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ABSTRACT

Integration among domestic markets is a necessary condition for economic efficiency and it ensures
maximum gains for all agents in the marketing chain (producers, consumers, and intermediaries). This
paper uses an Autoregressive Distributed Lag (ARDL) model to test for market integration across
wholesale markets of paddy in Chhattisgarh - a state in eastern India where a large share of the population
is engaged in paddy cultivation. Using monthly data from 2004 to 2016, the study does find evidence of
significant horizontal price transmissions among markets both within and across different districts of the
state. However, the speed of price adjustments to long-run equilibrium is found to be slow. This indicates
that market integration within the state is, at most, weak and, therefore, it is not advisable to excessively
rely on price-support policies without initiating market reforms for improved integration. Interestingly, the
findings about price transmission (and market integration) are found to be sensitive to the choice of paddy
variety: different varieties sold in the same mandi show no evidence of interdependence. Finally, the study
identifies lead, lag and isolated markets within the state. Given the imperfections and inequities that exist
in the implementation of agricultural price policies (especially in terms of access to support prices) across
India, these findings can act as crucial inputs for reassessing policy interventions.
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INTRODUCTION

The study of linkages in price movements across spatially separated markets falls
within the broad literature of ‘market integration’. While market integration is not a
sufficient condition for Pareto optimality (Newbery and Stiglitz, 1984; Ravallion,
1986), it is still a necessary condition (Ravallion, 1986). In integrated markets, prices
get determined interdependently. This transmission of price signals and information
across markets can ensure efficient resource allocation and more stable prices
(Acharya, 2001; Tankari and Goundan, 2018). Gains from liberalisation and
globalisation are contingent on the presence of an efficient market network of
agricultural commodities (Timmer, 1989; Jayasuriya et al., 2008).Most importantly,
unless agricultural markets are integrated at the national (or state) level, a blanket
agricultural policy at the national (or even the state) level would be unsuitable (Jha et
al., 2005).

In recent decades, the Government of India has often relied on price-policy
measures (like raising the minimum support price) as a tool to mitigate farmer
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distress. However, the access to measures like minimum support prices (MSP) is
uneven across the country. For instance, farmers in several markets are either
unaware of MSP or they are not able to opt for MSP (even when prices crash) due to
operational reasons (NSSO, 2014; Bathla, 2012; Chatterjee, 2019). Now, the law of
one price (LOP) will operate only if price signals are transmitted across these
spatially separated markets. Otherwise, there will be a sustained gap between markets
with and without access to price support-measures, with the sellers in the latter group
being left out of policy reach.

Ravallion (1986) argues that an empirical measure of market integration provides
basic data for understanding how specific markets work. In developing countries,
where most farmers are resource-poor smallholders, estimating the extent of market
integration can guide price-instrument-based policies and market-based reforms to
improve the performance of local markets. While inter-state barriers in grain trade
may be a cause of low market integration nationally, the absence of transmissions
within any state would imply other reasons for non-transmission. With the
government focusing on improved information flow through portals like e-NAM,* the
cost of information is expected to fall, thus resulting in greater market-integration.
Further, the much-debated Farm Bills of 2020 indicated an apparent shift in policy
towards market-based reforms by allowing a freer role and increasing private-sector
participation in foodgrain trade. These developments make it all the more relevant to
assess market integration at the national, regional and state level.

This paper takes up the case of price transmissions across wholesale markets in
the eastern Indian state of Chhattisgarh, where a large section of cultivators
comprises small holders. The crop studied is ‘paddy’, the state’s most widely
cultivated commodity accounting for 66 per cent of cropped area.? The state produces
over 19 thousand rice varieties, has been conferred the “Krishi Karman Award” four
times by the Government of India in recognition of its meritorious efforts in rice
production, and is known as “Rice Bowl of India”. Despite the state’s performance in
terms of agricultural production, reports of farmer distress have been recurring from
the state with a large number of suicides being committed by farmers (Manjunatha
and Ramappa, 2017). The National Crime Records Bureau (NCRB) of India places
Chhattisgarh among five states that account for 90 per cent of the total farmer
suicides reported across the country. Most of the state’s population (77 per cent)
depend on agriculture for their livelihood (Census of India, 2011) and a majority of
its farmers (over 82 per cent) belong to the ‘small and marginal’ category
(Government of India, 2019) who earn very low-incomes (NSSO, 2014; Birthal et al,
2017). The state also has a disturbingly high poverty rate, with 40 per cent of its
population living below the poverty line (NSSO, 2014). As paddy is the state’s main
crop in terms of area and volume, returns from paddy cultivation affect the livelihood
sustainability of most of Chhattisgarh’s farmers. If price-signal transmissions across
markets are weak, price support policies alone would not address concerns like non-
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remunerative prices, price crashes due to bumper harvest or price spikes due to
localised monsoon failure.

Integrated markets have high potential to mitigate adverse effects of supply
shocks (Sekhar, 2012). By the same token, absence of integration can lead to
persistence of local food scarcities as markets with surplus supply will not respond to
price signals from supply-deficit markets (Dreze and Sen, 1995; Currey and Hugo,
1984). When price transmissions are imperfect or asymmetric, large gaps in price
difference may persist and the consequent volatility may be passed on to the
producers and consumers (Bathla and Srinivasulu, 2011).

