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INTRODUCTION

A tendency of excessive buying or selling is observed due to
the fear of future market condition, and these activities trigger
the volatility of the market. This volatility keeps on changing
over time, according to the arrival of information about a
financial security or a commodity. So the market has to go
through alternate periods of high volatility and low volatility.
The high volatility period does not stay longer; the market
absorbs the shock with time. However, volatility should not
always be treated as an indication of a bad market condition;
on the other hand, contributes to the efficient price innovation
of a market.

Volatility has always been a matter of great concern to the
market participants, especially, for commodities, producers,
merchandisers and traders— all being affected by the volatility
of the market. The random fluctuations of the commodity
prices are termed as volatility. It also can be considered as the
uncertainty associated with the commodity prices. Sometimes
movements of the stock or commodity markets cannot be
justified by the changes in the fundamentals of the markets.
Then volatility of the market requires special attention of the
traders and financial experts. According to the efficient market
hypothesis, information affects the prices. Therefore, volatility
is said to be the result of the information provided to the
market. It changes according to the arrival of new information
in the market. Another school of thought in this regard
describes volatility as a result of the behavioural activity of the
investors. The reactions of the investors, due to their
psychological and social belief, have a strong impact on the
market. Any significant drop in the market causes volatility.
Traders overreact to the market condition in this period, since
market drops are associated with increased uncertainty
regarding the future market conditions and recovery time.

The main objective of this paper is to study the behaviour of
volatility in the Indian commodity market. By examining spot
and futures market for commodities, this study intends to
reveal whether both markets behave in a similar manner.
Volatility is one of the important aspects which have to be
studied in order to understand the behaviour of the commodity
market. In finance, a number of researchers have used variance
or standard deviation as measures of uncertainty. However,
according to Soofi (1997), these measures may fail in some
specific situations, since they require the underlying
probability distribution to be symmetric. Furthermore, they
Corresponding author: Rahuldeb Das neglect the possibility of extreme events such as the existence
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higher order moments of a distribution and uses more
information about the underlying probability distribution of a
data than the variance. So, entropy will provide a very good
estimate of volatility for the commodity markets. In addition, a
comparison between the volatility of the spot and futures
market for commodities has been drawn. Since spot and
futures prices express the value of the same underlying
commodity, they are supposed to move together. Therefore,
the patterns of behaviour of volatility in both the markets
should be similar. In this regard, trend of volatility has been
checked in both the markets at the outset. Also, two-sample-
mean-test has been performed to examine whether both spot
and futures markets have similar average volatility; both
parametric and non-parametric methods have been used in this
purpose. The pattern of the change of volatility is another
matter of concern while judging the overall volatility
behaviour of a market. Two sample variance tests have been
used to examine the change of volatility over the quarters.
After the introduction of derivative trading in the Indian
commodity market, this is the first study in Indian commodity
market with a focus on the behaviour of volatility of the
market. Finally, it is also to be noted here that use of entropy to
estimate volatility is relatively new in the context of Indian
market.

Literature Review

Very few literatures in finance have studied the behaviour of
volatility of the commodity market. Specially, use of entropy
as a measure of uncertainty is relatively new in financial
domain. Haugen et al. (1991) have estimated the volatility
changes in daily returns to the Dow Jones Industrial Average.
They have tested the change of stock prices and their expected
returns due to the change of volatility. Evidence of relatively
large and systematic revisions in stock prices and subsequent
expected returns was found. They have also concluded that the
majority of the volatility changes cannot be associated with the
release of significant economic information. Giot (2003)
examined the incremental information content of lagged
implied volatility to skewed student GARCH models for a
collection of agricultural commodity cocoa, coffee, and sugar
traded on the New York Board of Trade. He has found that the
implied volatility for option on future contracts has a high
information content regarding conditional variance and VaR
forecasts of the underlying future forecasts. Bandivadekar and
Ghosh (2003) have studied the impact of introduction of index
futures on the spot market volatility on both S&P CNX Nifty
and BSE Sensex using ARCH/GARCH technique.

