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Abstract  The Risk Premium and Cost-of-Carry models regarding the pricing of Australian dollar futures
contracts raded on the International Monetary Market of the Chicago Mercantile Exchange are estimated
and compared, Cointegrating relationships among the Australian dollar spot and futures prices, and US and
Australian risk-free rates of interest, suggest an error-correction representation for the Risk Premium
model, and two aiternative error-correction formulations for the Cost-of-Carry model, Two significant
structural breaks in the futures price series permit estimation of appropriate models for the full sample in
the presence of these breaks, for the full sample without explicitly modelling the breaks, and for varions
sub-samples created by these structural breaks. The Risk Premium and Cost-ofCarry formulations are
estimated for afl sample sets, the models obtained are found to be statistically adequate, and the qualitative
resuits are reasonably robust across different sample sets for both models.

I INTRODUCTION

Although financial futures continue to attract
attention in global financial markets, the research
has not been commensurate with its importance.
Recent relevant studies include  modelling
univariate and muitivariate relationships to test
market efficiency {Sequeira {1996, 1997)), the
derivation of theoretical models of futures
pricing {Amin and Jarrow (1991)), and the
empirical analyses of these theorstical models
(Heaney and Layton (1996)3.

In this paper, two standard models of currency
futures prices are estimated. Time series data on
ihe Australian dollar futures prices are interesting
as two significant structural breaks are observed
in the futures prices over the full sample period.
These breaks cormrespond 1o  the events
surrounding the Gulf Crists in late 1990 and the
recovery of the Australian economy in late 1993,
Such breaks permit estimation of appropriate
futures pricing models for the full sample in the
presence of these breaks, for the full sample
without explicilly modelling the breaks, and for
the wvarious sub-samples created by these
structural breaks.

In Section 2, the Risk Premium and Cost-of-
Carry  hypotheses are presented.  Allernative
standard and error-correction representations of
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these two models are examined in Section 3, and
the data are described in Section 4. Section 5
presents the empirical results, including tests of
non-stationarity in the presence of structural
hreaks and cointegration tests. Some concluding
remarks are given in Section 6.

2. MODELS OF FUTURES PRICES
21 Risk Premimm model

The Risk Premium hypothesis (RPH) as
discussed in Fama (1984) investigates the
varzability of the risk premium and expected rates
of currency depreciation in the forsign exchange
market. Fama argued that, under market
efficiency and rational expectations, the forward
{futures) exchange rate is equal to the expected
future spot rate plus a risk premium,

Based on the earlier analysis in Fama and Farber
(1979} and the theoretical model of Stulz (1981),
the RPH is specified in natural logarithins as:

8y Frwe = B G 34 oy

where .4 is the price of a k-period futures

conlract at time 7, £, {5, )is the forecast of the
future spot price at time r+k, conditional on the



information set at time 1, and 7,y s the (time

varying) expected risk premium from time ¢ ic
time 144,

Research in futures markets typicaily focuses on
shorter-time horizons, namely smaller values of
k. As tracdeable assets, futures contracts can be
sold or bought at each time period in between the
time the contract is first listed on the exchange,
through to the maturity of that particular contrace.
Analyses involving one-day ahead forecasts are,
therefore, useful in explaining price behavicur in
such markets. Setting 4=}, equation (1) can be
rewrilten as:

2) F = E (S )+ 7y
where f; = frand T, & Ty,

22 Cost-of-Carry model

The Cost-of-Carry model is a standard model of
futures pricing. This model uses a no-arbirage
argument by factoring in the carrying costs
involved in hoiding an underlying asset until
maturity. Currency futures contracts are COntracts
in which the underlying asset is a foreign
currency, and the carrying costs are essentiaily
domestic and foreign risk-free rates of interest.

Under a no-arbitrage argument, the futures prices
of foreign exchange currency futures are derived
by Amin and Jarrow (1991) within the
framewark of Heath et al. {1992). Such prices
can be expressed as follows:

!
{3 Flapy = S5 exp @

where p/,,, = expl—krl,)
and P:Iwm :exp(wkr,‘ik“).

