo
determine the presence of co-integrating relatignamong
and between the price series. Using the estimateheo
characteristic roots, the tests for the numbehafacteristic
roots that are insignificantly different from unitywere
conducted using the following statistics:
/]trace = -T Z?=r+1 ln(l'}-i)
In(1-7; + 1)
................................................ 9)
Where,A; denotes the estimated values of the characteristic
roots (eigen values) obtained from the estimgfedhatrix;
andT is the number of usable observations.

4. Granger Causality Test
Granger (1969) causality test was used to deterrifiee
order and direction of short-term and long-termildeyium
relationships. Whether markpt Granger causes market
or vice-versa was checked using the following model
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Pt=C+ X (@Prit APt ) + & oo (10)
A simple test of the joint significance ofd; was used to
check the Granger causality, i.e.
Ho: 01 =0, = ... %, =0.

5. Vector Error Correction Model (VECM)
After establishing the multiple co-integrating tedaships
among price series, Vector Error Correction Model
(VECM) was constructed to determine the short-term
disturbances and the adjustment mechanism to estitina
speed of adjustment. The VECM explains the diffeecim
y: andyy; (i.e. Ay, and it is shown below:
Ay = a + My — Pra) + NiZ6a Axa + NiZirAKa
...................... (11)
It includes the lagged differences in bothandy, which
have a more immediate impact on the value &f;. For
example, ifAx;, increases by one percentage point, thgn
would increase byd percentage point. The value ¢f
indicates the percentage point would change indahg-run
in response to changesxnTherefore, part of the change in
Ay, could be explained by correcting itself in each period
to ultimately reach the long-run path withThe amount by
which the value of changes (or corrected) in each period is
signified byw. This coefficient [) indicates the percentage
of the remaining amount thgthas to move to return to its
long- run path withx. In explaining changes in a variable,
the VECM accounts for its long-run relationship wtther
variables. The advantage of VECM over an ordinabh50
model is that it accounts for dynamic relationshipst may

exist between a dependent variable and explanatory

variable, which may span several periods.

6. Impulse Response Functions
Granger causality tests do not determine the velati
strength of causality effects beyond the seledted span.
In such circumstances, causality tests are inapiatep

because these tests are unable to indicate how much

feedback exists from one variable to the other hdythe
selected sample period (Rahman and Shahbaz, 2048).
best way to interpret the implications of the madédr
patterns of revenue transmission, causality andsadent
are to consider the time paths of revenues aftegenous
shocks, i.e. impulse responses. The impulse respons
function traces the effect of one standard dewviato one
unit shock to one of the variables on current aumiré
values of all the endogenous variables in a systeer
various time horizons (Rahman and Shahbaz, 201®). F
this study the generalized impulse response fum¢tBiRF)
originally developed by Koot al (1996) and suggested
by Pesaran and Shin (1998) was used. The GIRFeindbe
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of an arbitrary current shock, and history.; is specified
below:

GIRK (h, 6, w1 = E [Yi+ hp, @ - E [yu/w]
............................ (12)

7. Index of Market Connection (IMC)
The index of market concentration was used to nreasu
price relationship between integrated markets, &mal
model is specified below:
S=Po+SiSat Bo(TerTe) + BaTea + E v,
13)
T, = Terminal market price or reference price
S = Secondary whole sale market price
Ti1 = lagged price for Terminal market
TTy., = difference between Terminal market current price
and its lag
€ = stochastic/ noise/disturbance term
Bo = Intercept
B,= coefficient of secondary wholesale market price
B2 = coefficient of the difference between Terminarket
current price and its lag
B3 = coefficient of Terminal market lagged price
IMC = B4/ B3, where 0< IMC <0
Where,
IMC < 1 implies high short-run market integration;
IMC > 1 implies low short-run market integration;
IMC = o0 implies no integration; and,
IMC = 1 implies moderate short-run integration.
8. GARCH Model
The representation of the GARCHI, Q) is given as:
Yi=a+ bYi + Yo + &

(Autoregressive ProCeSS) .vvvvvvrveerrveriesvenineenns (14)
And the variance of random error is:

Fi= Ao+ A+ At oo (15)

o= w+ ¥ Bid + X a E i (16)

Where, Y, is the price in thé™ period of the™ market,p is
the order of the GARCH term arglis the order of the
ARCH term. The sum ofa + f) gives the degree of
persistence of volatility in the series. The closethe sum
to 1; the greater is the tendencyvefatility to persist for a
longer time. If the sum exceeds it is indicative of an
explosive series with a tendentwymeander away from the
mean value.

9. EGARCH Model
The EGARCH model was developed to allow for
asymmetric effects between positive and negatieelshon
the conditional variance of future observations.oer
advantage, as pointed out by Nelson and Cao (189&)at
there are no restrictions on the parameters. IiE(BARCH
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model, the conditional variancdy, is an asymmetric
function of lagged disturbances. The model is givelow:
In () = a + fIn () + a [Eu/vh] + y [Ealvhed]
................. (17)
This implies that the leverage effect is exponénti@ther
than quadratic and the forecasts of the conditioaabnce
are guaranteed to be non-negative. Karanasos amd Ki
(2003) carried out a detailed analysis of momesirscture
of the ARMA-EGARCH model, while Kobayashi and Shi
(2005) studied the testing for EGARCH against shstic
volatility models.