They have concluded that due to the increased impact of recent
news and reduced effects of uncertainty originating from the
old news, the spot market volatility is decreased after the
introduction of index futures. They also observed that the
market wide volatility has fallen during the period under their
consideration. Their analysis shows that the futures effect
plays a definite role in the reduction of volatility in the case of
S&P CNX Nifty. Pindyck (2004) examined the role of
volatility in the short-run commodity market dynamics and the
determinants of volatility. He developed a structural model of
inventories, spot, and futures prices that explicitly accounts for
volatility. He estimated it using daily and weekly data for the

petroleum complex: crude oil, heating oil, and gasoline. He
found that changes in volatility influence market variables, but
the effects are not large. He concluded that changes in
volatility can help explain the changes in the spot-futures
spread, but not the changes in the spot price itself. Raju and
Ghosh (2004) have compared the Indian market with some of
the international markets in respect of volatility. They
observed that India provides as high a return as the US and the
UK market could provide but the volatility is higher.
Comparatively, Indian market shows less of skewness and
kurtosis. They also added that intra-day volatility in Indian
market is also very much under control and has come down
compared to past years. Dionisio et al. (2005) have described
entropy as a more general measure of certainty than the
variance, since it uses much more information about the
probability distribution. They also have found that mutual
information and conditional entropy can be used for estimating
systematic risk and specific risk. Pal (2005) concluded that
Foreign Institutional Investors (FII) have a strong influence on
the volatility of the Indian stock market. Moreover, FIlIs has a
strong hold on the companies that constitutes the Sensex.
Adrian and Rosenberg (2008) have examined the cross-
sectional pricing of volatility risk by decomposing equity
market volatility into short-run and long-run components.
They observed that risk of prices is negative and significant for
both volatility components. The short-run component captures
the market skews risk, which is interpreted as a measure of the
tightness of financial constraints. The long-run component
represents the business cycle risk.

Data

Data for this study has been collected from the Multi
Commodity Exchange (MCX) and the National Commodity
Derivative Exchange (NCDEX) of India. The period of study
is from 1* January 2004 to 31 December 2012. Spot and
futures prices of the agricultural-commodity index MCXAGRI
is taken from the MCX website. Daily spot and futures closing
price of Barley, Chickpea, Chilli, Cumin, Maize, Mustard
Seed, Pepper, Brent Crude Oil and Gold obtained from the
website of NCDEX.

Methodology

Daily closing spot and futures prices for the commodities
Barley, Chickpea, Chilli, Cumin, Maize, Mustard Seed,
Pepper, Brent Crude Oil and Gold and the commodity index
MCXAGRI have been used for this study. The returns from the
prices of every commodity and commodity index have been
calculated using the following formula

R, =In (Yi) x 100

t—-1
Where, R, is the return of a commodity at time t, Y, and Y,
are the prices of a commodity at time t and t-1 respectively.

Augmented Dickey-Fuller Test (ADF)

Stationarity of all return series have been checked by
Augmented Dickey-Fuller (ADF) test. The equation of ADF
test is given below:
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AY, = p + bt + BY,, *Z?:l @AY, + ¢

Here Y, is a time series which is to be tested for stationarity,
AY, is the first order differenced series based on Y4, i.e., AY,=
Y. - Y., p is the intercept term, b is the coefficient of a time
trend, B is the coefficient of the lagged value of Y, @;, j =
1(1)p, are the coefficient of the autoregressive process of AY,
and €, is white noise residual. The hypothesis under
consideration is

Ho:b=B=0.

Therefore, an F-test is performed on the hypothesis Hy If f =0
then there is a unit root. If Unit Root is present in the series,
then it is non-stationary.

Volatility of an index is usually calculated by its standard
deviation. It is a very well known measure of uncertainty. But,
according to Maasoumi (1993), entropy can be an alternative
measure of dispersion. The variance measures an average of
the distances of outcomes of the probability distribution from
the mean. But, the entropy is a measure of disparity of the
density px(x) from the uniform distribution. In this context,
Soofi (1997) has mentioned that the interpretation of the
variance as a measure of uncertainty must be done with some
precaution. According to Ebrahimi, Maasoumi and Soofi
(1999), both variance and entropy reflect concentration, but
their metrics for concentration are different. Unlike the
variance which measures concentration only around the mean,
the entropy measures diffuseness of the density irrespective of
the location of concentration. Also entropy depends on many
more parameters of a distribution than the variance. Entropy is
related to higher order moments of a distribution as a result it,
uses much more information about the probability distribution
than the variance. Arafat, Skubic and Keegan (2003) suggested
that entropy can be treated as a good measure of uncertainty.
So, in this chapter entropy has been used as a measure of
volatility.

