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Abstract Brent crude oil futures contracts are traded on both the Singapore International Monetary
Exchange (SIMEX) and the International Petroleum Exchange (IPE). Through a Mutual Offset System
between SIMEX and [PE, Brent crude oil futures contracts can be traded up to nineteen hours each day.
The inter-relationship between the two futures contracts, the spot price of Brent crude oil and the risk-
free interest rate, suggest the existence of cointegration among the IPE and SIMEX Brent crude oil
futures prices, Brent spot prices and the London Inter-bank Offer Rate (LIBOR). Error-correction
representations of two standard futures pricing models, namely the Unbiased Expectations and Cost-of-
Carry hypotheses, are formulated for STMEX Brent crude oil futures contracts. These formuiations are
augmented by including the IPE futures price in the mispricing error. The resulting Augmented
Unbiased Bxpeclations Hypothesis (AUEH} and the Augmented Cost-of-Carry {ACOC) models are
estimated and tested against each other, and also against the standard Unbiased Expectations and Cost-
of-Carry models, using nested and non-nested testing procedures. Forecasting comparisons are alse
made among the various models and the Autoregressive Integrated Moving Average models fitted to
SIMEX Brent crude oil futures prices. Resulis from the non-nested tests and the forecasting criteria
show clearly that the augmented models outperform their standard (non-augmented) counterparts.

1. INTRODUCTION

The growing inierest in wading financial and
commodity derivatives has led 1w a
globalisation of these markets, extending
transactions beyond npatiosal  boundaries.
Mutual Offset Systems (MOS) have developed
in recent years between international
exchanges that serve traders across different
time zones. The first MOS was established in
1984 between the Singapore International
Monetary Exchange (SIMEX) and the Chicago
Mercantile Exchange. With the development
of an MOS between international exchanges,
investors are now able {0 continue trading in a
particular futures contract ever afier one
exchange has closed for the day, since the
same comtract  is  offered on  another
international exchange. The SIMEX Bremt
crude oil futures coniract, which is one such
example of a futures contracts traded on an
MOS operating between SIMEX and the
International Petroleum Fxchange (IPE), was
first established between these two markets in
June 1995,

As a result of the MOS, trading of the Brent
futures can be traded continuously for up to
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nineteen hours each day: trading begins at
¢.25am on SIMEX and continues until the
exchange closes at 5.58pm, after which trading
in Brent futures continues when the IPE opens
for trading, and eventually closes for the day at
4.15am, Singapore time. In such an
arrangement, the settlement price of the Brent
futures traded on SIMEX at the end of the
trading day is likely to differ from the
settlement price of Brent futures traded on the
IPE due to the tme difference between
SIMEX and the [PE. As the futures prices in
such coniracts are determined in both markets
independently, the settlement price at the end
of the trading day on the IPE provides price
information that may be used to augment
existing formulatdons of SIMEX futures
pricing modsls.

The Unbiased Expectations Hypothesis (UEH)
and Cost-of-Carry (COC) model are the
standard theoretical models for pricing futures
contracts in conventional studies. In a recent
study, Sequeira and McAleer {1997 found
substantial evidence for the Cost-of-Carry
hypothesis in pricing Australian dollar futures
contracts traded on the International Monetary
Market of the Chicago Mercantile Exchange.



Following a similar approach, UEH and COC
models can be formulated for SIMEX Breat
fatures contracts. In this paper, both the UEH
and COC formulations are augmented to
inciude the IPE Brent futures price in the
error-correction  representation of the two
models, These models will be denocted the
Augmented Unbiased Expectations Hypothesis
(AUER) and the Augmented Cost-of-Carry
{ACOC) model.

In Section Z, the UEH and COC models are
presented. Empirical specifications
corresponding to the UBEH and COC models,
and their augmented counterparts, are derived
in Section 3. Appropriate hypotheses and tests
are discussed in Section 4, Section 5 describes
the data to be used in the study, and Section 6
presents the test results of non-stationarity,
coiniegration and non-nested hypotheses.
Estimation results are presented in Section 7,
and concluding remarks are given in Section 8.

