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Giles and Goss (1980) have suggested that, if a futures market pro-
vides a forward pricing function, then it is an efficient market. In this
article a simple test For whether the Australian Wool Futures market
is efficient is proposed. The test is based on applying cointegration
techniques to lest the Law of One Priee over a three, six, nine, and
twelve month spread of futures prices. We found that the futures
market is efficient for up to a six-month sjiread. hut no further into
the future. Because futures market prices can he used to predict spot
prices up to six months in advance, woolgrowers ean use the futures
priee to assess when they market their clip, hut not for longer-term
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INTRODUCTION

Giles and Goss {1981, p. 2) suggest the four main functions th;U futures
markets perform:

1. To facilitate risk management, because they provide a hedging facility,

2. To facilitate stock-holding, because the difference between the futures
price and the spot price is a guide for inventory control and may be
interpreted as a price of storage.

3. To act as a center for the collection and dissemination of information.

4. To perform a forward pricing function, because futures prices can be
interpreted as an indication of what the market can anticipate to be
the subsequent cash price.

The Hrst two functions lead to the appraisal of the futures market as
performing the role of an insurer, whereas the last two suggested func-
tions would lead to conclusions regarding the market's role in providing
information. In this study, the forward pricing function of the wool fu-
tures market is considered. The importance of this function resides in its
role as an assessment of whether the market is efficient.' Market effi-
ciency is an important concept in futures markets, because inefficiencies
lead to speculators entering the market and extracting more than normal
rent.

Giles and Goss (1980, 1981—GG hereafter) studied the forward
pricing function of Australian wool futures and found that wool futures
price was an unbiased predictor of the spot price up to a period of 12
months in advance. However, as the Reserve Price Scheme operated then
{which stabilized the spot price for wool), their assessment of the predic-
tive ability of the futures market could be called into question. In addi-
tion, since their study was undertaken time series techniques have
improved.

In this study, the period under assessment does not include the
operation of the Reserve Price Scheme. Further, new techniques of time-
series, particularly cointegration. are employed to gain results that can
then be used to check the validity of GG's findings. They used ordinary
least squares techniques to undertake their analysis, which creates prob-

'Miirkti efficiency in ihis case is defined as the futures markft price udequatcly redetting the spot
price.
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lems if cointegration existŝ — âs the distributions of the calculated F-sta-
tistics and t-ratios are not standard.

It should be noted that the intention of this article is not to assess
the problems wool producers experience in accounting for basis risk.
Growers experience basis risk when they attempt to compare futures
prices with spot prices of wool that are not the same as those specified
in the futures contract. The problems of basis risk and that of price dif-
ferentials in the wool industry have been assessed in Cunningham (1995)
and Lubulwa et al. (1997). Although this is an important problem, Aus-
tralian wool producers are just beginning to have full and readily available
access to data on specific contracts. Currently, the easily available infor-
mation relates to the "eastern indicator." This issue is central to the data
set used in this study and is discussed in greater detail later in the article.

FUTURES MARKET EFFICIENCY

Conceptual tramework

According to Tomek and Gray (1970), because tbe wool market is a con-
tinuous inventory commodity market, it should adequately perform a for-
ward pricing function. If the market is efficient, then the futures price
can be used to predict the spot price. This phenomenon can be seen by
considering the following model:

Ps,..i = Po + PiPt.. + e.M (1)

where

Ps.t+i 'S l̂ he wool spot price at time period t 4- !;

Pfi is the wool futures price at time period t of period t -I- 1;

et̂ .1 is the error term with E(et) = 0 and E(e^) = c";

Po is the intercept term; and p[ is the slope coefficient.