Entropy

If a set of possible events has probabilities of occurrence py,...,
Pn- According to Shannon (1948) the entropy is defined as

H(Y) =—X;pilog pi

When the random variable has a continuous distribution, and
py(Y) is the density function of the random variable Y, the
entropy is given by

H(Y)=-[ py @)logpy (y)dy

For a commodity, each return series (spot and futures) has
been partitioned into quarterly series. For each quarterly series
volatility has been calculated using the concept of entropy.

Mann-Kendall Trend Test

To test the existence of trend in the volatility of the spot and
futures prices of the commodities, Mann-Kendall trend test has
been used. Given n consecutive observations of a time series
Y, t=1, -, n Mann (1945) suggested using the Kendall

rank correlation of Y, witht,t=1, - - -, n to test for monotonic
trend. The null hypothesis of no trend assumes that the Y,, t =
1, - - -, n are independently distributed. The hypotheses under
consideration is :

Hj : No monotonic trend is present in Y.

Against the alternative

H,: Monotonic trend is present in Y, .

In the case of no ties in the values of Y, t =1, - - 'n, the

Mann-Kendall rank correlation for a trend test can be written
as

== 5
%)

where

S=2P-C}, 6

where P is the number of times that Y.,> Y, forallt, t,=1,..
., nsuch that t, > t;. Thus T = 27, — 1, where 7. is the relative
frequency of positive concordance, i.e., the proportion of time
for which Y;,> Y, when t, > t;. Equivalently, the relative
frequency of positive concordance is given by m.= 0.5(T + 1).

Shapiro—Wilk Test

The Shapiro—Wilk test is used to check whether a sample Yy,
.y Y,,, of spot or futures prices volatility, came from a normally
distributed population. The hypotheses under this test is given
by:

Hy : The distribution of the data sample is normal.
Against the alternative
H, : The distribution of the data sample is non-normal.

The test statistic is:

W = Ciey 4y i)?

2?:1(3’11_37)2
where y()i =1(1)nis thei”order statistic, i.e., thei®
smallest number in the sample; yis the sample mean; the
constants a; are given by

_ mTy-1
(ag, v, ay) =
mTv-1y—1m)

1
2
where m = (my, ...,m,)" and (my, ..., m,)T are the expected
values of the order statistics of independent and identically
distributed random variables sampled from the standard
normal distribution, and V'is the covariance matrix of those
order statistics. The null hypothesis will be rejected if W is
below a predetermined threshold.

Welch's -Test

To test whether two volatility samples (spot and futures) have
equal means when the sample variances are unequal,
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Welch's #-test is applied. The hypotheses considered in this test
are:

Ho:pmi=po

Against the alternative,
Hi:p#wo

Where,

u; = mean volatility of the 1* population
11, = mean volatility of the 2™ population

Welch's #-test defines the statistic ¢ by the following formula:

-1
2 2
S S
ny nz

where, Y;, s? and n; are the sample mean, sample
variance and sample size, respectively for the 1% sample. A
similar notation is followed for the 2™ sample. The degrees of
freedom 7y associated with this variance estimate are
approximated using the Welch—Satterthwaite equation:

t=

2 2
G+ 222
. N m
Y= a1 10
1 2
2t
nlvl nz'liz

Here, y; = ny — 1, the degrees of freedom associated with
the 1% variance estimate.y, = m, — 1 , the degrees of
freedom associated with the 2™ variance estimate.

Kolmogorov—Smirnov Two Sample Test

The Kolmogorov—Smirnov two sample test is applied to test
whether the probability distributions of two samples differ.

H0 : Fl = F2
Against the alternative,
Hl : Fl ?ﬁ F2

Where,
F, = probability distribution of the 1 population
F, = probability distribution of the second population

In this case, the Kolmogorov—Smirnov statistic is
Dn.n' = Supy |F1,n ()’) - Fzyn' ()’) |

where  F;, and F, are the empirical distribution
functions of the first and the second sample respectively. n and
n’ are the sample sizes of the 1% and 2™ sample respectively.
The null hypothesis is rejected at level a if

D, . >c(a)

nn'

The value of c(a) is specified for each level of a.

