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THE WEAK FORM EFFICIENCY OF INDIAN COMMODITY FUTURES

ABSTRACT

This paper examines the hypothesis that Indian agricultural futures markets are
weak form efficient. The concept of weak form efficiency in futures markets is outlined
and hypothesis is tested with respect to Indian Castorseed, Pepper, Gur, Hessian, Potato
and Turmeric futures markets, using cointegration technique. Evidence for market
efficiency is mixed and varies across the commodities. The results indicate evidence of
efficiency and unbiasedness in relation to Gur and Potato. For other commodities,
efficiency and unbiasedness varies according to maturity and months left to maturity.



The Weak-Form Efficiency of Indian Commaodity Futures

A futures maket is efficdent rdaive to an information such tha only new
unanticipated information leads to a price change i.e. & aty moment in time, futures
prices fully reflect publidy avalable information. The traditiond versons of the efficient
market hypothess are known as the weak, semi-srong and strong versons. The weak-
foom efficdent maket hypothess cdam tha prices in a maket fuly reflects dl
information contained in time series of prices The Semi- drong verson dates that
market prices fully reflect dl publicly avalable information. The drong verson dates
that market prices reflect dl information, public or private. Private information includes
information possessed only by corporate ingders and governmentd officidls.

The view of maket efficdency employed in this sudy is wesk form efficency. If
the Futures market is weekly efficient, there will be no opportunities to earn abnorma
profits usng the trading rule based upon the higtorical sequence of prices. In the past
many gudies have used wesk form efficiency (eg. Aulton, Ennew and Rayner, 1997;
Cargill and Rausser, 1975; Goss, 1981; Kofi, 1973; Solt and Swanson, 1981; Sheldon,
1987; Tomek and Gray, 1970). The efficiency of futures market can be explained through
digtributed lag specification of futures price-

S :a+de+CFd.1+dSt.1+et (1)

Where S is the délivery date spot price, F is the futures price on the firgt trading day of
contract maturing in period t, e; ~ 11D (0, s2) and |[d] <1 and S an F series are integrated of
order onei.e. | (1)

The long run cointegrating relation between the spot and futures prices can be
labeled as-

S=a+b®Fs+u  ...(2

which is obtained by gpplying Bewley transformation to equation (1).
Herea = a/l-dand b®=b + ¢/1-d

For cash and futures prices to be cointegrated, @ (residua) should be stationary.
For market to be unbiased it is necessary that b® = LEffidency implies tha the futures
price is an unbiased predictor of a subsequent spot price. If unbiasedness exists then spot
and future prices are cointegrated with unit parameter.

Tedting the relationship (1), for efficiency requires two steps.
Tes for cointegraion. This entalls edimaing the long-run relaionship between S
and Fy in equation (2) and testing the resduals for non-gtationary.



If cointegration is accepted, then proceed to test the parameter values consstent with
effidency. This entalls testing the joint null-hypothesis that ¢ = d = 0 in equation(l),
which ersures that the lagged futures and lagged spot prices don’t contain any useful
information which could be used to forecast S.

If null hypothesis of no cointegration is rgjected and the null hypothesis that lagg-
ed spot and futures prices do not influence the spot price is not regected, then it is
appropriate to test for unbiasedness, namely that b = 1. There is no direct way to test it if
Fand S are | (1); however, the restriction b = 1 can be imposed and residud seriesy = s
—f;, 11 tested for Sationary.

Six agriculturd commodities, in which Futures Markets are operating, have
been investigated for efficiency. These commodities are Potatoes, Pepper, Hessian,
Turmeric, Gur & Cadiorseed. Because of the inherent price ingtability in the agriculturd
commodities, Futures market has been favored for performing its risk reduction and
forward pricing role. This price indability in case of above agricultura crops has been
shown in Fgures 1-6, which present the quarterly average prices for the period 1989-99.

Figurel Average prices of Castorseed 1988-99 (quarterly)

zzzzz
uuuuu
00000

uuuuu

Thefirg impression that we get from the time series plotted here is that they
dl seem to be trending upwards, athough the trend is not smooth, especidly in the
Potato, Gur and Turmeric. There is subgtantial price decline in case of Turmeric during
1991-95. Virtudly dl the commodities sgnify the varigbility with Potato, Turmeric and
Gur showing sharp pesks and troughs, which characterize the agriculturad commodities.

Looking a the commodities time series in figures 1-6, we get the feding that
these series are not dtationary because their mean, variance and autocovariance do not
seem to be time-invariant. The firs difference in the logarithm of price series (which
goproximates to annua growth rate) is dationary. Table 1 and table 2 present the
decriptive datidtics of these nomind growth rates and the absolute vaues of growth
rates. These values indicate that the prices are risng at the rate of 16.1% in case of
Pepper, 6.7% per annum in case of Turmeric, 4.3% in case of Castorseed and 3.6% in



cae of Gur, Hessan and Potato. Variability is highest in case of Potato spot prices
followed by Turmeric, Pepper, Gur, Castorseed and Hessan. For Hessan being
manufactured product, low variability is to be expected. The skewness is negative in case
of Hessan, Potato and turmeric and postive in case Pepper, Castorseed and Gur,
indicating that the didribution is more concentrated to the left of the mean in the former
case and right of the mean in latter case. There is excess kurtoss in case of Gur showing
that the curve is leptokurtic i.e. digtribution is more pesked than normd didribution.
Table 1 represents descriptive atistics of growth rates for the commodities.