Thus, an examination of market integration is important from policy perspective.
In case markets are fragmented or isolated, it is advisable for the government to
instead focus on policy variables that strengthen market infrastructure, improve
information dissemination, reduce transaction costs and so on (Acharya, 2001; Bathla
and Srinivasulu, 2011). In developing countries, agricultural markets usually show
less integration due to high transaction costs (transport, margins, risk premiums, cost
of information and so on). In India, integration may be further hindered by continued
government interventions in grain markets, occasional policy barriers on inter-state
foodgrain movement, and regional biases in price and procurement policy (Jha et al.,
2005; Bathla and Srinivasulu, 2011; Mittal et al., 2018). Interestingly, Conforti
(2004) reports that annual domestic prices of some major agricultural commodities
(including rice) show considerable linkage with world reference prices in countries
like India, Pakistan, Egypt and Indonesia, notwithstanding the overall policy attitude
of high public regulation for long periods. His work, however, uses all-India prices
that, he remarks, are not representative of a vast and diverse country like India.
Jayasuriya et al. (2008) find that the integration of domestic market of rice with
international market improved significantly after the liberalisation. However, Mittal
et al. (2018), who conduct a disaggregated study on rice and wheat prices in India,
conclude that volatility in domestic prices is more influenced by internal production
shocks than international prices. Studies that focus on transmissions across domestic
markets in India do find evidence of improved market integration after the neo-liberal
reforms of 1990s, but the nature of this integration is reported to be far from perfect
(Jha et al., 1997; Wilson, 2003; Acharya, 2001; Jha et al., 2005; Kumar, 2007;
Bathla, 2011; Sekhar, 2012; Paul and Singha, 2015; Paul et al., 2016). If we focus on
rice/paddy, the evidence has mostly been that of weak integration. Jha et al. (2005)’s
study monthly rice prices in 55 wholesale markets across India (1970 to 1999) report
market integration to be incomplete. Sekhar (2012) also finds that rice markets
(compared to other crops) show a lower extent of integration and exhibit relatively
longer speed of adjustment.

Most of the works cited here use averaged prices to study market integration,
which does not reflect intra-state differences. Sekhar (2012) specifically shows that
markets in the eastern region of India show lower integration, particularly in the case
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of rice. Hence, in this paper, an attempt has been made to take up the case of paddy
within one such state from eastern India.

The null hypothesis being tested is that there is no market integration. Based on
its findings, the paper separates mandis that do not show evidence of spatial
transmissions across them from those that do (if any). This helps us identify ‘isolated’
markets, which may need targeted policy interventions.

The rest of the paper is organised as follows. Section Il presents the
methodological framework and discusses the data. Section Il presents the empirical
findings on the nature of integration across mandis of Chhattisgarh. Section IV
concludes.

METHODOLOGICAL FRAMEWORK AND DATA
2.1 Data: Sources, Specification and Transformation

The study examines the degree of integration (interdependence) among wholesale
markets (mandis) of paddy in Chhattisgarh. The period of reference is from 2004-05
to 2016, the choice of which is guided by a number of considerations. First, sufficient
time is allowed for lagged effects of policy changes that occurred during the nineties
in India to phase in: the New Economic Policy, opening up of the agricultural sector
to the rest of the world (Agreement on Agriculture under WTQ?3), and the subsidy and
credit cuts to agriculture. The period from about 2005-06 also marks a new phase of
increased irregularity in movements of both domestic and world commodity prices
(Bathla, 2012; Tripathi, 2014; Ott, 2012; Baffes and Haniotis, 2016; Harvey et al,
2017). This gives further validation to the choice of the period. The year 2016 is
taken as the cut-off year because of two reasons: (i) two major policy reforms viz.,
demonetisation (November, 2016) and the Goods and Services Tax (GST) regime
(July, 2017) were initiated in quick succession around this period, which adversely
affected the agricultural sector, at least in the short-run, due to severe cash constraints
and administrative hindrances (Govindasami, 2017; Goel, 2018; Browske, 2019;
Baig, 2019; Chodorow-Reich et al., 2020; Lahiri, 2020); (ii) the years from 2015
have seen back-to-back droughts in India (Government of India, 2018; Todmal, 2019;
Global Drought Observatory, 2019) severely affecting India’s largely rain-fed
agricultural production (Government of India, 2016) and therefore, prices.

Data on paddy price is analysed for Chhattisgarh’s primary wholesale markets
(mandis), where the first sale of primary agricultural produce is mandated by the state
Agricultural Produce Market Committee (APMC) Acts.* Daily prices reported at
wholesale mandis are available from Directorate of Marketing and Inspection (DMI),
Government of India (Gol) (http://agmarknet.gov.in).> From each market-level price
series, monthly average of the daily modal price is calculated.® Using nominal price
data (unadjusted for inflation) may lead to bias arising from common inflationary
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trends. Each series is deflated by the respective month’s WPI for rice to obtain the
real (constant 2004-05) price. These prices are then transformed to their natural
logarithms to ensure that all series are normally distributed to facilitate parametric
testing.

Table 1 provides details about the price-series included in the analysis and Figure
1 presents the location of included mandis on a representative district map.
Chhattisgarh has three diverse agro-climatic zones. Among these, paddy cultivation is
most intensive in the Central Plains where 35 per cent of the state’s irrigated area is
concentrated (NSSO, 2014). As most of the state’s paddy is sold in markets of this
region, they have relatively higher representation in the set of mandis included in this
study.