2. MODELS OF FUTURES PRICES

21  Unbiased Expectations Hypothesis
The Unbiased Expectations Hypothesis (UBH)
is developed from the Risk Premium hypothesis,
based on the analysis in Fama and Farber (1979)
and the theoretical model of Swiz (1981). In
natural logarithms, the Risk Premium hypothesis
is specified as:

(H Frowe = E (S ) H g

where f,,,, is the price of a k-period futures
conlract at time £, E {5, } is the forecast of the
future spot price at time 1+, conditional on the
information set at time 7, and #,,,, is the (time

varying} expected risk premium from time ¢ to
t+&  Futures coniracts can be sold or bought at
gach lime period in between the time the
contract is first listed on the exchange, through
to the maturity of that particular contract.
Analysis involving one-day ahead forecasts are
useful in understanding the behaviour of futures
prices in these markets, Setting k=1, equation (1)
can be rewritten as:

(2) fr 2Er('§':+l}+ﬂf

where fr = ﬁ‘+!|{ and T By

Thus, apart from the risk premium, the fuiures
price is unbiased for the spot price.

22 Cost-of-Carry Model

The Cost-of-Carry (JOC) model uses a no-
arbitrage argument by accommodating the
carrying costs invoived in holding an underlying
asset until maturity. For commodity futres
contracts, the underlying asset is the commodity
itself, and the carrying costs are essentially the

net storage costs (that is, storage cost less
convenience yield) and the risk-free interest rate.
Following the derivation of futures prices given
in Amin and Jarrow (1991), the price of a
commodity fafures contract is given as follows:

Piiits
(3 Fon =5 —d‘{expgwku }
Prakie

where pry = exp{- ke, +k,,}
and Pr(iklr = exp{— Kty }
In equation (3), c,,, represents the net
carrying costs from tme ¢ o f+k
represemts the k-period interest rate at time ¢, and
8,4, represents an acjustment term for the

marking-to-market feature of futures markets
contracts.  Substituting the expressions for

Pragand pl,. into equation (3) yields the
following expression;
S, exp{- kcr+k|: } exp9r+klr

expE Ko |

Using the natural logarithms of (4), the Cost-of-
Carry model for a commodity futures price is
obtained as follows:

(5) InFi =InS, +hn — LGP LTS

4) Flig=

Following the convention of setting k=1, and
. d
denoting In £y, 1nS,, iy ¢, and8,, by

Jia5, . ¢ and 8, respectively, equation
{5} can be written as;
(6) fr=s,+n —c,+0,.

3.1  FORMULATION OF MODELS
AND THEIR AUGMENTED
COUNTERPARTS

3.1  Unbiased Expectations Hypothesis
ang Cost-of-Carry Model

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

() fr=aq+oys,, +oum, +1,

where f, is the (logarithmic) price of a one-
period ahead futures contract at time ¢, s, is
the (logarithmic) spot price at time t+1, and
7,is the (logarithmic) one-period ahead time-
varying risk premium. Similarly, the empirical
form of the Cost-of-Carry model in equation
(6) can be rewritten as follows:

(®) f; = B+ Bis; + Byr, + Bie, + Bi6, +v,.



In specifications of the UEH and COC models,
the risk premiurn, the net carrying cost, and the
adjustment term for the marking-to-market
feature are not directly observable. 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 the
accompanying hypothesis testing procedures,
Consequently, if the not carrying cost and the
marking-to-market adjustment term are also
Wy, the UEH and COC models can be
specified  without  including  these three
variables. The two models can, therefore, be
estimated directly, even when the futures
price, spot price, and risk-free rate of interest
coniain stochastic trends,

Within a cointegration framework, equations (7}
and (8} can be rewritten without the net carrying
cost, the risk premium and the marking-to-
market adjustment term. These assumptions
result in the empirical specification for the UEH
given in equation (9) and the COC models in
equations {10):

9y fy =0+ os, Ty,

(10) f, = Bg+ Bis, + By, +uy.

To enable a direct comparison o be made of
the UEH and COC models, s, is used in place
of s, in eguation (9) because, within a
cointegration framework, time leads or lags do
not affect the specification or the statistical
outcomes of hypothesis tests. Equation (9) can
he rewritten as:

(1) fo =B+ Bs, +u,.