Tablel Growth Rate
Commodity Mean | Medi- | Stadard Skewne- | Kurto- | JB
an Deviation | ss ds
Pepper 0.161 | 0.0539 | 0.141 0.196 2224 | 0.314
(0.85)
Castorseed 0.043 | 0.0473 | 0.0522 0.1104 | 2.4243 | 0.1426
(Ahmedabad) (0.93)
Castorseed 0.043 | 0.0413 | 0.0522 04528 | 2.7664 | 0.328
(Mumbal) (0.84)
Gur 0.036 | 0.0123 | 0.0799 1.0100 | 3.236 1.5512
(Hapur) (0.46)
Gur 0.036 | 0.0132 | 0.0748 1.1240 |3.404 | 1.957
(Muzaff) (0.37)
Hessan 0.036 | 0.0470 | 0.048 -0.2884 | 2.207 | 0.3206
(0.85)
Potato 0.036 | 0.1159 | 0.2609 -0.1823 | 2.2521 | 0.2884
(0.86)
Turmeric 0.067 | 0.1028 | 0.1444 -0.2597 | 2.0677 | 03998
(0.81)

Table2 Absolute value of Growth Rate

Pepp- | Cas Cas Gur Gur Hess- | Pota- | Turm:
er (A) (M) (H) (M) an to eric
Mean |0.118 | 0.052 | 0.051 | 0.057 | 0.053 |0.051 |0.217 | 0.132
Media | 0.104 | 0.048 | 0.041 | 0.032 | 0.400 |0.048 |0.183 | 0.106
n




Figure 2 Average Prices of Hessian 1989-97 (quarterly)
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Figure3 Average Price of Gur1989-99 (quarterly)
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Foure 4 average price of potato 198999 (quarterty)
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Figure 5 average price of pepper 1989-99 (quarterly)
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Figure 6 Average Prices of turmeric 1989-99 (quarterly)
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However in case of other commodities the digtribution is Platykurtic indicating

that the didribution is flatter than the norma didribution. The Jacque —Bera test show
that for al commodities the null hypothess of normdity is rgected. The mean of the
absolute value of growth rate avoids the problem that the large postive changes can be
neutrdized by large negative changes and thus can be used as an indicator of voldility.
The order of ranking according to this measure is Potato, Turmeric, Pepper, Gur,
Cagorseed and Hessan. The same ordering is obtained when nomina growth rate is
used.

To formally test the series for gtationarity Augmented Dickey-Fullner and
non-parametric Phillips-Perron unit root tests have been employed. The results of these
tests have been presented in table 3 and table 4. Since the null hypothesis of unit root in
the series is accepted at level, they are non-dationary. However they are stationary in the
fird differencei.e. origina price series are integrated of first order | (1).



Table 3 Augmented Dicky-Fullner and PhillipsPerron  unit root tests for
dationarity

Price | Potato | Pepper | Turmer | hessa | Gur Gur Castor | Castor

Series [o n (H) (M) (A) (M)
ADF test for unit root

Z(u) detigtics

S -13.19 | -0.06 |-2.39 |-459 |- - -2.08 |-1.179
Fq -759 |- -253 |-411 |-161 |-176 |- -0.38
F. - -0.23 |-1.76 |-4.17 |-133 |-1.34 | 065 -0.61
F> - 0.08 - -4.20 |- - -1.76 | -

Z(t) gatigtics

S -281 |-0.03 |-1.02 |-1.76 |-057 |-142 |-0.74 |-048
Fq -202 |-0.27 |-108 |-1.71 |-066 |-0.79 |-0.13 |-0.17
F. -080 |-0.14 |-085 |[-1.73 |-057 |-0.65 |[-031 |-0.27
F> -0.70 | 0.05 -198 |-1.80 |-048 |-0.26 |-0.73 |0.83
P-P test for unit root

Z (1) datigics

S -128 |-0.06 |-284 |-481 |-501 |-630 |-1.24 |-0.67
Fq -7.30 |-0.14 |-243 |-442 |-1.09 |-145 |-0.81 |0.10
F. -731 |-0.27 |-18 [-459 |-1.02 |-1.15 |[-0.39 |-0.20
F -746 |-0.13 |-210 |-480 |-145 |-160 |-1.23 |-042
Z (t) satigtics

S -278 |-004 |-113 |[-1.78 |-162 |-19 |-052 |-0.29
Fq -1.98 |-0.09 |-1.06 |-1.75 |-049 |-0.70 |-0.35 | 0.56
F. -205 |-0.16 |-088 |[-1.78 |-047 |-059 |[-0.19 |[-0.09
F> -213 |-0.08 |-0.9 |-1.86 |-0.63 |-0.75 |-057 |-0.20

S, Fd, F1 & F2 are spot prices on delivery date, futures prices on the first day of
delivery month & Futures prices of one, two months before delivery date
respectively.Gur (H), Gur (M), Castor (A) & Castor (M) are Gur prices at
Hapur & Muzaffarnagar, Castor seeds prices at Ahmedabad & Mumbai
respectively. The critical values for DF & P-P Tests at 5% significance level
are Z(n)=-141,Z(t)=-2.86
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Table 4 PhillipsPearon test for dationarity of first
difference of logarithm of price series.
commodity Price | Z(a)gdigtics Z(t)Satistics
series
Potatoes S -35.10 -6.00
Fq -32.31 -5.12
F1 -33.70 -5.66
F> -37.47 -7.47
Pepper S -60.43 -7.62
Fq -56.41 -7.10
F1 -60.84 -7.64
F> -55.75 -7.04
Turmeric S -22.91 -4.33
Fq -29.12 -5.45
F1 -25.88 -4.90
F> -26.59 -4.94
Hessian S -19.98 -4.24
Fq -18.29 -3.96
F1 -17.26 -3.74
F> -16.31 -3.50
Gur(H) S -41.57 -6.98
Fq -43.73 -7.35
F1 -41.04 -6.85
F> -37.81 -6.15
Gur(M) S -45.08 -7.74
Fq -42.51 -7.03
F1 -41.01 -6.62
F> -45.08 -7.74
Castorseed (A) | S -48.22 -8.03
Fq -51.55 -8.78
F1 -45.22 -7.00
F> -48.22 -8.03
Castorseed (M) | & -41.52 -7.05
Fq -41.82 -6.78
F1 -42.14 -6.91
F> -45.77 -8.29

S is the spot price on the delivery date. F,, F1 & Fq4 are
futures pries two, one month prior to maturity date and on
the 1 trading day of delivery month respectively. Critical
values for Z @)= -14.1; Z (t) =-2.86; at 5% significance
level. Gur (H) & Gur (M) denotes commodity at Hapur &

Muzaffarnagar exchanges.
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Futures markets provide a platform for management of price variability and

risks associated with production and trading of commodities. A precondition for
managing risks is that the futures market is able to predict the future spot price a
maturity with accuracy i.e. bass tends to narow as contract nears maturity. This is
described as price discovery role of futures market. The price discovery role depends on
the qudity of information flows between the spot and futures market. If futures market is
performing its price discovery function in an efficient way, then any changes in spot and
futures prices should be closdy associated with information flows If the market is
efficient then the futures prices are the unbiased predictor of subsequent spot prices.