TABLE 1. LIST OF PRICE SERIES FROM MANDIS of CHHATTISGARH INCLUDED IN THE ANALYSIS

Slno Mandi District Variety of Paddy*
@) (@3] (©) @

1. Raipur? Raipur Other/Paddy

2. Bhatapara® Raipur? Paddy Fine

3. Bhatapara® Raipur? Paddy

4. Balodabazar Raipur? Paddy Fine

5. Kasdol Raipur? Paddy

6. Rajnandgaon® Rajnandgaon Other

7. Rajnandgaon® Rajnandgaon Paddy Medium
8. Mungeli* Bilaspur Paddy Fine

9 Charama Kanker/North Bastar Other

Note: *The ‘variety’ reported here is as it is listed in the dataset obtained from the Directorate of Marketing and
Inspection (DMI), Government of India (Gol) (http://agmarknet.gov.in)# These are among the 14 mandis from
Chhattisgarh that are covered under eNAM. 2 In 2012, the Balodabazar-Bhatapara district was carved out of Raipur
and these mandis now fall under the former’s jurisdiction.
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Figure 1. Map of Chhattisgarh: Mandis under Study
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Next, Figure 2 presents the time-series plots of each mandi level price series.
Except for the ‘paddy fine’ variety, all the other series tend to cluster together. Their
movements over time also appear to be approximately similar. Further econometric
testing will provide clearer evidence on these linkages.

Averg>e Monthy Price |Re/Quinta’)

Jin-OM Sep-06 Jun-02 Mae-12 Dw:-14
oLhatipara (Paddy) & Bhotopaa Piady Fing) ORapwndgazn [Other)
S Rapnr (Cnher,/Tedly & Rajandpass Packdy Medmng = Rlungu i (Paddy Fine)
x Do (Padey Fing) -hyomd (Other! «~K3sdol (Procy)

" Source: Author’s calculations using data from the DMI, Gol.
Figure 2. Plots of the Monthly Average Price of Paddy Varieties from the Selected
Mandis of Chhattisgarh from 2004 to 2016.

2.2 Modelling the Series

First, the time-series properties of each series are examined to determine whether
they are trend stationary or difference stationary. For this, the paper uses the Dickey-
Fuller-GLS (DF-GLS) unit root test proposed by Elliott et al. (1996), which has
significantly greater power compared to previous versions of the augmented DF test.”

The stationarity tests (results in Table 2 of Section 3.1) indicate the series under
study to be of mixed type, i.e., some are stationary at level and others are non-
stationary. Differencing, de-trending or filtering to make all variables stationary often
leads to the loss of long-run relationship/information. Instead, this paper uses the
Autoregressive Distributed Lag Model (ARDL) cointegration technique, which can
determine the long run relationship between series having different orders of
integration (Pesaran and Shin, 1999, and Pesaran et al. 2001). This approach is
effective in small samples and, if augmented sufficiently, it avoids uncertainty about
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variable exogeneity. It also enables estimation of economic relationships in levels. As
price adjustments to shocks are generally sluggish and involve considerable time
lags, the short-run and the long-run behaviour of a market integration process can
differ (Ravallion, 1986). The ARDL model can estimate both the long-run
(equilibrium) and the short-run (dynamic) relationships among variables (Pesaran et
al., 2001). These advantages make the model an ideal choice. It can also be
reparametrised into an empirical error correction model (ECM), which brings
together the short-run dynamics and long run relationship of the considered variables.
The specification of the ARDL also needs to account for seasonality as monthly
data on agricultural commodity prices often display a strong seasonal component.
The source of seasonality is the seasonal nature of the harvest, resulting in prices
dropping substantially in the harvest month due to excess supply. However, the exact
nature of market arrivals would depend on trading and storage strategies adopted by
farmer-sellers. Further, given the rise in ‘summer paddy’ cultivation in Chhattisgarh,®
the harvest month itself may be difficult to define for each variety. Therefore, it
makes sense to allow the data to decide the seasonal structure. To account for
seasonality, recent studies either use a ratio-to-moving-average method (Bathla and
Srinivasulu, 2011) or incorporate monthly seasonal dummies (Sekhar, 2012; Gilbert
et al, 2017) to account for seasonality. Here, we include eleven seasonal dummies
(D4, ...D11) in the ARDL specification, with the twelfth month serving as the base.
The general form of the ARDL(p,qs, ...,¢qx) model for a particular dependent price
series (y) with respect to a vector of all other prices series (Xi) can be expressed as:

D(Lp)yt =Bo + Yk—y Bi(L, q;) X+ ISt +ut (1)
fori=1,23......k, Ut ~ id(0:52).

Here,
@, p)=1-dIL - D2L2... - dpLP
B(L, ) =1-BIL—B2L2... - BqL®

L is a lag operator and St is an 11 x1 vector of seasonal dummies (i.e. the
exogenous variables in the model having fixed lags). The optimal lag length for
endogenous variables is determined using the Schwarz-Bayesian (SIC) criterion,
which provides slightly better estimates than the AIC criteria in small samples in the
ARDL framework (Pesaran and Shin, 1999). Finally, post-estimation tests are
conducted for residual serial correlation, residual normality and model specification.
The stability of the long-run and short-run coefficients of each ARDL model is the
cumulative sum (CUSUM) and moving sum (MOSUM) of recursive squares tests
proposed by Brown et al. (1975) and Chu et al. (1995). The ARDL specifications are
altered if and when any post-estimation statistic indicates a problematic fit.