10. ARIMA Model
A generalization of ARMA models which incorporatas
wide class of non-stationary time-series is obthirsy
introducing the differencing into the model. Thenplest
example of a non-stationary process which reduces t
stationary one after differencing is Random Walk. A
process ¥} is said to follow an integrated ARMA model,
denoted by ARIMA(p, d, q) if 7 v = (1-8)° & is ARMA
(p, 9), and the model is written below:
0(B) (1P Vi= O (B) E v (18)
Where, & ~ WN(0,6%), andWN indicates white noise. The
integration parameteat is a non-negative integer. Whdre
0, ARIMA (p, d, ) = ARMA (p, ).
Forecasting Accuracy
For measuring the accuracy in fitted time seriesdeho
mean absolute prediction error (MAPE), relative mea
square prediction error (RMSPE) and relative mean
absolute prediction error (RMAPE) were computedchgsi
the following formulae (Paul, 2014):
MAPE = 1/TY {At — Ft} oo,

(19)

RMPSE = UT Y {(At - Ft2 | At
................................ (20)

RMAPE = UT Y {(At — Ft> / AfX 100
........................ (21)

Where, At = Actual value; Ft = Future value, and Time
period(s)

Il RESULTS AND DISCUSSION

Lag Selection Criteria

Sensitivity of time series to lag length necessitéte
application of lag selection criteria using Vector
Autoregression (VAR) selection order criteria tdetmine
the suitable number of lag(s) to be included in rtiedel.
Lag selection criteriaviz. Akaike information criterion
(AIC), Hannan—Quinn criterion (HQC) and Schwarz
Bayesian criterion (BIC) advised us to select lafprithe
analyses (Table 1). The asterisks indicate the (blest is,
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minimized) values of the respective informationtenia,

AIC, BIC and HQC. Detailed iteration of the lagesgion

process from lag 1to 8 are shown in Table 1. Howelte
should be noted that when all the selection cedtexjree,
the selection is clear, but in situation of cornitig results,
the selection criteria with the highest lag ordecansidered
or chosen.

Table 1: Lag selection criteria

Lag(s) AIC BIC HQC
1 50.33* 51.23* 50.67*
2 50.52 52.02 51.09
3 50.71 52.81 51.51
4 50.90 53.60 51.93
5 50.99 54.30 52.26
6 51.13 55.03 52.62
7 51.02 55.52 52.75
8 51.07 56.20 53.05

Unit Roots Test

The stationarity of the price indices were testerfole
establishing the causal relationship between differ
markets. The Augmented Dickey Fuller (ADF) testof@y
and Fuller, 1979) was employed and the presenagnipf
root was checked under the scenario of the equatitn
intercept and trend. ADF-GLS test, which provides a
alternate  method for correcting serial correlatiand
heteroscedasticity was also used to validate thsiltee
(Table 2). The ADF values at level were higher than the
critical values at 5 per cent level, indicating théstence of
unit root in the series; that is, non-stationaryure of the
data. But at first difference, the ADF values wéwaer
than the critical values at 5 per cent level ofh#igance,
meaning that the price series were free from the
consequences of unit root; implying that the presgies
were stationary at first difference, i.e, the seriare
integrated of order one. ADF-GLS test results gomfihe
robustness of the ADF test, as indicated by notiesiarity

of the series at level as evident by t-statistiwes which
were higher than t-critical values at 5 percent, dufirst
difference they became stationary as evident batistic
values which were lower than t-critical values giescent.
Through a visual examination of the series at lewré can
observed that there was an upward movement of grice
(Figure 1), indicating presence of unit roots, bfter first
difference the series became stationary at thistg&igure
2). Having ensured non-stationarity of the priceiese
relationship between these markets was estimated ttse
co-integration test.
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Table 2: Unit roots test with constant and trend

Market Stage ADF ADF-GLS Remarks
g T-stat P<0.05 T-stat T-critical (5%)

Jaiour Level -1.58 0.801 -1.71 -3.03 Non-stationgry
P 1% Difference -5.21** 0.000068 -5.10** -3.03 Statioga
Kishanaarh Level -1.98 0.611 -2.00 -3.03 Non-stationgry
9 1% Difference -5.33* 0.000038 -5.22%* -3.03 Statioga
Chomu Level -1.72 0.7448 -1.72 -3.03 Non-stationary

1% Difference -5.14** 0.000095 -5.18** -3.03 Statioga
Maloura Level -1.85 0.681 -1.89 -3.03 Non-stationgry
P 1% Difference -4.90** 0.00028 -4,99** -3.03 Statiogar