The performance of futures pricesto predict the subsequent spot pricesis
judged mostly by regresson of the observed spot prices a maturity on previous period
futures quotation for the maturity time. For the regresson doesn't report spurious result,
the price series for spot and futures contracts have been investigated for Sationarity. The
spot prices have been observed at maturity of contract (S); R is the futures price on the
fird trading day of ddivery month; F is futures price lagged one month behind spot price
and F, is two months lagged futures price behind spot price. The sample period is from
September 1988 to August 1999 for Castorseed, Pepper, Gur, Turmeric and Potato and
September 1992 to September 1997 for Hessian. These price series were deseasonalized
by regresson on seasond dummy variables. Table 3 reveds the detals of dationarity of
the price series. Augmented Dickey-Fullner and Phillips-Perron  tests applied to
logarithms of price series determine the unit root in them. The null hypothess is unit root
(a=1) againg the dternative hypothess of ca ¢<l(one dsded). The Phillips-Perron test
uses a non-parametric correction for serid corrdation. The Phillips-Perron test statistics
are obtained by non-parametric correction to standard statistics- Standardized-bias,
U U U

T (u-1), and standard t-ratio, t, = (1 -1)/s.e.n
The corresponding relevant Phillips-Perron test Satisticsare Z (a) and Z (t) respect-

vely. The results show that for Potatoes, Pepper, Turmeric, Gur traded at Hapur and
Muzeffarnagar, Castorseed traded at Ahmedabad and Mumbai and Hessian, the unit root
hypothesis is not rgected; al series are | (1) or nongationary. The Phillips-Perron unit
root test applied to the 1% difference of logarithm price series shows that the hypothesis
of unit root is rejected in al cases i.e. T difference of the series is stationary. This means
that the series in level form are | (1) time series; essentidly, they are random walk (table
4). The sandard hypothess tests are ingpplicable in case of non-dationary series. This
problem could be overcome by teding the series for cointegration. The efficiency
criterion embodies a long-run dable relationship between the spot prices and futures
prices. If the price series are non-dationary i.e. | (1), then the resduds from cointegration
regresson (§ — Ft, +1=u) will be gationary or | (0), otherwise the spot price and futures
price series will drift away from each other without bound. In fact, the cointegration
between the spot and futures price series is a necessary but not a sufficient condition for
efficdency. Given cointegration, efficency requires that the long run dope parameter
(cointegrating parameter) be equd to unity.

Table 1.5 reports the Phillips- Perron tests on the hypothesis that the spot



and futures prices are cointegrated. The null of no cointegration implies tha the resdud
series from cointegrating regresson for dl futures traded commodities are non-stationary
i.e. 1 (1). As the null hypothess of no cointegration is reected for dmost dl commodities
(except Turmeric in one month lagged futures market), it shows evidence of cointegration
between the spot and futures prices, which is condgstent with market efficiency.

Table 5 Z(a) and Z(t) Statistics for Phillips-
Perron tests for stationarity of residuals
from cointegration-  regression
Commodities Price-Series | Z(a)- Z(t)-
Statigtics Statidtics

Potatoes St, Fd -36.43 -6.32

S, F -38.71 -6.92

S, P -38.18 -6.96
Pepper S, Fy -70.84 -9.2

S, R -69.00 -9.32

S, R -65.37 -84
Turmeric S, Fq -17.21 -3.65

S, R -13.40* -2.98*

S R -18.68 -3.77
Hessan S, Fy -23.97 -4.89

S, Fr -23.28 -4.71

S, R -22.20 -4.50
Gur(H) S, Fy -20.56 -3.79

S, R -22.63 -4.03

S -30.66 -5.03
Gur(M) S, Fy -32.45 -5.05

S, R -30.58 -4.89

S, R -28.80 -4.63
Castorseed(A) S, Fq -44.37 -7.25

S, F1 -46.35 -7.42

S, R -47.35 -7.32
Castorseed(M) S, Fyg -36.25 -5.73

S, F -43.60 -7.13

S, P -43.03 -7.00
Z (a)-statistics and Z (t)-statistics are Phillips-Perron test statistics for
determining stationarity in the residuals from the cointegrating regression. S
is the spot price on maturity date. /,, F; & Fy are futures prices two, one
month before maturity period and on the first trading day of maturity month
respectively. Critical values for Z (a) = -206; Z () =334 a 5%
significance level. Gur (H), Gur (M) stand for commodities being traded at
Hapur & Muzaffarnagar exchanges. Castorseed (A), Castorseed (M) denotes
commodities being traded at Ahmedabad and Mumbai exchanges.
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Table 6 Bivariate cointegration result: Spot pricesand Futures prices
Commodity Cointegrating t-value DW R?
Regression
Potatoes S =-047 + 1.07 F4 (0.77) 2.28 0.91
(0.15) (17.97) p0.59
S=-0.30 + 1.04F, (0.68) 224 0.90
(-0.48) (14.90) p0.49
S=-074+ 1.00F, (0.86) 2.22 0.83
(-0.16) (11.96) p0.93
Pepper Si= -0.84+ 1.00 Fy4 (0.85) 214 0.99
(-0.97) (102.67) p0.39
S=-013+ 1.01F (0.91) 2.15 0.98
(-0.94) (61.65) p0.36
= -0.38 +1.00 F, (0.23) 2.10 0.97
(-0.22) (50.72) p0.81
Turmeric = -0.55 + 1.08 Fy4 (1.96)* 1.29* 0.96
(-1.84) (26.01) p0.06
=-079+ 111 F (1.99)* 0.99* 0.92
(-1.86) (18.87) p0.06
= 055+ 1.08F, (1.44) 1.35 0.92
(-1.32) (18.74) p0.16
Hessian = 027+ 0.99F4 (-0.33) 2.08 0.94
(0.82) (18.96) p0.97
= 052+ 099 F; (-0.86) 2.00 0.93
(0.14) (17.29) p0.93
=023+ 096 F, (-0.54) 1.90 0.91
(0.58) (15.44) p0.58
Gur =014+ 100Fy (-0.59) 1.06* 0.88
(Hapur) (0.37) (16.91) p0.95
= 0.25+ 0.98 F; (-0.23) 1.16* 0.87
(0.65) (15.80) p0.81
= 0.18+ 0.99F, (-0.37) 1.50 0.86
(0.44) (15.33) p0.97
Gur = 0.64+ 1.00F4 (-0.11) 152 0.88
(Muzaffarnagar) (0.86) (17.25) p0.90
=029+ 0.97F, (-0.45) 1.47 0.86
(0.74) (15.74) p0.65
=039+ 0.95F, (-0.66) 1.40 0.85
(0.99) (15.26) p0.63
Castorseed = -041+ 1.00F4 (0.26) 217 0.98
(Ahmedabad) (-0.27) (45.29) p0.79
=-034+ 105F; (1.56) 2.26 0.96
(-1.52) (31.37) p0.12
= -027+ 104 F, (0.90) 2.28 0.92
(-0.89) (22.88) p0.37
Castorseed = -049+ 1.07F4 (2.47)* 1.87 0.97
(Mumbai) (-2.48) (36.89) p0.01
= -070+ 1.10F (2.89)* 2.29 0.96
(-2.87) (30.83) p0.00
S = -095+ 114K, 277" 2.27 0.93
(-2.73) (22.30) p0.00

