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Abstract  An efficient systems approach is used to estimate and test two alternative models regarding
the pricing of Australian doilar futures contracts traded on the International Monetary Market of the
Chicago Mercantile Exchange. Cointegrating relationships among the Australian dollar spot and
futures prices, and the US and Australian risk-free rates of interest, suggest alternative error-correction
representations for the Cost-of-Carry model which, with appropriate zero restrictions, yields the
Unbiased Expectations Hypothesis. A structural break in the futures price series permits testing of
appropriate models for the full sample in the presence of the break, for the full sample without
explicitly modelling the break, and for two separate sub-samples created by the structural break. The
restricted and usrestricted Cost-of-Carry formulations are estimated for all sample sets, and the basis of
the tests of zero restrictions, the Cost-of-Carry model is found to be empirically superior to the
Unbiased Expectations Hypothesis for the four sample sets considered, regardiess of the number of
coinlegrating relations.

1. INTRODUCTION advantages to using such a systems approach:
(i) the systems approach is more efficient in
Two well-known approaches to modelling estimation than is the standard single-equation
forward and futures prices are the Cost-of- approach; (ii) subject to appropriate cross-
Carry model and the Unbiased Expectations gquation resfrictions, the Unbiased
Hypothesis. Although the two models may be Expectations Hypothesis is nested within the
viewed as alternative, perhaps complementary, Cost-of-Carry model, and the resirictions can
perspectives regarding the same phenomenon, be tested asing standard asymptotic methods.
establishing evidence as to their relative merits
-presents - different- statistical - properties. when. .. Time series data on the Australian dollar
the time series properties of the data are futures and spot prices from September 1990
ignored. The primary purpose of this paper is to July 1996 are used in the empirical analysis.
to examine empirically these two models for This set of data is interesting because a
currency futures. using a systems approach to ~ structural break is observed in both the futures
hoth estimation and testing. Both models can and spot prices over the full sample period,
be tested directly within the coiaiegration with the break corresponding to the recovery
framework when the spot and futures prices of the Australian economy in late 1993. Such a
and the relevant interest rates contain break permits estimation of appropriate futures
stochastic trends. There are two distinct pricing models for the full sample in the
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presence of the break, for the fuli sample
without explicitty modelling the break, and for
the  two  sub-samples  created by
accommodating the structural break.

Many financial market time series, such as
those examined in this paper, contain
stochastic trends, and are denoted as I(1) in the
time series literature (a scalar time series, ¥y
has a stochastic trend if s first
difference, y, ~ y,_, , has a stationary invertible

ARMA representation plus a deterministic
comporent}. In their seminal paper, Engle and
Granger (1987} introduced the theory of
cointegrated processes as a means of testing
tong-run  theories  among non-stationary
variables. Subsequently, much attention in the
empirical finance literature has been devoted
to the possibility of two or more assets which
might share the same stochastic trend, in which
case the assets would be cointegrated. In the
case of the futures market, when buying or
selling a futures contract, 2 trader agrees to
receive or deliver a given commodity at a
certain time in the future for a price that is
determined in  the present. In  such
circumstances, it is not suprising that a long-
run rejationship between the futures and spot
prices is expected to prevail for the underlying
asset at the delivery date, as specified in the
futures contract. This is the price discovery
role of the futures market.

Comntegration is important because the
presence of common stochastic trends restricts
the set of statistical models that can be used to
test economic theories. These restrictions
become particularly important when testing for
mirket efficiency using time series data, where
the use of error-correction models becomes
necessary. Error-correction models can be
interpreted  as  formulations in which the
current change in a non-stationary variable
depends on the current and lagged changes in
all variables in the system and on the deviation
from the long-run equilibrium in the previous
period where an equilibrium relationship
exists. The difference operator is commonly
applied to achieve stationarity in the data but,
if the variables "are cointegrated, standard
methods of statistical inference are rendered
inappropriate. Since this problem was not
widely recognized until the 1980s, many
empirical studies involving non-stationary
variables seem 10 have drawn invaiid
inferences based on inappropriale asymplotic
distributions.