In eguation {3}, rd represents the foreign A-

Tkl
rd

period interest rate at time £, and 7,

represents

the domestic k-period interest rate at time 1, and
9,4 represents an adjusiment term for the

marking-to-market feature of futures markets
contracts. As described in Brenner and Kroner
{1993), this marking-to-market term depends on
the wvolatilities of the interest rate and spot
processes, as well as the forecast time horizons,
and decreases to zero as k—0 (that is, as the
contract matures). Substituting the expressions

for pl, and p%, in (3) yields the following

expression:

S, -expl—kr',,) expd,_,,

4 Frew =
(4) 4kl cxp(—kﬁiu;)

Using the natural logarithms of {4), the Cost-of-
Carry model for foreign exchange currency
futures is obtained as follows:

=S, +hréy ~krl, +0

(5) InF, Fkt

1kl Tkl

Following the convention of setting k=1, and

d f
S . oy and 8, by f;

denoting In F, el ?
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Spa f;d . r,f and 6, respectively, equation (5} can

be written as:
) f:zfr“"‘”d“’}f -8,

3. ALTERMNATIVE MODELS
3,1  Standard specifications of the models

Based on the theoretical models of the Risk
Premium and  Cost-of-Carry  hypotheses,
empirical specifications corresponding to the two
models can be derived. Accordingly, the Risk
Premium model given in equation (2} can be
specified as follows:

n fr =g HoyS O T

where £, is the (logaritiunic) price of a one-
period ahead futures contract at time #, 5,4 is the
(legarithmic) spot price at time 1+/, and 71, is the
(logarithmic) one-period ahead time-varying risk
premivm. The standard RPH given in equation
(7) may also be expressed in the following form:

(8) Sper = Bo+ Bifi + Parmy +vpa

Similarly, the empirical form of the Cost-of-
Carry mexdel in equation (6) can be rewritien as
follows:

©) s, = B+ B+ B - B i+

32  Error-correction representations of the
hypotheses

in specifications of the Risk Premium and Cost-
of-Carry models, the risk premium and the
adjustment  term  for the marking-to-market
feature are not directly observable. Recent
studies have shown that the risk premjum is
covariance stationary. Park and Phillips (1989
have shown that a stationary variable can be
omitted from a cointegrating regression without
affecting the consistency of the coefficient
estimates or the power of hypothesis testing
procedures. Consequently, if the marking-to-
market adjustment term is I(0), the Risk Premium

1346



and Cost-of-Carry models can be specified
without including these two variables. The two
models can, therefore, be estimated directly, even
when the futures prices, spol prices, and domestic
and foreign risk-free rates of inferest contain
stochastic trends.

Within a cointegration framework, eguations (8}
and (9) can be rewritten without the risk premium
and the marking-to-market adjustment term.

Then the Risk Premium and the Cost-of-Carry
models can be expressed as equations (10) and
(113, respectively:

(i Spat = Bo+ Bify + g

A 5= Bo+ Bl + By + Bl

To enable a comparson of both the Risk
Premium and Cost-of-Carry models, a time lead
of one period is used in equation (11). Withir a
cointegration framework, time leads or fags do
not affect the resulis of hypothesis tests. Equation
{11) can be rewritten as:

; ] ¢ ol P ’
(12 St = Bo+ Bifi + Bart + nBSrrf R US|

Following Engle and Granger {1987), if the
futures and spot prices are cointegrated, there
exists an error-correction representation of the
relationship between the two variables. Assuming
the spot and futures prices are comntegrated, the
Risk Premium hypothesis given by equation (10)
can he rewritten a$ an  eror-comection
representation as follows:

(13) AS;_H = b(} -?“blzﬁjf +bg[§.ﬁ- “G(Sr - JB}f.'wl)
T €41

The Cost-of-Carry hypothesis given by equation
(12) may be reformulated according o the
stationarity and cointegration properties of the
futures prices ( f, )}, spot prices(s,,; ), domestic
risk-free rate of interest {rff 3, and foreign risk-
free rtate of interest {?}j 3 The order of
integration of the four variables, 5., f;. I}d and
r}-f , and the type of cointegrating relationships
among the  four variables, are Important in
identifying  the appropriale  Cost-of-Carry
specification,