F,, F1, Fq are futures prices two, one month before maturity period (delivery month) & first trading day of maturity
period respectively. S;isthe spot price at maturity time. The figuresin the parenthesesin the column 2 are asymptotic
t-statistics for hypothesis that estimates are equal to zero. The t-value in column 3 is asymptotic t-statistics of the|
coefficients for the hypothesis that estimated coefficients are equal to one. The p-vauein column 3 denotesthelowest|
significance level at which the null hypothesis of coefficient being equal to one can be rejected.

Table 6 presents the results testing that the cointegrating dope parameter is unity.
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In case of Potatoes, Pepper, Hessian, Gur (Hapur & Muzaffarnagar) and Castorseed
(Ahmedabad), the coefficients of futures prices two, one month prior to maturity and that
of maurity period ae equa to one indicaiing unbiasedness of their prices The
coefficients of futures prices prevailing two months and one month prior to maturity and
in the maturity period are different from one in case d Turmeric and Castorseed traded at
Mumba indicating biases in their prices. The edtimates of intercept of regresson are
equa to zero in most of the cases except for Turmeric and Castorseed (Mumbai), where
they are ggnificantly different from zero for two and one months prior to maturity and in
the maturity month indicating biases There is evidence of fird order autocorreation in
the case of Turmeric indicating inefficiency of futures market. First order autocorrelation
is aso present in maturity period and one month prior to maturity in case of Gur traded at
Hapur.

We have adso employed severd diagnostic tests to the residuals of

cointegrating regresson to know about other properties of the resduds. The results of
diagnogtic tests of the resduds from cointegrating regresson are given in Table 7. Three
tests namely Jarque-Bera (JB), Beusch-PaganGodfrey (BPG) and Lagrange- Multiplier
(LM) have been employed to test for normality, Hetroscedadticity and Serid Correlaion
in the resduds. Jarque-Bera is didributed as ¢ (2). BPG tett for hetroscedadticity is
distributed as ¢? (1) and LM is distributed as c?(9) for Potatoes (Critica vaue- 16.91),
c?(20) for Pepper (Critica value for Pepper-31.41), c?(9) for Turmeric (Criticd vaue-
16.91), c(7) for Hessan (Criticd vaue-14.07), c?(12) for Gur (Critica vaue-21.02) and
c?(13) for Csatorseed (Critical value-22.36) at 5% lev.

The LM test indicates that there is evidence of serid corrdation in the

maturity month and one month prior to maturity in case of Gur (Hapur). The JB test
reveds that in case of Pepper and Hessan, the resduas are not normaly distributed in
the maturity month. For Pepper, Hessan and Castorseed (Ahmedabad), they are non
normd in one month prior to maturity. In the two months lagged trading period, resduds
are not normally distributed for Castorseed (Ahmedabad and Mumbai). There is evidence
of hetroscedadticity in the resduds in one month prior to maturity for Hessan and
Pepper and in the maturity month for Hessian. For Castorseed (Ahmedabad & Mumbai),
hetroscedadticity is present in resduds in two months prior to maturity. Overdl results
indicate that futures market is efficient in case of Gur (Muzaffarnagar) and Potato. Also
the futures market of Castorseed (Ahmedabad and Mumba) is efficent in maturity
month.

Overdl resultsindicate that there is an efficient price discovery between
the futures price and spot price for Gur (Muzaffarnagar) and Potato: there is long run
cointegrating relaionship and resduas are both sationary and white noise. For Gur
traded a Hapur, there is cointegration between the spot and futures price series, which is
necessary, but not a sufficient condition for efficiency. For one month prior to maturity
and in the maurity month itsdf, there is evidence of serid corrdation in the resduds
from these cointegrating relationship; the resduas may be daionary but not white noise.
Although the resduds from cointegrating relationship between the pair of price saries in
case of Cagtorseed (Ahmedabad) is both stationary and white noise in the maturity month
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meaturity. Thelong term cointegrating relationship in maturity month and one lagged

Table 7 Diagnosticstests on theresiduals from cointegrating regression

Commodity Price series BPG JB LM
Potatoes S, Fyg 0.74 (0.39) 6.76(0.03) 13.51(16.91)
S, F1 0.11(0.73) 3.13(0.20) 6.11(16.91)
S, P2 0.007(0.93) 1.48(0.47) 7.18(16.91)
Pepper S, Fq 2.76(0.09) 60.72(0.00)* 12.32(31.41)
S, F1 9.74(0.00)* 18.71(0.00)* 14.63(31.41)
S, F? 3.13(0.37) 0.81(0.66) 20.66(31.41)
Turmeric S, Fq 1.87(0.17) 3.56(0.16) 14.72(16.91)
S, F1 1.71(0.18) 3.28(0.19) 7.76(16.91)
S, F> 0.29(0.59) 1.54(0.46) 14.44(16.91)
Hessian S, Fq 6.19(0.01)* 18.67(0.00)* 4.98(14.07)
S, F1 4.80(0.02) 8.45(0.01)* 5.95(14.07)
S, P 3.16(0.07) 8.59(0.01)* 3.04(14.07)
Gur(H) S, Fg 0.40(0.52) 2.48(0.28) 42.18(21.02)*
S, F1 0.65(0.41) 1.96(0.37) 31.10(21.02)*
S, P 0.51(0.47) 1.31(0.51) 13.45(21.02)
Gur(M) S, Fg 0.07(0.78) 1.36(0.50) 12.33(21.02)
S, F1 0.09(0.76) 2.82(0.24) 11.15(21.02)
S, P2 0.05(0.81) 1.55(0.46) 14.83(21.02)
Castorseed(A) | S, Fd 2.48(0.11) 0.62(0.73) 9.84(22.36)
S, F1 4.61(0.03)* 15.30(0.00)* 6.68(22.36)
S, P2 5.17(0.02)* 7.00(0.03)* 7.19(22.36)
Castorseed(M) | S, Fq 0.30(0.58) 4.82(0.09) 7.41(21.02)
S, F1 0.056(0.81) 14.60(0.10) 8.05(21.02)
S, P2 3.93(0.05)* 17.96(0.00)* 8.60(21.02)

JBisJarque-Bera test for normality of residuals and is distributed as c(2).

