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Abstract

For several decades, the government of India has implemented a minimum support price (MSP) policy for
agricultural commodities to reduce price risk levels for farmers. Concerns have been raised about whether
this policy could affect market integration of related agricultural products, modify price incentives, and
ultimately alter resource allocation and production between commodities. This study uses a panel vector
auto-regression model across six states for the period 2002-2017 to analyse the effects of the MSP on the
transmission of price shocks between cereals and oilseeds. The results demonstrate that the MSP partially
and completely offsets price linkages between agricultural commodities, potentially introducing distortions
in price incentives that affect land allocation and production between commodities. Beyond the effects of
the MSP across commodities, Indian authorities can expect that price shocks on maize be transmitted to
soybean over the next production period. Finally, this study demonstrates that the use of alternative data
frequencies can identify differences in market reactions over time that can be related to production cycles
and delays in price transmission.
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1. Introduction

Price fluctuations in agricultural commodity markets are a key policy issue for governments and international
organizations. The large and unpredictable price variations of agro-food products observed during the last
major food price crises of 2007-08 and 2011-12 have not only increased the price risk for farmers, traders
and retailers, but have also affected the net incomes of farmers and their capacity to invest in their business.
Price variability has also dramatically influenced the level of consumption of food items across countries
(Dawe et al., 2015; Minot, 2014). The Food and Agriculture Organization of the United Nations (FAO) states
that the level of price fluctuations exhibited during and after the food price crises is likely to continue in the
medium term, negatively affecting producers, processors and consumers (FAO, 2011).

Dawe and Timmer (2012) and Jayne et al. (2008) state that numerous countries have introduced policies to
stabilize prices and mitigate the negative effects of large price fluctuations. These government interventions
seek to reduce the risk associated with excessive price variability. Such policy instruments set prices at levels
that incentivize farmers to produce, but at the same time keep prices at affordable levels for consumers in
order to guarantee food security among the population (FAO, 2011; Jayne et al., 2008; Minot, 2014; Sekhar,
2012). Governments have faced several challenges when setting these price levels. The price support policies
of governments have primarily favoured the supply side, as they have attempted to achieve their policy
objectives of food security or farmers’ income by incentivizing the production of specific commodities they
consider strategic priorities. In other words, interventions on farm output prices have aimed to: (1) influence
the allocation of farm resources and production; (2) alter and stabilize income distribution; and (3) either
incentivize or discourage investment and capital formation in different agro-food industries by reducing
the price risk (Ellis, 1992). However, price interventions have important side effects, one of which is the
allocation of land and other resources to the production of different commodities (Deaton, 1999; Dethier and
Effenberger, 2012). This impact on allocation can alter the competitiveness of specific agro-food industries
or even the complete agricultural sector relative to other economic sectors.

Knowledge about the effects of price interventions on price fluctuations across agro-food commodities is
key when implementing these policies; however, beyond the information on the direct intervention in each
product, there is currently a lack of evidence about these effects. Depending on the degree of substitution
between agro-food products on production and consumption, when prices vary, producers adjust the quantities
they supply to maximize profits while consumers adjust their demand to minimize expenditure (Saadi, 2011).
Under competitive conditions, these variations in the quantities traded of different products are expected to
affect their relative prices and to result in a market integration of related commodities (Esposti and Listorti,
2013; Tomek and Kaiser, 2014). Previous research has reported relationships between commodity prices
based on their co-movements (Ai et al., 2006; Pindyck and Rotemberg, 1990; Saadi, 2011), and Esposti and
Listorti (2013) reported cross-commodity price linkages between durum wheat and corn prices in Bologna,
Rome and Rotterdam markets. Additionally, macroeconomic factors such as economic growth, inflation,
exchange rates and interest rates can simultaneously influence the dynamics of agricultural commodity
markets (Byrne et al., 2013; Palaskas and Varangis, 1991; Saadi, 2011).

Considering the substantial price interventions in agro-food products implemented in several countries (OECD,
2018a) and the potential spill-over effects between related products, there is a need to learn more about
these interactions. Policy makers are also interested in how price support policies can influence production
incentives across commodities, and how these incentives affect the pass-through of price signals across
commodity markets, the resource reallocation of land, and, ultimately, the extent to which those policies
can potentially undermine the overall performance of the agricultural sector.

In India, the Commission for Agricultural Costs and Prices (CACP) annually recommends a minimum
support price (MSP) for the following production year. After that, the government sets the MSP based on
the recommendations and market conditions (McCorriston and MacLaren, 2016). Through this strategy, the
government of India aims to guarantee minimum prices for the most relevant commodities and provides a
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buffer to farmers against sharp price falls while tackling potential market imperfections (Ali et al., 2012).
However, Aditya et al. (2017), Chand (2003) and Singh et a/. (2002) indicate that because the MSP has
favoured food crops more than other crops, they consider that it has caused a large reallocation of land away
from oilseeds to paddy and wheat.