Yarious combinations of the variables are
possible. However, economic rationale indicates
feasible combinations of two cointegrated
variables between futures and spot prices, and
hetween the domestic and foreign interest rates.
Accordingly, from the stationarity and
cointegraling propertics of the four variables,
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four interpretable cases can be identified as

follows:

(O ali  four
cointegrated;

(1" all four varables are I(1) and not
cointegrated;

(2) two subsets comprising two 11} variables
in each subset are coindegrated;

(2'y  one subset of two I{l) variables is
cointegrated, and the other subset of two
(1) variables is not cointegrated.

variabies are I{(1} and

In case 1, all four vanables are I{l1) and
cointegrated. The error-correction representation
of the refationship beiween these four vanables
can be formulated as follows:

(14)  As,yy =By + BAs, + BHAS, + BALS + BiAy
i ') s d ’
— (5= Bifoy = Bar ~ Barl )

£
&y

Case 1’ occurs when all four variables are I{1}
and not cointegrated. Mo long run relationships
exist among the variables, and a regression
involving the four variables will result in the
“spurious regression” problem described in
Granger and Newhold (1974). The eguation
needs to be respecified.

Case 2 occurs when the two subsets, comprising
two I(1) wvariables in each subset, are
cointegrated. Since the feasible combinations of
two coinfegrated variables among the four are the
futures and spot prices, and the domestic and
foreign interest rates, the two cointegrated

subsets will comprise {541, f;) and (r,d ,r,.f).
The error-correction representation of case 2 is
given by:

(15) As,yy =bf +bihs, +b3AF, +b3ArT +b5ART
@ F e, d 4
(s~ Bifi-) ="y - il
+ €74

Case 27 describes a situation where two (1)
variables are cointegrated, and the other two I{1)
variables are not comtegrated. The eguation is
unbalanced and needs to be re-specified.

Therefore, of the pussible cases examined, Cases
1" and 2’ are ecliminated as inappropriate
formulations of the Cost-of-Carry model because
they are unbalanced and need to be re-specified.

4, DATA
The futures contracts used in this study are

Australian dollar futures contracis traded on the
Inernational Monetary Market (IMM} of the



Chicago Mercantile Exchange. Data on futures
and spot prices of the Australian dollar are in
natural logarithms, while data on the US 90-day
Treasury spot and  Australian 90-day bank
accepted bill rates aze in levels. The foreign risk-
free rate of interest in the Cost-of-Carry model is
represented by 90-day bank accepted bill rates,
with the US Treasury bill rate used as the
domestic risk-free rate of interest.

In this paper, the futures price data cover a total
of twenty-seven contracis between 13 November
1989 and 17 July 1996, A coptinuous fime series
of futures prices is obtained by rolling over the
current futures contract two weeks before
maturity. Contracts are linked by excluding the
last two weeks prior to delivery of the current
contract, using volame data as a guide. Following
this procedure, a total of 1621 observations on
the Australian dollar currency futures series are
obtained.

An examination of the time plots of futures and
spot prices reveals structural breaks in the futures
price serics at observations 190 and 937 in the
sample period. Consequently, the empirical
analysis 15 based on an analysis of the following
three sample sets:

Set 1: the full sample with two structural breaks;
Set 2: the full sample without structural breaks;
Set 3; the three sub-samples.

5 EMPIRICAL RESULTS

Data on the futures and spot price series exhibit
two significant structural breaks for the full
sample  at  observations 190 and 937,
corresponding o days in September 1990 and
September 1993, respectively. in September
1999, falling Australian dollar futures and spot
prices correspended with the events surrounding
the Gulf Crisis when world oi} prices doubled.
The second structural break occurred around the
period when recovery of the Australian economy
was being consolidated in late 1993,

In the presence of structural breaks, tests of non-
stationarity are affected, in that Dickey-Fuller
and Phiilips-Perron  test statistics are biased
toward the non-rejection of a unit root. In testing
the stationarity properties of the four variables,
the unit root testing strategy proposed by
Perron’s {1989), which tests for unit roots in the
presence of structural breaks, is applied.