F-Test

The equality of variance between the spot and futures prices
volatility samples is checked by F-test. For this test, the
samples have to be independent and identically distributed and
each of them should follow normal distribution. The
hypotheses considered in these tests are given by:

Hy : o’ 1= 022

Against the alternative,
H,: o’ £ 022

Where,

o, = variance of the 1*' population
o, = variance of the 2™ population

The test statistic
2

F=2 12
S2

has F-distribution withn; — 1 andn, — 1 degrees of
freedom. s? and sZ are the samples variances of the 1% and the
2" sample having sample sizes n, and n, respectively.

Levene’s Test

For the volatility samples that violate normality assumptions,
F-test cannot be applied. In this case a non-parametric test,
Levene’s test, is applied to check the equality of variance
between the spot and futures prices volatility samples. The
hypotheses considered in these tests are given by:

Hy : o’ 1= 022

Against the alternative,
H,: o’ = 022

Where,

6°, = variance of the 1* population
6% = variance of the 2" population

The test statistic for this test, 7, is defined as follows:

_ I nZ-2)?
k-DIE, T, i -2:)2

where K is the number of samples, n is the total number of
observations, n; is the number of observations in the i sample,
Y;;,i = 1(Dk,j = 1(1)n; is the value of volatility for the j"
observation from the i™ sample,

Z;j = |Y;; — Yi|Y; is the mean of ith sample
|Y;; — Yi|.Y; is the median of ith sample,

k ni
i=1 Zj:lzij s

ERE|

7=

= _ 1 n;
Zl - ng Zj:lzij-
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The significance of Wis tested against F(a,k—1,n—
k) where F is a quantile of the F distribution, with k — 1 and
n —k degrees of freedom, and « is the chosen level of
significance.

Empirical Analysis

For all the spot and futures series, returns were calculated
using the Equation 1. Before calculating volatility of the spot
or futures returns of a commodity, the stationarity of the data
was needed to be checked. Non-stationary data may lead to the
inappropriate inference of the variables. So, stationarity of
each data series was checked by Augmented Dickey—Fuller
test (ADF), which is represented in the Table 1. For all the
commodities, the ADF test showed significantly low p-values.
As a result, the null hypothesis of presence of unit root was
rejected at the 1 % level of significance. The absence of unit
root in these series had ensured the stationarity of these series.

Table 1. ADF test results for the returns of the commodities

Commodity/ Index Spot Future

ADF Stat  p-value  ADF Stat p-value
MCXAGRI -0.464 <.0001 -0.427 <.0001
Barley -38.63 <.0001 -40.55 <.0001
Chickpea 0.113 <.0001 0.015 <.0001
Chili 0.043 <.0001 0.196 <.0001
Cumin 0.059 <.0001 0.431 <.0001
Maize -0.419 <.0001 0.125 <.0001
Mustard Seed 0.005 <.0001 -0.063 <.0001
Pepper -0.039 <.0001 0.182 <.0001
Brent Crude Oil -0.120 <.0001 -0.031 <.0001
Gold 0.020 <.0001 0.004 <.0001

To encounter the fluctuation of the returns of the commodities
and the index MCXAGRI volatility was calculated. To
calculate volatility, a return series was subdivided into a
number of quarterly series. So, for each commodity, a return
series (spot or futures) was obtained for each quarter. Volatility
was calculated using the data series of each quarter. Entropy as
a measure of volatility was used in this paper. Usually,
standard deviation, as a measure of volatility, is widespread in
the literature. But entropy involves higher moments of the
distributions of the data and gives more appropriate estimation
of the uncertainty of the data. The entropy was estimated using
the Equation 3. For each and every commodities and
commodity index volatility was calculated for every quarter by
using entropy. To get a better understanding of the behaviour
of volatility, for each commodity, spot and futures prices
volatility was plotted in the figures Figure 1 to Figure 10.
Figure 1 represents the plot of the volatility of MCXAGRI spot
and futures prices. From the figure it was observed that the
volatility of futures prices was higher than spot prices in most
of the quarter. So the futures prices had greater fluctuations
than the spot prices. A decreasing trend of volatility was
observed for both spot and futures volatility. The volatility of
the spot index was highest in the third quarter 2006 and lowest
in the second quarter of 2009. For futures series, the highest
volatility was observed in the third quarter of 2006 and lowest
in the fourth quarter of 2009. For Barley, no trend was
observed in the spot and futures price volatility. For the spot
prices, highest volatility was observed in the second quarter of
2007 and lowest in the first quarter of 2012. Barley futures
prices showed highest and lowest volatility in the third quarter