Note: ** indicate that unit root at level or atdirdifference was rejected at 5 per cent signifiean
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Figure 1: Unit roots test at Level
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Figure 2: Unit roots test at First Difference
Johansen’s Multiple Co-integration Test integration test was usedThe results of Johansen’s
To determine the long-run relationship betweenepseries maximum likelihoodtests (maximum eigen-value and trace
from a range of four price series, Johansen maltign- test) are shownin Table 3. To check the first null
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hypothesis that theariables were not cointegrated= 0),
trace and max valuetatistics were calculated, both of
which rejectedthe null hypotheses as trace and max test
statistics values were higher than 5 per centcatitialues
and accepted the alternative of one or mwomtegrating
vectors. Similarly, the null hypotheses ok 1 from both
statistics were rejecteagainst their alternative hypotheses
of r > 1. The null hypotheseas< 2 from boththe tests were
accepted and their alternative hypothesess 3 were
rejected as the trace and max valwese less than their
corresponding critical valueat 5 per cent significance
level. Both testsconfirmed that the four selected gram
markets hadtwo cointegrating vectors out of four
cointegrating equationsjndicating that they are well
integrated and price signase transferred from one market
to the other to ensurfficiency;the selected gram markets
had long-run equilibrium relationship and thereseed co-
integration among these marketsThus, Johansen
cointegration test showed that even though thectezle
gram marketsn Rajasthan are geographically isolated and
spatially segmented, they are well-connected in terms of
gram prices, indicating that the selected marketse long-
run price linkage across them.

Table 3: Multiple cointegration analysis

Eigen | Trace P- Lmax P-
Ho | H1

value test value test value
r
= >rl 0.4973| 76.991% 0.0000 40.583*0.0003
0|2
r
< >r2 0.3710| 36.4084 0.0068 27.358*0.0044
112
r
< :r3 0.0895| 9.0504| 0.3674 5.5336 0.6771
2

Note: *denotes rejection of the null hypothesi$ ger cent
level of significance

However, integration of gram prices between mapast
was also tested using Johansen’s Cointegration(Tedte

4). Results showed these market pairs; Kishangadmn,
Kishangarh-Malpura, and Chomu-Malpura to be
cointegrated. Although these market pairs are tedla
geographically, they had one cointegration equation
meaning that these market pairs in the state antegpated
and there exists long-run price association betweemthe
However, Jaipur market was not cointegrated witii ah
the selected marketmeaning that there do not exists any
cointegration between them and thus, no long-ruoepr
association exists between these market pairsrefore, it
could beinferred that to certain extent gram markets in the
state are integrated.

Table.4: Pair-wise cointegration in major cocoa rkats

Market pair | HO | H1 Trace | P- Lmax-| o\ aiue CE
test value test
Saiour- rO: r>1| 759 | 052| 465| 078
Kishapn arh r< NONE
9 l_ r>2 2.94 0.09 2.94 0.09
r0: r>1 8.49 0.42 5.05 0.74
Jaipur—Chomu > NONE
1‘ r>2| 3.44 0.06 3.44 0.06
Saiour rO: r>1| 874 | 040| 563 067
Malp ura r< NONE
P l_ r>2 3.11 0.08 3.11 0.07
r=
. >1 | 25.95 0.00 24.04 0.00
Kishangarh— 0 f=
Chomu r< 1CE
1‘ r>2| 1.92 0.17 1.92 0.17
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. = r>1| 33.17 0.00 30.94 0.00
Kishangarh— 0
Malpura r< 1CE
P 1_ r>2 2.24 0.17 2.24 0.14
r=
>
Chomu — 0 r>1| 31.78 0.00 29.92 0.00 -
<
Malpura rl— (>2| 186 | 017| 1.86| 017

Note:*denotes rejection of the null hypothesis geb cent level of significance

CE- Cointegration Equation

Vector Error Correction Model

The estimates of vector error correction model aés/¢hat
the coefficient of speed of adjustment was negaiivall

the markets, with only Jaipur and Malpura markets
coefficients being significant, implying that pricén these
markets tend to converge in the long-run (Table e
coefficient of speed of adjustment from displacetmen
equilibrium to equilibrium for Jaipur and Malpuraarkets
were -0.019 and -0.129, which indicates that 1.8 qamt
and 12.9 per cent of divergence from the long-run
equilibrium were being corrected each month. Ineoth
words, it means that Jaipur and Malpura marketssafll
back to the equilibrium level at 1.9 percent and®J#rcent
respectively. Therefore, it will take approximatdlyand 4
days in Jaipur and Malpura markets respectivelyegtore
back to equilibrium. Based on findings it can béeired
that Jaipur and Malpura markets are efficient ia thng
run; while Chomu and Kishangarh markets are iniefficin

the long run, because they do not adjust to théiledqum

in the long run due to disturbances of the shartmarkets

as evident by non-significance of their ECT valu€he
process of adjustment, however, was much relatifadter

in Jaipur market than Malpura marketeaning that, the
price transmission mechanism in Jaipur marketssefaand
more efficient in relation to price transmissionNalpura
market, and this might be due to lesser transfer and
transaction costs in Jaipur market due to Dbetter
infrastructure The constant terms in the long run equations
for Jaipur and Malpura gave the picture of thegfancosts

market on Jaipur, Kishangarh and Chomu markets taue
arbitrage activities. Results revealed insignificenfluence

of the transfer costs in the marketing process rafngin
Jaipur and Malpura in the state. This perhaps sigdegh
efficiency in information transmission between Jaip
market and Kishangarh-Chomu-Malpura markets; betwee
Malpura market and Jaipur-Kishangarh-Chomu markets;
and also improvement in the marketing infrastruesuin
Jaipur and Malpura markets.

