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Abstract

Purpose : The purpose of this research was to determine structural breakpoints and examine the causal relationship between the
spot and futures markets for 12 commodities that are traded in India.

Methodology : Data were obtained from the Multi Commodity Exchange of India Limited (MCX) website for both futures and spot
price series of 12 commodities, including agricultural commodities (crude palm oil (CPO), mentha oil, and cotton), energy
commodities (natural gas and crude oil), precious metals (silver and gold), and base metals (lead, zinc, aluminum, copper, and
nickel). Structural breaks were identified using a multiple breakpoint test, and the price series were segmented into sub-periods.
Subsequently, the Granger causality test was conducted within a vector autoregressive (VAR) framework to examine causal
relationships between the spot and futures markets. This analysis was conducted for the entire study period and for sub-periods
identified by structural breaks.

Findings : Bidirectional relationships were observed for the whole period across all commodities, indicating market efficiency.
Nonetheless, in certain sub-periods, unidirectional causality was noted, indicating potential structural fractures brought on by
events influencing market efficiency on the political or economic front.

Practical Implications : The findings of this study are valuable for various stakeholders, including individual and institutional
investors, policymakers shaping regulatory frameworks, market regulators, exchange facilitators, and other relevant authorities.
These insights contributed to informed decision-making, robust policy formulation, improved regulatory oversight, and the
enhancement of market integrity and stability.

Originality : This study contributed to the literature by considering structural breakpoints in the analysis of price discovery and
market efficiency in the Indian commodity derivatives market, an aspect that has been relatively underexplored in previous
studies.
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tructural breaks or shocks in time-series data are caused by political or economic events that deviate from

the norm. By locating these breakpoints, estimations can be made more accurate, and their future effects

can be controlled. When data spans a long time, multiple breakpoints may arise. It is possible to
accommodate both known and unknown breakpoints in the test models that researchers have built for the analysis
of structural breaks. Initially, studies of structural changes used known break dates, referencing financial or
economic events from news reports. The first test model, introduced by Chow (1960), used a known single break
date. Quandt (1960) later adapted this model for unknown break dates. Significant contributions by Andrews
(1993) led to the Quandt-Andrews framework. This approach was extended by Bai (1997) and Bai and Perron
(1998, 2003) to take into consideration several uncertain break dates.

This paper identifies multiple unknown breakpoints in the price series data of commodity derivatives in both
the spot and futures markets using the Bai—Perron test model. The causal connection between these marketplaces
is also investigated. This approach is innovative in evaluating market efficiency in reaction to structural changes
since it addresses price discovery in Indian commodity derivatives while considering structural breaks, a topic
that has not been extensively studied. To examine the causal relationship between the spot and futures markets
within each sub-period, the data were first translated into return series, which made them stationary. Information
should ideally flow instantly between both markets in an efficient market; hence, lead—lag connections should not
exist. However, due to higher liquidity and lower costs, information flows faster in the futures market than in the
spot market, causing price changes to reflect market information more quickly in the futures market. Critics argue
that excessive speculation in the futures market can lead to disproportionate changes, raising concerns about
market efficiency and utility.

There are a lot of studies that highlight market efficiency in the literature on the price discovery mechanism in
the Indian commodity derivative market. To determine market efficiency, these studies often examine the
short- and long-term causal linkages as well as the long-term co-integration between the spot and futures markets.
However, fewer studies have considered structural breaks in analyzing market efficiency through the price
discovery mechanism, necessitating a more in-depth analysis.

This study aims to fill this gap by identifying structural breakpoints and examining the causal relationship
between the futures and spot markets of Indian commodity derivatives traded on the Multi Commodity Exchange
of India Ltd. (MCX). The commodities analyzed include aluminum, zinc, lead, gold, silver, natural gas, crude oil,
crude palm oil (CPO), mentha oil, cotton, nickel, and copper, covering the period from 2006 to 2021. The
Bai—Perron test and the vector autoregressive (VAR) Granger causality test were employed to determine the
causal relationship between the spot and futures markets, considering structural breaks.