If po equals zero and p] equals one, this model will satisly the Law of
One Price. If results vary slightly irom the Law ol One Price, the futures
price can be said to be reflective of the spot price. Enders (1995, p.6)
argues that ". . . the unbiased forward rate hypothesis asserts tbat ex-
pected profits from speculative bebaviour should be zero. . ." The rela-
tionship between forward and spot exchange rates is similar to that spec-
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ificd in eq. (1). Thus, in theory, the futures price at time t is an unbiased
estimate of the spot price in the following time period, t 4- 1 .̂

Using time-series techniques, it is possible to estimate an equilib-
rium correction mode! of the relationship between the wool futures and
spot prices. An equilibrium correction model provides not only the long-
run relationship parameters (as estimated in GG study), it also provides
speed of adjustment coefficients, which are the short-run parameters.
Within tbis model, if tbe futures and spot prices are in disequilibrium in
the short run, tbe speed of adjustment coefficient provides an estimate
of the path needed to return to equilibrium as well as an insight into the
causal relationship (in the Granger sense) between futures and spot
prices. In summary, using equilibrium correction techniques, botb a test
for efficiency and a forecasting model are provided.

In order to conclude that tbe Australian woo! futures market is ef-
ficient as a predictor of spot prices, the data must support the propositions
within eq. (I):

1. e, is "well behaved" because e, is a stationary zero mean process by
assumption, wbicb translates to a test that the futures and spot prices
are cointegrated .

2. Tbe joint bypotbesis tbat Po ~ (' '*"f̂  Pi = I-

If propositions 1 and 2 hold, tben there is evidence tbat, for a given
time spread, tbe futures price is an unbiased predictor of the spot price.
That is, the evidence indicates that, on average in the long-run,

Ps.t.i = Pf,t (2)

Tbis study's approach to testing market efficiency is based on an ec|Lillib-
rium correction model of the wool market. Ihrough this approach we
assess propositions 1 and 2 for different horizons as well as for Granger
causality.

In financial economics the normal usage of market efficiency follows
the definition of Fama (1971, 1991), and is concerned with the speed
with which various information sets are impounded in prices and whether
or not excess returns are available after controlling for risk and transac-

It should be noted thai iht fonvard rate hx'pothesis, the Law of One Price, and the tests for boarder
prito stale the same principle wilhin dUferenl economic cunlexis.
Note that a coinlegritting rehitionship is expected to be found only when ihc theorelicLil relationship

indicates ihe existence of equilibrium. Finding of cointeRration has several potentially beneficial
results for estimation (see McCallum 1993. for instance). lTie empirical finding of cointegration in
this study is not only an empirical lest for the Law of One Price, but also allows the use of an
Equilihrium Correction Model for estimation and predittion.
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tion costs. Fama's usage is different from the usage intended by GG and
this article. In the context of this study, the futures market is efficient if
the spot price can be predicted by the futures price. This causality rela-
tionship seems to contravene Fama's definition of efficiency. This is be-
cause the assumption in this conte.xt is of no adjustment for either risk
or transaction costs. Both would be crucially important if the focus of
the study were on hedging activity."*

Baillie and Myers (199!) have claimed that Spot and Futures prices
cannot be cointegrated. Their argument is hased on the following arbi-
trage condition:

Pf,t - Ps.t.i - r, + 5 (3)

where

n: is the yield of holding a riskless bond between t and t + 1; and

6: is a risk premiutn.

If r̂  is integrated, then Pf,, — P̂  t+ i cannot be a cointegrating relation-
ship. This view of the world might hold for some time spreads. That is.
it is possible that the expected return on holding the cash commodity
equals the return on holding the bond plus a risk premium when tbe time
spread between spot and futures becomes wider.

Testing for Futures Market Efficiency

Formally, we can model tbe futures and spot prices as follows:

AP.. - - a , (P,,,_, - P o - PI Pr.t^t) + e,, (4)

AP,., = af (P,,_, - P o - Pi Pr,.--i) + e,-, (5)

where

Ps.t-i = spot price at time t— 1;

Pf.t-i ~ futures price for time t — 1 (at time t — 2)'';

APst = P.. - Ps.t-L

AP,, = Pf, - P,,_,^

a, > 0 are the speed of adjustment coefficients; i = s,f; and

ê i and Bf, are white noise.