The effects of lagged prices in the selected markedire
both negative and positive, suggesting that, insti@t-run,
price shocks were contemporaneously transmittethese
markets but not fully (Table 5Results revealed that the
adjustment that occurs in Jaipur market prices was
influenced by changes in one month lagged pricegraifn

in Kishangarh and Chomu markets, while adjustmernhé
prices of gram in Malpura market was influencecchginge

in its one month lagged gram prices and other exoge
factors. The short-run dynamics, thus, indicates that the
changes in one month lagged gram prices in Kishareyad
Chomu markets were transmitted to Jaipur markeijewh
change in one month lagged gram prices in Malpuaeket
was transmitted to the current gram prices in Mapdo
strength the linkage and interconnectedness amargets

for faster transmission of price and management of
commodity from surplus area to deficit area, depsient

of market infrastructure, use of information andhteology

in transaction of goods, processing, transportadiuh other
back-end supply chain of gram need to be enhanded.

or the extent of price differentials in Jaipur ntrlon

Kishangarh, Chomu and Malpura markets; and Malpura

would definitely help
integrated economic market in the state.
Table.5: Vector Error Correction Model of selectgém markets

in the development of single

Variable D(Jaipur) D(Kishangarh) D(Chomu) D(Malpura)
-0.019 -0.008 -0.007 -0.129

ECT (0.012) (0.04) (0.0.03) (0.044)
{-1.698}* {-0.201} " {-0.185}"* {-2.910}**

D(Jaipur) 0.145 0.109 0.185 0.0058

(0.166) (0.189) (0.181) (0.2067)

www.ijeab.com

Page | 80



International Journal of Environment, Agriculture and Biotechnology (IJEAB)

Vol-1, Issue-1, May-June- 2016]
ISSN: 2456-1878

{0.873}"" {0.577}"= {1.021}"* {0.028}"*
0.944 0.299 0.571 0.703
D(Kishangarh) (0.406) (0.462) (0.443) (0.505)
{2.33)* {0.648} = {1.29}"° {1.393}"°
-0.835 -0.284 -0.475 0.177
D(Chomu) (0.418) (0.477) (0.457) (0.521)
{-1.99}* {-0.596} \* {-1.038}"* {0.338}"*
-0.229 -0.168 -0.271 -0.757
D(Malpura) (0.208) (0.237) (0.227) (0.259)
(-1.101)"® {-0.710}"° {-1.197}"° {-2.929)**
Constant -100.27{-1.39}" 65.25{0.82}" -23.96{-0.31}" -76.76{-0.88}"*

Note: *** ** * implies significance at 1%, 5% and0% respectively

NS: Non-significant
(); {} implies Standard error and t-statistic

Granger Causality Tests

The granger causality shows the direction of price
formation between two markets and related spatial
arbitrage, i.e., physical movement of goods to sidjhe
prices difference. According to the granger catsaést,
there was unidirectional causality between the etaphir:
Kishangarh—Chomu wholesale markets, meaning that a
price change in the former market in granger cdluserice
formation in the latter market, whereas the pribange in
the latter market does not granger cause pricegehamthe
former market. Also, it can be seen that there texis
bidirectional causality between Kishangarh—Chomu an
Chomu—Malpura market pairs. In these cases, thador

market in each pair granger causes the wholesate pr
formation in the latter market which in turn prosgthe
feedback to the former market as well. Furtheeehmarket
pairs, Kishangarh-Jaipur, Chomu-Jaipur and Malpura
Jaipur, have no direct causality between them,catdig
that neither Kishangarh nor Chomu nay Malpura ntarke
granger causes the price formation in Jaipur manket
Jaipur market granger causes the price formation in
Kishangarh, Chomu and Malpura markets. In otherda/or
there is no long-run price association betweenetimarket
pairs (Table 6).Therefore, it can be inferred that gram
prices adjust in some markets according to demamt a
supply situation in the state.