This article contributes to the literature by estimating the effects of the MSP policy in India and whether there
are remaining cross-commodity price linkages between cereals and oilseeds, once the effects of the MSP
are taken into account. Kumar (2006) analysed price linkages within cereals, pulses, oilseeds and edible oils
complexes in India with a focus on consumer product substitution, but there has been no investigation of the
potential price linkages between commodities of different complexes that result from production substitution
followed by farmers and the effects of the MSP. As far as the authors know, this is the first study that investigates
the dynamics of price linkages between agricultural commodities in different commodity complexes under
market price intervention. This research uses a panel vector auto-regression (PVAR) approach to model
data of paddy rice, maize and soybean from six relevant states in India to identify price shock transmissions
beyond the effect of the MSP. This study uses data of alternative time frequencies to test differences in the
models due to dynamic market reactions related to the characteristics of agricultural commodity markets at
farmer-wholesaler level in India. These characteristics are production cycles, previously agreed contracts
and lags on price transmission with respect to variations in retail prices (Fackler and Goodwin, 2001; Meyer
and Von Cramon-Taubadel, 2004).

The insights of this study are relevant for policy makers because, as expected, it is found that a MSP policy
applied to one commodity can have effects on the market prices of other commodities. More importantly,
the results show when the effects of the price intervention are removed, only some of the price relationships
between cereals and oilseeds remain, which implies the introduction of price distortions by the MSP policy
in Indian markets that affect the transmission of price signals that would normally adjust production levels
among the three crops.

The remainder of this article is organized as follows. Section 2 discusses the price transmission in Indian
agricultural markets and the intervention policies implemented to reduce price risk and support farmers’
incomes. Section 3 describes the methodology of analysis used in this research. Section 4 presents the panel
data for the six Indian states analysed. Section 5 reports the results of the PVAR modelling. Finally, Section
6 discusses the main conclusions related to policy decisions that can be derived from the results.

2. Price interventions and transmissions in Indian agricultural markets

The transmission of shocks from world to domestic prices has been used as a measure of market integration,
as under free market conditions, domestic prices are expected to be influenced by price fluctuations in
international markets (Morales, 2018; Newton, 2016; Rapsomanikis and Mugera, 2011). According to Fackler
and Goodwin (2001) and Meyer and Von Cramon-Taubadel (2004), in agricultural markets, especially those
in developing countries, there are asymmetries and lags in price transmission that reduce the level of market
integration. Several factors could affect price transmission in agricultural markets, including market power,
time lags in supply and demand, contracts, quality risk, technical change, transport and transaction costs,
perishability of the product, available infrastructure, temporary sales and public interventions (Baquedano
and Liefert, 2014; Conforti, 2004; Fackler and Goodwin, 2001; Meyer and Von Cramon-Taubadel, 2004;
Nourou, 2015; Rapsomanikis and Mugera, 2011; Rezitis, 2018).

There are several conditions in India that impact on the effect of price transmission. Conforti (2004) and
Acharya et al. (2012) reported that there is a long-run equilibrium in the transmission of price shocks in
cereals from the international and wholesale markets to farm-gate; however, these adjustments require more
time and there are transmission asymmetries in markets located in the southern region compared to the rest
of the country. Moreover, Indian cereal markets that experience movement restrictions between states, such
as rice, do not show signs of market integration at the national level (Sekhar, 2012). Another condition
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identified by Kumar (2006) is that there are inter-commodity price linkages of cereals, pulses, oilseeds
and edible oils in India, with prices of commodities moving together within each commodity complex. In
addition, Mittal et al. (2018) reported that in the presence of substantial market interventions, the volatility
of domestic rice and wheat prices in India is mostly due to internal production shocks rather than fluctuations
that originate in international markets. Under these conditions, several governments have implemented price
policy interventions to protect consumers and farmers and achieve higher levels of food security.

The MSP is a key component of the agricultural price policy of India. In 1965, the government of India
established the Agricultural Prices Commission (APC), later renamed the Commission for Agricultural
Costs and Prices (CACP), to set the prices for crops (Acharya, 1997). For several decades, the government
has implemented MSP for 25 agricultural commodities based on their estimated cost of production. The
price interventions in India and other countries have aimed to reduce the risk of rapid or erratic changes in
price level, as studied in sub-Saharan Africa by Magrini et al. (2017a,b). The government of India intends
that application of this policy would ensure that farmers receive prices that allow them to cover the costs
of production, achieve some profits (McCorriston and MacLaren, 2016) and increase the production of key
commodities to guarantee food security (Saini and Gulati, 2017). Aditya et al. (2017) and Chand (2008)
state the MSP policy has been successful in increasing food production in India, since the MSP is perceived
by farmers as being a safety net for guaranteeing commodity prices, which is key for their long-term
investment decisions. However, concerns have been raised about the effectiveness and effects of the MSP,
with procurements made only in a few states and with support that favours food crop specialization to the
detriment of other products, including oilseeds (Aditya et al., 2017; Ali et al., 2012; Chand, 2003; Singh et
al., 2002).

3. Theoretical and methodological approach

Byme et al. (2013), Palaskas and Varangis (1991) and Saadi (2011) state that under normal market conditions,
the price of a specific commodity depends on supply and demand of the product, and are also influenced by
prices of other related products, such as inputs or substitutes, as well as macroeconomic variables that affect
the overall economy. In addition, the MSP policy can affect price transmission (Conforti, 2004; Fackler
and Goodwin, 2001) and it may affect price linkages between agricultural commodities. Consequently, the
MSP was included in the empirical model tested in this study to determine its effects on prices of the same
product and other related commodities.