All estimations are conducted using R. The ARDL estimation uses the package
developed by Natsiopoulos and Tzeremes (2021).
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ARE PADDY PRICES INTEGRATED ACROSS CHHATTISGARH’S MANDIS?

This section presents the findings regarding market integration for paddy within
the state of Chhattisgarh. As mentioned in Section I, all econometric analyses are
conducted on log-transformed monthly averages of daily modal (constant 2004-05)
price.

3.1 Time-Series Properties of the Price Series

The results of the Dickey-Fuller-GLS (DF-GLS) test for presence of unit root are
presented in Table 2. At five per cent level of significance, the null of the presence of
a unit root can be rejected only in the case of Bhatapara mandi (Paddy) and
Balodabazar mandi (Paddy fine). Thus, the first general inference is that, in most
cases, price shocks(and crashes) have a lasting effect on the level of prices in the
future. Then we proceed to formal testing for price signal transmissions.

TABLE 2. TIME-SERIES PROPERTIES OF LOG PRICE SERIES

Price series GF-GLS tau test statistic ~ Optimal lag length Conclusion
1) 2 ®) @)
Raipur (Other) -1.824 10 1(2)
Bhatapara (Paddy Fine) -2.574 12 1(1)
Bhatapara (Paddy) -3.12 7 1(0)
Balodabazar (Paddy fine) -3.289 6 1(0)
Kasdol (Paddy) -0.945 12 1(2)
Rajnandgaon (Other) -2.39 12 1(1)
Rajnandgaon (Paddy Medium) -1.86 12 1(2)
Mungeli (Pady Fine) -1.787 11 1(2)
Charama (Other) -2.297 7 1(1)

Source: Author’s calculation.
Note: The optimal lag length is selected based on the Ng-Perron sequential t-test.

3.2 Modelling Horizontal Price Transmissions

Each price series is modelled on all the other price series using an ARDL-
cointegration framework. The procedure involves two stages. The first step is
estimation of an ECM from Equation (1) and testing the joint significance of the
coefficients of the lagged level regressors (based on F-statistic) using critical values
developed by Pesaran et al. (2001). Suppose the F-statistic lies above the upper
bound critical value for a given significance level. In that case, a non-spurious long-
run level relationship can be inferred between the regressors and the dependent
variable. The second step is undertaken only when the F-statistic is significant. It
involves estimation of an underlying ARDL model, estimation of the long-run
(equilibrium) coefficients between levels and estimation of the ECM that underlies
the ARDL model.
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The results of the first stage of the ARDL-cointegration procedure are
summarised in Table 3 along with some important post-estimation test-statistics. The
plots for the respective CUSUM and MOSUM tests are presented in Figure 3.

TABLE 3. ARDL BOUNDS TEST AND MODEL DIAGNOSTICS

District Raipur Raipur Raipur Rapur Raipur Rajnandgaon Rajnandzaon Bilaspur Kanker
Market Rapur Bhatapara Bhatapara Balodabazar Kasdo! Rajnandgzaon Fainancgso Munguli Charama
(vasiety) (Other) (Paddy Fine) (Paddy) (Paddyfine) (Paddy) (Othes) :(ip::,:) (Pady Fine) (Othes)
Optimal lag (11,1111, 11,1111, (1,1.111.1.1, (1111111, 2,11.11,11, (1000000, (1,1,111.1.1 (1,111,111, (1,1.1.11,11
structure 1.1) 1.1) 1.1) 1.1) 11) 0.0) 1.1 1.1) .L1)
Bounds F-test(Wald) for no cointegration

F 3775 ¢ 1.084 4862 ** 4835 ** 243% 16265 *** 3436 ¢ 2982 242
Brewsch-Godfrey Test for the autocorrelation in residuals

LM test 0039 0.755 0.142 2703 0048 374354 0298 4411 0.367
of 1 1 1 1 1 1 1 1 1
P 0844 0385 0.707 0.100 0.826 0.000 0585 0036 0.544
Ljung-Box Test for the autocorrelation in residuals

Chisquarad 0016 0537 0040 0212 0.005 24200 0.122 1.84¢ 0.188
of 1 1 1 1 1 1 1 1 1
P 0892 0464 0.825 0340 0945 0.000 0.727 0.174 0.665
Shapiro-Wilk normality test

w 02se 0983 0820 02987 02841 0.987 0282 0984 0.970
P 0315 0.056 0365 0.157 0.000 0.188 0308 0075 0.002
Ramsey's RESET Test for model specification

RESET 0260 2950 0170 2187 2047 1730 0577 1692 2.040
of 2and 121  2and 121 2and 121 2and 21 2and 119 2and 190 2and121 2and 121 2and 121
P 0.764 0.056 0.844 0.117 0.134 0.181 0563 0.189 0.133

Source: Author’s calculations.
Note: Sig. codes: 0 “***> 0.001 “*** 0.01 ** 0.05 <> 0.1 <’ 1; DI,..D11 represent the (monthly) seasonal
dummies with D1 corresponding to January and so forth upto D11 (November).

At 5 per cent level of significance, the Bounds F-test indicates presence of at least
one co-integrating vector in five out of nine cases under study. Thus, while there is
some evidence in favour of horizontal price signal transmissions, we cannot conclude
that there is complete market integration for paddy within the state.