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 varizbles. If the
SIMEX Brent futures and Brent spot price are
coinfegrated, the UEH given in equation (11)
can be rewritten as an  error-correction
representation as follows:

(12} &F, =by+b/&f | +bohss, —a (frg = Bis)+E, .

The error-correction model is specified with
one lag of the variables because the analysis
involves one-day ahead forecasts. Additional
lags of the variables may be included in the
error-correction model, as required. The COC
model for SIMEX futures prices may be
reformulated according to the stationanty and
cointegration properties of the SIMEX futures
price, the underiving Brent spot price, and the
risk-free rate of interest. Accordingly, itwo
interpretable  cases for the COC model,
corresponding to Cases | and 2, are as follows:
{1 all three variables are 1) and are
cointegrated:
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{2) the risk-free rate of interest 1s I{(), and
the two price variables are [{1) and are
cointegrated;

In case 1, the SIMEX futures price, Brent spot

price, and risk-free interest rate are all I(1) and

are  cointegrated.  The  error-correction
representation for the three variables can be
formulated as follows:

(13) 4f, = by + BAS = byids, + Bylr,

=& fry By~ Bahi 3

Case 2 occurs when the nisk-free interest rate is
{0, and the SIMEX futures and the Brent spot
price are I{i) and are cointegrated. Following
the result of Park and Phillips, the K0) risk-
free interest rate can be omitted from the
cointegrating regression. In this case, the
appropriate error-correction representation is
as follows:

(14) &f = b + B&f, +bhAs, + bir,

- a’(fl-l - ’B}f‘s}-! It ‘g:'

32  Augmented UEH and COC
Formulations

To derive the augmented forms of the UEH and
COLC models, the IPE futures price is included in
the error-correction  formulations of both
models. If the IPE futures price series is I{1} and
is cointegrated with the SIMEX futures price
and Brent spot price, the emmor-correction
representation of the Avgmenied Unbiased
Expectations Hypothesis (AUEH) can be
expressed as:

(15) AF =by +b 8, +by As, +by Al

~a (fg= By s —BriDTE .
where Af, is the first difference of the

{logarithmic) price of a one-period ahead IPE
Brent crude oil futures contract at time /41,

The Augmented Cost-of-Carry (ACOC) model
for SIMEX futures prices is reformulated
according to the stationarity and cotniegration
properties of the SIMEX futures price, the
underlying Breat spot price, the IPE fuures
price, and the risk-free rate of interest. For the
ACOC model, two interpreiable cases,
corresponding to Cases 1 and 27, are as
follows:

{1y all four variables are I(1) and ars

colntegrated,;

(2} the risk-free rate of interest is 1(0), and
the three price variables are I(1} and are
cointegrated;

Case {1") occurs when the SIMEX futures

price, the IPE futures price, the Brent spot

price and the risk-free rate of interest are all

i(1) and are cointegrated. The error-correction

representation of the relationship for the four

variables can be formulated as follows:



(16) Af, = b + BAf, ., + BiAs, + BIAL + BiAr,
=@ (fre = Bl - Bab - Bin_p +ef.

n case (2°), the risk-free interest rate is I(0),
and the SIMEX futures price, IPE futures price
and Brent spot price are I{1) and are
cointegrated, The result of Park and Phillips is
again applied, and the risk-iree interest rate
may be omitted from the cointegrating
regression  without affecting the statistical
properties of the estimators and tests. The
appropriate error-comection tepreseniation is
as follows:

(17) Af, =B+ bAf_ + ByAs, + BAL + b7,

@™ (fiy = B - B )+ el
4, FORMULATION OF HYPOTHESES

The UEH and the two COC formulations,
Cases | and 2, are given as hypotheses H, to

H;, while the AUEH and the two ACOC

formulations, Cases 1" and 27, are given as
hypotheses H, w Hy.