BPG is Breusch-Pagan-Godfrey test for hetroscedasticity and is distributed as c*(1). The p-value given in
the parenthesisin columns 3 & 4 represents the lowest significance level at which the null hypothesisof JB
and BPG tests can be rejected. LM represents LaGrange Multiplier test for serial correlation. Thistest is
distributed as c#(9) for Potato,

c2(20) for Pepper, 2(9) for Turmeric, ¢(7) for Hessian, c2(12) for Gur, c2(13) for Castorseed. The critical
level of LM statistics for different commoditiesis given in parenthesesin column 5.

month in case of Cagtorseed (Mumbal), is stationary and white noise but is biased. For
Pepper, the resduds from the reationship between the spot price and futures price in the
delivery month and lagged one month are not norma and aso hetroscedadiic. It shows
the resduds are daionary but not white noise. However they are whitenoise two
months before maturity. In case of Turmeric, the resduas from cointegrating regresson
are daionary but non white noise, as there is evidence of autocorrelation. For Potato,
resduds are stationary and white noise in case of lagged one and two months period
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Ind.Var Potatoes Pepper Turmeric | Hessian Gur (H) Gur (M) Cast (A) Cast (M)
F 1.15 0.99 1.06 1.09 1.05 0.81 101 1.06
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
S (-1) -0.99 -0.10 0.35 -0.12 0.45 0.26 -0.12 0.053
(0.58) (0.39) (0.09) (0.61) (0.00) (0.06) (0.47) (0.76)
F (-1) -0.34 0.12 -0.37 0.24 -0.54 -0.14 -0.10 -0.055
(0.87) (0.32) (0.08) (0.91) (0.02) (0.51) (1.51) (0.77)
Constant | -0.11 -0.12 -0.32 0.46 0.27 041 -0.16 -0.46
(0.73) (0.15) (0.35) (0.90) (0.46) (0.22) (0.91) (0.06)
R® 0.94 0.99 0.96 0.93 0.90 0.92 0.98 0.97
Diagnostic Tests
JB 3.44 68.49 4.30 45.08 1.28 0.93 1.63 6.16
(0.17) (0.00) (0.12) (0.00) (0.52) (0.62) (0.44) (0.04)
BPG 7.62 4.29 4.59 7.6 2.17 1.80 3.65 121
(0.10) (0.23) (0.20) (0.05) (0.53) (0.87) (0.30) (0.74)
LM 18.12 10.69 7.56 2.24 9.62 8.44 8.74 6.85
(16.91) (31.34) (15.50) (12.59) (19.67) (21.02) (21.02) (19.67)
Ind.Var.
F1 1.15 1.02 1.18 1.09 0.89 0.75 131 1.10
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
S (-1) -0.88 -0.13 0.46 -0.97 0.47 0.27 -0.31 -0.15
(-0.63) (0.43) (0.02) (0.72) (0.00) (0.06) (0.06) (0.41)
Fi(-1) -0.36 0.13 -0.61 -0.60 -0.40 -0.12 0.56 0.18
(0.87) (0.30) (0.00) (0.98) (0.07) (0.60) (0.73) (0.35)
Constant | -0.15 -0.21 -0.25 0.79 0.33 0.59 -0.32 -0.88
(0.68) (0.14) (0.59) (0.85) (0.38) (0.12) (0.16) (0.00)
R® 0.91 0.98 0.94 0.92 0.89 0.90 0.96 0.96
Diagnostic Tests
JB 0.28 24.93 3.28 26.14 0.91 0.59 6.69 6.23
(0.86) (0.00) (0.19) (0.00) (0.92) (0.74) (0.03) (0.04)
BPG 3.96 16.35 6.63 7.85 1.44 2.27 224 0.80
(0.41) (0.00) (0.08) (0.04) (0.48) (0.80) (0.52) (0.84)
LM 8.95 11.48 7.76 2.74 7.39 5.75 3.59 591
(16.91) (31.34) (15.50) (12.59) (19.67) (21.02) (21.02) (19.67)
Ind.Var.
F, 1.08 0.90 1.18 1.10 0.77 0.76 115 1.04
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
S (-1) -0.23 0.10 0.24 -0.75 0.29 0.32 -0.24 -0.73
(0.21) (0.57) (0.30) (0.77) (0.29) (0.04) (0.27) (0.73)
Fo(-1) 0.19 0.45 -0.38 -0.61 -0.10 -0.19 0.14 0.20
(0.32) (0.97) (0.08) (0.79) (0.64) (0.42) (0.40) (0.32)
Constant | -0.27 -0.12 -0.29 0.22 0.27 0.65 -0.39 -1.18
(0.57) (0.45) (0.55) (0.63) (0.512) (0.11) (0.24) (0.011)
R® 0.86 0.98 0.93 0.91 0.87 0.98 0.92 0.93
Diagnostic Tests
JB 1.27 6.39 2.29 25.03 0.17 0.25 6.52 32.86
(0.53) (0.04) (0.31) (0.00) (0.91) (0.87) (0.03) (0.06)
BPG 6.28 474 4.42 5.64 0.43 3.10 9.00 5.99
(0.09) (0.44) (0.21) (0.13) (0.97) (0.68) (0.02) (0.11)
LM 5.32 17.98 5.24 261 6.81 5.58 5.69 6.87
(16.91) (31.34) (15.50) (12.59) (19.67) (21.02) (21.02) (19.67)

The figuresin the parentheses are the p-valuesto test the null-hypothes

s of non-significance of coefficientsin
regression. The p-values also test the null hypothesis of normality, homoscedasticity & no serial correlation for JB,
BPG & LM tests. S;isthe dependent variable. S; (-1), F; (-1) & F»(-1) are the lagged spot and futures prices.
JB= Jarque-Bera Test; BPG = Breusch- Pagan- Godfrey Test; LM = LaGrange- Multiplier Test. Castorseed (A) and
Castorseed (M) are Castorseed traded at Ahmedabad and Mumbai respectively.
Gur (H) and Gur (M) are Gur traded at Hapur and Muzaffarnagar respectively.
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before maturity and in maturity period itsdlf. The resduads from spot and futures prices
relaionship are stationary but non-normal.