The price-series that show no evidence of transmission from other markets are
Bhatapara (paddy fine) and Kasdol (paddy) in Raipur district, Mungeli (paddy fine)
in Bilaspur district and Charama(other) in Kanker (North Bastar) district. Another
case in point is the price series for the variety ‘other’ in Rajnandgaon where the
optimal lag structure (suggested by the information criteria) does not include any lags
of the other price series. Even the model statistics indicate a misfit if lags of other
markets are included in the specification.

A better understanding of the long-run and short run dynamics can be obtained
from the coefficient estimates presented in Table 4. Here the coefficients for the
seasonal dummies are also included (D1,...D11). Results are only presented for the
price-series that show significant evidence against the null hypothesis of no
cointegration in stage 1.
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Figure 3. ARDL Model Stability Diagnostics.

The ARDL estimates (Table 4) show that the equilibrium relationships and
coefficients estimated display satisfactory diagnostic statistics. The results indicate
significant inter-district price signal transmissions: all the included price-series show
some influence on at least one other market. Based on the coefficient estimates, the
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markets under study can be categorized in terms of their lead-lag influences. A lead
market is one from which shocks are transmitted to other markets, and a lag market is
one which gets affected by shocks in some other market(s). Among the markets
studied, four show no evidence of being influenced by price movements in other
markets (Bhatapara (paddy fine), Kasdol (paddy), Mungeli (paddy fine) and Charama
(other)). These markets can be interpreted as pure ‘ead’ markets among the set of
markets considered in this study. Further, among all ‘lead markets’, it is the two
paddy varieties from Rajnandgaon mandi that have the most number of significant
influences on prices of other mandis. (esp. Raipur).

TABLE 4. ESTIMATES OF THE UNDERLYING LONG-RUN RELATIONSHIPS

Raipur Rajnandgaon
District Raipur Raipur Balodabazar Rajnandgaon
Market (variety) Raipur (Other) Bhatapara (Paddy) (Paddy fine) (Paddy Medium)
1) @) ®) @) (®) (6) (@) ®) )
ECT (t-1) -0.39%4 ok -0.482 ok -0.488 ok -0.396 ok
Raipur (Other) 0.451 kel 0.125 0.084
Bhatapara (Paddy 0.072 * -0.007 -0.008 -0.024
Fine)
Bhatapara (Paddy) 0.304 ok -0.396 0.511 kel
Balodabazar (Paddy 0.009 -0.044 0.056 *
fine)
Kasdol (Paddy) -0.033 -0.011 0.277 faad 0.086
Rajnandgaon (Other) 0.288 el -0.179 * -0.075 0.554 kol
Rajnandgaon (Paddy 0.056 0.503 Fkk 0.493 *
Medium)
Munguli (Paddy Fine) 0.005 0.046 0.273 faad -0.032
Charama (Other) 0.082 0.148 * 0.171 -0.058
D1 -0.021 * 0.020 0.109 -0.003
D2 -0.024 * 0.016 0.047 0.008
D3 -0.022 * 0.016 0.026 kel 0.007
D4 -0.023 * 0.026 * 0.118 0.003
D5 -0.027 falad -0.007 0.028 0.012
D6 -0.049 ok -0.007 0.044 0.057 ek
D7 -0.012 -0.016 -0.062 0.046 falad
D8 -0.018 . -0.013 -0.018 0.038 falad
D9 -0.027 * 0.010 0.067 0.025 .
D10 -0.031 falad -0.002 0.022 0.040 falad
D11 0.015 -0.018 0.002 -0.013
Intercept -0.367 Ak 0.883 ek 3.343 ek -0.757 ek
Residual standard error ~ 0.023 0.029 0.086 0.029
df 131 131 131 131
Multiple R-squared: 0.665 0.727 0.473 0.805
Adjusted R-squared: 0.614 0.686 0.392 0.775
F-statistic: 13.01 17.47 5.87 27.05
df (20, 131) (20, 131) (20, 131) (20, 131)
p-value 0.00000 0.00000 0.00000 0.00000

Source: Author’s calculations.
Note: Sig. codes: 0 “**** 0.001 ***0.01 “*> 0.05 <. 0.1 <’ 1.

With Raipur being the capital of Chhattisgarh, the results could indicate that there
is relatively better information flow to the mandis of the district (even if not vice
versa). Among the ‘lag’ markets, most mandis from Raipur show evidence of being
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influenced by price movement in a number of other mandis from both within and
outside the district. Further, almost all the mandis covered under eNAM (except for
Mungeli) show evidence market integration of varying degrees. This indicates a
positive influence of the e-trading portal in strengthening information flow across
mandis.

While geographical proximity does seem to favour the strength of transmissions,
the presence of inter-district linkages indicates that this is not a necessary condition.
By contrast, differences in the variety of paddy chosen from a market shows different
results. In both Rajnandgaon mandi and Bhatapara mandi, the two respective paddy
varieties show no evidence of interdependent price formation. Thus, conclusions
about market integration may be highly sensitive to the choice of variety of the same
crop.