Literature Review

Indian commodity derivative market, after a long halt, restarted in early 2003 and underwent massive growth
(Sonia, 2023). There has been a ban on trading certain commodities on and off in an attempt to stabilize the market
from excessive speculations on which critics did discussions with statistical evidence. The literature available in
its initial phase was mainly concerned with the market efficiency of agricultural commodities (Rani &
Kumar, 2023). Numerous studies were conducted on the price discovery of the Indian commodity derivative
market, which was one of the main objectives behind introducing the derivative market. Various approaches were
adopted to analyze the price discovery mechanism. The most commonly used method is to examine the
cointegration between the spot market and the futures market in the long run and their short-run causal
relationship (Ali & Gupta, 2011; Gupta et al., 2018; Irfan & Hooda, 2017; Kaura et al., 2019; Lethesh &
Reddy, 2023; Purohitetal., 2015; Seth & Sidhu, 2021).

Ali and Gupta (2011) analyzed guar seed, wheat, maize, rice, soybean, chickpea, red lentil, castor seed, black
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lentil, cashew, pepper, and sugar grade M and found that most of the commodities were cointegrated in the long
run; futures could predict spot market; and there also existed bidirectional causality. The study conducted by
Kumar and Pandey (2013) for gold, soybean, guar seed, silver, maize, castor seed, copper, aluminum, zinc, natural
gas, and crude oil revealed the existence of some inefficiency in the short run of all the commodities but long-run
equilibrium in most of the commodities. Sehgal et al. (2013) observed a cointegration relationship between
futures and spot in MCX metal, MCX Comdex, MCX Energy, guar seed, lead, soybean, chana, crude oil, natural
gas, zinc, and copper. All the commodities were found to have bidirectional relationships in the short run except
MCX Comdex, MCX metal, guar seed, soybean, and natural gas. Inoue and Hamori (2014) analyzed the
commodity index and concluded the presence of cointegration and that the market efficiency has increased in
recent years. Purohit et al. (2015) studied the nature of non-precious metals such as aluminum, zinc, copper,
nickel, and lead. A long-term cointegration and bidirectional causal relationship were observed in all the metals
examined.

Irfan and Hooda (2017) studied pepper, chili, barley, sugar, chana (Bengal gram whole), turmeric, wheat,
soybean, mustard-seed, and maize and found that there existed long-run equilibrium and a unidirectional causal
relationship in the short run. Inani's (2018) research indicated that the spot market led for mustard seed, guar seed,
chana (chickpea), jeera, and cottonseed, while the futures markets led for turmeric, cottonseed, castor oil, sugar,
coriander, and soy oil. Perumandla and Kurisetti (2018) found a unidirectional causality from the MCX Comdex
index to the Dhaanya index. Gupta et al. (2018) examined natural gas, castor seed, silver, guar seed, crude oil,
copper, gold, and nickel. They found the futures market to be cointegrated with the spot market. Although
information efficiency existed, the market was skewed and inefficient. Joarder and Mukherjee (2021) analyzed
the lead—lag relationship of cottonseed oilcake, soybean, mustard seed, castor seed, soymeal, and refined soy oil
and found that still, the futures market did not act as a price discovery tool and the past values of spot market
played as a decision-making reference point. Kaura et al. (2019) found cardamom, cotton, CPO, and mentha oil to
exhibit a long-run equilibrium, but in the short run, there existed an opportunity for exploitable arbitrage.

Manogna and Mishra (2020) suggested the futures markets leading for chana, coriander, guar seed, turmeric,
soybean seed, and castor seed, and the spot market leading in the case of jeera, rape mustard seed, and cotton seed.
Seth and Sidhu (2021) found that futures led the spot market in the long run for crude oil and natural gas ; whereas,
spot led the futures market in the case of post-crisis period. Kaura and Rajput's (2021) study revealed that the spot
market helped discover prices for agricultural commodities, and the futures market helped discover prices for
non-agricultural commodities. Lethesh and Reddy (2023) analyzed the price discovery efficiency of agricultural
commodities in India and found chana, jeera, maize, moong, and soybean were efficient, but coriander and cotton
cake were led by the spot market, and barley, turmeric, and wheat were led by the futures market.