The empirical model also includes lags of commodity prices as a way to capture the delayed effects
previously mentioned of price adjustments in agro-food markets (Conforti, 2004; Fackler and Goodwin,
2001; Rapsomanikis and Mugera, 2011; Rezitis, 2018), following recursive adjustments over time, where
prices paid by wholesalers at time ¢ depend on prices paid in previous periods. In other words, farmers are
expected to consider the prices paid in previous seasons in their adaptive expectations of the prices they
could receive at the end of the current season (Tomek and Kaiser, 2014).

Finally, constraints on land and resources mean that there are linkages between commodity prices due to
substitution in production that could be influenced by changes in the MSP of different commodities. These
linkages could offset and, in some cases, even exceed in magnitude the effect on other commodities of a
price change in one commodity. The spatial price transmission between states has not been considered in
the model given the trade restrictions between states implemented by the government of India.

These relationships are tested in the following dynamic panel model:
Py = Iy + X351 IiPie—s + BXie + YMSPy + 8diy + 1 + e (1)

where P, is a vector of endogenous commodity prices paid by wholesalers in state i at time ¢, X;, is a matrix
of exogenous macroeconomic variables, MSP,, is a vector of minimum support prices in state i at time 7, d,,
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is a matrix of exogenous quarter or seasonal dummy variables, I, is a vector of intercepts, u; is a vector of
state-level fixed effects and ¢;, is a vector of stochastic errors.

It is plausible that in the context of price interventions, as discussed above, the price variation in one commodity
that is influenced by price changes in other products could be partially or completely offset or even exceeded
by variations in the MSP. In such a case, no remaining cross-commodity price linkages would be observed
after removing the effect of the price intervention on each commodity; otherwise, the commodity price would
further adjust. The concept of ‘deviation payments’ is used to study the price relationships between agro-
food products that are only due to market adjustments and exclude the effects of government intervention
through MSP, in the same way as used by Ali et al. (2012). These deviations represent the price difference
between the prices paid by wholesalers and the MSP set by the government of India for each product during
one year (MSP period). Therefore, based on Equation 1, the empirical model for price deviations between
commodity prices paid by wholesalers and the MSP used in this study is:

PDEVy =1, + ZZ;;:I I4PDEVj_¢ + BXir + YMSPy + 8dye + 1y + € 2

where PDEV), is a vector of endogenous price deviations between commodity prices paid by wholesalers
and the MSP in state 7 at time ¢, and the rest of the equation remains unchanged.

A stationary time-series process has a constant mean, variance and autocorrelations for each period (Enders,
2014). When non-stationary panel data are regressed, they may incorrectly appear to be related with trending
over time. This is known as ‘spurious panel regression’ (Kao, 1999). In addition, when a linear combination
of non-stationary variables is stationary, the variables can be categorized as being co-integrated (Enders,
2014; Greene, 2018; Kao, 1999). In the event the variables are non-stationary integrated of order 1, there
will be no co-integration; however, relationships between the variables included in the model presented in
Equation 2 could remain (Ahn and Lee, 2015). Therefore, they can be adjusted by using first differences to
avoid the potential bias of ‘spurious regression’:

APDEV;, = Iy + Y35T ILAPDEV;,_s + BAX;, + YAMSP;, + 8d; + w; + ey 3)

where APDEV, is a vector of endogenous first differences of price deviations between commodity prices
paid by wholesalers and the MSP in state i at time 7, 4X,, is a matrix of exogenous first differences of
macroeconomic variables, AMSP, is a vector of exogenous first differences of minimum support prices in
state 7 at time 7, d,, is a matrix of exogenous quarter or seasonal dummy variables, I, is a vector of intercepts,
u, is a vector of state-level fixed effects and e;, is a vector of stochastic errors.

Dynamic regression models that have vector auto-regression (VAR) have been used in several studies to test
the impact of price shocks over time, given the nature of price adjustments, including Morales et al. (2017),
Myers et al. (1990) and Sims (1980). Moreover, the VAR model represents a useful alternative approach under
limited data conditions when it is not possible to implement a traditional structural econometric approach
(Jayne et al., 2008). Then, the vector moving average (VMA) representation of the VAR can be used to trace
out the responses to shocks to each variable, using impulse response functions (IRF) to describe the reaction
of one variable to a shock in another variable in the system, keeping all other variations equal to zero (Love
and Zicchino, 2006; Sims, 1980). A one-unit shock is applied through the IRF to the error of each equation
to obtain the effects over time. The one-unit shock in the error of a specific variable at time 7 will cause the
value of that variable to increase by one unit at time z, resulting in variations in that variable and others in
subsequent periods when there are no contemporaneous effects (Enders, 2014).

The use of panel data for empirical studies has become increasingly popular, given that panels control for
individual heterogeneity and provide more data, more degrees of freedom, more variability, less collinearity
between variables and greater efficiency. However, the units are likely to exhibit cross-sectional dependence
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or correlation among those groups included in the panel when analysing cross-sections of states, which might
affect the validity of test results (Baltagi, 2013; Greene, 2018).