0f 2012 and second quarter of 2008 respectively. No increasing
or decreasing trend was observed in the volatility of the
commodity Chickpea for both spot and Futures prices. Highest
and lowest volatility of the spot prices was observed in the
third quarter of 2010 and third quarter of 2006 respectively. For
the Chickpea futures prices, highest volatility was observed in
the fourth quarter of 2009 and lowest volatility in the first
quarter of 2006. For the Chili spot prices, highest volatility was
observed in the third quarter of 2012 and lowest in the first
quarter of 2007. Chili futures prices showed highest and lowest
volatility in the first quarter of 2006 and first quarter of 2011
respectively. Cumin futures showed an increasing trend of
volatility. For spot prices the trend was not significant. For the
Cumin spot prices, highest volatility was observed in the
second quarter of 2007 and lowest volatility in the second
quarter of 2008. For the futures prices, highest volatility was
observed in the second quarter of 2011 and lowest volatility in
the third quarter of 2005. The trend of volatility was decreasing
for Maize spot prices. The Maize futures prices showed slightly
increasing trend of volatility. The spot prices showed highest
and lowest volatility respectively in the third quarter of 2005
and in the fourth quarter of 2011. Maize futures prices had
reached highest peak of volatility in both the periods first
quarter of 2007 and first quarter of 2008. The volatility was
lowest in the fourth quarter of 2011. For Mustard Seed, no
trend was observed in the spot and futures prices volatility. For
the spot prices, highest volatility was observed in the third
quarter of 2010 and lowest in the first quarter of 2011.

The futures prices showed highest volatility in the second
quarter of 2006 and fourth quarter of 2009 while the lowest
volatility was observed in the first quarter of 2011. For the
Pepper spot prices, highest volatility was observed in the
second quarter of 2010 and lowest in the fourth quarter of
2010. Pepper futures prices showed highest and lowest
volatility in the second quarter of 2008 and second quarter of
2004 respectively. The volatility of the futures prices of Brent
Crude Oil was having higher magnitude than the spot prices.
Highest spot price volatility was observed in the third quarter
of 2008 whereas the lowest volatility was found in the first
quarter of 2011 and third quarter of 2012. Highest futures price
volatility was observed in the fourth quarter of 2007 and lowest
value observed in the first quarter of 2010. The volatility was
found to be highest in the third quarter of 2008 for the Gold
spot prices. It attained the lowest value in the third quarter of
2007. For the gold futures prices, in the fourth quarter of 2012
the volatility was highest and in the fourth quarter of 2009 it
was found to be lowest.

For some of the commodities, trend of volatility was identified
by visual inspection of the figures. So, to confirm the existence
of trend Mann-Kendall’s Trend Test was used in this paper.
The null and the alternative hypotheses of this test were
specified as follows:

Hy : No monotonic trend is present in the volatility of the spot
(or futures) prices of a commodity.

Against the alternative,

H; : Monotonic trend is present in the volatility of the spot (or
futures) prices of a commodity.
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Fig. 6. Volatility of the spot and futures prices of Maize for each quarter
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Table 2 represents the results of the Mann-Kendall’s trend test
for the commodities under this study. For MCXAGRI, both
spot and futures prices volatility showed decreasing trend. The
p-value was less than 0.05 for the Mann-Kendall’s trend test in
these cases. In case of Barley, spot price volatility did not show
any trend but futures price volatility had showed an increasing
trend. The existence of trend was confirmed by the test as the
p-value is less than 0.05. For the commodities chickpea and
Chili no trend was identified in the spot and futures volatility
series. Again, for Cumin futures prices a trend of volatility was
observed by the test. In this case the trend was increasing.
However, Cumin spot prices did not show any trend. The
volatility of Maize spot prices was having a decreasing trend.
The p-value of this test was 0.001. For futures prices no such
trend was observed. Volatility of the spot and the futures prices
for the commodities Mustard Seed, Pepper, Brent Crude Oil
and Gold was free from trend.

