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1. InLroduction

The finandial deregulation of the Australian financial system during the
1980s undermined the role of manctary aggregates as uscful intermediate targets
{(Milbourme, 1990). Since the finating of Lthe Australian doellar in December 1983, the
Reserve Bank of Australia (RBAY has used the official cash rate (the cost of funds
for interbank clearing) as an operating instrument for the conduct of monelary
policy (Dotsey, 1987, 1991).

In a deregulated environment, monctary shocks are transmilted to the real
econamy Lhrough changes in inlerest rates and asset prices.! Il economic activily
respands Lo movements in the long term inlerest rale bul the monetary authaorities
use the shorl term inlerest rate as an operating instrument of monctary policy, the
Lerm structure of interest rales is becoming important in the monetary transmission
mechanisa.

According 1o the expectation theory of The lerin structure of interest rates,
which is an arbilrage equilibrium condition, the long term rale is determined by
the current and the expecled short term rates over lhe same time horizon as the
long term rate. In addition, under ihe expectation theory, the moncy market
determines the shorl lerm interest rates as a weighted average of the curren! and
expected levels of the inlerbank rale over the the same horizon as that of the shart
tale. Consider, for instance, a corporation which has the oplions of buying a
treasury bill or fending its funds overnight for (hree monlhs {Goodfriend, 1988,
1990). To the extent thal the monetary authorilics affecl the current and expected
future Interbank rates and the theory is valid, the long term rale can be influenced
through the effect of monetary policy actions on the short term rate.

Recent developmenls in the theory of cointegration have been used to test
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the expeclation theory of the term structure, I earlier work, Campbell and
Shiller {1987} examined post-war lerm structure data for the US using a vector
autoregessive (VAR) system which incorparated an error-correction model for the
shon rate? They found evidence in favour of the weak implication of the
expectation Lheory, namely that the spread Cranger-causes chianges In the shont
rate, However they could not accept the full set of efficient market restrictions
implicd by the theory, MacDonald and Speight (1992) have investigated Lhe
expectation theory ina VAR context using Belgian, Canadian, German, UK and U5
data. They found mixed evidence concerning Lhe weak implication of Lhe theory
and alse rejected the efficient market restrictions for all countrics apart from the
LK, fur which the tests confirmed the results in MacBonald and Speight (1988). In
a recent study Taylor (1992) tesied alternative mwdels of the yield curve using
weekly dala on UK interest rates. s evidence indlcates that the expectations and
the risk premium models are both rejected. On the other hand, the data supported
4 marketl segimentation moddel.

The present paper examines comovements belween interust rutes in
Australia over the deregolated period 1984-1991* using the cointegralion approach
developed by Phillips and Hansen (1990) and the vetevant Wald test for the unity
restriction of the yield curve, Next, il investigates the information content of Lhe
yield curve by testing () whether the spread between the short teom interest rate
and the official cash rile is informalive in forecasting changes in the ofticial cash
rate, and (b) whether the spread between the long term amd the short lerm interest
rates has predictive power for future changes in the short rate as predicted by the
expectation theary of the term stucture. It then proceads with testing the

cetrivtiuns implied by the etficient markets view of the term structure.

it}
2. The Expeclalion Theory of the Term Structure of Interest Rales
The expeclation theory of the term structure of interesl rales holds that Lhe
n perod bond rate (R} is a weighled average of present and expecled fulure
short term interest rates (), In the case of discount bonds, the theory is wrillen as

[Mishkin, 199}

R.J:(”")Er(rr"" Trn-t) @

whete T, is lhe expectalion at lime L Subtracting r, from both sides of (1) and

rearranping, we oblain
¥

5,,~(URE[(n-DAr, (- Dbr, b, ] k)

where 5, =R, -+, denotes the slope of the yield curve. A positive {negative) yield
curve predicls that the short rates are expecled to rise (fall) in the future. Thus, the
expectation is thal future short rates, and hence Lhe long rale, will be above
{below} the current shorl rale.