For efficiency of futures market, it is essentid that the current futures

prices contain dl available information to predict the future spot price. In other words
neither the lagged futures prices nor lagged spot prices would provide any additiond
information to improve the price discovery process. To gpprase this hypothesis we
regress the contract maturity spot price on lagged futures and spot prices gpart from
current futures prices. The results for three different time series (futures price two months
and one month prior to maturity month and futures price a the dart of maturity month)
for 9x commodities are presented in table 8. For the efficiency of the market, the
coefficients of both lagged futures and spot prices in the distributed lag regresson should
be equal to zero (c =d = 0). The joint sgnificance of both lagged prices is determined
usng Ftest (table 9).

Table 9 F-Statisticsfor OL S Regression

Vaiab- | Potat- | Pepp- | Tume- | Hess- | Gur Gur Cast Cast
les 0€es er ric an (H) (M) (A) (M)
St(-1) |1.69 0.50 1.65 0.39 4.68* 2.22 0.26 0.46
Fd(-1) |p-0.20 | p-0.60 |p-0.21 |p-0.67 |p-0.01 |p-0.12 | p-0.77 | p-0.95
S(-1) |011 0.54 4.38* 0.30 4.96* 1.96 3.17 0.44
F1(-1) |p-0.34 | p-0.58 | p-0.02 | p-0.74 |p-0.01 | p-0.15 | p-0.05 | p-0.64
St(-1) |0.90 0.24 1.65 0.40 1.60 1.96 0.64 0.59

F2(-1) |p-0.41 | p-0.78 |p-0.21 |p-067 |p-021 |p-0.15|053 |p-0.55
St (-1), F1(-1) & F2 (-1) arethelagged values of spot prices at maturity and futures prices one and two months
prior to maturity period. F-statisticsteststhe joint significance of lagged variablesin the distributed model. The p-
value represents the lowest significance level at which null hypothesis can be rejected.

Gur- (H) and Gur (M) indicate futures contract of Gur traded at Hapur and Muzaffarnagar respectively. Cast- (A)
and Cast (M) indicate futures contracts of Castorseed traded at Ahmedabad and Mumbai respectively.

The null hypothesis of joint significance of lagged futures and spot prices (c=d
=0) in three Ols regressons involving three different price series namdy, maturity month
and lagged (two and one month) futures prices, is not rgected for the mgority of the
commodities. Thus for Pepper, Potato, Hessan, Gur (Muzaffarnagar) and Castorseed
(Mumbal), there is no trace of lagged spot and futures prices providing any information
that is hdpful in prediction of future spot price. However in case of Turmeric (one month
lagged) and Gur, Hapur (maturity and one month lagged), markets are not fully efficient
as lagged futures and spot prices do contain some information, which could be used for
forecasting future spot price. In case of Gur (Hapur) ad Turmeric, the earlier study
showed evidence of autocorrelation in the maturity month. For Gur (Hapur), there is dso
presence of autocorrelation between spot and futures prices one month prior to maturity.
So there is posshility that the results of these commodities not being efficient in those
months may not be due to sgnificance of lagged prices but due to serid corrddtion. In
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order to test that the results of Gur (Hapur) and Turmeric are not a reflection of impact of
lagged vadues of spot and futures prices but of autocorrdation, we employ further set of
regressons to incorporate the effect of autocorrdation. As shown in Table 1.10, DW
datistics of first gpecification doesn't rgject the null hypothesis of autocorrel ation.

Table 10 Verification of autocorrelation
Gur Gur Turmeric
(Hapur) (Hapur)
S, Fa S R S R
1.5=C+R+F(-1)+S(-1)+U;
dw 2.07 2.02 2.27
B-G Seid Corrdaion LM
Test
(a)F-statistics 0.29(0.59) |0.07(0.79) | 2.765(0.11)
(b)nR? 0.33(0.56) | 0.08(0.77) | 2.996(0.08)
wdd-Test: Null Hypothess
C(3)+C(2)* C(4)=0
(a)F-gatistics 5.81(0.021) | 3.95(0.05) | 8.287(0.01)
(b)chi-square 5.81(0.015) | 3.95(0.04) | 8.827(0.00)
2.5=C+F+U;
dw 1.06 1.16 0.99
d-w denote Durbin-Watson test. BG is Breusch-Godfrey test figures in parenthesis in
column 2, 3 & 4 are the respective probabilities of the tests.
S, Fq and F; stand for contract maturity spot prices, futures prices in the beginning of
maturity month and one month lagged futures prices.

However thistest is not reliable because of the presence of lagged spot

prices among the regressors. The FStaistics and Breusch-Godfrey Serid Correation LM
test datistics test for the first order autocorrelation of the disturbance term. None of these
datistics regect the hypothess of zero fird-order autocorrdation of disturbance term.
Wad test for the redtriction on the parameters of the relationship among §, | (-1) and S
(-1) i.e. C (3) +C (2*C (4) = 0 were dso decisvey regected indicating that the results of
these commodities for ther paticular delivery were not indicative of serid corrdation.
Hence it is concluded tha the lagged (one-period) spot and futures prices for these
commodities did contain some useful informetion for forecasting the future oot prices.

Though the above results provide evidence of efficiency of futures
markets of different commodities they do not throw any light on the unbiasedness of the
markets i.e. Intercept=0 and Sope Coefficient=1. In a Stuaion where the time series are
non-dationary or are | (1), the ols method for judging the unbiasedness of the markets
can't be applied. In such a case an indirect method has to be used. This test puts the
redrictions of unbiasedness on the intercept and dope coefficients i.e. congtant term=0
and coefficient =1 (since the hypothesis to be tested is the joint one) and test the residuals
of the regression for gtationarity. To be precise, because the series are | (1), the ingpection
of the results of regresson from table 6 are ingppropriate. The results showed the
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acceptance of null hypothesis that relaionship between the contract maturity spot price
and futures prices are unbiased (except for Gur (Hapur) and Turmeric). To prove it
conclusvely an informd indirect method has been used. The results from this test are
given in table 11. This table shows that resduds are dationary for al commodities for al
periods except for ddivery period and one month before delivery for Turmeric. Although
this test is not a fooma method of testing for bias in the price rdationship, these results
provide additiond support that the relationship is unbiased.