There have been several studies of structural breaks in financial data (Parthasarathy, 2019), but few studies
were done considering the structural breaks while analyzing the price discovery of the commodity derivative
market. Peri et al. (2013) analyzed structural breaks in spot and futures markets of commodity derivatives using
the sequential test method of the Bai—Perron test and then Granger causality. Zarei et al. (2015) also studied
structural breaks in the exchange rate series using the global information criteria method of the Bai—Perron test.

Thus, multiple structural breaks need to be examined in a long period of financial data and their impact on the
market efficiency with the assumption that there would be breaks because of certain economic or political events.
Therefore, further analysis of the price discovery mechanism of the commodity market in India is highly pertinent.

Data and Methodology

The approach adopted in this study was exploratory research. Daily statistics on futures and spot markets were
gathered from the website of MCX, the national commodity exchange in India with the highest turnover. Here, we
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have taken commodities of economic importance according to the Multi Commodity Exchange of India Limited
(2022). Samples consist of 12 commodities, i.e., three agricultural commodities (cotton, CPO, and mentha oil),
two energy commodities (crude oil and natural gas), five base metals (zinc, lead, aluminum, nickel, and copper)
and two precious metals (silver and gold). The Indian commodity market gained momentum in 2006. Thus, from
2006102021, data for this study were gathered.

Nevertheless, a small number of commodities experienced erratic or nonexistent trading at the start of the
sample period, which was disregarded in the research. Price series were made using contracts that have their
expiration date the nearest. Missing data were eliminated and prices were matched in both markets to create the
spot and futures price series. Table 1 provides information on the study period and the quantity of data for each
commodity.

Table 1 shows that the majority of the commodities under investigation have multiple observations totaling
over 4,000, with the exception of cotton and CPO, whose trading durations were shorter than those of the other
commodities.

The p-value for each series is significant, rejecting the null hypothesis that the data are normally distributed and
accepting the alternative hypothesis that the data are not. The Jarque—Bera test was used to determine whether the
price series was normal. The return series was constructed by taking the logarithmic return of the price series by
using Equation (1).

2

r,=1n(—) %100 1)
P

where, r,=return attime 7, p, , = price attime /-1, and p,=price at time 7.
The stationarity test was conducted using the Augmented Dickey-Fuller (ADF) test on the price series and

return series and then applied the Bai—Perron model for multiple breakpoint tests to find out structural breaks in
the series. VAR Granger causality test was applied on the return series for the whole period and the sub-periods

Table 1. Sample Details

Commodity Trading Period Number of Observation
Aluminum January 4, 2006 to December 31, 2021 4447
Copper January 3, 2006 to December 31, 2021 4434
Cotton October 4, 2011 to December 31, 2021 2657
CPO June 10, 2008 to December 31, 2021 3642
Crude Qil January 2, 2006 to December 31, 2021 4465
Gold January 2, 2006 to December 31, 2021 4436
Lead July 2, 2007 to December 31, 2021 4010
Mentha Oil November 3, 2006 to December 31, 2021 4121
Natural Gas October 19, 2006 to December 31, 2021 4208
Nickel November 1, 2006 to December 31, 2021 4211
Silver January 2, 2006 to December 31, 2021 4337
Zinc March 30, 2006 to December 31, 2021 4394

Note. * Trading days were Monday through Saturday until March 2014. As of April 2014, Monday through
Friday are the trading days.
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when there were breaks in the return series to study the causal relationships. Lag values were chosen using the
Akaike information criterion (AIC). The above analysis was carried out in EViews software.