Table.6: Pair wise Granger causality tests of seldanarkets

Ho t-stat Prob. Granger Direction
cause

Jaipur — | 0.542 0.590 No None

Kishangarh

Jaipur «— | 0.102 0.919 No

Kishangarh

Chomu — Jaipur 1.237 0.222 No None

Chomu « Jaipur 1.348 0.183 No

Malpura — Jaipur | 1.614 0.112 No None

Malpura « Jaipur | 1.181 0.243 No

Kishangarh — | 2.058 0.044** Yes Unidirectional

Chomu

Kishangarh «— | 1.665 0.102 No

Chomu

Kishangarh — | 3.223 0.002** Yes Bidirectional

Malpura

Kishangarh «— | 2.702 0.001** Yes

Malpura

Chomu — Malpura | 2.769 0.008** Yes Bidirectional
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| Chomu «— Malpura | 3.674

| 0.001**

‘ Yes ‘

Note:**denotes rejection of the null hypothesidaier cent level of significance

IMPULSE RESPONSE

Estimation of impulse response function was incstesit at
long horizon when estimated from the unrestrictéRY if
there was unit root or cointegration. So the staflpulse
response function was derived from the error cdioac
model. The response of price series with respecthéo
shocks from other variables are captured through th
impulse response function, showing how and to vet&tnt

a standard deviation shock in one of the gram ntarke
affects the future prices in all the integrated kags over a
period of twelve months. When the effect of a shdids
out over time, the shock is said to be transitadyile if the
effect of a shock does not die out over time, theck is
said to be permanent.

A perusal of Figure 3 indicate that orthogonalizédcks to
the prices of gram in Jaipur market will have panent
effects on its own prices and prices in Chomu ntarked a
transitory effects on the prices in Kishangarh Mwalpura
markets. Unexpected shocks that are local to poEgsam

in Kishangarh market will exert a permanent effectthe
prices in Jaipur and Chomu markets, and transigdigcts
on prices in its own market and Malpura market.eliise
unexpected shocks that are local to prices in Chorarket
will have permanent effects on Kishangarh and Mapu
markets, and transitory effects on prices in itsranarket
and Jaipur market. However, orthogonalized shocks o
Malpura market will exert transitory effects on thgces in
all the selected gram markets in the state. It elzserved
that three price series, namely Kishangarh, Chomd a
Malpura markets will yield negative response (daseg to
their own shock (unexpected increase). Prices ipuda
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market will respond positively to shocks that ocaurthe
prices of gram in its own market and Kishangarh ketr
and the response will not be prominent for any kldilom
gram prices that will occur in Chomu and Malpurerkets;
Prices in Kishangarh market will respond positiviedybad
news that will occur to prices of gram in Chomu kesy
and a negative response to shocks that in Jaipsinakgarh
and Malpura markets; prices in Chomu market witand
to bad innovation that will occur in Jaipur and kasgarh
markets, and a negative response to shocks thbedur
in Chomu and Malpura markets; and, prices in nmalpu
market will respond positively to local shocks tlatur in
Kishangarh and Chomu markets, and negatively talloc
shocks that will occur in its own market and Jaiparket.
In otherwords, a shock originating from the Kishaurig
market is more transmitted to all the selected gnaarkets
in the state, but a shock originating from any othem
market (except Chomu market) is relatively lesadmaitted
to Kishangarh market; implying Kishangarh markes ha
dominance in price determination in other gram retgkn
the state. A shock given to Chomu market is tratiethin
large proportion to Kishangarh and Malpura markeats]
dies out over time in its own market and Jaipur kegrA
shock originating from Jaipur market will not diest over
time in its own market and Chomu market, but wisdout
over time in Kishangarh and Malpura markets. Onatier
hand, the results of Malpura market impulse respons
confirm that the price transmission from Malpuractber
markets will dies out over-time, implying Malpurarket is
relatively market follower and do not play a siggdgit role
in the state gram markets.
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Fig.3: Impulse response functions

Diagnostic checking (VECM)

One of the basic assumptions of Box-Jenkins is that
residuals are not correlatediagnostic checkingviz.
autocorrelation and normality tests for residualerev
conducted to determine the suitability of VECM. Tiest
indicates no autocorrelation in the residuals ades from
the Q-statistics which were not different from zeab5
percent probability level (P>0.05), thus, the rhylpothesis

of no autocorrelation was accepted and the altemat
rejected. For normality test, results indicate thhe
residuals were normally distributed as evident from
Doornik-Hansen test which was different from zere,
were significant at 5 percent probability level (FP85),
thus, the alternative hypotheses was accepted Wialaull
was rejected. Therefore, it can be inferred that ritodel
used certified all the necessary criteria for ibeoterm best

fit (Table 7)
Table.7: VECM Diagnostic checking
Test Statistic P-value
"‘“?gBl‘;X Q| o051 0.821
Autocorrelation Ljung-qBon
0.185 0.667
(Eq2)
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Ljung-Box Q
0.539 0.463
(Ea3)
Ljung-Box Q
0.126 0.723
(Eq4)
. Doornik-
Normality Hansen test 110.97 0.000

The Index of Market Connection between Secondary
wholesale market and Terminal market

The results of index of market connection (IMC) are
presented in Table 8. The index is used to showt sha
relationship between integrated markets. The IM@iokd
were 0.103; 0.133 and 0.074 for market pairs’ viz.
Kishangarh-Jaipur, Chomu-Jaipur and Malpura-Jaipur,
respectively. These are less than one, indicativag the
market pairs exhibits high short run market intégra
These results imply that price changes in the Tmami
market cause immediate and accurate change inritesp
of Secondary wholesale markets. The short run marke
integration was faster between Kishangarh and daipu
market pair, relative to other secondary marketsaiin with
Jaipur market. These indicate perfect price tragsiom
mechanism between these market pairs.
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Table.8: Indices of market connection