Once eqs. (4) and (5) are estimated it is possible to obtain:

We thank one of the anonymous rclcrecs for pointing this <iiil.

Note that the notation has been changed slightly from eq. ( I ) for easier exposition. The futures
price's subscript now denotes the t ime period thai it is
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/. Estimiites of the long-run elasticities |p,,iind [3| in eq. (1)], which are
the cointegrating parameters if they exist.

2. Test for efficiency, as described in the immediately preceding section.

3. An assessment of causality between futures and spot prices.

Following Granger (1988), if futures and spot prices are cointe-
grated, then there is causality in at least one direction. Further, if one of
the aj equals zero (where i = f,s), then the direction of the causality in a
two variable system is established. Suppose that a^is equal to zero, then
(4) and (5) would equal:

-^Psi = Est; and (6)

APft - at(P,.,_i - P o - p, Pr,_,) + £ft (7)

Then, if P^.t-i ~ Pn ~ Pi Pi,(-i is not equal to zero, the adjustment of
the futures price will respond to this disequilibrium, whereas the time
path of the spot price would not. In this case, it is said that the spot price
"Granger causes" the futures price, whereas the converse is not true.

Data Requirements

At least two alternative 'types' of data might be perceived as useful for
this study. The first are data by specific contracts including micron and
other characteristics such as strength length vegetable matter content and
color. The second are data based on 21 micron wool or the "eastern in-
dicator." Both have relative merits. The first type is not readily available
to producers, and on some days the price for the specific type in the
futures contract is not reported because that particular type of wool is
not available for sale. Thus some interpolation would be necessary in
order to use the prices of 21-micron wool. The second is readily available
to producers and available from the Sydney Futures Exchange (SFE) Web
Page (www.sfe.com.au, 1997). Although only an indicator, it is still the
only widely available information lor producers. This situation is chang-
ing, and it is expected that many producers will have access to the specific
contracts via the Internet in the near future. The main objective of this
article is to assess whether the producer can use the futures price as a
predictor for the spot price, and, therefore, it is believed that producers
use the information that is readily available—namely, tbe eastern
indicator.^'

*As one of the rt-ferefs corrcttiy indicated, it is expected that basis risk exists in futures trading; the
question is whether the growers can assess risk associated with the tv-pe of wool tht) produce and
how far ahead thev can dn this assessment.
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All futures price data used in this analysis were downloaded r
the SFE Web Page. Historical data on wool Futures prices and their set-
tlement prices for trading days dating back to December 1991 were ob-
tained. The SFE defines the settlement price as: "the midpoint of the
closing bid and offer. If only one is available, tben the closing bid (or
offer) is used. If tbere is no closing bid (or offer) tben tbe previous day's
settlement is adjusted to maintain tbe differential to tbe spot month
contract."

The settlement price is used in tbis study as it is a consistent series
ot data going back as (ar as December 1991. Otber data series that could
have been cbosen suffer trom reporting breaks tbat limit tbe number of
observations. Cboosing any earlier series would involve accounting for
the effects of the Reserve Price Scheme, which reduced trading volumes
and created too much volatility when tbe scbeme was being pbascd out.
Furtbermorc, choosing sucb a data set would lead to some ol the bias
tbought to exist in GG's work. Data on the spot price for wool, which
fitted the specification by tbe futures contract, were obtained from Wool
International (1997 and earlier issues) and its predecessor tbe Australian
Wool Corporation (1993 and earlier issues). Tbe last day of trading for a
wool futures contract is noon on tbe tbird 1 bursday of tbe contract
montb. Tbus the choice of the contract spot price is relatively straight-
forward. The indicator price from the week containing tbe tbird Thursday
of tbe montb was taken as tbe spot price tbat is used to compare the
corresponding futures prices. Although tbis is not tbe exact day's price
for the end of trading, it is the best available indicator of tbe spot price
for wool at tbat point in time. Prior to tbe greasy wool futures listing in
mid-1995. wben tbe wool (casb settlement) futures were traded, trading
ceased on tbe business day following tbe last day ol wool auction sales
in tbe montb in question. Despite this convention, the same method for
determining the spot priee was applied to the wool (cash settlement)
futures as outlined above because, in all but the rarest of cases, this
turned out to be the tbird Tbursday of tbe trading month.