Table11 Phillips-Perron Testsfor bias
Commodity Variddl | Z(a)- Z(t)-

€S satigics satigics
Potatoes S, Fd -37.31 -6.48

S, F1 -38.81 -6.83

S P -38.03 -6.81
Pepper S, Fd -69.40 -8.94

S, F -66.90 -8.85

S, R -65.04 -8.31
Turmeric S, Fd -13.84* -3.03

S, R -11.48* -2.62*

S, R -16.43 -3.35
Hessan S, Fy -23.98 -4.78

S, R -23.32 -4.61

S, F2 -22.35 -4.45
Gur(Hapur) S, Fy -20.61 -3.75

S, R -22.52 -3.94

S, P -30.69 -4.96
Gur (Muzaffanagar) | S, Fq -32.48 -5.00

SR -30.33 -4.76

S, R -28.39 -4.47
Castorseed (Ahd) S,Fy | -44.09 -7.12

S, F1 -44.01 -6.84

S, R -45.40 -6.83
Castorseed (Mum) S, Fyg -29.87 -4.84

S, F1 -33.62 -5.33

S, P -32.37 -5.11
Z (a)-Satistics and Z (t)- statistics are PhillipsPerron test statistics for
determining the stationarity in the residuals of regression. &, F2, F1 &
Fd are contract maturity spot prices, futures prices lagged two, one
month before maturity and of maturity month resp. The Critical value
for Z (a) and Z (t) are—14.1 and —2.86 respectively at 5% level.

There appears to be strong evidence that the relationship between the
maturity month and one month lagged futures prices and contract maturity spot prices
are biased for Turmeric. The etimates of the parameters of the relationship in table 6 and
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evidence of dationarity in the residuds in table 11 (where the condition intercept = 0 and
dope coefficient = 1 has been imposed) ae corroboration of the result that null
hypothes's stand rejected in case of Turmeric.

In order for futures market to play the risk management and price discove-

ry role it must be efficent and preferably unbiased. The results presented here are varied
across the commodities. Gur (Muzaffarnagar) and Potato futures markets are the efficient
and unbiased. Gur futures maket shows backwardation reveding the utility of
convenience yields to traders. Both Gur and Potato are semi-storable commodities. So
efficient price discovery here dgnifies the importance of futures markets to semi-storable
goods. Gur, Hapur (S & F1, F2) and Turmeric (St & F1) are inefficient and biased. The
different concluson for Gur (Hapur) could be due to difference in variety traded of Gur
in ready and futures market. The price quotations in two markets correspond to different
vaieties. For other commodities, the efficiency and unbiasedness varied according to
maturity and months left to maturity. Castorseed (Ahmedabad and Mumbai) are efficient
and unbiased in the maturity month but this reaionship deteriorates as we move away
from ddivery period. Forward pricing efficiency is weak in case of Pepper and Hessan
in the maturity month, which may be due to low levd of trading in the maturity month.
Inefficiency is more common in thin markets. A further study is required to explore the
relationship between price discovery and volume of futures trading in eech month of
different contracts.

Policy makers should focus on optimizing the contribution of futures markets to
discover the prices and minimize risk. Exchanges should regulate the manipulations by
goeculators. The Government on its part should liberdize the price-fixing exerdse to
adlowv maket to determine the right price, relax redrictions on free movement of
commodities and initiate private participation in warehousing facilities.



21

BIBLIOGRAPHY

Aulton, A.J,, C.T. Ennew and A.J. Rayner: Efficiency Tests of Futures Markets for UK
Agriculturd Commodities, Journal of Agricultural Economics, Vol. 48, No.3,
1997, pp. 408-423.
Banerjee, A. J. Dolado, J. W. Gdbraith and D. F. Hendry: Co-integration, Error Corre-
ction and the Econometric Analysis of Non-stationary Data, Oxford University
Press, 1993, Oxford.
Cargill T. F. and G. C. Rausser: Tempora Price Behavior in Commodity Futures
Markets, Journal of Finance, 30: 4, September 1975, pp. 1043-1053.
Chowdhary, A.R.: Futures Market Efficiency: Evidence from Cointegration Tests,
The Journal of Futures Markets, 11(5), 1991, pp.577-589.
Cox, Charles C.: Futures Trading and Market Information, Journal of Political Economy,
Vol. 84, No.6, 1976, pp. 1215-1237.
Cox, J,, Ingersoll, and S.Ross: The Relationship between Forward Prices and Futures
Prices, Journal of Financial Economics, 9: 4, December 1981, pp-321-346.
Christopher Ma, William Dare, and D. Donadson: Testing Rationdity in Futures market,
The Journal of Futures Markets, April 1990, pp. 137-152.
Danthine, J.P.: Information Futures Prices, and Stabilizing Speculation, Journal of
Economic Theory, 17(1), 1978.
David Herring and Shu Liao: Commodity Price Forecasting, Journal of Business Foreca-
sting Methods and Systems, Summer 1986, pp. 18-20.
Elam, E.. A Strong Form of the Efficient Market Model Applied to the US. Hog Futures
market, Ph. D. Thes's (unpublished), 1978, University of Illinois.
Elam, E. and B.L. Dixon: Examining the Vdidity of a Test of Futures Market Efficiency,
The Journal of Futures Markets 8(3), 1988, PP. 365-372.
Fama, E.F.: Efficient Capital Markets: A Review of Theory and Empirical Work, Journal
of Finance, Vol.25, 1970, pp. 383-417.
Fama, E.F: Efficient Capitd Markets. 11, Journal of Finance, 60(5), 1991,pp.1575-1617.
Fama, E. and K. French: Commaodity Futures Prices. Some Evidence on Forecast Power,
Premiums, and the Theory of Storage, Journal of Business, 60:1, January 1987,
pp.55-73.
Fortenbery, T.R. Macdonad: Spot and Forward Metas: Efficiency and Time Series
Behavior, Review of Future Markets 11(1), 1992, pp. 24-34.