Market 2 .
pair B1 Bs | IMC | R Classification
. High short-run
Kishangarh - -
_Jaipur | 0.065| 003| 0.103| 538  market
integration
High short-run
Chomu =1 585| 0.64 0.13358.8 market
Jaipur . .
integration
Malpura — High short-run
b 0.046| 0.62| 0.074 46.3 market
Jaipur . .
integration

Diagnostic checking (IMC)
Results indicated no arch effect as evident from ItV
tests which were not different from zero at 5 petce
probability level. Also Durbin-Watson statistics nged
within 1.5 to 2.5, indicating no autocorrelation @arg the
residuals. Normality tests showed that the resglwatre
normally distributed as evident from the Thialue which
were different from zero at 5 percent probabiligvel
(Table 9).

Table.9: Diagnostic checking (IMC)

Market pair Arch D-W Normali'.[y

LM-test | stat | test(chf)
Kishangarh — 1.89 202 63.74
Jaipur (0.9996) ’ (0.000)
Chomu — 1.55 200 112.69
Jaipur (0.9999) ’ (0.000)
Malpura — 4.86 32.66
Jaipur (0.963) 1.998 (0.000)

Extent of Price Volatility in gram markets

The results of GARCH model indicated that different
models of the same order fit different markets, hwit
GARCH (1,1) found as the highest GARCH order fdr al
the selected markets during period 2011-2015 (Tabke
With the exception of Jaipur market, the sum € ;)
coefficients for rest of the markets were estimatieder to

‘one’, indicating the persistence of volatility gram prices
of selected markets. Results of GARCH analysiscinteid
that volatility in the current month prices in Jaipmarket
was caused by information on volatility in the prding
month prices, which was evident from the significan
ARCH-term termed family shock. Further, externabckts
which originated from Kishangarh and Chomu marldte
contributed to the current month volatility in pr&of gram
in Jaipur market. Also, GARCH analysis results dadéd
that volatility in the current month prices in Kéfgarh
market was caused by internal shock viz. infornmatm
volatility in the preceding month prices, as evidfeam the
significant ARCH-term, and external shocks which
originated from Jaipur, Chomu and Malpura markds®
add to the current month volatility in prices ofagr in
Kishangarh market; GARCH results indicated thagrimal
shocks did not caused volatility in the current thoprices
in Chomu market as evident from non-significant REz2H
and ARCH terms, but rather by exogenous shocks twhic
originated from Kishangarh and Malpura marketstlyas
GARCH results revealed that volatility in the cuntrenonth
prices of gram in Malpura market was not causethhyily
shocks as evident from non-significant GARCH andChR
terms, but probably exogenous factor(s) might cditseA
noteworthy point was that volatility in the currgmices of
gram for each selected markets was not caused lhijlip
in the preceding month prices of gram in respect®lected
markets, which was evident from non-significant G2HR
term.

However, Jaipur market showed an explosive paterthe
value @; + B;)) exceeded one, which indicates high risk in
gram market, while rest of the selected marketswelo
non-explosive pattern as the sum af« ;) did not exceed
one, which infers the usefulness of gram markeitindpese
markets. The reason for persistence of volatititpiices of
gram in Kishangarh, Chomu and Malpura markets cbeld
due to market arrivals.

Table 10: Estimates of GARCH model for measuringtiity in prices of gram from Jan. 2011-Dec. 2015

Particulars | Jaipur market | Kishangarh market | Chomu market | Malpura market
Family shocks

Constant 7008.93(2.00)** 1313.55(1.51) 1230.51(0.73 | 395395(0.15¥°
Alpha 1.00 (4.82)*** 0.464(1.90)* 0.127(0.69 0.909(0.91)°
Beta 1.0E-012(0.000)*** 0.300(0.92)NS 0.598(121) 0.0396 (0.04¥°
External shocks

Jaipur - 0.074(3.12)** 0.025(1.0%) -

Kishangarh -0.406 (1.92)* - 0.696(6.62)*** -
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Chomu 1.37(6.65)*** 0.619 (6.45)*** - -
Malpura 0.303(3.71)*** 0.287(3.16)*** -

Log likelihood | -415.53 -333.18 -336.01 -554.56
GARCH fit 11 1,1 1,1 11

a+p 1.0 0.764 0.725 0.949

Notes: Figures within the parentheses indicate#heulated t-statistic
** ** and * indicate the significance at 1%, 5% @i 0% probability levels respectively

NS: Non-significant

Testing of ARCH Effect in GARCH Models
The Box-Jenkins approach has a basic assumptiarththa
residuals are independent of each other. ThusAREH
tests were carried out on the residuals obtaintst &fting
the GARCH model on all the four series to test \Whet
residuals are not correlated. Test results revealed-
presence of ARCH effect for all the series. Als@ th
normality tests indicated that the residuals foitta series
were normally distributed, as evident by the p-galwhich
were less than 5 percent (Table 11).