5.3,  Tests of non-statonarity in the
presence of structursl breaks

The structural break points at observations 190
and 937 are applied to all four variables. Two
different types of unii root tests are applied to the
three sample sets. Perron's unit rool testing

sirategy is employed for sample set 1 to
determine the order of integration of ali four
variables in the presence of the two main
structural  breaks.  Augmented Dickey-Fuller
(ADF) tests are used for sample sets 2 and 3,
when the analysis involves either the full sample
period without the structural breaks, as in set 2,
or when the analysis is conducted as three
separate sub-sarnples, as in set 3. The three sub-
samples in set 3 are as follows:

Set3A:  observations 1 to 190,

Set3B: observations 191 to 937;

Set3C:  observations 938 to 1621,

For sample set §, the un# root testing siTategy is
conducted by regressing each of the four
variables separately according to modet (B) in
Perron (19853, This model is estimated as:

a6y v, =i’+8%pu + g +98DT 1%y

k
+ Y Cidy, +E
i=1

In (16), the ADF regression specifies a null
hypothesis of a permancnt change in the
magnitude of the drift term versus the alternative
of a change in the slope of the rend, 1; DU =1 1f

. . ES
t > tand is zero otherwise; DT, = 7 fort> 1

and is zero otherwise; 7 refers o the time of the
break, that is, the period in which the change in

the parameters of the trend function occurs; g%

is the estimated drift term in the regression; and
Ay,.; are the first differences of lagged values.

The pth order ADF statistic for testing % = 1,

denoted ADF(p), is givea by the t-ratio of {z58-
Din (16).

In set 1, the full sample set is divided into two
sub-samples based on the break point cccurring
at observations 190 and 937. The first sub-
sample is from observations 1 (o 936, with the
second sub-sample based on observations 191 to
1621, Results of the ADF test for all four
variables and their first differences are presented
in Tables | and 2. A Newey-West covariance
matrix, denoted NW, is used for several of the
ADF regressions when LM tests for the presence
of heteroskedasticity and serial correlation are
found to be significant. Dickey-Fuller (DF) or
ADF  statistics obtgined from the test are
compared with critical values at the 5 percemt
significance level for the appropriate value of A,
the ratio of the pre-break sample size to the total
sample size.

For ali four variables, the unit root hypothesis is
not rejected at the 3 percent level in both sub-
samples in sample set i, The results suggests that
all four variables contain a unit root and are
defined by a stochastic shift occurring at two
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break points, denoted by DLI and DLZ,
respectively.

In sample sets 2 and 3, the ADF(p) statistic 15
given by the r-ratio of the OLS estimate of §in
the ADF regression below (see Campbell and
Perron (1991)):

g
a7 Ay, =o+y+ iy, +z5iﬁ\}’rmr g
i=}

where Ay, is the first difference of the variable,

o is the constant of the regression, ¥ is the
coefficient of the wend, Ay, ;is the first
difference of lagged values, 0;is the coefficient
of the lagged first difference, and &, is the error
terrr of the regression. The pth order ADF
statistic, denoted ADF(p) is given by the rratio
of the OLS estimate of B in equation (17). The
time trend is omitted when the ADF statistics,
with and without a trend, are not substantially
different, To determine the order of the ADF
equation, the standard procedure for testing the
significance of the coefficients of the lagged first
differences is adopted. The ADF statistics are
compared with the simulated critical values given
in MacKinnen (1991).

Results for the four variables suggest the
presence of a unit root in sample set 2 and all
sub-samples in set 3. Unit root tests applied to
the first differences of these variables in sets 2
and 3 strongly reject the nuil hypothesis of a unit
root, implying that all four variables are
integrated of order one, that 15, I{1). Perron’s test
is not applied to the first difference of the four
variables in set 1 as the time plots show no
structural breaks in the sample. Since no
structural breaks are included in the first
differences of the four variables in set 1, the same
set of results obtained from the ADF tests on the
first differences of set 2 are appiicable 1o set 1.