Stationarity Test

Stationarity refers to the state of statistical parameters, like mean, variance, etc., that stay constant over time. The
ADF test was applied to study the stationarity of the data. It was conducted by considering the lagged values of the
variable. It is denoted in Equation (2).

Ap, =B, +Bt+0p,  +2 " 0,Ap, T, 2

where, €, is a pure white noise error term, p, is the variable at time ¢, B, + B, is drift around a stochastic trend
term, Ap,=p,—p,, andd=p—1,where—1<p<1.

The null hypothesis (H,,) is that 8 =0, i.e., the time series is non-stationary, and the alternate hypothesis (H,,) is
thato #0, i.e., the time series is stationary.

Multiple Breakpoint Test

Bai and Perron (2003) proposed a multiple linear regression with 7 breaks, as given in Equation (3).

bl:al’B_{—cllgn—’_el’ t:Tnfl—'—l""’Tn (3)

where, a, and ¢, are vectors of covariates, b, is the observed dependent variable at time ¢, B and 6, are the
corresponding vectors of coefficients, e, is the disturbance at time 7, and » is the number of breaks in the n + 1
regimes. The breakpoints (7....7,) are treated as unknown. It aims to estimate the unknown regression
coefficients together with the breakpoints when a number of observations on the dependent and the vectors of
covariates (a, b, c¢,) are available. The null hypothesis (H,,) is that there is no significant change or disturbance
denoting instability, implying no breaks versus an alternate hypothesis (H,,) of an arbitrary number of breaks.

This paper employs the global information criteria approach for estimating multiple breakpoints, which offers
distinct advantages such as not requiring the computation of the coefficient of covariance (Zarei et al., 2015).
Breakpoints were estimated using minimizers of the sum of squared residuals. Pre-whitened residuals were used
in quadratic spectral kernel-based covariance estimation to adjust for serial correlation in the errors. The
bandwidth of the kernel was determined using the Andrews AR (1) method. Selection criteria for the optimal
number of breaks were based on a modified Schwarz criterion (LWZ).

Vector Autoregression (VAR) Granger Causality Test

VAR Granger causality test was performed to examine the causal relationship between the spot and futures market
using returns price series. The causation relationship was examined using the block exogeneity test in the VAR
environment. VAR equation of two variables s and fof order  is given by Equations (4) and (5), respectively.

Sl = Bsu + Bssl Sl—l + b +Bssn Sl—n + Bg/l.ﬁ—l + + Bsfn](l‘—n + Vsz (4)
ﬁ: Bfo+ B‘/fsl Stfl + .. + B[snstfn—i_ B/’/l,]();l + + B‘/fnft‘fn—*—v;f (5)

where, s, = spot price at time #, £, = futures price at time 7,3, = coefficient of futures price for spot price at lag n,
B, = coefficient of spot price for futures price at lag , and v,= innovation term, and f3, is a constant.
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The null hypothesis (H,;) is that the independent variable does not cause the dependent variable, and the alternate
hypothesis (H,;,) is that the independent variable causes the dependent variable.

Analysis and Results

Daily price series descriptive statistics for the futures and spot of the 12 commodities under study, which comprise
mean, maximum, minimum, median, skewness, kurtosis, and standard deviation are summarized in Table 2.

Table 2 reveals that the difference in the mean values and the difference in median values of the spot and futures
markets were small. The extended time span we used for the study meant that all of the price time series had a
significant gap between their maximum and lowest values; as a result, their standard deviations were also bigger.
All the price series were positively skewed except lead futures and lead spot price series. Aluminum, copper,
cotton, CPO, mentha oil, natural gas, and nickel have kurtosis values above 3, i.e., they were leptokurtic. Crude