The error correction term (ECTt-1) is negative and statistically significant at less
than 1 per cent level for all the markets that show integration. This means that any
disequilibria in price formations get adjusted in the long-run. However, the ECM
coefficient is low in magnitude, which indicates slower speed of adjustment. This
finding is in line with those of Jha et al. (2005), Bathla (2009) and Sekhar (2012) for
rice markets in India. Sekhar (2012) specifically finds the speed of price convergence
to be lowest in the eastern region of India compared to the rest of the country. Jha et
al. (2005) attributes the fragmentation in wholesale rice markets largely to excessive
state interference in rice markets, which reduces market efficiency by making it hard
for supply-abundant markets to pick up signals about scarcity in isolated markets.
Bathla and Srinivasulu (2011) add that, in the short-run, factors like monopolistic
behaviour of traders and increase in profit margins, high storage, transaction and
inventory holding costs can also prevent commaodity prices from integrating across
domestic markets of India.

\Y

CONCLUSIONS

This study investigates price linkages across mandis of Chhattisgarh for the
state’s most widely cultivated commodity - paddy. While low market integration in
India is often attributed to inter-state barriers in grain trade, absence of transmissions
within markets of a state would imply other reasons for non-transmission. The
empirical investigations for inter-mandi price interdependence does find statistically
significant evidence to reject the null-hypothesis of no market integration. However,
the estimates indicate slow and weak price signal transmissions. Thus, there is not
enough evidence to suggest perfect integration. Some mandis act as ‘lead markets’ in
the state: any change in price in these mandis affects paddy prices in many other
mandis. Such transmissions are not restricted to markets within a single district. The
study also identifies mandis showing no evidence of being affected by price changes
in other markets (among those included in the study). These mandis, however, cannot
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be termed as ‘isolated’ because all of them show some evidence of affecting price
formation in at least one other mandi. An interesting finding is that estimates of price
transmission (and market integration) are sensitive to the choice of paddy variety, i.e.
different varieties sold in the same mandi do not show evidence of price-
interdependence. Therefore, market integration studies conducted in the future should
explicitly consider variety differences.

The study finds that the speed of price adjustments to a long-run equilibrium is
slow and price shocks tend to persist in markets. This indicates that supply-surplus
markets may take a long time to respond to any supply deficit in other markets within
the state. As studies like Jha et al. (2005) and Sekhar (2012) also find the same to be
true during the decades preceding the period of reference of this study, we infer that
market integration for rice in eastern state of India has not improved in the
subsequent years. Furthermore, since the study investigates intra-state transmissions
only, the weak integration cannot be attributed to intra-state policy barriers on grain
trade. Thus, | concur with recommendations of eminent works like Acharya (2001)
and Bathla and Srinivasulu (2011) that the government must focus on policy
variables that strengthen market infrastructure, improve information dissemination,
reduce transaction costs and so on. A point to note is that all mandis covered under
eNAM show evidence of relatively better price-linkages. Thus, increasing coverage
of eNAM and encouraging farmer participation could be show significant
improvement in market-integration.

The findings also provide important insights relevant for India’s support price
policy. An issue with the Minimum Support Price (MSP) policy is that several
farmers are either unaware of it or do not have state procurement agencies in their
region (NSSO, 2014). Even in several regulated mandis, farmers often receive a price
lower than the declared MSP (Bathla, 2012; Chatterjee, 2019). Now, in Chhattisgarh,
most sellers are small and marginal farmers (SMF). For instance, the proportion of
SMF is over 80 per cent in both Raipur and Bilaspur, and over 70 per cent in
Rajnandgaon.® These farmers may not be in a position to bear repeated price crashes
financially. Thus, at times when returns from agriculture are not remunerative for
many (Government of India, 2006; NSSO, 2014; Birthal et al.,2017), monitoring
prices of the lead markets would enable anticipation and mitigation of price shocks in
lag markets. Again, lead markets can form a manageable set of locations to target
policy instruments for effective implementation. Given the existing inequity in
procurement (NSSO, 2014), the benefits of a raised MSP may not percolate to all the
locations unless there is a fair degree of market integration. However, if procurement
is, at least, ensured in major locations where important lead markets are located,
some benefits of price support may reach other markets that are currently left out.
This proposition of course needs to be formally tested and can be taken up in future
research. At the same time, in markets which are not impacted by dynamics of other
markets, any policy support/intervention has to be direct and specific. Taking the
same example, the benefits of price support measures would not percolate to the pure
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lead markets identified here unless procurement takes place in those regions. As India
is a vast country, we need more research at disaggregated levels to get a clearer
picture of ground realities.

Received April 2019. Revision accepted February 2022.
NOTES

1) National Agriculture Market (eNAM) is a pan-India electronic trading portal which networks existing
APMC mandis to create a unified national market for agricultural commodities.

2) Directorate of Economics and Statistics, Dept. of Agriculture, Co-operation and Farmer Welfare,
Government of India.

3) Further, WTO allowed developing countries like India a transition period of five years (i.e., upto 2000), for
implementing most of the provisions.

4)  With time, the APMC markets have largely been rendered restrictive and monopsonistic (Government of
India, 2017). Therefore, the APMC Acts were replaced by the Agricultural Produce and Livestock Marketing
(Promotion and Facilitation) Act, 2017, which sought to make agricultural marketing more competitive across the
country. More recently, in 2020, three new Farm Bills have been passed, which seek to change the nature of
agricultural marketing in India.

5) All the markets covered in the dataset cannot be included in the analysis as there are large data gaps in most
cases. Therefore, a sub set of markets is selected based on the availability of sufficiently continuous price series (gaps
less than 25-30 per cent in the period of study).

6) In the data source, prices are quoted in terms of the maximum, minimum and modal price per day.