52. Crpiniegration Tesis

Cointegration relationships between the two
variables, {541, /7 ), for the Risk Premjum

model, and among the four variables. (5,4,

f,,rf" ,r,f 3, for the Cost-of-Carry model, are
tested  using  Johansen's (1991) mazimum
fikelihood procedure. Sinular resulis are obrained
for both models in thal cointegration is found to
exist for ail sample sets, except for sub-sample
34, The results of cointegration tests applied ©
all the sample sets are given in Tables 3 and 4.

Far the Risk Premium model, one cointegrating
vector was found o be present in all sample sets,
except for sub-sample 3A, in which the tests
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suggested the absence of cointegration between
the two  variables.  An  error-correction
representation for each of sample sets 1, 2, 3B
and 3C include one error-correction term, and arg
denoted as AECM, BECM, DECM and EECM,
respectively, in Table 3.

For the Cost-of-Carry model, two cointegrating
vectors were found to be present in sample set |,
suggesting the presence of two cointegrated

subsets, namely {s,..f;) and (r}d,;;f ). An
error-correction  representation  in  this  case
includes two error-correction terms, denoted
AECM4 for the cointegrating subset { $,41, f; )
and ABCMS5 for the cointegrating subset
( r,d ,;}f 3. The test results for sample 2 suggest

the presence of one cointegrating vector, for
which the error-correction term among the four
variables is denoted BECM1,

In sample set 3, cointegration tests were applied
to all three sub-samples, with different results in
each case. In sub-sample 34, the tesis suggested
the absence of cointegration among the four
varizbles. Only one cointegrating relationship
was found in sub-sample 3B, for which the error-
correction term is demoted DECML. In sub-
sample 3C, the results suggest the presence of
one cointegrating vector, for which the error-
correction term is denoted BEECM1.

5.3 Estimati(_m results

Cointegration tests revealed the presence of two
cointegrating vectors among the four variables
in Set 1. Equation (15} is the appropriate model
for the Cost-of-Carry model in Set 1. In sample
set 2, only one cointegrating vector was found,
and the appropriate medel is equation (14). No
cointegrating relationships were found in sub-
sample 3A. Sub-samples 3B and 3C are
characterized by one cointegrating vector, and
the appropriate model is, similarly, equation
{14y

The appropriate Risk Premium and Cost-of-
Carry formulations for all sample sets are
estimated, and the tesults are presented in
Tables 5 and 6. It is clear that the differences in
spot prices ( As,) and futures prices (4f; ) are
significant in both models for sample sets 1, 2
and 3C. Differences in the foreign rate of
interest (Ar,f) are also significant for sample
sets | and 2 in the Cost-of-Carry model. The
structural change dummy variables are not
significant for either model in sample set 1. All
estimated models appear to be stafistically
adequate, in thal there is an absence of serial
correlation, heteroskedasticity and functional



form misspecification. Although the LM(N)
statistic for normality is significant for all data
sets, this is a feature which is evident in most
models  of futures prices  with  skewed
distributions.

6. CONCLUSION

Two standard models of futures pricing, namely
the Risk Premium and Cost-of-Carry model,
were estimated. Cointegrating  relationships
between the Australian doltar spat and futures
prices, as well as the US and Australian risk-
[ree rates of interest, suggest an error-correction
representation for the Risk Premium model and
two alternative error-correction formulations
for the Cost-of-Carry hypaothesis.