Table 2. Descriptive Statistics of Daily Price Series

Price Series Parameters

Mean Median Maximum Minimum Standard Skewness  Kurtosis

Deviation

Aluminum Futures 119.5198 113.0500 255.3500 62.6000 26.9154 1.5719 7.1193
Aluminum Spot 119.5415 112.4500 268.9500 62.5500 28.3169 1.6749 7.4102
Copper Futures 393.1791 399.8000 797.5000 141.3500 108.7029 1.1312 5.7553
Copper Spot 391.7789 394.2000 825.6500 135.6500 110.0585 1.1895 5.9260
Cotton Futures 19365.3500 19,180 33,790 13,990 3117.3820 1.5484 7.1717
Cotton Spot 19393.5100 19,140 33,760 14,420 3151.2490 1.4072 6.4234
CPO Futures 545.2913 518.9000 1258.3000 232.3000 191.0594 1.7282 6.2337
CPO Spot 546.6005 519.3000 1,281 240 194.7096 1.7713 6.3922
Crude Oil Futures 3978.7090 3,738 7,507 1 1113.3640 0.4377 2.5513
Crude Oil Spot 3969.4700 3,733 7,527 887 1115.4830 0.4344 2.5342
Gold Futures 25575.5700 27,561 55,845 7,658 11357.9200 0.3362 2.6179
Gold Spot 25511.9200 27,566 55,922 7,640 11278.6100 0.3204 2.6258
Lead Futures 124.1825 122.8500 192.6500 42.0500 27.9568 -0.1442 2.9870
Lead Spot 124.1407 122.6500 195.5000 41.5000 28.4146 -0.1387 2.9437
Mentha Oil Futures 966.3248 935.5000 2570.3000 416.2000 359.2144 0.7600 3.7949
Mentha Oil Spot 1066.6220 1053.300 2769.3000 477.1000 400.0887 0.6214 3.4532
Natural Gas Futures ~ 221.0350 198.3000 587.3000 100.2000 74.3255 1.6267 6.5709
Natural Gas Spot 220.4044 197.7000 587.9000 99 74.3136 1.6242 6.5697
Nickel Futures 973.2439 932.8000 2,240 455 287.7056 1.3155 6.0633
Nickel Spot 971.6943 924.1000 2259.9000 439.9000 293.5463 1.3607 6.1931
Silver Futures 39088.9400 39,118 76,052 13,087 14969.5100 0.1920 2.1580
Silver Spot 38736.7200 38,634 73,755 13,200 14809.1500 0.1983 2.1680
Zinc Futures 139.4008 125.8500 308.4000 51 48.8592 0.6397 2.7435
Zinc Spot 139.3363 125.2000 320.5000 49.4500 49.7966 0.6578 2.7717
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oil, gold, and lead have kurtosis values lesser than 3 i.e., they were platykurtic. Aluminum, copper, cotton, CPO,
natural gas, and nickel have highly positive skewness and high kurtosis values much higher than the other
commodities, implying favorable investment options with high positive returns. The stationarity test applying
ADF testresults are shown in Table 3.

Table 3 shows that the p-values for the futures and spot price series of all commodities were insignificant.
Therefore, we accept the null hypothesis (H,,), indicating that the price series in both the futures and spot markets
were non-stationary. Conversely, the futures and spot return time series were stationary, as the #-statistics were
significantly greater than the critical values, leading us to reject the unit root null hypothesis (H,,) and accept the
alternate hypothesis (H,,).

A regression model was used, using a constant regressor and the return price series of each commodity in the
futures and spot markets as the dependent variable. The serial correlation that varies between regimes was taken
into consideration using the HAC covariance estimation. The model allows for a maximum of five breaks, with a
trimming percentage of 15%, ensuring at least 15 observations in each regime. The LWZ criteria