7) The DF-GLS test is an augmented Dickey—Fuller test, where the time series are transformed via a
generalised least squares (GLS) regression before performing the test. If a series is trend stationary i.e. 1(0), shocks in
the series do not have a lasting effect and they disappear over time. If the order of integration is a fraction (d <1), the
series tends to have a long memory of the any shock. If a series is difference stationary 1(1), then shocks are persistent
and they do not disappear over time.

8) Data from Commissioner Land Records for Chhattisgarh show that the sowing area for Rabi paddy reached
1,90,000 Ha by 2016 (http://agriportal.cg.nic.in).

9) These figures are taken from Agricultural Census 2010-11 published by the Government of India on the
Agricultural Census Portal (http ://agcensus:nic:in)

REFERENCES

Acharya, S.S. (2001), “Domestic Agricultural Marketing Policies, Incentives and Integration”, in S.S.
Acharya and D.P. Chaudhri (Eds.) (2001), Indian Agricultural Policy at the Crossroads, Rawat
Publications, Jaipur.

Baffes, J. and T. Haniotis (2016), “What Explains Agricultural Price Movements?”, Journal of
Agricultural Economics, VVol.67, No.3, pp.706-721.

Baig, 1.A. (2019), “Goods and service tax: It's impact on agricultural sector”, In Growth of the Indian
Economy in the New Millennium, Studium Press (India) Pvt. Ltd.

Bathla, S. (2009), “Market Integration of Agricultural Commodities: An Analysis of Selected Cereals,
Oilseeds and Horticultural Crops”, Report Submitted to IASRI, New Delhi as part of the V-PAGe
Project of NAIP being carried out at IASRI.

Bathla, Seema (2011), Trade Liberalisation and Indian Agriculture, Rawat Publications, Jaipur

Bathla, S. (2012), “Volatility in Agriculture Commodity Prices in India: Impact and Macro Economic
and Sector-Specific Policy Responses”, in: Price Volatility and Farm Income Stabilisation:
Modelling Outcomes and Assessing Market and Policy Based Responses, European Association of
Agricultural Economists, Dublin.

Bathla, S. and R. Srinivasulu (2011), “Price Transmission and Asymmetry: An Empirical Analysis of
Indian Groundnut Seed and Oil Markets”, Indian Journal of Agricultural Economics, Vol.66, No.4,
October-December, pp.590-605.


http://agriportal.cg.nic.in/

INVESTIGATING COMMODITY PRICE RELATIONS ACROSS WHOLESALE MARKETS 177

Birthal, P.S.; D.S. Negi and Devesh Roy (2017), “Enhancing Farmers’ Income: Who to Target and
How?” Policy Paper no. 30, ICAR — National Institute of Agricultural Economics and Policy
Research, New Delhi.

Brown, R.L.; J. Durbin and J.M. Evans (1975), “Techniques for Testing the Constancy of Regression
Relationships Over Time”, Journal of the Royal Statistical Society. Series B (Methodological),
pp.149-192.

Browske, D. (2019), “Note the Change: A comparative study of Demonetization Efforts in India and
Sweden”, in UNF Graduate Theses and Dissertations, Vol.920, University of North Florida.

Chatterjee, S. (2019), “Market Power and Spatial Competition in Rural India”, in Cambridge-INET
Working Paper Series No: 2019/04, University of Cambridge, Cambridge.

Chodorow-Reich, G.; G. Gopinath and A. Narayan (2020), “Cash and the Economy: Evidence from
India's Demonetisation”, Quarterly Journal of Economics, VVol.135, No.1, pp.57-103.

Conforti, P. (2004), “Price Transmission in Selected Agricultural”, FAO Commodity and Trade Policy
Research working paper, Food and Agriculture Organization, Rome.

Census of India (2011), “Primary Census Abstract”, Government of India, New Delhi.

Chu, Chia-Shang J.; K. Hornik and Chung-Ming Kuan (1995), “MOSUM Tests for Parameter
Constancy”, Biometrika, Vol.82, No.3, pp.603-617.

Currey, B. and G. Hugo (Eds.) (1984), Famine as a Geographic Phenomenon, D Reidel Dordrecht.

Dreze, J. and A Sen (1995), The Political Economy of Hunger, Clarendon Press, Oxford.

Elliott, G.; T.J. Rothenberg and J.H. Stock (1996), “Efficient Tests for an Autoregressive Unit Root”,
Econometrica, VVol. 64, pp.813-836.

Gilbert, C.L.; L. Christiaensen and J. Kaminski (2017), “Food Price Seasonality in Africa: Measurement
and extent”, Food Policy, Vol. 67, pp.119-132.

Global Drought Observatory (2019), Drought in India - June 2019, Copernicus.

Goel, S. (2018), “The Big Bath of Demonetisation: Strike on Black Money for Corporate Governance”,
Journey of Money Laundering Control, VVol.21, No.4, pp.594-600.

Government of India (2006), “Serving Farmers and Saving Farming: Revised Draft National Policy for
Farmers”, National Commission on Farmers, Ministry of Agriculture, Government of India, New
Delhi.

Government of India (2015), “All India Report on Agriculture”, Ministry of Agriculture and Farmers
Welfare, Government of India, New Delhi.

Government of India (2016), “Manual for Drought Management”, Ministry of Agriculture and Farmers
Welfare, Government of India, New Delhi.

Government of India (2017), “The State/UT Agricultural Produce and Livestock Marketing (Promotion
and Facilitation) Act, 20177, Ministry of Agriculture and Farmers Welfare, Government of India,
New Delhi.