Hypothesis &,

The error-correction representation of the UEH
model based on equation (12) is denoted as
hypothesis #,, and is given as follows:
H,:y=2Zy, +&, where

Zi =1 afi s (- 851 )

=l b b al

and g, =€, ,

where Zj, represents the vector of explanatory
variables in the error-correction modet, y; is

the corresponding vector of coefficients, and
€, is a stationary white noise process. The

UEH formulation will include an  error-
correction term for the mispricing error,
dencted UECM,

Hypothesis H,

Hypothesis H, is based on Case 1, in which

ail three variables in the COC modet are (1)

and are cointegrated. The error-correction
representation of the relationship between the
three variables is given in equation {13), and
this COC hypothesis is given as follows:
Hy:y=Z,y, +&,, where

Zy = {]»Af:—}rm:-ﬁf}-(ﬁ—l =Bisi = Bars )]
Y2 = [ba b b by a]

and &,, =g,

where  Zj,  represents the vector of
explanatory variables in the error-correction
model, ¥; is the corresponding vector of

coefficients, and &, is a stationary white

neise process. The COC formulation will
include an error-correction term for the
mispricing error, denoted CECM.

Hypothesis H;

When the risk-free interest rate is I{0), and the
other two I(1} wvariables in the COC
formulation are cointegrated, Case 2 applies.
The mispricing error between the SIMEX
futares and Brent spot prices in this error-
correction representation is denoted CIECM.
The hypothesis H, based on equation {14) is
as follows:

Hy:y =23y, +&;, where

Zigf = [I'Afr~! !AS:=T}-(JZ—J - 6{514 )j

vi=lo o b 8 a

and &y, =€,

where Z3, represents the vector of explanatory
variables in the error-correction model, 35 is

the corresponding vector of coefficients, and
£4, is a stationary white nioise process.

Hypothesis H,

For the AUEH model, the error-correction
representation given by equation {15} is given
as hypothesis H,:

Hy:y=2Z,yys+e,, where

Z;: = llvAfrmlvmrsAir’(ﬂw! - ﬁiﬂ‘grwi - ﬁ;tir-l )J
vi=|o o e e a]

and €y, = £, ,

where  Z)  represents the vector of
explanatory variables in the error-correction
model, y; is the corresponding vector of
coefficients, and £,, is a stationary white

noise process. The AUEH formulation will
include an error-correction term for the
mispricing error, denoted AUECM.

Hypothesis H-

When all four variables are cointegrated in the
ACOC model, Case !’ applies, The ACOC
formulation will include a mispricing error
describing the long-run relationship between
the SIMEX futures, IPE futures, Brent spot
price and the risk-free interest rate, and is
denoted ACECM. The hypothesis for this
ACOC formulation, denoted H., is based on
equation {16) as follows:

Hs i y=2Zsy;+85, where

1, AFy, As,, A, Ar,, }
(szl "“)Blpsrwl - ﬁ;ilwl _ﬁgrr—-i)
vs=ly b by b b o]

’
ZSr =
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and &5, =€:' ,
where Z:, represents the vector of explanatory
variables in the error-correction model, ys is

the corresponding vector of coefficients, and
€5, is a stationary white noise process.

Hypothesis H

When the risk-free interest rate is K@), and the
three [{1) price variables in the ACOC modsl
are cointegrated, Case 27 applies. The error-
correction  formulation  will  include a
mispricing error for the three price variables,
denoted AICECM. The hypothesis for this
ACOC representation, denoted H, is based

on equation (17}, and is given as follows:
Hy: y=Zgys+&g, where

Zgr = [LAft-—l !&Y:!airvrn(frwl = Bis, - ﬁ;ir-nl )]
ve=lbg o7 b7 b B] a”]

and £ =&, ,

where Zg, represents the vector of explanatory
variables in the error-correction model, 75 is

the corresponding vector of coefficients, and
£, is a stationary white noise process.

5. DATA

Brent crude oif futures contracts traded on
SIMEX are used in the empirical analysis.
Price data on the IPE Breat crude oil futures
price, Brent spot price, and data on the risk-
free interest rate (using the London Inter-bank
Offer Rate, LIBOR), are obtained from Bridge
Information Systems. SIMEX and IPE futures,
and Brent spot prices are in natural logarithms,
while the risk-free interest rate is expressed in
levels.