Table 3. Stationarity Test

Variables Price Series Return Series
t-statistics p-value t-statistics p-value
Aluminum Futures 0.6504 0.9911 -68.1841 0.0001
Aluminum Spot 0.1420 0.9688 -71.3761 0.0001
Copper Futures -0.4543 0.8974 -18.0327 0.0000
Copper Spot -0.6953 0.8461 -12.1521 0.0000
Cotton Futures 0.9659 0.9963 -56.4101 0.0001
Cotton Spot 0.4145 0.9836 -13.2950 0.0000
CPO Futures -0.0750 0.9503 -11.6819 0.0000
CPO Spot -0.3854 0.9093 -16.5731 0.0000
Crude Oil Futures -2.5265 0.1092 -32.3783 0.0000
Crude Oil Spot -2.2796 0.1787 -11.3221 0.0000
Gold Futures -0.1417 0.9431 -16.6331 0.0000
Gold Spot -0.2156 0.9341 -19.6174 0.0000
Lead Futures -1.7164 0.4228 -19.7616 0.0000
Lead Spot -1.6789 0.4420 -64.7015 0.0001
Mentha Oil Futures -2.6353 0.0859 -46.6971 0.0001
Mentha QOil Spot -2.3576 0.1541 -12.5408 0.0000
Natural Gas Futures -3.1197 0.0252 -34.0836 0.0000
Natural Gas Spot -3.2635 0.0167 -34.0043 0.0000
Nickel Futures -1.8011 0.3804 -22.1027 0.0000
Nickel Spot -2.0566 0.2627 -24.0144 0.0000
Silver Futures -1.5234 0.5218 -19.6576 0.0000
Silver Spot -1.6774 0.4428 -19.4118 0.0000
Zinc Futures 0.2441 0.9753 -68.0304 0.0001
Zinc Spot -0.1697 0.9398 -67.8103 0.0001

Note.* Critical valuesat 1%, 5%, and 10% levels were-3.4319,-2.8621, and-2.5671, respectively.
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Table 4. Multiple Breakpoint Test

Variables Break Date(s) Identified LWZ Criterion Value
Aluminum Futures Four: 11/10/2008, 17/12/2010, 27/09/2016, 10/05/2019 5.5021
Aluminum Spot Four: 10/10/2008, 16/12/2010, 27/09/2016, 10/05/2019 5.5516
Copper Futures Five: 7/07/2008, 5/10/2010, 27/02/2014, 4/10/2016, 15/05/2019 8.4037
Copper Spot Five: 8/07/2008, 6/10/2010, 27/02/2014, 4/10/2016, 15/05/2019 8.4534
Cotton Futures Four: 5/03/2013, 1/09/2014, 2/06/2016, 11/06/2020 15.5181
Cotton Spot Four: 14/03/2013, 24/09/2014, 6/06/2016, 11/06/2020 15.5375
CPO Futures Four: 25/10/2010, 21/09/2012, 17/03/2016, 7/11/2019 9.0652
CPO Spot Four: 22/10/2010, 21/09/2012, 22/03/2016, 7/11/2019 9.1110
Crude Oil Futures Four: 18/03/2008, 7/11/2011, 27/11/2014, 6/11/2017 13.2240
Crude Oil Spot Four: 18/03/2008, 8/11/2011, 1/12/2014, 7/11/2017 13.2393
Gold Futures Five: 29/01/2009, 30/07/2011, 10/10/2013, 14/06/2016, 4/06/2019 15.8177
Gold Spot Five: 30/01/2009, 3/08/2011, 23/10/2013, 24/06/2016, 4/06/2019 15.8456
Lead Futures Four: 23/09/2010, 8/09/2012, 25/10/2016, 9/07/2019 5.4459
Lead Spot Four: 24/09/2010, 10/09/2012, 30/09/2016, 13/08/2019 5.4408
Mentha Oil Futures Four: 8/10/2010, 1/04/2013, 18/01/2017, 18/07/2019 10.5146
Mentha Oil Spot Four: 7/10/2010, 1/04/2013, 18/01/2017, 18/07/2019 10.6285
Natural Gas Futures Four: 13/01/2009, 10/10/2012, 19/01/2015, 22/05/2018 7.8790
Natural Gas Spot Four: 14/01/2009, 12/10/2012, 21/01/2015, 23/05/2018 7.8836
Nickel Futures Four: 5/12/2008, 30/12/2010, 25/03/2015, 1/07/2019 10.8239
Nickel Spot Four: 5/12/2008, 30/12/2010, 25/03/2015, 1/07/2019 10.8721
Silver Futures Four: 13/03/2008, 8/11/2010, 15/04/2013, 3/06/2019 17.3847
Silver Spot Four: 13/03/2008, 10/11/2010, 15/04/2013, 3/06/2019 17.4173
Zinc Futures Five: 2/06/2008, 2/08/2010, 12/08/2013, 20/10/2016, 21/05/2019 6.2447
Zinc Spot Five: 2/06/2008, 3/08/2010, 9/08/2013, 5/09/2016, 29/03/2019 6.2641