In the case of coupon bonds, the expectalion theory is wrilten as (Shiller,

1979)

R~ “)Ta . &)
-0

where Ocu=(1/1/R}<l and R is the mean long term rale. According 1o equation
{(3), more recent values of © play a grealer role than earlier values, and hence
recenl oues are weighled more heavily. Subtracting r, from both sides of (3} and

reprranging, we oblain
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Equation (4) shows that the spread is equal to the oplimal forecast of future

changes in the short rates.

3. Methodology

As Campbell and Shiller (1987) argue, if Ar, is stationary then equation (4)
implies that 5 1s also stalionary, or allernatively that R, and r are colntegrated
with a cointegrating vector (1 -1] (Engle and Granger, 1987). Thus, we can model
the dala generation process of Ar and 5 as a bivariate VAR system, in the contexi
of which the information content of the yield curve can be examined.

Consider the following bivariate VAR model

Az=F+A(L)Az | te, (5)

where z=[ar 5] is a 2xl vector of endogenous variables; =0, )" is a fixed
interccept vector; A(L=IAL(R) AL(L) is a 2x2 polynomial matrix in the lag
operator, with A L=[a(L) c(L)} and A UML) QL)) E=le, et is a 2x1 vecior
of whits noise ervors with properties: (e)=0, E(e e’ =¥, when =5 and zero
olherwise, with £ denotling the varance-covariance matrix of residuals. The
polynomials in the lag operators atL), b(L), o(L), and d(}.) are all of order p.

An investigation of the expectalion theory of the term structure for the
VAR system {5} is that S, will Granger-cause the future path of Ar, if agents have

information beyond the history of Ar. Moreover, following Canmiplell and Shiller
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{19873, the full sel of resiriclions implied by Lhe efficient markel hypathesis are
derived as ¢=-a, {i=12,..p), 4=/}l and di=-b, Gi=2,...p). Using this sct of
restrictions to eliminate ¢ and d, from the VAR syslem and adding the equations
for ar, and 5,, we oblain S, -(1/0)5,,  FAR=T 410000, Thus under the efficiont
market restriclions the expression £=5,,-(1/)S,, ,+Ar, is unpredictable. Tience a
tost of this sel of resltriclions can be obtained using a Wald test of the
arthegonality of € on the information set consisting of lagged Ar and S,

Estimation of the VAR system (5) requires investigation of the time series
properlies of the variables involved. To lest whelher a time series is integrated of
order one {I(1)) against the allernative of zero ordcr‘inlogralinn ), a number of
unit rool tesls have been developed (Fuller, (1976), Dickey and Fuller (1981),
Thillips (1987) and Perron (1988)). The hypothesis thal S,, is stationary can also be
invesligaled in a bivariate conlext by testing whether or nol R, and r are
coinlegrated wilh a cointegrating veclor [1 -1} In the presence of endogenous
TeRIESSOrs and residual serial correlation, lhe OLS estimales of the parameters of
the cointegraling equalion are biased and cannol be used lo lest parameler
restrictions. Phillips and Tlansen (1990) have developed an approach which
corrects for Uhis blas. They have also produced a modified Wald statistic to test
finear restriclions on the paramelers of coinlegrating regressions.

Consider the lollowing model,
Yol re, (®

Ax v, v/
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We assume that y, and x, are 1(1) processes and cointegraled, and u=(w,v)’
is stationary wilh zera mean. To Lest for A=1, we should correct fur the bias of A
arising from the presence of endogeneily and serial correlation. Phillips and
Hansen methad gives a fully medificd (bas-adjusted) least squares eslimate of L

ai:

T T
l:=[[.;y:x,-7'b'llr.x‘2]‘l (8)
i= =]

where y', =y, - 0,00, x, § = (L0400, Ay ALl

T g i
(=) =1 Yua + TP Enlrag)Elog, + v
t=| 1=1 t=1+l
T ] T
A=Al =T Yuu, + TEnfegrElun,,)
t=1 =1 l=f+]

and (2 is the Newey and West {1987} estimator of the variance-covariance matrix
with q tags of autocovariances and weights 0. The correction for endogeneity
and serial correlation is provided respectively through the use of y" and & in

expression (8). The modified wald (MW) Lest slatistic for testing A=1 is given by:

L
MW=(*- 10, ®(Exh 1] 1-x%(1) )]
=t

where 2, = Q{4 102,76Y,,.