The spot price used in this analysis was obtained from contract
months, given in the contract specifications for wool futures traded on
the SFE. To align the futures price data with the spot price data, it was
necessary to take the futures price three, six, nine, and twelve months
prior to the spot price. This allowed the aligning ot the two data series
(futures and spot) for each spread (three, six, nine, and twelve months).

Taking futures price data on a daily basis is not desirable, because
the futures price in many cases does not change from one day to the next.
Tberefore tbe futures price data were aggregated into weekly averages.
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Following the practice used in past studies, notably by GG, it was decided
that the three, six. nine, and twelve month price spreads would be ana-
lyzed. This involves taking futures price data and matching it to spot price
data with a spread of three, si.x, nine, and twelve months between each
series' corresponding observation. Consequently, four different spot price
series were obtained, each corresponding to the one futures price series.

A further problem arose because the data contained a structural
break in all the time spreads—when the change was made to a tradeable
futures contract. The cash settled wool futures were delisted on 4 Sep-
tember 1995 and replaced hy the new. and currently traded, deliverahle
wool futures contract. The contract was changed from a 22-micron wool
to a 21-micron wool. In addition, there were other changes to the contract
including the physical delivery of the settlement requirement for out-
standhtg contracts on maturity and a change in the specification of the
end of trading day. To assess the prohlem associated with a structural
break in the data, a pulse dummy was included in the analysis. Ihe struc-
tural breaks occurred at different points in each of the time spreads, with
the break occurring at observation number 100 for the three-month
spread, obsen'ation number 98 for the six-month spread, ohsen'ation
number 93 for the nine months spread, and observation number 88 for
the twelve months spread.

Graphical representations of all the series used in the three, six, nine,
and twelve month time spreads are presented in Figures 1, 2, 3, and 4.
In hoth the three-month and six-month spread, the comovement does
seem apparent and yet is not apparent in the other two price spreads,
though tests are needed to prove whether unit roots and cointegration
exist for each of the time spreads.^

RESULTS

The first step in conducting a cointegration analysis is to analyze the spot
price and futures price data series to determine whether a unit root exists.
Detection of a unit root indicates the series is fnlltming a nonstationary
process. If both the spot price and the futures price are integrated of
order one, then the two series must he cointegrated for a stationary linear
combination to exist.

Using Perron's Mode! A to test for a unit root under a structural
break (Perron. 1989) provided confirmation of the structural breaks in
the data. The results of the unit root tests indicated that the dummy

Ail thf ifsts and analysis were conducted using the Regression Analysis of Time-Series (RATS) and
the Cointegration Analysis of Time-Series (CATS) packages.
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Three-month futures and spdl price series.
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FIGURE 2
Six-month fiitiircs iind spot price series.
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Twelve-month futures and spot price series.
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Dickey-Fuller Test

Futures Price Series
12 month
9 month
6 month
3 month

Spot Price Series
12 month
9 month
6 month
3 month

Uni t

0

- 1.342
-1.451
- 1.474
-1.474

-2.939
-3.335
- 2.305
-2.179

TABLE 1

Root Test Results

Lags

I

-1.623
-1.485
-1,678
-1.569

-2.987
-3.422
-2.288
-2.186

-1.474
-1.399
-1.488
-1.544

-3.115
-2.583
-2.249
-2.203

5

-2.109
- 1.843
-1.881
-1.984

-3.047
-3.005
- 2.284
-2.011

Notes: The cfitical values obtained were at the 5% level with X, = 100/158 « 0.6, the cfitical value is - 3.76, with X̂  -
98/150 " 0,7. the critical value is -3.80, with X,, = 93/140 - 0.7, the critical value is - 3 80 and with ^.^ = 88/125'-0.7.
the critical value is -3.80, (Perron 1989).

variable representing the structural break was significant at the 5% level.
This indicates the dummy variable should be included in the testing pro-
cedure. The results for tbe null hypothesis that a unit root does exist are
presented in Table I.

