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1. Introduction

This study investigates firstly the market efficlency hypothesis for five major
exchange rates of the Australian dollar {henceforth, AB) before and after the float by
n;eans of the cointegration methodology developed by Johansen and Juselius (1990a), and
then, if exchange rate convergence exists, it examines which spot rate has borne the
burden of adjustment to equilibrium.

In a recent article, MacDonald and Taylor {1989) provided evidence in favour of
the hypothesis that foreign exchange markets are efficient, since non-cointegration
between a number of US bilateral exchange rates could not be rejected.

The present study argues that foreign exchange markets involve the simultaneous
determination of several exchange rates through international arbitrage, and therefore
testing the efficiency hypothesis in a bivariate framework Is incorrect. The other problem
with testing the concept of efficiency In a bivariate framework Is the interpretation of
nonrejection of the null hypothesis of noncointegration being regarded as equilvalent to
the market efficiency hypothesis. This paper tries to remedy these problems by using a
multivariate procedure for testing the markel efficiency.

The rest of the paper is organized as follows. In Section 2, methodological and
theoretical Issues are presented. Section 3 reports and discusses the results. Concluding

remarks are given in Section 4.

2. Methodological and Theoretical Issues

It 1s an emplrical fact that many macroeconomic time series are characterised by
nonstationarities. Under nonstationarity, the classical ¢ and F-statistics are inappropriate lo
test theoretical restrictions because the limiting distribution of the asymptotic variance of
the parameter estimates is not Anitely defined [see Fuller (1985)]. In order to test whether

a time series contains a unit root, Le., It is integrated of order one (I(1)), the parametric
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tests developed by Fuller (1976), and Dickey and Fuller (1981) are used. Recently Phillips

(1987) and Perron (1988) have proposed nonparametric tests which allow for serlal
correlation and heteroscedasticity. These tests were also conducted In this study.

The long run linkage between a number of serles can be looked at from the
viewpoint of cointegration [see Engle and Granger (1987)]. Let x(t} be a vector of n-
component time serles each integrated of the same order k Then x(1) is said to be

colﬁtegrated of order k;p, if there exists a vector A such that:
s()=A"x(t)

is I(k-p), p>0. Stationarity of s(t) implies that the & elements of x(t) do not ddift away from
one another over the long nun, obeying thus an equilibrium relationship. If A exists, it
may not be unique as there can be several equilibrivm relationships. If the number of
variables to be tested for coinlegration is greater than two, the testing procedure
developed by Engle and Granger is mnot applicable, since it does not address the
possibility that more than one cointegrating vector may be present. Recent advances in
cointegration theory [Johansen and Juselius (1990a)] have developed a maximum
likelihood (ML} testing procedure on the number of cointegrating vectors which also
allows for inference on parameter restrictlons. The ML method uses the interim multiplier

form
-t
Ax()-ETLAG-D -1 300 i 909 N
£l
of the vector autoregressive (VAR) representation of the system, where x(t) Is a nx1 vector

of variables of Interest and I1, 13 a square nxn matrlx of rank r<n, p is a nx1 vector of

constant terms, and v(t) is a nx1 vector of residuals. The testing procedure Involves the
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null hypothesis Hy IT=cf); i.e., there are at most r cointegrating vectors BuBy-.. B, which
provide r stationary linear combinations {¥'x{t-q).

The testing procedure is based on regressing the n-element vectors Ax(t) and x(tq)
on Ax(t-f), i=1,....4-1, and possibly on a constant and seasonal dummies, and obtaining the
associated n-element residual vectors R,(t) and R (8). The test statistic for the number of
cointegrating vectors is obtained by solving the eigenvalue problem

FA84 - 8,85y | = 0

T
where 5; = T'IR R, ij=0,q, and T denotes the number of observations.!
t=1

The likelihood ratio {LR} statistic for the hypothesis Hall =ap’

-2In(Q:E, |B)=-T ¥ In(1-1 ) (2
izl

i5 a test that there are at most r cointegrating vectors versus the general alternative (trace),
where A, corresponds to the n-r smaller eigenvalues. The nxr matrix of cointegrating
vectors @ can be obtained as the r, n-element eigenvectors corresponding to A,

The LR statistic for testing Hy(r) in Hy(r+1) is given by:

-2In(@:r|r+1)=-Tla(1-1,,,) @)

The LR statistic for testing the hypothesis for zero loading factors Hyc=AY is

' The calculation of the eigenvectors of 554", with respect to S,y can be
transformed into a standard eigenvalue problem by using Choleski decomposition
S=CC. since the eigenvalues that solve I AS45,5a 5y, | also solve | AI-C*S, 5050, C"
'1'=0. Premultiplying the eigenvectors of the standardized problem by C*, one can obtain
the original eigenvectors normalized such that ES,E=l. The calculations of the
eigenvectors have been performed using the computer package RATS 3.0, VAR
Econometrics, Inc/Doan Associates.