Government of India (2018), “National Crisis Management Plan for Drought”, Ministry of Agriculture
and Farmers Welfare, Government of India, New Delhi.

Government of India (2019). “Agriculture Census 2015-16 (Phase 1) All India Report on Number and
Area of Operational Holdings”, Ministry of Agriculture and Farmers Welfare, Government of
India, New Delhi.

Govindasami, R. (2017), “Demonetisation Impact on Agriculture Sector in India”, Shanlax International
Journal of Economics, Vol.6, No.1,pp.148-151.

Jayasuriya, Sisira; Jae K. Him and Parmod Kumar (2008), “Opening to World Markets: A Study of
Indian Rice Market Integration”, Paper presented at the NCAER ACIAR Conference, New Delhi.

Harvey, D.I.; N.M. Kellard, J.B. Madsen, and M.E. Wohar (2017), “Long-Run Commaodity Prices,
Economic Growth, and Interest Rates: 17th Century to the Present Day”, World Development, Vol.
89, pp.57-50. doi:http://dx.doi.org/10.1016/j.worlddev.2016.07.012.

Jha, Raghbendra; K. Murthy, H. Nagarajan and A. Seth (1997), 'Market Integration in Indian
Agriculture’, Economic Systems, Vol.21, N0.3, pp217-34.

Jha, Raghbendra; K.V. Bhanu Murthy and Anurag Sharma (2005), “Fragmentation of Wholesale Rice
Markets in India”, Economic and Political Weekly, VVol.40, No. 53, 31 December, pp.5571-5577.



178 INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

Kumar, Pramod (2007), Farm Size and Marketing Efficiency: Pre and Post-Liberalization, Concept
Publishing Company, New Delhi.

Lahiri, A. (2020), “The Great Indian Demonetisation”, The Journal of Economic Perspectives,
Vol.34.No.1,pp.55-74.

Manjunatha, A.V. and K.B. Ramappa (2017), “Farmer Suicides: An all India Study”, Agro-Economic
Research Centre, Agricultural Development and Rural Transformation Centre, ISEC, Bengaluru
Mittal, S.; Vinod K. Hariharan and S.P. Subash (2018), Price Volatility Trends and Price Transmission

for Major Staples in India, Agricultural Economics Research Review,\Vol.31,No.1,pp. 65-74.

Natsiopoulos, Kleanthis and Nickolaos Tzeremes (2021), ARDL: ARDL, ECM and Bounds-Test for
Cointegration. R Package Version 0.1.1. https://CRAN.R-project.org/package=ARDL

Newbery, D. & Stiglitz, J. (1981), The Theory of Commaodity price Stabilisation: A Study in the

Economics of Risk, Clarendon Press, Oxford.

NSSO (2014), “Key Indicators of Situation Assessment of Agricultural Households”, National Sample
Survey Organisation, Ministry of Statistics and Programme Implementation, New Delhi.

Ott, H. (2012), “Which Factors Drive Which Volatility in the Grain Sector?”, Price Volatility and Farm
Income Stabilisation: Modelling Outcomes and Assessing Market and Policy Based Responses,
European Association of Agricultural Economists, Dublin.

Paul, R.K.; Raka Saxena and Showkat A. Bhat (2016), “How Price Signals in Pulses are Transmitted
across Regions and Value Chain? Examining Horizontal and Vertical Market Price Integration for
Major Pulses in India”, Agricultural Economics Research Review, Vol.29, pp.75-86. doi
10.5958/0974-0279.2016.00035.5

Paul, R.K. and K. Sinha (2015), “Spatial market integration among major coffee markets in India”,
Journal of the Indian Society of Agricultural Statistics, Vol.69,No.3, pp-281-287.

Pesaran, M.H. and Y. Shin (1999), “An Autoregressive Distributed Lag Modeling Approach To
Cointegration Analysis”, in S. Strom, P. Diamond, (Eds.) (1998), Centennial Volume of Regnar
Frisch. Cambridge University Press, Cambridge.

Pesaran, M.H.; Y. Shin and R.J. Smith (2001), “Bounds Testing Approach to the Analysis of Level
Relationships”, Journal of Applied Economics, VVol.16, pp.289-328.

Ravallion, M. (1986), "Testing Market Integration”, American Journal of Agricultural Economics,
Vol.68, No.1, pp.102-109.

Sekhar, C.S.C. (2012), "Agricultural Market Integration in India: An Analysis of Select Commaodities",
Food Policy, Vol.37, pp.309-322.

Tankari, M.R. and A. Goundan, (2018), "Nontraded Food Commodity Spatial Price Transmission:
Evidence from the Niger Millet Market", Agricultural Economics, Vol. 49, pp.147-156.

Timmer, C.P. (1989), “Food Price Policy: The Rationale for Government Intervention”, Food Policy,
Vol.14, No.1, pp.17-42.

Todmal, R.S. (2019), "Droughts and Agriculture in the Semi-Arid Region of Maharashtra, Western
India", Weather, Climate, and Society, Vol.11, pp.741-754.

Tripathi, A.K. (2014), "Agricultural Prices and Production in Post-Reform India”, Routledge, New
Delhi.

Wilson, E. (2003), "Testing Market Integration in Indian Agriculture” in R Jha (ed), Indian Economic

Reforms, Palgrave Macmillan, Basingstoke, UK, pp 295-316.