Futures price data are extracted from seventeen
monthly coniracts covering the period July
1995 to December 1996. The settlement price
for the nearest contract was used as the futures
price series, with some adjustment for the
crassover whena the contract is near to maturity.
Following this procedure, a total of 388
observations on SIMEX and IPE futures prices
are obtained,

6. MNON-STATIONARITY AND
COINTEGRATION TESTS

6.1  PMon-stationarity Tesis

Four seis of variables, comprising data on
SIMEX fuiures price, IPE futures price, Brent
spot price, and the risk-free interest rate, are
tested for unit roots using the augmented
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Dickey-Fuller (ADF) test The ADF statistics
obtained are compared with the simulated
critical values given in MacKinnon (1991).

Results of the ADF test for all four variables
and their first differences are presented in
Table 1. A Newey-West covariance matrix,
denoted NW, is used fo calculate several of the
unit root tests when Lagrange Multiptier
diagnostics for the presence of serial
correlation and heteroskedasticity are found to
be significant. The results suggest the presence
of a unit root in all four variables. Tests
applied to the first differences of the variables
strongly reject the null hypothesis of a unit
root, which implies that all four variables are
integrated of order one, I(1).

6.2  Cointegration Tests
Johansen's (1991) maximal eigenvalue and
trace tests are applied to two variables (f,.s,)

in the UEH model, three variables (f,,5,,7;)
in the COC model, three variables {f,.5,.4) in

the AUFEH model, and four variables
(fi 8. 5,6)in the ACOC model, to test for

cointegrating  relationships  among  the
variables in each of the four models. On the
basis of the test results, which are consistent
for the two tests in all cases, the number of
cointegrating relations between the variables
can be established, as in Table 2.

One cointegrating vector is found to be present
between the variables in the UEH model
describing the long-run relationship beiween
the SIMEX futures price and the Brent spot
price, An effor-correction representation of the
relationship between the two variables
includes anm error-correction term, denoted
UECM. Similarly, one cointegrating vector is
obtained among the SIMEX futures price, the
Brent spot price, and the risk-free interest rate
in the COC relationship, for which the error-
correction term is denoted CECM.

For the AUEH model, two cointegrating
vectors are obtained. The two error-correction
terms are denoted AUECMI and AUECMZ,
describing the long-run relationship between
the SIMEX futures price, IPE futures price and
the Brent spot price. For the ACOC model, the
tests also suggest the preseace of two
cointegrating vectors, depicting the long-run
relationship among the three prices and the
risk-free rate of interest. The error-correction
terms in the ACOC model are denoted
ACECMI and ACECML.



6.3 Mon-nested Tests

From the resulis of the tests of unit roois
conducted in Section 6.1, all four variables are
(1), Cases 2 and 2' are eliminated as
appropriate formulations for the COC and
ACOC models, respectively, as these
formulations are based on the risk-free interest
rate being KO0), which is rejected by the data,

The two augmented models, namely, the
ACOCT and the AUEH models, are tested
against each other and also against their non-
augmented counterparts: ACOC{ H ) is tested

against AUEH (H,); ACOC(Hs) is tested
agamst COC(H, ) and AUEH{ H,} ts tested
against UEH{H,). As each of the ecrror-

correction terms in the four models are linearly
independent, these comparisons require
appropriale non-nested testing procedures.

Six non-nested tests and two information
criteria are reported in Table 3. For ACOC
against AUEH, the tests do not reject either the
ACOC or the AUEH model, with both AIC
and SBIC preferring AUEH over ACOC; the
non-nested tests reject COC, but do not reject
ACOC, with both AIC and SBIC preferring
ACOC to COC; and the non-nested tests reject
UEH, but do not reject AUEH, with both AIC
and SBIC favouring AUEH over UEH.

The tests provide substantial support for the
augmented models as preferred choices for the
pricing of SIMEX Brent futures over their
non-augmented counterparts. Based on these
results, there is no clear preference between
the ACOC and the AUEH, although both AIC
and SBIC favour the AUEH model over the
ACOC model.

7. ESTIMATION

Table 4 presents the results of the four models
estimated for SIMEX futures prices. Lagged
first  differences of  f,,s,,r, and §, are
included in the ACOC model, and lagged first
differences of f,,s, and i, are included in the

AUEH model 10 accommodate serial
correlation in the model.