Table 2. Results of the Mann-Kendall’s trend test for volatility

Commodity/ Index  Spot Future
Kendall's tau p-value  Kendall's tau p-value

MCXAGRI -0.464 0.007 -0.427 0.010
Barley -0.243 0.112 0.383 0.010
Chickpea 0.113 0.402 0.015 0.925
Chili 0.043 0.773 0.196 0.151
Cumin 0.059 0.666 0.431 0.001
Maize -0.419 0.001 0.125 0.344
Mustard Seed 0.005 0.976 -0.063 0.609
Pepper -0.039 0.755 0.182 0.129
Brent Crude Oil -0.120 0.392 -0.031 0.837
Gold 0.020 0.916 0.004 1.000

So, for the index MCXAGRI, spot and futures prices volatility
behave similarly. In both the cases, trend of volatility was
observed. The commodities Chickpea, Chili, Mustard Seed,
Pepper, Brent Crude Oil and Gold, also had behaved similar in
term of the behaviour of volatility.

For all of these commodities, volatility of the spot and futures
prices was free from trend. However, Barley, Cumin and
Maize represented a different scenario. For all the
commodities, between spot and futures prices, volatility of one
of the series was having trend. Then, effort was given to find
out if there was any difference between the magnitude of the
volatility of spot and futures prices. Two sample t-test was
applied to identify if spot and futures prices volatility is
significantly different from each other. However, to apply the t-
test the sample observations need to follow a normal
distribution. So, the normality of the spot and futures prices
volatility series was needed to be checked. Shaprio-Wilk
Normality Test was used in this purpose. For a commodity,
spot price volatility for all the quarters together was considered
as the first sample and all the futures prices volatility together
was considered as second sample.

For each sample normality was checked by Shaprio-Wilk
Normality Test. The hypotheses under this test were given by:

H, : The distribution of the spot (or futures) prices volatility for
a commodity is normal.

Against the alternative,

H; : The distribution of the spot (or futures) prices volatility for
a commodity is non-normal.

The results of this test were represented in Table 3. It was
observed that for the index MCXAGRI, both the samples did
not follow a normal distribution. In both the cases, p-values
were less than 0.05. So, the null hypothesis of normality was
rejected at the 5 % level. For Mustard Seed also both the
samples of volatility did not follow normal distribution. For
Maize futures prices volatility did not follow normal
distribution. However, volatility of the Maize spot prices was
found to follow normal distribution. For all other commodities
both the samples had followed normal distribution.
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Since, the volatility samples had followed both normal and
non-normal distributions, both parametric and non-parametric
tests were used to check if the volatility of spot and futures
prices was significantly different from each other. Among the
two sample parametric tests, the Welch’s t-test was used in this
purpose. Also, Kolmogorov-Smirnov non-parametric test was
applied for a better inference of the non-normal samples. The
hypotheses considered in the Welch’s t-test were given by:

HO . lJ'Spot = UFutures
Against the alternative,

Hl : lJ'Spot 75 U Futures

Where,
Uspot = mean volatility of the spot prices of a commodity
Urures = Mean volatility of the futures prices of a commodity

For Kolmogorov-Smirnov two sample test the hypothesis under
consideration were:

HO : FSpot = FFutures
Against the alternative,
Hl : FSpot 7ﬁ FFulures

Where,

Fgpot = probability distribution of volatility of the spot prices of
a commodity

Fruues = probability distribution of volatility of the futures
prices of a commodity

Table 4 contains the results of two sample tests. For the
commodities Chickpea, Chili and Gold the spot and futures
price volatility were significantly different at 5% level as the p-
values in these cases were lesser than 0.05. Both the parametric
and non-parametric tests had provided the same results. For all
other commodities no significant difference was found between
the spot and futures price volatility. So, for most of the
commodities spot and futures market volatility was similar.
That means, spot and futures market reacts in a similar way to
new information. This is an indication of the fact that spot and
futures markets are associated. For, Chickpea, Gold and Brent
Crude Oil, the volatility of spot and futures market was
significantly different from each other. That mean one of the
markets is more volatile than other market.