Table.11: Diagnostic checking for GARCH

Model Market AR?_S;'M 'Iltleosrtnzz(a:d:i)z/)
Jaipur 0.055 (0.81 (3,%?)8)
Kishangarh | 0.085 (0.77) 4.83(0.009)
GARCH Chomu 0.063 (0.80 (88(3);
Malpura 0.004 (0.95 (240(2)3)

Note: Values in parentheses are probability

Fitting of ARIMA Model
Various combinations of the ARIMA specifications ree
tried after first differencing of all the serie$Ve obtained

the best ARIMAmodel for each series based on the lowest

AIC information criteriaWe selected ARIMA (0, 1, 1) for
Jaipur and Kishangarh markets, and ARIMA (1, 1fd)
Chomu and Malpura markets. Due importance was diwven
the well-behavedesiduals while selecting the best model.

Out of total 60 data points (January, 2011 to Ddmmm
2015), first 55 data points (January, 2011 to JA§15)
were used for model building and the remaining fada
points (August, 2015 to December, 2015) were used f
model validation (Table 12a).

Table.12a: AIC values of different ARIMA models

Market 111 1.1.0 011

AIC 8047'419 go2.4231 | 207 420%
Jai

aipur BCS 8128.729 808.6557 | 808.6530
cishangar AIC 81‘;069 812.5382 812'? 537
h Ez:S 822?;379 818.7708 | 818.7662
G 8116553 809-53387* 809.6784
Chomu B;:S 8191_863 815.8713 | 815.9110
Al 83(:5.850 830-*1729* 830.2654
Malpura E’(::S 8397.160 836.4055 | 836.4980

Note:**denotes best ARIMA model

Validation

One-step ahead forecasts of wholesale prices usinge
approach for the last 5 months (August, 2015 toelDdser,
2015) in respect of above fitted model were compute
(Table 12b).

Table.12b: One step ahead forecast of prices

Date Jaipur market Kishangarh Chomu market Malpura market
market

Actual | Forecast| Actual | Forecast| Actual | Forecast| Actual | Forecast
2015:08| 2745 2736.63 2865 2957.59 286b 2956|86 2863960.71
2015:09| 2765 2757.19 2865 2886.96 286bH 2885|21 2863884.99
2015:10| 2636 2777.17 2936 2881.47 2936 2880[04 2938878.70
2015:11| 2678 2642.33 2878 2946.51 2978 2944|191 27/63942.26
2015:12| 2800 2691.264 2970 2898.09 294b 2989|42 2753796.62
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The forecasting ability of the models wegrglged on the
basis of relative mean square prediction error (EM8ean

absolute prediction error (MAPERNd

relative mean

absolute prediction error (RMAPEPRerusal of Table 12c
revealed that in all the price series, RMAPE valuese
less than 5 percent, indicating the accuracy ofrtloelels

Forecasting

One step ahead out of sample forecast of wholgsades

of gram with 95% upper control limits (UCL) and Lew
control limits (LCL) for all the markets duringdhperiod
January, 2016 to December, 2015 were computedl€Tab
12d). The forecasted prices are the shadow pricesiue

used. value of factor of production which will prevail der a
Table.12c: Validation of models perfect situation. Under imperfect market situatitre
RMAPE rices will not exceed the UCL and will not go helaCL.
Market MAPE RMSPE (%) E\II the price series observed a slight increaﬂ?evﬁse their
Jaipur 3.884 2.461 0.0895 corresponding standard errors, i.e, the standamdr er
Kishangarh 11.324 1.509 0.369 followed an increasing trend as the volatility e@sed The
Chomu 28.488 1.167 0.997 forecasted prices were also depicted in Figure #%-7
Malpura 55 456 3290 502 visualize the performance of fitted models.
Table.12d: Out of sample forecast of gram pricesdlected markets
Months/Yr Jaipur market Kishangarh market
Forecast Upper CL | Lower CL Forecast Upper CL | LowerCL
2016:01 2816.12 3220.89 2411.36 2979.16 3420.12  8.293
2016:02 2827.99 3411.73 224424 2993.91 3593.f5  4.089
2016:03 2839.85 3559.35 2120.36 3008.67 3733.34  3.998
2016:04 2851.72 3685.14 2018.3( 3023.42 3854.39  2.269
2016:05 2863.58 3797.13 1930.043 3038.18 3963.30  3.061
2016:06 2875.45 3899.38 1851.52 3052.94 4063.48 2.204
2016:07 2887.31 3994.27 1780.34 3067.69 4156.p8  8.207
2016:08 2899.18 4083.35 1715.0( 3082.45 424516  9.191
2016:09 2911.04 4167.70 1654.3¢ 3097.20 4328.p7  5.486
2016:10 292291 4248.09 1597.72 3111.96 4409.11  4.881
2016:11 2934.77 4325.11 1544.43 3126.71 4486.11  7.326
2016:12 2946.63 4399.20 1494.07 3141.47 4560.38  2.582
Months/Yr Chomu market Malpura market
Forecast Upper CL | Lower CL Forecast Upper CL | LowerCL
2016:01 2962.88 3393.16 2532.61 2769.75 3281.f9  7.2@5
2016:02 2976.38 3559.23 2393.53 2781.90 3469.13  4.8@9
2016:03 2990.25 3695.10 2285.41 2794.32 3623.63 5.196
2016:04 3004.10 3812.61 2195.58 2806.72 3756.63  6.8&5
2016:05 3017.94 3918.27 2117.61 2819.12 3876.06  2.186
2016:06 3031.79 4015.40 2048.17 2831.52 3985.61  7.487
2016:07 3045.63 4106.01 1985.24 2843.92 4087.59  0.260
2016:08 3059.47 4191.42 1927.53 2856.32 4183.64  9.092
2016:09 3073.32 4272.57 1874.07 2868.72 427453  2.906
2016:10 3087.16 4350.14 1824.19 2881.12 4361.36  0.820
2016:11 3101.01 4424.64 1777.37 2893.51 444461 2434
2016:12 3114.85 4496.48 1733.22 2905.91 45247  7.088