Fortenberry, T.Randall and Hector O. Zgpatas An Examination of Cointegration Relation
between Futures and Loca Grain Markets, The Journal of Futures Markets, Vol.
13, No.8, pp. 921-932(1993).

Garbade, K. and W. Silber: Price Movements and Price Discovery in Futures and Cash
Market, Review of Economic and Satistics, 65, pp. 289-297.

Hems, B. P, F. R. Kaen, and R.E. Rosenman: Memory in Commodity Futures Contracts,
The Journal of Futures Markets, 4:4, Winter 1984, pp.559-567.

Helms, B.P. and T. F. Martdl, An Examination of the Distribution of Futures Price
Changes, Journal of Futures Markets 5:2, Summer 1985, pp-259-272.

Houthakker, H.S.: Can Speculators Forecast Prices? Review of Economics and Statistics,
39:1, 1957, pp.143-151.

Kaminsky Gracidaand Mamohan S. Kumar: Efficiency in Commodity Futures Markets,
IMF Saff Papers, Vol.37, No.3 (September 1990), pp. 670-699.

Karpoff, JM.: The Reation Between Price Changes and Trading Volume: A Survey,
Journal of Financial and Quantitative Analysis, 22:1, March 1987, pp.109-126.

Kawal, M.: Price Volatility of Storable Commodities under Rationa Expectations in Spot
and Futures Markets, International Economic Review, 24June 1983, pp. 435-459.

Kenyon, David, Eluned Jones, and Anya McGuirk, Forecasting Performance of Corn and
Soybean Harvest Futures Contracts, American Journal of Agricultural Economics,
75 (May 1993): pp. 399-407.

Kenyon, D., K. Kling, J. Jordan, W. Sedle, and N. McCabe; Factors Affecting Agricultu-
rd Futures Price Variance, The Journal of Futures Markets,7:1,February 1987,
pp. 73-91.

Kofi Tetteh A.: A Framework for Comparing the Efficiency of Futures Markets, Americ-
an Journal of Agricultural Economics, Nov. 1973, pp. 584-594.

Kolb, R. and G. Gay: The Performance of Live Cattle Futures as Predictors of Subseque-
nt Spot Prices, The Journal of Futures Markets, 3: 1, Spring 1983, pp. 55-63.

Korotoumou Ouattara, T. Schroeder, and L. Orlo Sorenson: Potential Use of Futures
Markets for International Marketing of Cote d' Ivoire Coffee, The Journal of
Futures Markets April 1990, pp. 113-122.

Leuthold, R: The Price Performance on the Futures Market of a Nonstorable Commodiity;
Live Beef Cattle, American Journal of Agricultural Economics, 56: 2, May 1974,
pp. 271-279.

Lien, Da-Hsang Dondd: The Inventory Effect in Commodity futures Markets An
Empiricd Study, The journal of Futures Markets, Vol.7, No.6, 1987, pp. 637-652.

Ma, Cindy W.: Forecasting Efficiency of Energy Futures Prices, The Journd of Futures
Markets, Vol.9, No.5, pp. 393-419(1989).

Margaret Monoroe: Indeterminacy of Price and Quantity in Futures Markets, The Journal
of Futures Markets October 1988, pp. 575-588.

Muith, J. F.: Retiona Expectations and the Theory of Price Movements, Econometrica,
29: 3, July 1961, pp. 315-335.

Nak Gopa and R. Leuthold: cash and Futures Price Relationships for Nonstorable
Commodities An Empirical Anadlyss Usng a Generd Theory, Western Journal
of Agricultural Economics, 1988, pp. 327-338.

Nak Gopa and R. Leuthold: Cash and Futures Price Relationships for Storable Commo-



23

dities. A Theoreticd Development, Staff Paper No. 88/E-402, February 1988.
Depatment of Agricultural Economics, University of Illinois, 305, Mumford Hall,
1301 W. Gregory Dr., Urbana, IL 61801;

Pame, L. and J. Graham: The Systematic Downward Biasin Live Cattle Futures. An

Evduation, Journal of Futures Markets, 1. 3, Fall 1981, pp. 359-366.

Park, H.: Reexamination of Normal Backwardation Hypothessin Futures Markets,
The Journal of Futures Markets, 5:4, Winter 1985, pp. 505-515.

Pring, M. J.: The McGraw-Hill Handbook of Commodities and Futures, McGraw-Hill,
1983.

Purcell, W., D. Flood, and J. Plaxico: Casht Futures Interrdaionshipsin Live Cattle:
Cauddity, Variability, and Pricing Processes, in R. Leuthold and P. Dixon,
Livestock Futures Research Symposium, Chicago: Chicago Mercantile Exchange,
1980.

Quan, Jng: Two-Step Testing Procedure for Price Discovery Role of Futures Prices, The
Journal of Futures Markets, Vol.12, No.2. pp. 139-149 (1992).

Raaraman, |.: Testing the Rationality of Futures Prices for sdlected LDC Agricultura

Exports, The Journal of Futures Markets Winter 1986, pp. 523-540.

Rockwell, C.: Normd Backwardation, Forecasting and the Returns to Commodity Futur-
es Traders, Food Research Institute Studies, 7 (supplement). 1967, pp. 107-130.

Sheldon, lan M.: Testing For Week Form Efficiency in New Agricultural Futures
Markets. Some UK Evidence, Journal of Agricultural Economics, 38(1), 1987,

pp. 51-64.

Stevenson R.A. and R. M. Bear: Commodity Futures. Trends on Random Walks? Jour nal
of Finance, 25:1, March 1970, pp.65-81.

Telsor, L.: Futures Trading and Storage of Cotton and Whest, in A. Peck, Selected
Writings on Futures Markets Chicago: Chicago Board of Trade, 1977.

Thiripdrgu, M., T.P. Madhusoodan and G.S. Mishra Commodity Futures Pricesin
India; Evidence on Forecast Power, Price Formation and Inter-Market Feedback,
1997, UTI Institute of Capital market, New Mumbai.

Tomek, William G.: futures Trading and Market Information: Some New Evidence, Food

Research Institute Studies, Vol.17, No.3, 1979-80, pp. 351-359.
Wilson, William: Price Discovery and Hedging in the Sunflower Market, The Journal of
Futures Markets October 1989, pp. 377-392.