4. Empirical Resulls

4.1 [ﬁlegralion and Coinlegration Analysis

The empirical analysis is carsied oul using quailerly data on the 3-month
treasury nole rate {i), the official cash rate (o), the two {2y, live (Rg) and ten (R
year treasury bonds rates over the pericd 1984-1921, taken from dx v2.1 data base.

The stralegy recommended by Perron (1988 is used to sl for vpit roots.
The lest stalislics of the single hyputhesis of one unit root, and the joint
hypatheses of a unil root and a zero trend as well as a unit rool and a zero mean
for both the levels and the first differvnces are reporled in Table 1.

With regard 1o the interest rates tevels, none of the tesls can reject the null
hypulhesis of 4 unit rool. On the contrary, the hypmhesis of a unit reel in the first
differences of 1he interest rales is rejected at Lhe 5% significance level for all the
series. As far as the spreads are concerned, Lhe tests reject Lhe joint hypothesis for
the level of 8, and the single hypothests of one unit root (withoul trend and
mean) for Uhe levels al S, 5;, and 5, Overall, the wnivariate lests suggest that the
inlerest rates are (13, whereas the sproads are H0) processes.

The comovements of the interest rates entering the definitions al the
various spreads are also investigated by mwans of cointegration tests. In this
respect, it should be naled (hat the existence of cointegralion between y, and x, is
nol a sufficient condilian tu ensure that e spread Sy ¥, 15 @ slalianary process,

1l is also requires that A=1. Ta sec Uhis, rewrite 1he madel (6} as (bllows:

Sl:yl.xle(l l)x'lu! e

Since u, is an Q) process {we assuine cainlepration), il Az! equation (10} implies
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that the spread conlaing the same depree of persistence as x,. Then the only value
of Lhe cointegrating parameler A that will imply 5, - [(0) is A=1.°

The Phillips and Llansen Lests for cointegration between the shart lerm and
the long teom rates, and belween the official cash and the short term rates, which
appear in Table 2, reject the null hypothesis of noncoinlegration in all cases. In
addition, the modified Wald test does not reget  Lhe hypuihcsis that A=1,
confirming the results obtained from the infegration analysis. The nonrejection of
the restriction that A=1 implics {hst the inlerest rate spreads do nol conlain a
permanenl component,

Overall, the tests indicate that the interest rates are 1(1), but their spreads
are 1) supggesting that the data gencration mechanism of (5, ,, Ar} is modeled as a
bivariale VAR system in the condext of which the information conlent af the yield

curve can be examined

4.2, The VAR Analysis

The stralegy adopted in specilying the number of lapped Az lerms in
equation (5) was based on Sinv's (1980) likelihood ratio test corrected for the
degrees of freedom® A maximum number of four lags was considered in order to
presecve a reasonable number of degrees of freedom. The selected lag length was
alsa checked for the presence of serial correlation associaled with the runcation of
Lhe lag stucture. Table 3 reports the selected lags and residual misspecification
tests. The diagnostic {usls reject the presence of serial correlation, hinclional
misspecification and heteroscedasticily. The normality test suggesls that the error
process represents o randonm sample from a noonal distribation.

The results of Granger causality tests given in Table 4, suggests that the

past history of the spread at two, live and ten year maturity has information
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content for shorl term interest rale changes, as predicted by the expectation theory
of the term siruclure. In addition, the spread belween the Lreasury nole rale and
the official cash rate has prediclive paower for changes in the cash rate.

The existence of causalily fram Ao o (i-0) seems to sugpest thal monetary
policy aclions can alfect the inlerest rate spread al short horizons by intervening
on the cash rale. The evidence that the inlerest rale spreads are Granger exagenous
with 1espect lo changes in the lreasury note rale may indicate that they are only
affected by inflatlonary expectations.

The results of the efficient markets (EM)} view of 1he lerm structure are
reported in Table 5. The evidence indicales that the EM restrictions of the VAR
model are nol rejecled by the data.