Note. * Breaks are given in DD/MM/YYYY.

(Zarei et al., 2015) were used to determine the optimal number of breakpoints, with the identified break date
marking the first day of the subsequent regime. Table 4 presents the test results for the multiple breakpoints.

Table 4 reveals that there were four break dates in all the commodities price series, except copper, gold, and
zinc, having five break dates. The first sub-period exists between the price series data starting date to the last
trading day before the first break date. This sub-period is also called a regime. The second regime or sub-period
starts from the first break date to the last trading day before the second break date and so on till the last trading day
of the data, i.e., December 31, 2021. Therefore, we got five sub-periods or regimes in all the commodities price
series, except copper, gold, and zinc having six sub-periods.

The return series are formed by applying Equation (1) to the price series. The return series were stationary in
nature, and therefore, the VAR Granger causality analysis was conducted first for the whole period and then for all
the regimes or sub-periods. The lag values are selected using the AIC criteria. Table 5 represents the test results of
VAR Granger causality for the whole period under study.

Table 5 shows that for all commodities, whether the futures return series is the dependent variable and the spot
return series is the independent variable, or vice versa, the null hypothesis (H,,) is rejected, and the alternate
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Table 5. VAR Granger Causality Test for the Whole Period

2

Commodity Dependent Independent x p-value
Variable Variable
Aluminum Futures Spot 81.14335 0.0000
Spot Futures 1627.672 0.0000
Copper Futures Spot 38.31806 0.0001
Spot Futures 10254.07 0.0000
Cotton Futures Spot 23.03207 0.0061
Spot Futures 254.0513 0.0000
CPO Futures Spot 207.5406 0.0000
Spot Futures 393.7981 0.0000
Crude Qil Futures Spot 251.8279 0.0000
Spot Futures 9587.568 0.0000
Gold Futures Spot 49.69583 0.0000
Spot Futures 2363.532 0.0000
Lead Futures Spot 50.36452 0.0350
Spot Futures 2028.018 0.0000
Mentha Oil Futures Spot 480.7377 0.0000
Spot Futures 98.30703 0.0000
Natural Gas Futures Spot 46.45103 0.0368
Spot Futures 13912.01 0.0000
Nickel Futures Spot 61.96462 0.0000
Spot Futures 2198.440 0.0000
Silver Futures Spot 34.39389 0.0329
Spot Futures 2306.004 0.0000
Zinc Futures Spot 107.2441 0.0000
Spot Futures 1971.063 0.0000

Note.* Significant at the 5% level.

hypothesis (H,,) is accepted, indicating bidirectional causality at a 5% significance level. This implies that
variations in the futures market cause corresponding variations in the spot market and vice versa. Consequently, it
can be concluded that the Indian commodity derivative market is efficient, with information flowing
spontaneously between the futures and spot markets.

Causality test was applied in a VAR environment for each of the sub-periods or regimes after considering the
multiple breaking points. The test results are shown in Table 6.