The plan of the paper is as follows. Section 2
provides the framework for testing the
aiternative formulations of the Unbiased
Expectations Hypothesis and the Cost-of-Carry
model. The data and the various sub-samples

are described in Section 3, and the empirical
results are presented in Section 4, Concluding
remarks are given in Section 5.

2. TESTING THE ALTERNATIVE
FORMULATIONS

As  mentioned above, the Unbiased
Expectations Hypothesis and the Cost-of-Carry
model can be estimated and tested directly
even when the futures price, spot price, and the
domestic and foreign risk-free rates of interest
contain stochastic trends. In what foliows, we
shall only nse one lagged difference in the
error-correction representation and assume that
therc are one or two cointegraling relations
between the variables. Extensions to higher-
order vector autoregressive systems can he
accommodated in a straightforward manner.

Let f; be the (logarithmic) price of a one-period
ahead futures contract at time f, 5, be the
(logarithmic) spot price at time r, and r? and
r/ be the one-period domestic and foreign
interest rates at time +. When s, £, r’and

7 are I(1), and there is a cointegrating relation
between s, and f, the Unbiased Expectations
Hypothesis is given as equations (1a)-(1b) in
the following system:

As, = ay + ayhs, |+ @ Af,
a5 Sy +eE {ia)

As, = a, +ayAs, + a@Af

+ay(s_ ~bf_ e (th)
Ard =gl + ahrd +alarf e (ic)
ar/ = ay+ahr’ +afarf, + ] {id)

where 5., —b, f,| is the one-period lagged
error-correction term between the spot and

- futures ..prices, - and - gy and - g} are - the -

adjustment coefficients corresponding  to
(A5, Af,). No cointegrating relation is

assumed between rand 7/, so that interest

rate parity is not required in the specification

of {le)(1d). As such, the simple lime series
specifications of (Ic)-(id) are arbitrary under
the null hypothesis of the Unbiased
Expectations Hypothesis, but serves the
purpose of enabling the Unbiased Expectations
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Hypothesis to be tested against the alternative
Cost-of-Carry model. Tt is essential only that
the current and lagged values of the spot and
futures prices are not present in (1g)-(1d).
However, the power of the test of the null
hypothesis of Unbiased Expectations may be
affected by the choice of the alternative
hypothesis.

When s,, f, r‘and r/ are all I(1), the Cost-

of-Carry model for the currency futures may
be formulated as foliows:

AS, = o+ A8, O Af, c3ar,“ +eaAr
d
+¢5(8,y =i frog = darty —darl))

+& (2a)

AF, = cg + cjAs, + 3, + AR+ can!
+cs{s,) —di fiy _dz’}{l _ds’?{l)
+g/ (2b)

AR = cf 4 A, + CSAF, + SSARE + Ar

v d
o5 (3 —d foo —dary _dS’}{I}

d
+& (2c)

Al =cf+ CAs, + oA, + c;&r,d + C:ﬁ?}{l

-, d
+C5 (5, —di fror —danl _ds'”:{i)
r""
T

+& {2dy

where s, ~d,f_ —dr" —dyrf, is the one-
period lagged error-correction term among the
four I{1) variables, and (c,.cl.ci,cl ) is the
vector of adjustment coefficients
corresponding to { As,, Af,  ArY  Ar ).

The Unbiased Expectations Hypothesis in
equation (1} consists of four equations,
corresponding to the spol and futures prices,
and the domestic and foreign interest raies.
Techaically, equations  {1c)»-(3d) are  not

Caecessary  to specily  the Uabissed

Expectations Hypothesis, but they are essential
for purposes of testing (1a)-(1d) as a special
case of (2a)(2d). The Cost-of-Camry model
given in equation {2) also corresponds to the
same four variables, albeit i a more general
form. In order for equation (2) to reduce to (1},
it is necessary that the spot and futures prices
be eliminated from the two interest rate
equations, (2c)-(2d}, and that the two interest
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rates be eliminated from the spot and futures
price equations, (2a}-(2b). Such elimination
can arise by deleting the appropriate variables
from the short-run components of the models
and from all or part of the error-correction
term. Thus, the Unbiased Hxpectations
Hypothesis is nested within the Cost-of-Carry
model according to the following null
hypothesis:

HQ:C3:C4:d22d3:C;ﬂC;=CI’

:ngcgz(;i": C;: (:;:: 0. (33

. d '
Notice that, under Hy, 7,7 and r‘.{ | are deleted

from the error-correction term in (2a)- (2b),
whereas the error-correction term is deleted
altogether from (2¢}-(2d). If the errors in (2}
are jointly normally distributed, the null
hypothesis can be tested using a likelihood-

based test, which is distributed as ¥*(12)

under H;. The Lagrange Multiplier test of
normality, LM(N), will be used to determine if
the marginal distributions of the errors of each
of the equations is normally distributed.

An extension to the analysis given above
involves the case in which there are two
cointegrating vectors. Economic rationale
would suggest a cointegrating relation between
the futures and spot prices, and also between
the domestic and foreign interest rates. When
two such cointegrating relationships are
present among the four I(1) variables, the
Unbiased Expectations Hypothesis is given as
equations (12’)-(1d") in the following system:

As, = ap +ajAs, .y +a,if,

'5'33(5{4 —b}fi‘*l)—*-gf (!a'}

Af, =ag +ajds, +arAf,
+ay(sy ~b fi)ve] (16")

o o
An = ag + air + by

’ 4 £l
+“§(’}{l'bl’}£i)+5{ (Ie'y

fow ® ot oy f
ArJ =ag+abr” vazhn

raftt bl el (ad)

wheres,_, —b, f,_; Is the one-period lagged
error-correction term between the spot and

futures prices, rf, -b'r/, is the one-period



lagged error-correction ferm between the
domestic and foreign interest rates, and
(ay,a; ,aj,ay) is the vector of adjustment
coefficients corresponding to
(&s,, AF. orf Ar ). The  time  series
specifications of {1¢’}-(1d"), which include the
cointegrating relationship between the two
interest rate variables, is arbitrary, buf
nevertheless serves the purpose of enabling the
Unbiased Expectations Hypothesis given by
equations (1a’}-(1d’) to be tested against a
Cost-of-Carry model with two cointegrating
veciors. Indeed, the Unbiased Expectations
Hypothesis is consistent with any relationship
between the two interest rates. For example, if
interest rate parity holds between the domestic
and foreign countries, then equations (1¢)-(1d}
will be misspecified, but the Unbiased
Expectaticns Hypothesis in (1a)(1b) could
stilf hold.

The Cost-of-Carry mode! formulated with two
cointegrating vectors is given as follows:

B, = go + 8185, + gobf, + gabr?
+gatn! +gs(s ~difi)
+gg{rt ~darl v e (2a")

. rl s r L d
Af; = go + g10s, + g28f,_ + g34n
+giAr’ + gils,  —dif,.)
+ge(rit —dirl y+ef (269

d » ] d
Ar' = gg+ glAs, + @A, + G35
+gihr) +gis, —dlfi)

# " il .
+ge(nd —dirf v el (2c")

Arf = g5+ gfAs, + g3Af, + gTAL?
-+ SZA’}{l +85(5, ~difi1}

+ g0ty ~diry el (2d)

. Where.. {g;.85.85,85.) . is.. the.. vector...of

adjustment cocfficients of the cointegrating
vector between the spot and futures prices

corresponding  to  (As, Af,,Ar",Ar7), and
(§4.86.8¢.8¢ ) is the vector of adjustment

coefficients of the cointegrating vector
between the two interest rates corresponding to

(As,, A, Ar" Ar/ ).