The Lagrange Multiplier st for
heteroskedasticity (LM{H)) is significant in the
ACOC and AUEH models, and the RESET
test for functivnal form misspecification is
also significant in these two augmented
models. For these reasons, a Newey-West
covariance matrix is used for purposes of
inference in the ACOC and AUEH models.
Although the Lagrange Multiplier test for

normality (LM(N)} is significant in all four
models, this is a feature which is evident in
most models of futures prices with skewad
distributions.

Several autoregressive (AR}, moving average
(MA), and autoregressive moving average
{ARMA) models are estimated for the SIMEX
futures prices to establish whether the data
could be effectively described by any of these
models.

Various AR and MA models are fitted to
determine whether the data could be described
by any of these processes. Several ARMA
models are also fitted to the dataset. Some of
the models registered low f-statistics of the
estimated parameters and are subseguently
rejected. The remaining ARMA models are
compared using AIC and SBIC, leading to the
selection of the ARMAC(L,1) model. As the
Lagrange Multiplier test for autoregressive
conditional heteroskedasticity significant in the
ARMAC(LY) model, an ARMA-GARCH(1.,1)
is estirmated as follows:

(19)  (1-09L)Af, =(1+0.85L)A,
(0.00) (0.00)
where  h, =0.00+0.15,_, +0.857,
(0.18) (0.00)  (0.00)

DW = 1.997, Log-likelihood == 1023.07,
AIC=-7.83.

Five different models, namely, the UEH, COC,
AUEH, ACOC and ARMA-GARCH, are
estimated, and their performances are
evaluated on the basis of their relative
forecasting ability. Root mean squared error
(RMSE) and the mean absolute error (MAE)
are used to evaluate their relative forecasting
performance,

Table 5 presents the results obtained for the
five models. The AUEH model outperforms
the others on the basis of RMSE, while the
ACQC performs best on the basis of MAE.
Moreover, the augmented models perform
very well against their non-avgmented
counterparts, which suggests that models
incorporating price information from another
market operating in an MOS perform better on
the basis of both RMSE and MAE. The
ARMA-GARCH mode! performs the worst in
terms of both RMSE and MAE.

8. CONCLUSION
Since the development of Mutual Offset

Systems between international markets, the
first such system having been established
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between SIMEX and the Chicago Mercantile
Exchange in 1984, it has become increasingly
important to recognize the price linkages
between markets involved in such  an
arrangement.

Models of futures pricing that incorporate such
iinkages into the information set can be
expected to perform better than existing
models. The empirical results obtained in this
paper strongly support this proposition in the
case of SIMEX Hrent crude oil futures
contracts. On the basis of MAE and RMSE,
the augmenied models of the  Unbiased
Expectations Hypothesis and the Cost-of-Carry
mode!l  strongly  outperform  their  non-
augmented counterparts, as well as an ARIMA
iime series model.

Such  empirical results  highlight the
importance of estimating market-augmented
models for SIMEX Brent crude oil futures
prices, and underscores the need to include
price information from another market in
formulating futures pricing models for both
financial and commodity futures prices
operating in a Mutual Offset System.
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Table 1:  Unit root lests Table 4: Estimation resuits