The relevant critical values for the statistic to test for a unit root in
this model depend on the proportion X = T/T, where T is tbe total number
of observations and T is tbe observation number at wbich tbe break oc-
curs. Tbere are four different values for X, one for eacb different spread
of futures. Tbe A. values are presented witb subscripts denoting to wbicb
spread eacb critical value applies.

As all tbe tj-ak values are greater tban tbe critical values, tbe null
bypotbesis tbat a unit root exists can not be rejected at tbe 95% confi-
dence level. Sucb a result would indicate tbat botb tbe woo! futures price
and spot price series follow a random walk process. Fbc Law of One Price
requires a stationary linear combination of tbe two series to exist. Tbis
stationary linear combination of two nonstationary series is known as
cointegration. If a stationary linear combination of tbe two series does
not e.\ist, tben eq. (1) is not an equilibrium relationship. Tbis could lead
to speculators gaining pure profits from trade, and indicate market inef-
ficiency arising from poor price prediction.

The next step in a cointegration analysis is to use vector autoregres-
sion (VAR) analysis to test for tbe number of lags in the model. Cointe-
gration tests are seriously biased if too few lags are used in tbe model
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AlC

No of Lags Unrestricted

3 Month Spread
24 vs 12
10vs5
6 vs3
4 vs2
2vs 1

6 Month Spread
24 vs 12
10vs5
6 VS3
4 vs2
2vs 1

9 Month Spread
24 vs 12
10vs5
6vs3
4vs2
2vs 1

2547.229
2436.000
2351.536
2304,191
2188.783

2474.759
2409.984
2370.615
2295,997
2152.408

2216,140
2309.154
2253.063
2187,951
2044.634

12 Month Spread
24 vs 12
10vs5
6vs3
4 VS2
2vs 1

1952,235
2133.495
2084.769
2012.765
1862.654

TABLE II

Lag Length

Tests

Restricted

2310.703
2245.456
2228.044
2164.758
1981.947

2212,273
2263.126
2201.707
2127.473
1942.752

2086.771
2138.219
2096.447
2019.134
1851.802

1895.538
1962.464
1912.849
1836-564
1677.408

Test Results

SBC

Unrestricted

2831.218
2563.883
2430,157
2358.856
2219.282

2752.715
2533.533
2447.831
2349,702
2182.380

2485,992
2429,591
2328.407
2240.378
2073.906

2208.517
2248.782
2157.026
2063.089
1890.776

Tests

Restricted

2455.595
2311.395
2270.378
2195.127
2000,246

2354.087
2327.842
2243,284
2157.309
1960.735

2224.450
2201.305
2137,016
2048.260
1869,366

2026.294
2022-852
1951.757
1864.522
1694.281

Result

12 lags best
5 lags best
3 lags best
2 lags best
1 lag best

12 lags best
5 lags best
3 lags best
2 lags best
1 lag best

12 lags best
5 lags best
3 lags best
2 lags best
1 lag best

12 lags best
5 lags best
3 lags best
2 lags best
1 lag best

Note: Decision rute for tesi is the best model has the smafler AtC and SBC value.

(Gonzalo, 1994). Similarly, too many lags introduce inefficiencies in the
estimation of the model that may result in low power of the tests. There-
fore care must he taken to estimate the correct numher of lags for the
model. Testing for the correct lag length was performed with the Akaike
Information Criterion (AIC) and Schwartz Bayesian criterion (SBC) for
various possible lag lengths that could apply to the model. For the entire
range of futures and spot price spreads, the AIC and SBC values were
lowest for the model that was lagged only one period (see Table II).