Resuils from unit root and cointegration tests
vield specific formulations for the Cost-of
Carry model in three ditferent sample sets, The
Risk Premium and Cost-of-Carry formulations
for Australian dollar futures contracts are
estimated for all sample sets, the models
obtained are found to be statistically adequate,
and the qualitative results are reasonably robust
across different sample sets for both models.
Moreover, the foreign rate of interest is
statistically significant in the Cost-of-Carry
modei for two of the four sampie sets.
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Table 1: Unit root tests of levels of variables Table 5: Risk Premium models estimated for sample sets

Set Test Spot Futures us Aust 1,2, 3B and 3C
rales rales
Deterministi M. ¥ N N -
[r;:ndr‘:nmm e e ° =e N Wariables Model
; Lag length 3 7 ! 1 i 2 _ [ 1B 3C
(1-936) | Covatance OL5 oLS OLs | NwW 45, 0.163% 1 0.163 -0.046 -0.453+
formala 0034y | 0.034) ©.657) {0.000)
ADEstatisic | 263 | -248 1 139 | 207 Af, 0.18:% 1 0484 0.033 0438+
Critieal vatue | -3.80 2180 380 1 380 {0.014) 0.012) (0.337) (0.001}
(h=0.0) DL 0.060
e (0.189) 0.004
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16213 formula (2'533} N
ADF statistic 371 22 - 22‘3
Critical vatue 395 1395 1 395 BECM @340 | oo :
(A=0.4 . 0.963)
Deterministic Mo Na Yes Yes DECM . (g'ggé} )
2 trend? ) '
TR - - N 2l
(116215 | Lag length 3 3 0 4 EECM B
ADF statistic B 178 0,93 2,26 @.125)
Critical va -2, 2. 342 | e
ﬂ[lcal"ul‘ill-lc 2 #6 bl 4, 3!4 Teet Model
Determinigtic ey Yey Yeos No .
- . Statistics
3A wrend? T 3 3G T
(I-190y Lag length G & 0 i -
ADFsmtstic | 142 | 202 | 264 | 112 bw 1957 1997 1.996 1984
Copealvalie | 384 | 3ax | as | oss LM(S) (00457-21 } (00;333) ( 0“;54) ( o ,
i Delerministic | Yes Yoo} Yes ) Yes RESET 431r 237 ar .33
s ‘ ) 0.0%08) | 0.124) {0.937) (0.249)
-4 . 1
(81937 ¢ Lag length : o ! 0 Jarque-Bera | 723.56* | 73537% | asgisr | dieee
ADF statistic | -2.31 -1.63 -Log | o-ni9
Cotiealvalus | 342 | 342 | 347 | 342 000y | (0000) | (0.000) | (0.000)
e —— = = o o LM(H) 0.7 (.56 3.42 0.02
<o lr;,"-;j-”“ ¢ e s o = 0.403) | (0.456) (0.065) (0,884
{938 Lag length G 5 & 3
1621} ADF staistic | -2.53 .73 06T | -0.49
Uritical vajus =287 -3.472 -3.42 -3.42

Table & Cost-of-Carry models estimated for sample sets |,
Nute: MW denotes the Newey-Wesl covariance matris formals. Uniess 2. 3B and 3C

atherwise specified, the OLS covariinee formala is used in the calvelation of the
Lest statistics.
Variables Model
Table 2: Uni sts of first diffi ! 2 B 2
aple 2 Uit oot tests of first difference a5, 070+ 17" 0063 D.456%
Set Test Spot Futures s Aust (0.028) 0.524) (0.545) (0.000}
rales | rates AL 0182 | 0189* 0.108 0.440°
Lag length 2 2 4 2 {£.014) (0.01) {0.264} (0.001)
2 ADF statistic 492 -24.89 7T 2i.43 At 0.003 0.003 0.002 0,002
Criticai value -2 86 -2.86 -2.36 -2.86 {0.260) 0.215) (0.579) (0.656)
Lag length 8 0 0 9 A 0.005% 0.005% 0.003 0.004
EEY ADF statistic 12,63 -1326 14.04 | 1008 ' 0014 (0.009) (0.067) (0.261)
Critieal value -2.88 -2.88 -2.88 -2.88 DL 0.000 . . .
Lag length 2 2 ] Q {0,764}
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Teace | ; N | i {0479 [CRYEY] (0.026) {11.249)
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Australian dollar futures prices
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