In the case of two cointegrating vectors, the
Unbiased Expectations Hypothesis in equation
(1°) consists of four equations, corresponding
to the spot and futores prices, and the domestic
and foreign interest rates. Equations (1¢7)-{1d")
are not necessary to specify the Unbiased
Expectations Hypothesis, but they are essential
for purposes of testing (1a")-(1d’) as a special
case of (2a")-(2d"). In order for equation (2') to
reduce to (17), it is necessary that the spot and
futures prices, and the error-correction term
between the spot and futures prices, be
eliminated from the two interest rate equations,
(2c’)-(2d"), and that the two interest rates, and
the emor-correction term between the wo
interest rates, be eliminated from the spot and
futures price equations, (2a’)-{2b"). Such
elimination can arise by deleting the
appropriate  variables from the short-run
componenis of the models and the error-
correction terms. Thus, in the case of two
cointegrating veclors, the Unbiased
Expectations Hypothesis is nested within the
Cost-of-Carry  model  according  to  the
following null hypothesis:

=gr=gs=g =g5=g5=0. (3)

Notice that, under Hy, the error-correction term
between the two interest rates is deleted from
(2a’)-(2b’), and the error-correction term
between the spot and futures prices is deleted
from {2c”)-(2d"). If the errors in (27} are joinily
normally distributed, the nuli hypothesis can
be tested using a likelihood-based test, which
is distributed as y*(12) under H, As in the
earlier case with one cointegrating vector, the
Lagrange Multiplier test of normality, LM(N),
will be used to determine if the marginal
distributions of the errors of each of the
equations is normally distributed.

3. DATA

The futures contracts used in this study are the
Australian dollar futures contracts traded on
the International Monetary Market (IMM) of
the Chicago Mercantile Exchange, Data on the
futures and spot prices of the Australian doflar

_are in natural logarithms, while data on the US

90-day Treasury spot and Australian 9Q-day
bank accepted bill rates are in levels. The
foreign risk-free rate of interest in the Cost-of-
Carry model is represented by the 90-day bank
accepted bill rates, with the US Treasury bill
rate being used as the domestic risk-free rate of
interest.
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Due 1o the nature of futures contracls, prices
obtained on futures contracts reflect a “stale
price effect” when a single coniract is
analvzed, This effect is the occumence of a
dramatic fall in the open interest and trading
activity as the maturity date of the particular
coniract is reached. Prices of futures contracts
in the last days prior to maturity as said to be
stale. To overcome this effect, the analysis of
futures prices is typically performed using
several contracts over a longer time span. This
approach will, however, result in overlapping
contracts siace, on any trading day, several
coniracts with differeni maturities may be
traded simuitaneously.
The issue as to the handling of overlapping
contracts in futures data, coupled with the stale
price effect, remains unresoived. Different
approaches have been proposed and used in
various studies such as Clark (1973} and
Hakkio (1981). In this paper, the futures price
data cover a total of twenty three coniracts
between O September 1990 and 17 July 1996
Continuous time series of futures prices are
obtained by rolling over the curreat futures
contract two weeks before maturity. Contracts
are linked by excluding the last two weeks
prior o delivery of the current contract, using
volume as a guide. Following this procedure, a
total of 1421 observations on the Ausiralian
dollar currency futures series are obtained.

An examination of the time plots of futures
and spot prices reveals a structural break in the
futures price series at observation 747 in the
samplie period. Conscquently, the empirical
analysis is based on the following three sample
sets:

Set b the full sample with one structural

break;

Set 2:  the full sample ignoring the structural
break;

Set 3:  the following two separate  sub-
samples:

Set 3A: ohservations | to 747,
Set 3B: ohservations 748 10 1421,

-“The graphs for the levels of the four variables
are given in Figures | to 4, and their first
differences are given 1n Figures 5 10 &,

4. EMPIRICAL RESULTS

Data on the futures and spot price series
exhibit a significant. structural  break for. the
full sample at observation 747, corresponding
to 30 September 1993, which iz around the
period when recovery of the Australian
gconomy was being consolidated in late 1993,

As the result of a structural break, iests of non-
stationarity are affected in that the Dickey-

Fuller and Phillips-Perron test statistics are
biased towards the non-rejection of a unit root.
In testing the stationarity of the four variables,
the unit root testing strategy proposed by
Perron {1989}, which tests for unif roots in the
presence of structural breaks, is applied,

The structural break point ai observation 747 is
applied to all four variables. Two different
types of unit root tests are applied to the full
sample, with and without accommeodating the
siructural break, and the two separate sub-
samples. Perron’s unit root festing sirategy is
employed for sample set 1 to determine the
order of integration of all four variables in the
presence of a  single structural break.
Augmented Dickey-Fuller (ADF) tesis are
used for sample sets 2 and 3, when the analysis
involves either the full sample period without
the structural break, as in set 2, or when the
analysis is conducted as two separate sub-
samples, as in set 3.