Further lag length checks were conducted using several multivariate
statistics. These tests again involve calculating AIC and SBC values and
comparing the calculated values as above, and using autocorrelation tests
to ensure the residuals display white noise characteristics. In all cases
the information criteria tests were ambiguous (see Table III). The AIC
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Spread

3 Month
6 Month
9 Month

12 Month

1 Lag

1993.762
1954.742
1861.809
1681.941

TABLE III

Further Lag Lcnjjth

AIC

2 Lags

1986-421
1949.534
1855,023
1676.563

Test Results

SBC

I Lag

12.816
13,240
13.531
13.778

2 Lags

12,929
13.375
13.654
13.937

Result

Inconclusive
Inconclusive
Inconclusive
Inconclusive

Note: Decision rule for lest is Ihe best model has the smaller AIC and SBC value.

Spread

3 Months
6 Months
9 Months

12 Months

TABLE IV

Residual Autocorrelation Test Results

Ljung'Box Test

1 Lag

0.91
0.12
0.04
0,03

2 Laos

0.89
0.12
0,02
0.02

Lagrange Multiplier
Test (fnst order
autocorrelation)

1 Lag 2 Lags

0,34 0.73
0.74 0.03
0.57 0.04
0.77 0.00

Lagrange Mtdtiplk'r
Test (Jour order
aittocorrelation)

I Lag 2 Lags

0.86 0.85
0.57 0.46
0-76 0.85
0.70 0.60

Note. Values in the table are p-values. Rejection Rule: reject the null of no autocorrelation if the p-vaiue is smaller than 0 05.

test supported the two-lag model as best, and the SBC test supported the
one-lag mode! as best. It was decided that one lag was best on the grounds
of efficiency and that two of the three tests supported the one-lag model.

The three tests conducted for residual autocorrelation were a Ljung-
Box{L-B) test and two Lagrange Multiplier (LM)-type tests for first order
and fourth order autocorrelation. The tests indicate a white noise process
in the error term if the p-value is greater than 0.05, at the 95% confidence
level. A value of less than 0.05 could indicate an incorrect choice of lag
length. Autocorrelation test results were favourable for all the one-lag
models, with p-vaiues being greater than 0.05 (see Table PV). For a six-
month spread the two-lag models had one of the three p-values less than
0.05, whicb seems to be an outlier. The twelve-month spread performed
poorly with both one-iag and two-lag models showing p-values less than
0.05. This may be indicative of the problems with the twelve-month
spread that will be dealt with shortly.
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TABLE V

Lambda Max and Lambda Trace Tests lor Tbree-Month Spread

Lambda Max

Trace Test

r = 0
r = 1

r = 0
r< 1

24.29
2.14

26.43
2.14

15.752
9.094

20.168
9.094

licject HQ

Yes
No

Yes
No

Note: Reject Ho if k^,^ >

TABLE VI

Lambda Max and Lambda Trace Tests for Six-Month Spread

Lambda Max

Trace Test

r =
r =

r =
r s

0
1

0
1

18,53
1.82

20.34
1.82

15-752
9.094

20.168
9.094

livject H(,

Yes
No

Yes
No

Note: Reject Ho if \^^ > ;>.„„

Following the determination of the numher of lags required in the
modei, the tests for cointegration can he undertaken. The model esti-
mated was of the form specified in eqs. (4) and (5) with the inclusion of
the pulse dummy as an exogenous variable. The Johansen procedure can
be used to test for the existence of cointegration and the numher of in-
dependent cointegrating vectors, also known as the cointegrating rank.
The tests are likelihood ratio tests known as the Lambda Max and the
Lambda Trace tests. A calculated Lambda greater than the critical
Lambda value leads to rejection of the null hypotheses of the rank equal
to zero or one under the Lamhda Max and the rank equal to zero, or less
than or equal to one, under the Lamhda Trace test (see Tahles V. VI, VII,
and VIII).