For the commodities Chickpea, Chili and Gold spot and futures
prices volatility was significantly different. So, for these
commodities, it was checked that which market was having
greater volatility in between spot and futures markets. Since for
these three commodities the volatility series had followed
normal distribution, in this purpose Welch’s t-Test was used
again. However, this time one-sided alternative hypothesis was
used. The hypotheses considered in this test were given by:

HO : H'Spot = MFutures

Against the alternative,

Hl : H'Spot > WFutures OT H2 : H'Spot < UFutures

Where,
Uspot = mean volatility of the spot prices of a commodity
Hrure = Mean volatility of the futures prices of a commodity

Table 5 depicts the results of Welch’s t-Test with one-sided
alternative. In case of Chickpea spot prices volatility was
higher than the futures price volatility. The observation was
same for gold also. However, for Chili spot market was having
lower volatility compared to the futures market.

Then, to judge the behaviour of volatility, the variation of the
spot and futures price volatility for different commodities was
needed to be analysed. In this purpose two sample variance test
was useful. F-test was applied to check whether the variability
of the spot and futures price volatility was same. Since, some
of the volatility samples had followed non-normal distribution
and F-test requires the data set to be normally distributed, so
with the F-test a non-parametric test was also used in this
regard. Levene’s Test was used to compare the variances of the
two samples of volatility. The hypotheses considered in these
tests were given by:

L2 _ 2
HO .0 Spot — G Futures
Against the alternative,
L2 2
Hl -0 Spot # G Futures

Where,

czspot = variance of the volatility of spot prices of a commodity
czFumes = variance of the volatility of futures prices of a
commodity

The results of the F-Test and the Levene’s Test were depicted
in Table 6. It was observed that for Chickpea, Brent Crude Oil
and Gold, the p-values were smaller than 0.05. Therefore, for
these commodities, the variation of spot and futures price
volatility was significantly different from each other. For the
commodities other than these three, the variation of volatility
was similar in the spot and futures market.

Then, it was to be checked that between spot and futures which
market was having a higher variation of volatility. For the
commodities Chickpea, Brent Crude Oil and Gold, the
variations of spot and futures price volatility were significantly
different. So, for these commodities, it was checked that which
market was having a greater variation of volatility in between
spot and futures markets. For these commodities spot and
futures prices volatility samples had followed normal
distribution. So, in this purpose F-test was used with the one-
sided alternative hypothesis. The hypotheses considered in this
test was given by:

L 2 _ 2
HO .0 Spot — O Futures
Against the alternative,
.2 2 L2 2
Hl -0 Spot > G Futures OF H2 -0 Spot < O Futures

Where,
czspm = variance of the volatility of spot prices of a commodity
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GZFutures = variance of the volatility of futures prices of a
commodity

Table 3. Results of the Shapiro-Wilk Test for Normality

Commodity/ Index Spot Future
Test Statistic ~ p-value Test Statistic p-value

MCXAGRI 0.885916 0.027 0.882423 0.024
Barley 0.929612 0.096 0.977821 0.853
Chickpea 0.984283 0.902 0915113 0.12
Chili 0.946519 0.162 0.967208 0.487
Cumin 0.966014 0.417 0.951811 0.162
Maize 0.982157 0.87 0.863567 0.001
Mustard Seed 0.898823 0.004 0.877067 0.001
Pepper 0.962169 0.265 0.973411 0.543
Brent Crude Oil 0.939738 0.099 0.93448 0.089
Gold 0.982392 0.936 0.921221 0.071

Table 4. Results of the two sample tests for the equality of means
between spot and futures prices volatility

Commodity/ Index ~ Kolmogorov-Smirnov Test ~ Welch t-Test

Test Statistic  p-value Test Statistic  p-value
MCXAGRI 0.42105 0.06809 -1.3083 0.19920
Barley 0.41667 0.13101 -1.7205 0.09240
Chickpea 0.93636 0.00000 -10.429 0.00000
Chili 0.83005 0.00976 -3.006 0.00400
Cumin 0.15423 0.84800 0.27796 0.78200
Maize 0.30242 0.11220 0.30075 0.76460
Mustard Seed 0.31429 0.06304 -1.0993 0.13958
Pepper 0.28571 0.11480 1.3336 0.18690
Brent Crude Oil 0.22733 0.46520 -0.94187 0.35220
Gold 0.40761 0.04038 24714 0.01789