Love and Zicchino (2006) were among the first scholars to implement a VAR model using panel data
to investigate dynamic investing behaviour among firms in different countries. The panel VAR (PVAR)
combines the traditional VAR of endogenous variables with the panel-data approach, which allows for
unobserved individual heterogeneity (Abrigo and Love, 2016; Love and Zicchino, 2006). Moreover, the
PVAR allows assessing the interaction between the prices of two products without introducing assumptions
about their causation and the time length over which the variables affect each other (Klein, 2009). The lags
in the dependent variable result in the fixed effects variables being correlated with the dependent variables;
therefore, the PVAR estimation uses a ‘Helmert’s procedure’ to remove the mean of all forward observations
available for each state-year (Arellano and Bover, 1995). This procedure is used to preserve the orthogonality
between transformed variables and lagged endogenous variables, which can then be used as instruments
to estimate the coefficients that rely on a system Generalized Method of Moments (GMM), following the
PVAR estimation routine developed by Love and Zicchino (2006).

4. Data

Modal prices paid by wholesalers for a quintal of paddy rice, maize and soybean in daily transaction records
in the Indian states of Chhattisgarh, Gujarat, Karnataka, Madhya Pradesh, Maharashtra and Rajasthan
between quarter 4, 2001 and quarter 3, 2017 were obtained from the Open Government Data Platform
India' (Government of India, OGDP, 2018). These three agricultural commodities were used for this study
given their relevance for both production and consumption in the Indian agricultural sector, and taking
into consideration data availability. Rice is the most important food crop in India when considering its
area, production, consumption and value of exports. Maize is an emerging crop that grows under varied
agro-climatic conditions and currently is the third most important cereal crop, with an increasingly relevant
export value. India is one of the major exporters of soybean meal, which is used as animal feed and fertilizer.
Soybean represents an important export value for the economy (Saini and Gulati, 2017). According to the
government of India, Ministry of Statistics and Programme Implementation (2018), during the production
year 2015/16, the states selected in this study represented 16.3% of total paddy rice production, 42.8% of
total maize production and 96.2% of total soybean production, covering the most relevant area that produces
soybean in India (Table 1).

Table 1. Total production and percentages of selected states in India for the period 2015/16.!

Total production (x1000 tones) Percentage production
States Paddy rice = Maize Soybean Paddy rice = Maize Soybean
Chhattisgarh 6,094.2 193.8 69.0 5.8 0.9 0.8
Gujarat 1,670.0 572.0 54.0 1.6 2.6 0.6
Karnataka 2,702.0 3,269.0 135.0 2.6 15.0 1.6
Madhya Pradesh 3,578.8 2,580.3 4,907.9 34 11.8 57.1
Maharashtra 2,627.0 1,511.0 2,101.2 2.5 6.9 24.5
Rajasthan 369.8 1,210.4 998.8 0.4 5.6 11.6
Total selected states 17,041.8 9,336.5 8,265.8 16.3 42.8 96.2
Total India 104,316.8 21,806.5 8,591.8 100.0 100.0 100.0

I'Data collected from the Statistical Year Book India (Government of India MSPI, 2018).

1 3% of the data were imputed using a linear regression method, as the transaction record system was not completely implemented in all states at
the beginning of the period under analysis.
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The MSP, including any additional bonus when given, was removed from each transaction record to estimate
the daily price deviations. The MSP was used for the year span implemented by the government of India,
comprising the period between the fourth quarter of a specific year and the following year’s third quarter
(Government of India, MACP, 2018). The averages of modal prices and price deviations were estimated
per quarter, season (semi-annual) and annum, according to the MSP year. These values were deflated to the
Indian rupee (INR)? of quarter 1, 2010, using the Consumer Price Index (CPI) reported by the International
Monetary Fund (IMF) (2018). The average real modal prices for the six selected states and the MSP (base
quarter 1, 2010) for the three commodities are plotted (Figure 1).

Prices paid by wholesalers for the three commodities have fluctuated mostly above the MSP during the period
under analysis, which supports the claim by the Indian authorities that the MSP plays out as a reference,
with market price varying above the MSP. As reported by Aditya et al. (2017), Chand (2003) and Singh
et al. (2002), the level of support guaranteed by the MSP is lower in soybean with respect to the average
prices paid by wholesalers, allowing for bigger spreads and fluctuations. In contrast, the average level of
support observed for paddy rice and maize is higher, with their MSP closer to the average prices paid by
wholesalers. In addition, the commodity prices appear to move together, which is in line with the outcomes
reported by Ai et al. (2006), Esposti and Listorti (2013), Pindyck and Rotemberg (1990) and Saadi (2011).
The potential relationships between commodities will be further investigated to determine the proportion
of variation that is purely due to market linkages.

Previous studies, including Byrne et al. (2013) and Saadi (2011), included oil prices and economic growth in
the estimations as macroeconomic exogenous variables; therefore, these were included in the estimations in
this study. Oil basket prices per barrel for the same period from the Organization of the Petroleum Exporting
Countries (OPEC) were used (OPEC, 2018). These prices were converted to Indian rupees and deflated
using the exchange rates and CPI provided by the IMF (2018). Finally, the real economic growth rates were
calculated using the real GDP 2010 reported by the OECD (2018b).