Note: CL- Confidence Level
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Diagnostic Checking
The model verification is concerned with checkirte t
residuals of the model to see if they contained any
systematic pattern which could be removed to imerthe
chosen ARIMA. For this purpose, autocorrelationsthod
residuals were computed and it was found that wdtieese
autocorrelations were significantly different fronero at
any reasonable level. This proved that the seleARAMA
models were the best fit and appropriate models for
forecasting the series. Also, for checking normakind
randomness of the residuals for all the selectedkets
probability values were less than 5 percent; irntifica
residuals were distributed normally and indepengent
(Table 12e).

Table.12e: Diagnostic checking for best ARIMA medel

Market ARIMA Autocorrelation test Normality
model (Ljung-Box Q) Test (Ch?)
Jaipur 0,1,1 10.52 (10.52) 202.29(0.00
Kishangarh 0,1,1 7.96 (0.72) 51.78 (0.00
Chomu 1,1,0 6.12 (0.87) 64.04 (0.000)
Malpura 1,1,0 10.52 (0.48) 67.53 (0.000)
V. CONCLUSION AND RECOMMENDATION

The study investigated cointegration, causality smidte
transmission among selected gram markets in Rajasth
state of India. Stationarity tests showed thatethiére price
series were unit roots (non-stationary) at levat, llecame
stationary after first difference, thus, integratefd order
one. Multiple cointegration tests showed that thkeded
gram markets in the state were well-integrated hade
long-run price association across them. Market-w&Ee
cointegration test confirmed pairs of Jaipur-Kistrhn;
Jaipur-Chomu and jaipur-malpura markets not to hawe
price association between them. Findings indicatteat
prices of gram in Jaipur and Malpura marketsiverge to
the long-run equilibrium at the speed of -1.9 petand -
12.9 percent respectively, per month if there isy an
distortion, i.e, they attain a long-run equilibrium
relationship orconverge in the long-run after restating and
correcting prices at the speed of -1.9 percent and 12.9
percent respectively, per month in the state. Fasality
tests,two market pairs showed bidirectional causalitye o
market pair indicated unidirectional causality, athmlee
market pairs depicted none causality.the short- run, the
markets were found to be integrataad price changes are
transmitted contemporaneously, though not fully. This
indicates thatgram markets in the state have acquired
competitive strength to certain extent in price formation
after correcting short-ruand long-run fluctuations. Results
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of impulse response functions showed that the speealas
as magnitude of a shock given to Malpura market is
relatively less transmitted to other markets, tehswing
Malpura market to be a trend follower and not treetter.
Comparatively, Kishangarh market was found compgegten
because price signals originating from this maikejuickly
transmitted to other markets. IMC results showeghhi
short-run integration between the terminal markietigur)
and all the secondary whole sale markets. All glected
markets except Jaipur market observed persistdatility,
implying usefulness of gram marketing in the state.
Findings further revealed that the selected ARIMAdeIs
could be used successfully for modeling as well as
forecasting of monthly wholesale prices of gram foe
selected markets, because the models demonstrajedda
performance in terms of explained variability amddicting
power. The researchers opined that findings of shisly

p) will serve as a pivot for the potential use of aatel
) forecasts in decision-making for the farmers, medan,

consumers as well as government policy makers.efbie,

the researchers advocated that the network of gram
wholesale markets should be well-designed so ashiance
their proximities, given that, it will boost a dateinter-
market competition, and also control the wide mitinke
margins, so that, this produce can be moved tadéfeeit
areas, thus, benefiting both consumers and proslucer
Furthermore, strengthening of physical infrastreetwse of
information and communication technology, and well
definedtransparent agricultural policy or markekeasures
will help in the development adingle uniform economic
market in the state and the country in general.
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Figure 4: Price forecast of Jaipur
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Figure 6: Price forecast of Chomu
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Figure 7: Price forecast of Malpura
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