Table 6 reveals that, at the 5% significant level, there is both unidirectional and bidirectional causality. It is
discovered that the futures market Granger causes the spot market in circumstances of unidirectional causality for
all commodities, demonstrating an efficient mechanism for price discovery—the futures market's main goal.
However, in the case of mentha oil, the spot market Granger causes the futures market. The market is generally
efficient, with the futures market often leading the spot market during periods of structural change, except for
mentha oil, where this was not the case. Thus, it may be concluded that short-term changes in futures or spot
markets due to political or economic events may have an impact on market efficiency. Although the market seems
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Table 6. VAR Granger Causality Test for the Sub-Periods

Commodity RME 1 RME 2 RME 3 RME 4 RME 5 RME 6
Aluminum FUT & SPT FUT — SPT FUT — SPT FUT & SPT FUT — SPT

Copper FUT — SPT FUT <> SPT FUT <> SPT FUT — SPT FUT — SPT FUT < SPT
Cotton FUT — SPT FUT <> SPT FUT — SPT FUT — SPT FUT < SPT

CPO FUT & SPT FUT & SPT FUT & SPT FUT & SPT FUT & SPT

Crude Oil FUT — SPT FUT & SPT FUT — SPT FUT & SPT FUT <& SPT

Gold FUT & SPT FUT — SPT FUT & SPT FUT & SPT FUT —» SPT FUT & SPT
Lead FUT — SPT FUT — SPT FUT & SPT FUT — SPT FUT & SPT

Mentha Oil FUT & SPT FUT & SPT FUT & SPT FUT & SPT FUT « SPT

Natural Gas FUT — SPT FUT — SPT FUT <> SPT FUT <> SPT FUT — SPT

Nickel FUT — SPT FUT <> SPT FUT — SPT FUT — SPT FUT <> SPT

Silver FUT & SPT FUT — SPT FUT & SPT FUT & SPT FUT & SPT

Zinc FUT & SPT FUT — SPT FUT & SPT FUT — SPT FUT & SPT FUT — SPT

Note. * (1) RME stands for Regime, FUT stands for Futures, SPT Stands for Spot, <> Stands for Bidirectional, and — Stands for
Unidirectional.

(2) Significant at the 5% level.

efficient over the long term, changes in market efficiency are revealed when it is examined on a sub-period basis
while taking structural breaks into account. This method offers a clearer understanding of how disruptions brought
about by political or economic events affect the effectiveness of the market.

Conclusions and Policy Implications

The price discovery mechanism of the Indian commodity derivative market was examined for cotton, CPO,
mentha oil, crude oil, aluminum, natural gas, zinc, lead, copper, silver, gold, and nickel using data from the MCX.
The price series data are non-stationary, while the return series data are stationary. The Bai—Perron test for
multiple breakpoints was applied to the price series, identifying unknown break dates using the LWZ criteria. The
return time series for the full study period was then subjected to the VAR Granger causality test, which
demonstrated bidirectional causality between the futures and spot markets for every commodity under
investigation. This shows that the market is efficient and capable of forecasting one another.

These results are consistent with earlier research on lead, zinc, crude oil, and zinc by Ali and Gupta (2011);
zinc, lead, copper, and crude oil by Sehgal et al. (2013); and lead, zinc, nickel, aluminum, and copper by
Purohitetal. (2015). In sub-periods, both bidirectional and unidirectional causality are observed between the spot
and futures markets for all commodities. The futures market generally led the spot market when unidirectional
causality was present, with the exception of mentha oil, in which case the spot market led the futures market.
Although the market appears efficient over a long period, structural changes due to economic or political events
affect efficiency, as evidenced by the structural breaks. This finding underscores the importance of considering
structural breaks for amore comprehensive understanding of market efficiency.

The research outcomes hold significance for players in the commodity market, including exchanges, investors,
policymakers, regulators, and other relevant parties operating on a national and global scale. The study is
important for professionals, researchers, and regulators because of the commodities market's crucial
responsibilities in risk management and asset allocation, both of which are vital for economic growth.
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Limitations of the Study and Scope for Further Research

The research was restricted to the spot and futures daily closing prices of the commodities, so intra-day data and
spectral analysis could be used to assess the degree of disruption in the data. Since the analysis was conducted
using MCX data, a similar study might be conducted using data from other commodities derivative exchanges to
strengthen the study's conclusions.
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