5. Empirical results

The first test performed was the Pesaran (2004) error cross-sectional dependence CD-test for commodity
prices and price deviations for the quarterly, semi-annual and annual series. In all cases, the test confirmed
the presence of cross-sectional dependence in price and price deviation series (Table 2), with all tests
rejecting the null hypothesis of cross-section independence, which could be influenced by the MSP set by
the government during the period under analysis.

The second set of tests performed were the Levin et al. (2002) demeaned panel unit-root test and the Breitung
and Das (2005) robust panel unit-root test in all panel series, which would avoid the potential bias effects of
cross-sectional dependence. The results of the panel unit-root tests (Table 3) demonstrate that most of the
prices and price deviations are stationary or integrated of order 0 (/(0)), while some cases are non-stationary
in level but stationary in first differences or integrated of order 1 (/(1)).

This study uses series in first differences, given the results of the panel unit-root tests. The variables do not

meet the co-integration requirement due to the different orders of integration (Baltagi, 2013); hence, this
research uses a PVAR model.

2 According to IMF (2018), during quarter 3 2017, 64.28 Indian rupees (INR) were equivalent to 1 US dollar (USD).
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Figure 1. Average modal prices paid by wholesalers and minimum support price for paddy rice (A), maize
(B) and soybean (C) between 2001Q4 and 2017Q3 (in INRs base quarter 1, 2010).
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Table 2. Pesaran (2004) error cross-section dependence CD-test results of price and price deviation series.!
Series Pesaran (2004) Pesaran (2004) Pesaran (2004)
CD-test quarterly CD-test semi-annual CD-test annual
Price of paddy rice (INR base 2010Q1/quintal) 15.62%*%* 12, 15%** 9.70%**
Price of maize (INR base 2010Q1/quintal) 18.07%** 12.76%** 8.98***
Price of soybean (INR base 2010Q1/quintal) 29.66%** 21.20%** 15.02%%%*
Price deviation of paddy rice (INR base 2010Q1/ 8.76%** 6.53%** 4.06%**
quintal)
Price deviation of maize (INR base 2010Q1/quintal)  22.09*** 15.78%*%* 11.16%**
Price deviation of soybean (INR base 2010Q1/ 29.66%*** 21.23%%* 15.06%**
quintal)
1 Under the null hypothesis of cross-section independence, CD ~ N(0,1).
Table 3. Panel unit root test results of series.!
Quarterly Semi-annual Annual

Levin et al. (2002)
adjusted 7*-test

statistic

Breitung and Das
(2005) lambda-test

statistic

Levin et al. (2002)
adjusted r*-test

statistic

Breitung and Das
(2005) lambda-test

statistic

Levin et al. (2002)
adjusted ¢*-test

statistic

Breitung and Das
(2005) lambda-test

statistic

Level First diff.

Level First

Level First

Level First

Level First

Level First

diff. diff. diff. diff. diff.

Price of paddy rice (INR base  -5.27*** -16.67*** -3.54*** _481***  .0.17 S2.07%% 27 530%EF* D 4Q%kE 4 33%xk ] 5% -1.91%*
2010Q1/quintal)

Price of maize (INR base S4.9THRE - J]1.02%F% D AQREE [Q.61FFF 3 Q1REF 505%%k ] 78%*F 4.94%k% D D0**  458%** 128 2281k
2010Q1/quintal)

Price of soybean (INR base S3.82%E - _12.62%%*  -1.17 S7.76%F% - 3,03% kK 8 2RF*E (.70 -5.00%*%* - -1.56% -2.25%%  0.18 -1.70%*
2010Q1/quintal)

Price deviation of paddy rice ~ -5.27*** -16.67*** -4.05%** -511***  -0.17 S2.07%%  QTIERRE . Q55RER D AQRRE 4 33xxk ] TREX D OSH*
(INR base 2010Q1/quintal)

Price deviation of maize S4.97*RE _]1.8TRE* 3. 00%F* 9. 93kkk 3 0%Rk 5 05%%k DA KRR S 1REx DD0FF 45@RE* D 2%k D R5¥HE
(INR base 2010Q1/quintal)

Price deviation of soybean S2ATEEE S _10.12%FF -1 35% S7.68%K% 4 Q7*FE 7 79%*k - .0.95 -5.63%F%F D 26%*  220%F (.14 -2.19%*
(INRs base 2010Q1/quintal)

Oil price (INR base 2010Q1/  -3.10%** -15.58*** (.08 -6.04%*F* 1 79%*  _6.82%** -0.08 -5.96%** -0.39 -3.09%** 0.16 2238k
barrel)

Economic growth (rate) S7.85% k% — S7.29%k% - — -6.72%F%  — -4.46%%* S7.83%k* S33THRE

MSP of paddy rice (INR base -1.51* -16.84%%*  p35%kk B O5kF* 119 0.98 227k 7Q2¥HE A 53REE 5 )5k ] 3]* 2238k
2010Q1/quintal)

MSP of maize (INR base 3AGFEE _]3.90%KkE D DSEE T ASKEER ] 47* S2. 712 26% -6.14%K% 5 9 Fxk T 00FF* -] 94Kk 3 0xkE
2010Q1/quintal)

MSP of soybean (INR base S3U70%RE S]2.82% K 81K JT728%REF L] 73%k 316%*K -1.65FF -6.05%FF  4.06%**  -6.70%** -1.20 -3.46%**
2010Q1/quintal)

! The null hypotheses are series has unit root. ***,

respectively.
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The overall coefficient of determination test is used to determine the optimal lag order structure (Abrigo
and Love, 2016; Love and Zicchino, 2006), which indicated one lag to be the best PVAR structure for the
models of prices and price deviations in the three alternative time frequencies used in this study. In addition,
the eigenvalue stability condition test was applied to the three frequency models. This test indicates that
all eigenvalues lie inside the unit circle; therefore, all PVAR models satisfy the stability condition (Abrigo
and Love, 2016).