given by:

~2In(Q:H, |, 2)=T)E:1n[_(1.ﬂi_"i).] {4)
i=1

(-1

which is asymplotically distributed as ¥* with r(n-k} degrees of freedom: k demotes the
restrictions on matrix o

Let x(©) = GAD) ... ¥(DY be a 5-dimension vector of spot rates. The weak form of
market efficiency for the spot rate x'(t) requires that there is no difference between its
expected value (E(s'(t)) conditional on two different information sets [see Fama (1970}].

That is,

EGs'@) Q- 1)=Es"®) |K-1)) &)

where Q(-U=(s'(t-1},..}, and It-D=(s'(t-1),...5(t-1),..}, with j=2,..5. In other words, the
past history of s'(t} incorporates all useful information in predicting its current value, If
the hypothesis of noncointegration is rejected, it will be regarded as an evidence against
the market efficiency hypothesis because of the prevalence of the error correction

mechanism.

3. Empirical Results

Monthly data on the exchange rate of the A$ against the US dollar (US), the
Japanese yen (J), the pound Sterling (UK), the German mark (G} and the French franc (F)
are used for the period January 1975 to February 19902

With tespect to the univariate time series properties of the data, the results

2 The period 1975-1983 was mainly the era during which the Australian currency
moved to a managed float from a pegged exchange rate to US dollar. The system of a
market determined exchange rate was adopted in December 1983.
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reported in Table 1 indicate that the null hypothesis of unit root is not rejected for the
levels of all the serles at a 5% significance level. In contrast, when fArst differences are

used, nonstationarity is rejected in all cases.

Table 1
Phillips-Perron tests Jor stationarity

A lian dollar bilatecal exchange rates
s ) [1;4 G F
. pre-float
Levels 219 -1.92 197 -1.41 123
First Diff, -12.02 1165 10.42 .65 <1271
post-fioat
Levels <206 0.64 -151 -1.43 -151
First Diff. -8.50 -9.48 <740 -8.42 -825

Entries are the values of the ZiL} test statistic which is calculated with a
lag length equal to 12 Cther tests based on Philllps-Perron procedure canfirm the
existence of unit roots. These results can be obtained from the authors, The critical
values are taken from Fuller, 1976 p373.

Two VAR models with a constant term, and 6 lags (q=6) are then estimated. The
selection of the lag structure is based on the residuals misspecification tests reported in
Table 2. On inspection it is observed that serial correlation is rejected at a 5% significance

level for all the equations.?

Table 2
Residunl Mispecification Tests in the VAR Model (1)

Dep. V/ble SEE Q24) skewness kurtosis o
pre-float
AlS 0.03 14.09(099) 2290000 1235(0.00)* 0.0005
af 0.03 3855(0.14)  -0.45(0.07 1.62(0.00)*  0.0005
AUK 0.03 17,3809  «1.34{0.00)° 8.59(0.00)* 0.0008
AG 0.03 26.48(0.65)  -0.53(0.03)" 1.49¢0.00)*  0.0007
AR 0.03 2305(0.81) -0.54003)* 382000 0.0006
post-float
AUS 0.04 34.19(0.08) D.21(0.49) 0.04(0.94} 0.0007
4l 0.05 30.26(0.18)  -D.57{0.06) 0.62(032) 0.0012
CAUK 0.04 24.020046)  -0.49(0.11) 1.02(0.10) 0.0014
AG 0.05 AN1045)  -0.540.07) 200(0.00)* 00013
AF 0.05 3470007 -0.55(0.07) L4000 00011

SEE refers to the standard error of the equation. Q(24) refers to Ljung-Box
Q statistic for serlal correlation at 24 degrees of freedom. o stands for the
variance. Figures In parentheses are marginal significance levels (MSL). * Indicates
significance at 5%.

he skewness and kurtosis tests seem to suggest the presence of nonnormality in
the pre-float regime.
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In order to check for the presence of a linear trend in the nonstationary part of the
data generation process, the hypothesis that a linear trend is absent {&'p=(0) is tested by
means of the approach suggesied by Johansen (1991). The trace test results given in Table
3 indicate that the absence of a linear trend cannot be rejected.