The nonrejection of the expeclation theory of Lhe term slruclure seems Lo
indicale that the Awustralian monelary authorilies have not been strangly
commitled lo maintaining shorl lerm inlerest rales targels in the deregulated
period. FHad this been Lhe case, expecied fulure short rates would have been equal
1o lhe actual short rate and varialions in the spread would only reflect variations
in the tesm-premium (Maekiw and Miron, 1986). A further implication of these
findings is that the monetary authorities could influence the shorl term rate and,
thereby, the long lerm rale by inlervening on lhe current level ol the cash rate, as

well as on ils expected path.

5. Concluding Remarks

This paper has examined the expeclalion lheory of the term stricture of
interest rales by looking at lhe information content af the of the yield curve. Given
the evidence an the presence of a unil reol in the levels of the inelrest rates, the

lime series properties of the spreads were invesligaled by wmit root and
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cointegration lests. The resulis suggest that the the spreads ave the same order of
integration as the first differences of the inlerest rales. An imeresting aspect of Lhe
VAR analysis is the evidence thar the spread bitween the long term rates, and the
3-month treasory note rate has predictive power fur changes in the short rate,
which is consistent wilh the expectation theory. Furthermore, the spread between
the 3-month note rate and the offictal cash rote bas prediclive power for
muovements in the cash rate. One implication of these findings is that the Reserve
Bank of Australia could influence the long term rate by changing the cash rafe.

Finally, the EM restrictions are tested and accepted by the data.

NOTES

1.For a theoretical discussion of the monelary transmission mechanism, sce Brunner and
Mettzer (1990).

2.1n a recent contribution, Campbell and Shilter (1991} using US posl war-data showed
that the spread between the loug and the short rate forecasted rising short term interest
rates, but a declining yield on the long tlerm bond a finding which was incansistent with
the expectation theory of e term structure.

3.1n our analysis, we lake the start of the deregutated period Lo be 1984, s0 il coincides
with the foating of the Australian dollar, the adoplion of an interest rale operating
instrument procedure {(Datsey, 1987, 1991), and the abolishment of all remaining controls
on bank deposils interest rates. Fahreer and Rohling (1992} have also used 1984 as the stant
of the deregulated period.

4. A simple exposition of the Phillips and Hansen methodalogy is given in Livans and
Lewis (1992).

5. l'aking variances in equation (10) yields
o2=(-1Ye+ra?

This equalton shows that ¢° Is dominated by o, unless A=1.

6.The seleclion of the lag order was also based on Akaike's (1969) inforiation criterion
as implemented by Hsiao (1979). The results were similar with lhose oblained by the
Sinv's crilerion.
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Table 1
Phillips and Perron Unit Rool Tesls
STATISTICS

V/ble L D, o T T T Tee The Tay
i 231 155 113 20 223 -03 199 -047 2.2
o 326 220 155 -228 -263 -0.14 231 05 264
R, 208 140 072 1B 207 038 1.79 -065 2.04
Ry 241 167 200 -210 -218 -055 207 -095 214
Ris 369 267 359 -285 -233 -098 281 -i69 229
S 18.66" 12.59° - 643

5, 271 185 304 -233 247 224 212 05 122
S 248 169 187 214 -234 -216* -1.10 @12 -1
S 241 166 157 204 231 213* -1.10 €13 -110
i 11.25% 751 - -5.05*

Ao 1207 g14° - -5.17*

- AR, w7 719 - -4.93*

AR 13.50% 9.02* - -5.57*

AR, 15.05* 10.08° - -5.98°

Notes: The calcaiated statislics are those reported in Dickey and Tuller (1981). The eritical
values al 5% with T=25 are; @,=7.24, @568, =518, 1,=-3.60, 1,=-3.00, =-1 a5,
T,,=3.20, 1,,=2.85, 1,,=261. The critical value of © at 5% with T=30 is equal to -1.90
(Blangiewicz and Charemza, 1990). The lag lenglh of the Phillips and Perron test is sct
equal lo 5 to ensure while noise residuals. Sleri, 2,510 and 5,, = io.

* Indicales significance al 5%.