The coefficients and their significance for the PVAR(1) models of the first differences when applied to the
three commodity prices are tabulated (Table 4), as are the results of the models of the first differences of price
deviations between prices paid by wholesalers and the MSP (Table 5). The effects of the first differences
of the MSP are significant on the first differences of commodity prices and price deviations with respect to
MSP. The results (in both tables) demonstrate the increasing effects of the MSP on prices and price deviations
of other commodities, as it reduces most of the remaining cross-commodity price linkages with varying
magnitudes, depending on the level of support given by the MSP to each commodity.

Table 4. Main results of the 3-variable PVAR(1) models of first differences of prices at different frequencies.!

Quarterly Semi-annual Annual

First diff.  Firstdiff.  First diff.  First diff.  Firstdiff.  First diff.  First diff.  First diff.  First diff.

price of price of price of price of price of price of price of price of price of
paddy rice maize soybean paddy rice maize soybean paddy rice maize soybean

First diff. price of paddy rice (INR -0.119 0.004 0.190%* -0.280%* -0.018 0.091 0.013 -0.129%* -1.256%**
base 2010Q1/quintal) (t-1)

First diff. price of maize (INR base ~ 0.086 -0.096* -0.594***  0.068 -0.215%**  -0.794***  0.056 -0.362%**  2.032%**
2010Q1/quintal) (t-1)

First diff. price of soybean (INR base -0.033 0.041%** 0.134* 0.032 0.063** 0.148 -0.020 -0.152%**  -0.161
2010Q1/quintal) (t-1)

First diff. oil price (INR base -0.005 -0.010 0.004 0.026 -0.007 0.065%* 0.058%** -0.020 -0.117*
2010Q1/barrel)

Economic growth (rate) 1.632 6.415 -36.142* -10.994 12.279* 27.362 -9.045 39.665%**  201.494%**

First diff. MSP of paddy rice (INR 0.199 0.025 -0.456 0.271 -0.013 -1.428%* 0.797*** 0.434%** 1.016
base 2010Q1/quintal)

First diff. MSP of maize (INR base  1.003 -0.860%* 0.627 1.381%* -1.061%** 5. 453%%x 0.153 0.275 6.482%**
2010Q1/quintal)

First diff. MSP of soybean (INR base -0.263 0.250* -2.099*%**  -0.269 0.442%** -2.753*%*%* 0.384 0.776%** 1.124
2010Q1/quintal)

Dummy quarter 1 98.468* 56.265%**  410.466%** — - - - - -

Dummy quarter 2 66.427%* 9.729 367.683%**  — - - - - -

Dummy quarter 4 1.850 -42.740% 295.949%** - - - - -

Dummy semester 1 - - - -82.634%**  -56.893%**  _]58.464%*F* — - -

Number of states 6 6 6

Number of observations 366 174 78

Dsx e and * indicated the null hypothesis of non significance is rejected at 1, 5 and 10% level, respectively.
2 Given the potential endogeneity of including the first difference of MSP in the models, estimations were made without the MSP
and similar results were obtained. The MSP remains in the models to avoid the potential bias of omitted explanatory variables.
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Table 5. Main results of the 3-variable PVAR(1) models of first differences of price deviations respect to
MSP at different frequencies.!-

Quarterly Semi-Annual Annual

First diff.  First diff.  First diff.  First diff.  Firstdiff.  First diff.  First diff.  First diff.  First diff.

price dev.  price dev.  pricedev. pricedev. pricedev. pricedev. pricedev. pricedev. price dev.

of paddy of maize of soybean of paddy of maize of soybean of paddy of maize of soybean
rice rice rice
First diff. price dev. of paddy rice ~ 0.112 0.001 0.176** -0.324%* -0.024 -0.037 -0.035 -0.133%**  .0.206
(INR base 2010Q1/quintal) (t-1)
First diff. price dev. of maize 0.041 -0.077 -0.900%**  -0.072 -0.206%**  -1.032%**  -0.004 0.153 3.665%**
(INR base 2010Q1/quintal) (t-1)
First diff. price dev. of soybean -0.031 0.033** 0.148%* 0.001 0.058%** 0.098 -0.018 -0.035 -0.109
(INR base 2010Q1/quintal) (t-1)
First diff. oil price (INR base -0.006 -0.009 -0.008 0.028* -0.007 0.069** 0.060* -0.040%* -0.264%**
2010Q1/barrel)
Economic growth (rate) 3.205 7.764 -28.587 -10.456 10.945 24.077 -9.904 49.000%**  307.193%**
First diff. MSP of paddy rice -0.797*%**  0.068 -0.561 -0.583%* 0.038 -1.301%* -0.193 0.206 2.264%**
(INR base 2010Q1/quintal)
First diff. MSP of maize 0.871 -1.869***  (0.383 1.258%* -2.064%**  5246%** 0.229 -1.078%** 2726
(INR base 2010Q1/quintal)
First diff. MSP of soybean -0.207 0.258%** -2.943%**  -0.166 0.430%** -3.572%** - 0.337 0.901%*** 2.895
(INR base 2010Q1/quintal)
Dummy quarter 1 89.962 52.223** 386.182%**  — - - - - -
Dummy quarter 2 67.493* 7.388 373.868***% — - - - - -
Dummy quarter 4 6.245 -48.110%*  311.733%** - - - - -
Dummy semester 1 - - - -43.649 -52.516%**%  -87.535% - - -
Number of states 6 6 6
Number of observations 366 174 78