Test SIMEX | Brent IPE Rates Varables Models
Procedure Futures Spot Futures UEH coC AUEH ACOC
Levels: N R * * N *
Lag length 0 o o | Constant 0.000 0.083 0.604 0.055
Covariance NW NW NW NW (0.357 (0.060 (0.000) (0.000)
matrix formula Af!—l -0, 115% 0.114%* 0.014 0.018
ADF statistic -3.27 -2.68 -2.66 -1.37 (0.000) {0.001) (3.837) (8.792)
Critical value -3.42 -3.42 -3.42 -3.42 As 0.719* 0.729% 0.256* 0.260*
First ! (0.000) {0.000) {0.007 {0.008)
differences:
Lag Jength a 9 9 ; As, i ) g 2‘_‘,28; 3 71 5?‘:
Covariance NW NW NW NW (0.278) (0.254)
matrix formula . R N - %
ADF statistic 327 | 268 | -166 137 &y %‘{f{}% %;%30
Critical value 342 | an | 3e | awn (©:900) 1 {0.000)
Nates: Ad | - - 0.277% 0.285*
A deterministic rend & included in testing for a unit roatin the levels of the - (0.000} (0.000)
variabies, but not in first differences. NW denoies the Newey-West covariance N 0.006 5.012
matrix formala. Unless stated otherwise, the OLS covariance matein formuln is ﬂi” h : i e
used in the calculztion of the test statistics. (0.757) (0.245}
Ar,_y - - - -0.014
Table 2: Cointegration tests - (0.159)
ACECMI - - - -(.094+*
Test Mumber of cotntegrating vectors {0.000)
Statistics ACECM2 - - - 0,033*
JEH COT ALEH ACOC {0.001)
Maximal AUECM]1 - - -0.094* -
Eigenvalue | i 2 2 {0.0003
Trace | | 2 2 AUECM?2 - - 0.0322# -
(0.003)
CECM - -0.148* - -
Table 3: Non-nested tests (0.000)
ACOC vs ACOCvs | AUEH vs UECM -0.139* - - -
Tests AUEH CoC UEH (0.000)
N 0770 -G3.639 0.257
{0.441) {(1.323) (0.797) Dragnostics Models
NT -0.644 £.018 0.251% UEH COC AUEH ACOC
(0.519) (0.537 {0.8013 DW 2.09 2.083 £.976 £.983
W -0.643 -0.618 0,251 LM({S} 2.30 1.99 0.56 0.25
{0.52(1 (0.537) (0.801) (0.130) (0.158) (0.453) (0.620}
J 0713 0.628 -{).254 RESET 0.03 012 6.23% 4.91%
((.476) (0.530) (3.800) (0.867) (0.729) (0.013) {0.027)
A 0.714 0.628 -(.254 LAY 26630* 28030* 14057* 13877*
(3.475) {0.530) (0.800) (0.000) {0.000) {0.000) (6.000)
F 0.303 0.395 0.064 LM(HD .14 017 18.00%* 18.47*
(0.739) ((2.530) (0.800) (.71 0.677 0.000) (0.000)
AUEH vs COC vs UEH vs Notes: W g he Durhiw ke, LMGS) s the La
Ee a. enotes ihe urbin-Watson stalistic, LAES s e Agrange
Tests ACOC '{\COC AUEH MullipiLicr :::s! for scrial correlation, RESET is Ramsey's lcs% i'i:n
N -{.883 -321.5% ~1919. 1+ functional form mis-specification. LM(N) is the Legrange MultipFer
(0.060) (0.000} (0.000) test for normality, and LM(H} is the Lagrange Multiplier test for
g = neteroskedasticity.
NT -0.903 -36.0* 637 b, Fipures in parentheses are p-values; * denotes significance af the 5%
(3.366) (0.0007 (0.000) level
W -(.899 -44 5% -50.7*
(6.368) (0.000} (0.000)
J 1.084 15.5% 154
(9'892) (0.(100] (E}.(}){}O) Tabie 5; Forecasting performance of various models
- e T ety ACOC 00825 | 0.00686
o P N ALUEH .60807 0.00638
(.557) 10.0003 (3.000) ey
- COC 0411263 0.00330
AIC Favours AUEH Favours Favours -
ACOC AUTH UEH 0.552508 0.00923
AL RMA- 2
5BIC Favours AUUEH Favours Faveours ARMA-GARCH 003062 0.02444
ACOC AUEH
Notes: ND,IES: s
a The figures in parentheses denote probability values: A('(.)C' Augmented CUSI_‘O:“Ca"y md?l. .
* denotes sipnHicance ot the 5% fevet AUEH:  Augmented Unbiased Expectations Hypothesis
t. Fhe non-nested tests are as fotlows: model,
N: Cox test of Pesaran (1974). COC: Cost-of-Carry model,
NT: Adjusied Cox test of Goditey and Pesaran (1983). UEH: Unbiased Expectations Hypothesis model,
W Wald-type west of Godirey and Pesaran (1983),
it fravidson and MacKinnon 119810
EEN Fisher and MoAlker (1981,

F: Pesaran (1974), Deaton (19821, Dastoor {19833,
Goureroux of al. (19833, Mison and Richard (1986,
and MeAdeer and Pesaran (1986),

AlC: Akaike Information Crterion (AIC)

SBIC:  Schwary's Bayestan Information Criterion (SBIC).
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