Table 2

Cointegration Analysis of Interesl Rates: y=Ax+u,

YoX, A 1§ Wald-Test Thillips-Terron Unit Root Tests on Residuals u,
Hpd=t &, @y o, 1 i 1 T Tpe Lo

i 092 090 069 1847% 12.46° - -6.40"

R,i 096 008 300 275 188 3327 -237 -250 -2.53+ -026 0.02 025

R,i 09 - 229 249 171 197 -216 -235 -238+ -2.83 00% -0.27

Rpi 094 - 2.07 242 167 164 205 -231 235+ -034 010 -0.32

Notes: The modilied Wald test is distributed as X¥(1). A negative R is not reported. * (+)
indicales significance at 5% (10%).

The crilical value of T al 10% with T=30 is -2.35(Blangiewicz and Charemza, 1990).

The critical value of 7, at 5% with T=50 is -3.29(Engle and Yoo, 1988).

it is worth noling that the Engle and Yoo mode! includes an intercept whereas ours does
not, and hence the critical values are only indicative.

See alsa noles to Table 1.
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Table 3
Residual Misspecification Tesls in the VAR Madel (5)

System lags Dep. R SEE SC FF NGO HE ARCH
V/be QU3 U F Y2 0y U
5,0 1 5, 052 09280 1861 1773 018 (41 000 1342

(0.14) =.10) (=50 (>.80) {99 (>30)
Al 016 1.7041 15.84 1374 209 0.92 0.00 11.08
(026) (=301 (=.10) (.50) (.99 (>50)

5,41 1 S 059 1.1325 189 1819 0.21 019 115 14.47
{0.12) (>.10) (>50) (>.90) (>50) (>.20}

A .13 1.7375 1432 1340 099 Q.51 0.00 9.91

{0.35) (=30) (30 70y (=99 (50}

5.Al 1 5, 064 12924 2028 1679 029 002 037 1469
(009) (=100 (>50) (>98} (=501 (=20}

Ad (USR] 1.7568 13.18 1345 123 Q026 00 9.64

{0.43) =300 (2 B0y (.99 (>.50)

Ao 4 S. 058 04583 1816 2073 001 081 153 1137
(0.11) (>.05) {>.90) (>.50) (>.200 (>.30)

Ao 062 12695 692 1852 231 024 005 1269

{0.86) (>.10) {=10} (=80 (>.B0) (>.30)

s

Nates: SEE is the standard error of The equation. Q(33) is Ljung Box () statistic for serial
correlation at 13 degrees of freedom. The (O statistic of the syslem 5, A0 is catculated at 12
degrees of freedom. SC is 1he Lagrange multiplier test of residual serial correlation. The
Rinmsey’s RESET test of functional specification (FF) uses the square of the fitted values.
The Jarque Bura normality test statistic (NO) is based an a lest of skewness and kurtosis
of residuals. The Lest of heteroscedasticity (HE) is based on the regression of squared
residuals on squared fitted values. ARCH refers to the test slatistic for autoregressive
conditional heteroscedasticity. Numbers in parentheses are p-values.
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Table 4

Granger Causality Tesls

System Dep. V/bla Ftest p-value

5. ai 5, T HAioS, 01817
Al H 28—l 0.042%°

So 54 H A5, (1. 1886
Ai Ho 5, i 0074+

5,0l S H A5, 0. 1684
Al H5 - i 0.1026 +

S S, 4095, 0.04°
Ao 11,55, ~Aa 0.0068*+"

MNotes: The F tests are calculaled for the joint hypothesis thal the coefficients af the lags of
the independent variable are zero. The symbal — means that the independent variable
does not Granger canse the dependent variable. **¢, %, ¢ denate signilicance at 1%, 5%,
aid 10%., respictively.

Table 5
Tesls of the Efficient Markel Restrictions

Syslem F-test

5,41 22905811
S.Ai F(2,24)-0.0338

5,0 A F(2,24)=0.3827

S..A0 148,15)=1 6731

MNotes: The tesls are oblained as Lhe F-tests of lhut.:“ioint hypothesis Lhat the lagged values
of 5, and Al are insigoificant in the regressions of £-5, (/)5 1 4i, on lagged 5, and
Al
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