sk % and * indicated the null hypothesis of non significance is rejected at 1, 5 and 10% level, respectively.
2 Given the potential endogeneity of including the first difference of MSP in the models, estimations were made without the MSP

and similar results were obtained. The MSP remains in the models to avoid the potential bias of omitted explanatory variables.

In cases like the MSP for paddy rice, the effect of the policy on soybean prices and price deviations completely
offsets the magnitude of the price linkages, given the not significant effect of the price linkages. These effects
of the MSP on commodity prices could introduce distortions that affect the price incentives that guide land
allocation and production, which would then negatively affect the performance of these agro-food chains
(Norwood and Lusk, 2008; Tomek and Kaiser, 2014). These results corroborate the findings of Aditya et al.
(2017), Chand (2003) and Singh et al. (2002), who reported reallocations of land from oilseeds to paddy and
wheat as a response to the MSP favouring food crops over other crops. As expected, given the construction
of the price deviation with respect to MSP, for the same commodity the MSP has a negative effect on the
first differences of the price deviations between prices paid by wholesalers and the MSP (see estimations
presented in Table 5).

The most relevant remaining price linkages between commodities after removing the effects of MSP are the
impacts of the variations in maize prices and price deviations in soybean prices. Such a strong price linkage
could be related to the alternative use of these two commodities to produce biofuels, as discussed by De
Gorter et al. (2013, 2015). The sign of the impacts varies between the semi-annual and annual results, possibly
resulting from the semi-annual frequency reflecting the price variations observed between seasons, while the
annual frequency results capture variations of the MSP over years. In addition, the macroeconomic variables
and the seasonal and quarter dummies show different levels of significance, depending on the frequencies
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used. Both estimations show significant effects of the first differences of the MSP across commodities,
which demonstrates the offsetting effect of variations of the MSP on price linkages between commodities.

The IRF of the three-variable PVAR(1) models after removing the effects of the MSP on commodity prices
for quarterly and semi-annual frequencies is presented graphically (Figures 2 and 3). These figures present
the first differences for the three commodity prices and price deviations with respect to the MSP with one lag,
with a 95% confidence interval that was estimated by 1000 Monte Carlo simulations of the fitted reduced-form
distribution of each PVAR model. The IRF for the quarterly PVAR(1) models of first differences of prices
and price deviations (Figure 2) shows a negative impact of a one INR shock on price and price deviations
with respect to the MSP of maize in soybean. The semi-annual PVAR(1) (Figure 3) shows a negative effect
of a one INR shock of maize on the first differences of soybean prices and price deviations with respect to
the MSP during the next season (half year), which becomes positive after another half year. This result can
be explained by the cyclical variation in prices through the MSP year, which generally starts with low prices
and gradually increases until the beginning of the following year.

A Response of DIPS Response of DIPM Response of DIPP B . of DIPDEVM Response of DIPDEVP
(a) © Response of DIPDEVS Response
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Figure 2. Quarterly impulse response functions of PVAR(1) to one INR shock on first differences of (A)
prices and (B) price deviations with respect to MSP of each commodity.
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Figure 3. Semi-annual impulse response functions of PVAR(1) to one INR shock on first differences of (A)
prices and (B) price deviations with respect to MSP of each commodity.
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Annual PVAR(1) models are used to provide evidence of a positive impact of a one INR shock on maize in
soybean first differences of prices as well as price deviations with respect to the MSP during the next year
period (Figure 4). Again, this price linkage can be explained by variations in demand due to the alternative use
of maize and soybean to produce biofuels. Moreover, no impact is observed on the soybean price of shocks
on paddy rice prices when analysing price deviations with respect to the MSP. The absence of transmission
in this case could be related to the dampening effects of the MSP policy. These results demonstrate the
existence of cross-commodity price linkages between cereals and oilseeds that remain in Indian agricultural
markets even once the effects of the MSP policy are taken into consideration. Therefore, it is demonstrated
that price shocks on maize are transmitted to soybean prices, regardless of the fact that the MSP protection
for soybean is lower than that for cereals.