The results of testing for the number of cointegrating vectors between the five-A$
bilateral rates are also reported in Table 3. The LR test statistics that there are zero
cointegrating vectors or five common trends reject the null hypothesis against the 95%
critical value in both time periods. The trace test does not reject the hypothesis that at
least two but possibly three or four cointegrating vectors are present in the pre-float
regime. The maximum eigenvalue test does not reject the hypothesis r<2 against r<3. The
trace test statistic for the post-float regime indicates the existence of four cointegrating
vectors, implying that the change in the exchange rate regime has imposed two additional
equilibrium constraints on the data. This suggests that future movements of one exchange
rate can be predicted by using the information of other currencies. One implication of
these findings is that the market efficiency hypaothesis is rejected in a multivariate context.
The other implication is that overall the system has moved to a greater stability in the
post-float regime with four cointegrating vectors and one common trend.

Table 1
Johansen-Juselins Maximum Likelihood Cointegration Tests

r nr T, 9% T, 95% ml 95% mi 95%

pre-float
=4 1 631 9094 103 8083 &31 %094 103 8083
=3 2 1593 20168 9.54 17844 962 15752 851 14595
= 3 28.97 35068 2143 31.256 13.04 21.694 11.89 21.595
sl 4 S8.31 53347 5077 48.419 9.3 26167 93 27341
=0 5 97.65 75.328 84.25 69.977 39.34 34.397 33.51 33.262
pust-float
4 1 494 9094 494 8083 494 9096 491 8083
s3 2 2097 20,168 1927 17.844 16.03 15752 14.33 14555
s 3 41.45 135.068 39.75 31.256 20.48 21.894 2048 21.595
=1 4 69.71 53347 68.01 48419 2826 28167 2826 27.341
=0 5 121.05 75328 11935 69.977 51.24 34.397 5134 33.262

r and o denote the number of eigenvectors and comman trends
respectively. T, (T} and mA" {(m.) denote, respectively, the trace and maximum
eigenvalue statisncs for the restricted (unrestricted) model Critical values are
taken from Juhansen and Juselivs (19902, Tables A2, A3).
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Having established the existence of a long run exchange rate convergence, the
analysis proceeds to investigate whether this convergence has been achieved in a
symmetric way through adjustments by all exchange rates. In the VAR system (1), with
x(t), a and { defined respectively as x=(US J UK G F), o=(os 0 oy G o) and B=(fys by
Bux Bc Be) it is desirable to test whether the cointegrating relationship f'x(t-q) does not
enter all the equations of the VAR system. In fact, the loading factor o (j=US,J,UK,GF)
entering the jth equation serves as a test of weak exogeneity of Ax; with respect to the
cointegraing parameters [} [see Johansen and Juselius (1930b)].

The results of the likelihood ratio tests on loading factors reported in Table 4
indicate that the null hypothesis of zero loading is rejected for all currencies other than
US dollar during the pre-float period. This means that all other currencies adjust to clear
disequilibrium in foreign exchange markets. On the other hand, during the post-float
regime, the hypothesis of zero loading is rejected for US dollar, mark and franc. In this
period, adjustment in these currencies clear the disequilibrivm. The analytical
interpretation of these findings implies that exchange rate convergence has been achieved
in an asymmetric manner.

Table 4
Testing for Zzro Loading Factors

a-restriction eigenvalues AUnQ{H, 1H;}
pre-float

H, 0 =0 0.32 0.25 0.12 0.09 0.08) -

H, ' oe=0 031 0.250.12 007 0.00)  yX2)=1.49

H,oy=0 (0.28 0.16 0.09 0.09 0.00) £{2=17.35*

Hhoy=0 032020010 0.090.00)  xH2)=6.58*

H,:ae=0 {032 0200.05 007 0.00)  (D=6.58*

H, 0 =0 {0.31 0.21 0.11 0.07 0.00) L{(2=6.79*
post-float )

H; M =af’ (0.53 0.34 0.26 0.21 0.07} -

H, ays=0 (0520.26 0.21 0.0B 0.00)  {(d=24.02"

H, =0 {053 0.36 0.24 0.090.00)  ¥*{4)=9.35

H, ag=0 (0.54 0.320.24 0.170.00)  xXD=5.67

H, a; =0 (0.420.35 0.24 0.08 0.00})  (4)=25.45"

H o =0 (038031 0.24 0.07 0.00)  YH4)=34.78"

* indicates significance at 5% .



4. Cancluding remarks

The analysis of similarly integrated I(1) variables in a multivariate VAR framework
rejected noncointegration between the A% and other five leading currencies, and thus did
not support the market efficlency hypothesis. One implication is that the efficiency
hypothesis should be addressed in a multivariate context, when foreign currency
movements are interdependent through international arbitrage. Furthermore, the
nonexistence of a cointegrated relationship should not be interpreted as an evidence in

favour of market efficiency.
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