From the results of these tests, it would appear that cointegration,
with rank equal to one, exists hetween the futures and spot prices for
spreads of three months and six months. So the three-month and six-
month spread models are cointegrated with one cointegrating vector (vi-
sual inspection of Figures I and 2 also seems to indicate this comove-
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TABLE Vll

Lambda Max and Lambda Trace Tests for Nine-Month Spread

H,, Aj.,,|,. A^,i, Reject

No

No

Lambda Max

Trace Tesi

r = 0
r = 1

r - 0
r< 1

7.66
4.45

12.11
4.45

15.752
9.094

20.168
9.094

Note- Reject Ho if X̂ ,̂̂  > X^,.

ment). There is no evidence to suggest that cointegration exists hetween
the futures and spot price series with a nine month or twelve month
spread (visual inspection of Figures 3 and 4 seems to support this find-
ing). As a consequence the nine month and twelve month spreads were
not included in the cointegration modeling from this point on. Estimates
of the model are presented in Tahle IX. The estimated cointegratingvector
parameters (pj) and speed of adjustment coefficients (a,), along with the
t-values for the speed of adjustment coefficients, are reported. The coin-
tegrati ng vectors were normalized with respect to the spot price parameter
during the estimation of hoth the three-month and six-month spread.
Furthermore, it is expected that the spot price will affect the futures price
and the futures price will not affect the spot price. Thus, in this analysis,
an attempt is made to measure the effect a change in the spot price has
upon the futures price. Another way of stating this question is to ask
whether the spot price docs "Granger cause" the futures price and/or
whether the futures price does "Granger cause" the spot price.

In both the three-month and six-month spreads the results yield a t-
value of less than 1.96 for the a^ values. Thus a^ values are not signifi-
cantly different from zero, giving support to the spot price model ol the
form indicated in eq. (6). Note that the estimated futures price cointe-
grating vector parameters (p^j ^ — 1.023, p̂ ,̂  = — 1.009) are close to
one. As stated previously in this article, if the futures and spot prices are
cointegrated, then the wool futures market is efficient for the given time
spread if there is evidence to support the null hypothesis that;

Ho: Po - 0 and P, = I

H|: al least one does not

The likelihood ratio test yielded a value of 0.30 (p-value = 0.86) for the
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TABLE VIII

Lambda Ma.v and Lambda Trace Tests for Twelve-Month Spread

Reject

Lambda Max

Trace Test

r = 0
r - 1

r = 0
r=^ 1

7-27
3,56

10.83
3.56

15.752
9.094

20.168
9.094

No

No

Note: Reject Ho If i,^ > X.,,,,.

TABLE IX

Estimated Cointegrating Vector Parameters and Speed of Adjustment
Coefficients for Three- and Six-Month Spreads^

Three-Month Spread - 1.023

Six-Month Spread -1.009

"Subscript 'f' indicates futures price coefficrent and subscript s' indicates spot price coefficient.
"Values in brackets are t-values, significant at the 1% level.

1.000

1.000

0.116«
(5.125)
0.072"

(4.080)

0.037
(1.118)
0.012

(0,571)

three-month spread, whereas for the sL\-month spread the likelihood ratio
test yielded a value of 0.14 (p-value = 0.93). Thus, for the three-month
and six-month spreads, using likelihood ratio tests, the null hypothesis
that the coinlegrating vector hetween spot and futures priees p' is equal
to [1 — 1] could not he rejected. That is, in the notation of eqs. (4) and
(5), and (6) and (7), P,., - P,-,, - 0.

These results suggest that the adjustment of futures price depends
on the long-run disequilihrium between spot and futures prices, whereas
the adjustment of the spot price is independent of the long-run disequi-
lihrium. Thus the empirical evidence supports Granger causality from the
spot to the futures price, but not the reverse. This is the expected result,
in accordance with the Law of One Price.