Considering the differences in the lagged period included in the models for the different frequencies, two
models for quarterly PVAR(4) and semi-annual PVAR(2) were estimated as robustness tests to make the
period covered in the models comparable to an annual PVAR(1). Some minor differences between the first
differences of price and price deviation quarterly models are observed (Figure 5). The latter display a similar
pattern to that exhibited in the quarter PVAR(1) for price deviations (Figure 2). Additionally, a negative effect
is observed on soybean price of a shock on the first difference of maize price deviations, which decreases
to zero during the next quarter. The IRF (Figure 6) shows a pattern similar to that observed in the case of
the semi-annual PVAR(1) (Figure 3), with a negative effect of a one INR shock on maize on soybean first
differences of prices and price deviations during the next season. However, this effect becomes positive
when a full year is completed.

The IRFs obtained in each case are very similar for the PVAR of prices and price deviations. This could be
explained by the average modal prices paid by wholesalers during the period under analysis being above
the MSP for the commodities studied. The differences in the results obtained for the three alternative
frequencies demonstrate that comparing high-frequency and low-frequency data (semi-annual and annual)
allows for a better modelling of Indian agricultural markets at farmer-wholesaler level within and between
production cycles. The variations in the results can be attributed to the characteristics of these commodity
markets, which are influenced by production cycles, previously agreed contracts, limited infrastructure,
which includes farmers’ storage capacity, and lags on price transmission, as indicated by Conforti (2004),
Fackler and Goodwin (2001) and Meyer and Von Cramon-Taubadel (2004).
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Figure 4. Annual impulse response functions of PVAR(1) to one INR shock on first differences of (A) prices
and (B) price deviations with respect to MSP of each commodity.
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Figure 5. Quarterly impulse response functions of PVAR(4) to one INR shock on first differences of (A)
prices and (B) price deviations with respect to MSP of each commodity.
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Figure 6. Semi-annual impulse response functions of PVAR(2) to one INR shock on first differences of (A)
prices and (B) price deviations with respect to MSP of each commaodity.

6. Conclusions

Several developed and developing countries, including India, have implemented price interventions as a
way of guaranteeing food security and supporting small farmers’ welfare, reducing price risk at production
level and ultimately encouraging farmers’ own investment on specific agricultural products, even though
it is widely recognized that price support policies are inefficient. However, what are the impacts of these
price support policies in terms of cross-commodity price linkages? What are the expected effects of the
MSP policy on production, resource allocation and ultimately competitiveness of agro-food industries? Are
changes in the MSP offsetting price linkages between agricultural commodities? This research addresses
these questions in the case of India, which is a large country in terms of production and consumption of
rice, maize and soybeans. The extent of market integration of these three commodities were examined in the
context of the MSP policy that has been implemented for several decades by the government of India. To
the best of our knowledge, this is the first study that has analysed the dynamic linkages between commodity
prices under intervention in India or any other country. This research contributes to the literature by testing
whether price relationships remain between cereals and oilseeds once the price distortions introduced by
the MSP policy are taken into account.
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This research used panel data from six states of India and applied a PVAR model to analyse the relationships
between the prices of paddy rice, maize and soybean. The empirical results demonstrate the offsetting
effects of the MSP on price linkages between the three commodities; these effects are captured in the first
differences of prices and price deviations from the MSP for the three commodities. These results demonstrate
the negative effects of MSP on cross-commodity price linkages, which can introduce price distortions that
might potentially affect resource allocation, production and the overall performance of these agro-food
chains, in line with the outcomes reported by Aditya et al. (2017), Chand (2003) and Singh ef al. (2002).

The most relevant remaining price linkages after removing the effect of the MSP are those between maize and
soybean, whereby a price increase in maize results in a price increase in soybean during the next MSP year.
This finding adds to the outcomes reported by Kumar (2006) within commodity complexes and corroborates
the results of Ai et al. (2006), Pindyck and Rotemberg (1990) and Saadi (2011), who reported linkages
between agricultural commodity price series based on their co-movements. In addition, the comparison of
results with different frequencies demonstrates that models using low-frequency data can capture relationships
between production periods of Indian agricultural markets between farmers and wholesalers, as it is a level
that is known to be affected by lags in price transmission, production cycles and previously agreed contracts.

There are several implications of these findings. First, there is evidence that the MSP policy partially and
completely offsets price linkages between agricultural commodities. It was found that for the effect of paddy
rice price on soybean price, the cross-commodity price linkages are either not significant or negative, and that
the magnitude of the MSP on paddy rice completely offsets the price linkages between the two commodities,
with the possibility that the offset could be even bigger than the price linkages. In this scenario, the MSP
can introduce price distortions that can modify incentives for resource allocation and production between
commodities. Second, the Indian authority can expect some remaining transmission of price shocks from
maize to soybean over the next period and production year, even though the level of intervention on soybean
is lower than that provided for cereals.

Indian policy makers could find these results useful for exploiting the full potential of market forces and price
linkages to ensure an optimal allocation of resources across agricultural commodities. Finally, the analysis of
high-frequency and low-frequency data allows to better capture the characteristics of agricultural markets at
farmer-wholesaler level in the context of India, where price transmission and linkages are affected by several
factors. Consequently, researchers might consider comparing the results obtained using different frequencies
to determine the alternative that better fits the characteristics of the market under analysis.

Future research could investigate linkages between commodity prices at district level, as their relationships
could vary within each state, given the large size of India and the varied marketing and climate conditions
across states. Future studies could also analyse and contrast cross-commodity price linkages between countries
that produce similar products, as the results obtained in this research might not represent the dynamics of
commodity markets in other countries.
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