For sample set 1, the unit root testing sirategy
is conducted by regressing each of the four
variables separately according to model (B) in
Perron {1989). This model is estimated as :

ye=gi? +82 DU+ BB+ 70 DT+

&
+d3yr—l+25iA}':wi+§r 4)

i=1

In equation (4}, the ADF regression specifies a
null hypothesis of a permanent change in the
magnitude of the drift term versus the alternative
of a change in the slope of the trend, ; DU =1 if
t> tand is zero otherwise; DT =7 fort> 7
and is zero otherwise; T refers to the time of the
hreak, that is, the period in which the change in
the parameters of the trend function occurs; j#
is the estimated drift ierm in the regression; and
Ay,.; are the lagged first differences to account
for any residual serial correlation. The pth-order
ADF statistic for lesting 7= 1, denoted
ADF(p), is given bty the rratio of (g2-1) in
equation (4).

To determine &, the order of the regression, an
initial lzg length of ten is used in the ADF

- regression, given by equation (4), and the.tenth .

lag is tesied for significance using the

asymptotic r-rato. I the tenth lag is found to be

insigmificant, it is omitted from the regression,

and the ninth lag is tested for significance.
Applying this procedure until a significant lag

tength is determined, the lag length to be used in

the ADF test is readily obtained.

Resuits of the ADF test for all four variables and
their first differences are presented in Tables 1
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and 2. A Newey-West covariance matrix,
denoted NW, is used for one of the ADF
regressions, namely for Australian rates in
sample set 1, when LM tests for the presence of
heteroskedasticity and serial comrelation are
found to be significant. Dickey-Fuller (DF) or
ADF statistics obtained from the test are
compared with critical values at the 5%
significance level for the appropriate value of 4,
the ratio of the pre-break sample size to the total
sample size,

For all four variables, the unit root null
hypothesis s not rejected at the 5% level in
sampie set |, The results suggest that all four
variables contain a unit root and are defined by a
stochastic shift occurring at the break point,
denoted by DL.

In sample sets 2 and 3, the pth-order ADF
statistic, denoted ADF(p), is given by the f-ratio
of the OLS estimate of 3 in the ADF regression
(5) below (see Campbell and Perron (1991)):

P
é\.\’r = +}" + ﬁ.‘”t-i + zai‘ﬁyrwi +£¢1 (5)
i=t

where Ay, 1s the first difference of the variable, o
is the constant of the regression, ¥ is the
coefficient of the deterministic frend, Ay,

denotes the lagged first differences, & is the
coefficient of the lagged first differences, and u,
is the error term. The time trend 15 omitted when
the ADF statistics, with and without a trend, are
not substantially different from one another. To
determine the order of the ADF equation, the
standard procedure for testing the significance of
the lagged first differences is adopted. The ADF
statistics obtained are compared with the
simulated critical values given in MacKinnon
{1991).

For all four variables, the null hypothesis of a
unit root 15 not rejected for sample sets 2, 3A and
3B. A deterministic tend is present for the
Australian rate of interest in sample set 2, for all
four variables in sample set 3A, and for all
vartables other than the spot price in sample set

3B, When unit roof tests are conducted for the

first differences of the four variables, the null
hypothesis of a unit root is rejected for sample

sets 2, 3A and 3B, Since there did not appear to

* be any structural break in the data on the basis of
Figures 3-8, no unit root tests were conducted
for sample set 1.