Table 5. Results of the two sample Test for the equality of means
between spot and futures prices volatility

Commodity/ Index Welch t-Test

Alternative Hypothesis  Test Statistic p-value
Chickpea Wspot > HFutures -10.429 0.00000
Chili Wspot < WFutures -3.006 0.00200
Gold 2.4714 0.00895

HSED& > HFutures

Table 6. Two sample tests for the equality of variance between
spot and futures prices volatility

Commodity/ Index ~ F-Test Levene's Test

Test Statistic p-value Test Statistic p-value
MCXAGRI 1.2446 0.64750 0.002 0.9643
Barley 0.63159 0.2778 2.0766 0.1563
Chickpea 0.4827 0.04674 5.0453 0.0278
Chili 1.1196 0.7674 0.50126 0.4819
Cumin 0.64096 0.2264 0.9868 0.3244
Maize 0.7209 0.3728 0.12294 0.7271
Mustard Seed 0.7589 0.4255 0.05875 0.8092
Pepper 0.7354 0.3749 0.39817 0.5301
Brent Crude Oil 0.2662 0.0008963  8.3388 0.005572
Gold 2452 0.03939 6.9308 0.0171

The results of F-test with a one-sided alternative were depicted
in Table 7. Chickpea had shown that the variation of spot price

volatility was lesser than the variation of futures price
volatility.

Table 7. Two sample test for the equality of variance between spot
and futures prices volatility

Commodity/ Index F-Test

Alternative Hypothesis ~ Test Statistic p-value
Chickpea 6" Spot < O Futures 0.4827 0.02337
Brent Crude Oil 67 Spot < O Futures 0.26626 0.0004482
Gold ZSpot > O Futures 2.452 0.01969

The observation was similar for Brent Crude Oil as well.
However, for Gold the variation of the volatility of the spot
market was having higher value compared to the futures
market.

DISCUSSION

The results of this study have indicated few facts regarding the
volatility of the Indian commodity market. For most of the
commodities no trend is observed in the spot and the futures
price volatility. However, for some of the commodities trend of
volatility is observed. Evidence of both increasing and
decreasing trend is observed in these cases. Also the nature of
trend is not similar for spot and futures price volatility of these
commodities except for the index MCXAGRI. So, no particular
pattern in the trend of volatility is observed in the Indian
commodity market. So, the common belief of the investors,
that the introduction of derivative trading in the commodity
market has increased the volatility of the market cannot be
justified by the results of this study.

Again, for most of the commodities spot and futures price
volatility is having similar values. Both parametric and non-
parametric tests confirm the result. However, for some of the
commodities, namely Chickpea, Chilli and Gold, spot and
futures price volatility is significantly different. For Chickpea
spot market is having higher volatility than futures market and
for Gold the scenario is opposite. Additionally, the variation of
volatility is similar in spot and futures prices for most of the
commodities. Only contradictory results have been found for
Chickpea, Brent Crude Oil and Gold. For Chickpea and Brent
Crude Oil, the spot market is having lesser variation while for
Gold the futures market is having a lesser variation of
volatility. So, the magnitude and the variability of volatility is
similar in spot and futures prices for most of the commodities
in the Indian commodity market. However, exceptions are
there for some the commodities. Both spot and futures markets
for commodities are expected to behave similar and help each
other in evolution. Dissemination of information between the
markets should help in the effective price discovery in both the
markets. To be efficient commodity market co-movements of
the spot and futures markets is necessary. In the Indian market
also similar facts have been observed with some exceptions.

Conclusion
In the Indian commodity market, insufficient evidences have

been found in support of the fact that the introduction of
derivative trading has increased the volatility of the market.
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Though trend is present in the volatility of the commodities but
no specific pattern of trend is found. Furthermore, in respect of
trend, volatility of the spot and futures market has a similar
pattern with few exceptions. The average volatility of the spot
and futures prices is found to be same in most cases. The
pattern of change of volatility over time is also similar in both
the markets for most of the cases. These facts indicate an
association between the spot and futures markets for the
commodities in India. The more spot and futures markets for
commodities are associated the more efficient they will be.
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