DISCUSSION OF RESULTS—THE SPEED OF
ADJUSTMENT

Tbe results of this analysis (witb all the restrictions imposed) indicate
that the following models are supported by the data:
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For the three-month spread:

APr^, - 0.118 (P,3,t-i - Pa.- , ) (8)

PlXi = Pl-3,t-i (9)

For the six-month spread:

A^6,t = 0.074 (P,,,_| - P,-,.. ,) (10)

These results are encouraging, for they imply a futures market that is
working in an efficient manner and one that is providing a forward pricing
function, for the three-month and six-month spreads. The estimated
model reported above indicates that a movement in the spot price is caus-
ing a correction to the futures price.

It was also found that the futures respond faster to a change in the
spot price in the three-month futures than in the six-month futures. This
is shown by the smaller speed of adjustment value in the six-month fu-
tures model. Because three-month futures are closer to their expiration
of contract than six-month futures, it seems reasonable to find a faster
response to disequilibrium.

The results estimated in this study confirm some of those concluded
by GG. The results also add to our knowledge by finding that cointegra-
tion does exist and by providing estimates of the short-run effect of spot
price movements on the futures price.

In the case of the nine-month and twelve-month futures, no coin-
tegration was found. This raises the question of whether the arbitrage
condition proposed by eq. (3) might be valid for these time spreads. How-
ever, this question cannot be answered without further analysis.

Finally, the recent introduction of more wool futures contracts to
cover a broader range of microns in the wool market by the SFE (_|anuary
1998) will provide more data to answer questions associated with basis
risk that have not been assessed in this study.

CONCLUSIONS

In summary, in this study an improved technique was used to assess
whether wool futures prices are a good predictor of wool spot prices. A
similar study was conducted by GG using ordinary least squares tech-
niques. To properly test market efficiency, an error correction model was
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estimated in this study. Market efficiency was established to exist for the
three-month and six-month spreads. This technique also made it possihle
to estimate the path of adjustment futures prices will follow when they
move from a position of disequilihrium to equilihrium. in addition,
Granger causahty from spot to futures prices was Found.

BIBLIOGRAPHY

Australian Wool Corporation (1993 and earlier issues). Annual price summary.
Wooi Marketing News, Parkville: Australian Wool Corporation.

Bailie, R. T., & Myers. R.J. (1991). Bivariate GARCH estimation of the optimal
commodity futures hedge. Journal of Applied Econometrics, 6, 109-124.

Cunnigham, C. (1995). Wool fiitiLres and type premium or discount risk. Paper
presented at the Perth meeting of the Australian Agricultural Kconomics
Society, 14—16 February, Perth, Australia.

Enders, W. (1995). Applied econometric timc-scrics. New York: John Wiley 8c
Sons.

Giles, D. E. A., & Goss, B. A. (1980). The predictive quality of futures prices,
with an Application to the Sydney Wool Futures Market. Australian Eco-
nomic Papers, 19, 291-300.

Giles, D. E. A., & Goss. B. A. (1981). Futures prices as forecasts of commodity
spot prices: Live cattle and wool. Australian Journal of Agricultural Eco-
nomics, 25, 1 — 13.

Gonzalo, J. (1994). Five alternative methods of estimating long-run equilibrium
relationships. Journal of Econometrics, 60, 203—233.

Granger, C. W. J. (1988). Some recent developments in the concept of causality.
Journal of Econometrics, 39, 199—211.

Lubulwa, M., Beare, S., Bui-Lan. A., & Foster. M. (1997). Wool futures: Price
risk management for Australian wool growers. ABARE Research Report
97.1. Canberra: AGPS.

Perron, P. (1989). The great crash, the oil price shock, and the unit root hy-
pothesis. Econometrica. 57, I36I - I401 .

Sydney Futures Exchange (1997). Available, 26 May 1997, Internet.
URL; http;//ww\v.sfe.com.au/statistics/daily_data/specs.hlml.

Tomek. W. G., & Gray, R. W. (1970). Temporal relationships among prices on
commodity futures markets: Their allocative and stabilizing roles. American
Journal of Agricultural Economics. 52, 372-380.

Wool International (1997 and earlier issues). Annual price summary. Wooi Mar-
keting News, Parkviile: Wool Intemational.