Estimates of the error-correction terms for the
Unbiased Expectations Hypothesis and the Cost-
of-Carry model are given in Tables 3A and 3B,
respectively. In Table 3A, the coefficient of the
tagged futures price in the cointegrating relation
is very close to unity, lying in the range (-

1.0214, -1.0092}. This suggests that the spot and
futures prices are cointegrated, with the
cointegrating vector closely approximated by
(1,-1). Brenner and Kroner (1995) document
recent empirical studies of currency futures
markets that show the cointegrating vector is
very close to (1, -1), with the coefficient of the
lagged futures price in the cointegrating refation
iying in the range (-1.03, -0.95). The values of
the cointegrating vector obiained in this paper
are, therefore, consistent with recent empirical
reslts,

This empirical result is further supported by the
results in Table 3B, which show that the
coefficient of the lagged futures price in the
cointegrating relation is also very close to unity.
Thus, the spot and futures prices would seem w0
be coimtegrated, with  their  respective
cointegrating coefficients given approximately
by | and -1. However, wilh the presence of the
lagged domestic and foreign interest rates in the
cointegrating relation, where the cointegrating
coefficients are highly significant at the 1%
fevel, as well as being similar in estimated
magnitude but of opposite signs, the Cost-of-
Carry model would seem to be preferred to the
Unbiased Expectations Hypothesis.

Formal tests of the two systems against each
other are given for the four sample sets in Table
4A. The calculated Wald fest statistics, which
are asympiotically distributed as ¥*{12) uader
the null hypothesis given in equation (3), are
each highly significant. Such strong rejections
of the zero restrictions on the Cost-of-Carry
model suggest clearly that the Cost-of-Carry
model dominates the system underlying the
Unbiased Expectations Hypothesis for the four
sample sets considered.

Similar results are obtained in the case of two
cointegrating vectors. Table 4B presents the
Wald test statistics of zero restrictions on the
Cost-of-Carry model, given in equation {3°).
These results support the Cost-of-Carry model,
which suggests that the Cost-of-Carry model
also dominates the Unbiased Expectations

Hypothesis in the case where there are two

cointegrating vectors.

5. CONCLUSION. .. .

Two standard models of futures pricing,
namely the Unbiased Expectations Hypothesis
and the Cost-of-Carry model, have been tested
for the pricing of Australian dollar futures
contracts traded on the International Monetary
Market of the Chicago Mercantile Exchange.
Cointegrating  relationships  between  the
Australian dollar spot and futures prices, as
well as the US and Australian risk-free rates of
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interest, suggest  an  error-correction Hakkio, C.8. (1981): “The term structure of

representation for the Cost-of-Carry model the forward premium,” Jowrnal of
which, with appropriaie zero testrictions, Monetary Economics, 8: 41-538.
vields the error-correction formulation for the MacKinnon, LG. (1991): “Critical values for
Unbiased Expectations Hypothesis. cointegration tests,” in Lomg run
relationships: Readings in
A structural break in the futures price series cointegration, (Eds.) Engle, R.F. and
permits iesting of appropriate models for the Granger, C.W.J., Oxford University
fall sample in the presence of the break, for the Press, New York, 267-287.
fuli sample without explicitlty modelling the Perron, P. (1989): “The great crash, the oil
break, and for two separaie sub-samples price shock, and the unit root
created by the structural break. The restricted hypothesis,” Econometrica, 57: 1361-
and unrestricted Cost-of-Carry formulations 1401.
are estimated for all sample sets,.and on the
basis of the tesis of zero restriciions, the Cost- Table 1: Unit root tests of levels
of-Carry model is found to be empirically
superior to the Unbiased Expectations Sample Test Spot | Fuwres ¢ US | Aust
Hypothesis for the four sample sets 28 e
considered, regardless of the number of Trend? No No No No
cointegrating relations.
1 ADF lag 3 3 9 1
fength
ACKNOWLEDGEMENTS Covariance | OLS | OLS | OLS | NW
formula
The first author gratefully acknowledges the
. ADF -3.59 =371 -1.22 | -L26
Australian  Department  of Employment, <tatistic
Education, Training and Youth Affairs for an
Overseas Postgraduate Research Award, the Critical 2396 | -396 | -396 | -3.96
C.A. Vargovic Memorial Fund at UWA, and value
the Faculties of Economics and Commerce,
Education arxl Law at UWA for an Individual Trend? No No No Yes
Research Grant; the second author wishes to
acknowledge the financial support of the 2 ADF iag 3 3 ? L
Australian Research Council; and the third length
author would like to ackmowledge partial ADF 208 | 206 | 240 | 232
financial support from the Chinese University statistic
of Hong Kong and UWA. Critical 286 | 286 | 286 | 3.42
value
REFEREMNCES
Trend? Yes Yes Yes Yes
Brenner, R. J., and Kroner, K.F., (199.5): 3A ADF lag 3 0 1 0
“Arbitrage, cointegration and testing length
the Unbiasedness Hypothesis in
financial markets”, Jowrnal of ADF 230 <263 ) 108 4 119
Financial and Quantitative Analysis, statistie
30: 23-42. Critical 3420 342 | 342 | 342
Campbell, .Y, and Perron, P. (1991): "Piitfalls value
and opportunities: what
macroeconomists. should know. about . Trend? Mo |- Yes | Yes 1 Yes
unit roots,” NBER Muacroeconomics an
Annual, 6, (Eds.) Blanchard, O.J. and ADF g 0 5 6 5
Fischer, S., Cambridge, MIT Press, length
Clark, P. K. {1973 "A subordinaled statistic
stochastic process model with finite
variance for speculative  price,” Critical 287} 342 ) 3417 342
Economeirica, 41: 135-159, value

Engle, R.F., and Granger, CW.I (1987}
“Cointegration and error correction: Note: Trend denotes the deterministic trend; NW denotes
representation, estimation and the Newey-West covariance matrix formula. Unless

N : K5, 981 otherwise specified, the OLS covariance formula is
lesting, Econometrica, 55: 251-276. used in the calculation of the test statistics.
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Table 2: Unit root tests of first differences of
variables

Sample Test Spot | Futures us Aust

set rales | rafes
ADF lag 2 2 4 2
length

2
ADF -24.9 -24.9 107 214
statistic
Critical -2.86 -2.86 | -2.86 | -2.86
value
ADF lag 2 2 0 0
length

3A
ADF -17.3 -17.3 2291 | -256
statistic
Critical -2.87 -2.87 -2.87 | 287
value
ADF lag 4 2 5 8
length

3B
ADF -13.5 -16.7 -il.8 -1.7
statistic
Critical -2.87 -2.87 -287 | 2287
value

Note: The ADF tests are conducted without a Hme trend
since the {-statistics with and without a trend are
not substantially different.

Table 3A: Estimates of the error-correction term in
the Unpbiased Expectations Hypothesis
System, (1a)-(1b), for all sampile sets

Estimate 1 2 3A 3B

b, 1.0204 1.0214 1.0260 1.0092

Mote: The vatues in the tables are the estimates of b, in the
erfor-corfection term given by s, -b.f.,. Al
estirnates are highly significant ai the 19 level.
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Table 3B: Estimates of the error-correction term in
the Cost-of-Carry System, (2a)-(2d), for
all sample sets

Estimate 1 2 3A 3B

d, 1.0063 L0045 140122 0.9811
ds -0.0074 -0.0063 -0.0106 -0.6063
d, 0.0048 0.6049 0.0062 0.0035

Note: The values in the tables are the cstimates of
d,,d,and d;in the error-correction term given by

5y —d fy —d.rt —dyr/ . Al cstimates  are

highly significant at the 1% level.

Table 4A: Wald tests of the null hypothesis in
equation (3) for all sample sets

Wald 1 2 3A 3B
Statistic
12} 284.6 496.6 1387 189.7

Note: The values in the table are the calculated Wald test
statistics, which are asymptotically distributed as
¥%12) under the null hypothesis given in equation
(3). All calculared statistics are highly significant at
the 1% level.

Table 4B: Wald tests of the null hypothesis in
equation (37) for all sample sets

Wald 1 2 1A 3B
Statistic
YH12) 72.8 879 44.0 458

Note: The values in the tabie are the calculated Wald test
statistics, which are asymptotically distobuted as
¥2(12) under the nuli hypothesis given in equation
(3"). All caleulated statistics are highty significant at
the 1% level,



	Efficient Estimation and Testing of Alternative Models of Currency futures Contracts

