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Abstract

This paper presents a short-term Eurocurrency rate model that integrates dynamics from
the error correction, the lagged structure, the time delay and the underlying stochastic time
series patterns. From testing eight Eurocurrency rates, the evidence indicates that both the
short rate and the adjoining long rate are cointegrated. Estimations of the “transfer func-
tion—noise model’ suggest that the change in explaining long-term interest rate and error
correcting term are highly significant. As these two variables are found to have longer time
lags, the error-correction model integrated with the transfer function specification is more
appealing than the traditional regression model. © 1997 Elsevier Science B.V.
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1. Introduction

Recent empirical research analyzing interest rate time series has arrived at several
important findings. First, the levels of the interest rate series appear to be nonstation-
ary and the first differencing of the data rejects unit roots (Choi and Wohar, 1991;
Mougoue, 1992). Second, cointegration analysis suggests that a common factor is
present among the interest rates across different maturities (Arshanapalli and
Doukas, 1994; Mougoue, 1992; Engsted and Tanggaard, 1994), indicating that short-
term interest rates have a tendency to move together closely. Third, some evidence
shows that the unbiased expectation hypothesis of the term structure of interest
rates performs better in recent data (Fama, 1984; Mishkin, 1988), indicating that
changes in short-term interest rates can be predicted by the slope of the yield curve,
although counter evidence has been found by Shiller et al. (1983), Mankiw and
Summers (1984) and Mankiw and Miron (1986).

Two important messages are obtained from reviewing this empirical literature.
First, cointegration analyses suggest that it would be more informative if interest
rate behavior were modeled by an error-correction process because this representa-

1042-4431/97/517.00 © 1997 Elsevier Science B.V. All rights reserved.
PII S1042-4431(97)00023-1



202 T.C. Chiang ; Int. Fin. Markets, Inst. and Monev 7 (1997) 201-220

tion includes both the levels and the differences of the variables concerned. Kugler
(1990), Chot and Wohar (1991) and Bradley and Lumpkin (1992) present supporting
evidence for the error-correction model (ECM). Second, even though the ECM
provides a useful empirical framework and performs impressively, the model does
not fully utilize the dynamic information present in the interest rate behavior.
Specifically, most of the current studies in applied finance economics are based on
the original model proposed by Engle and Granger (1987) in which the error-
correction term is restricted to a one-period lag in a regression model form." A
longer and more precise lagged structure of the error-correction term beyond the
first-order lag has not been explored (Phillips and Loretan, 1991). Additionally, in
conventional regression analysis, other time series dynamics such as time delay and
underlying stochastic patterns have not been the main concerns.

In view of these considerations, this paper presents a coherent interest rate model
that integrates dynamics from the error correction, the lagged structure, the time
delay and the underlying time series patterns. The organization of the paper is as
follows. Section 2 provides a general discussion of dynamic specification, showing
that a linear restriction on the parameters leads to an error-correction representation.
Section 3 describes the data as well as reports the results for both of the pairwise
cointegration tests and of the estimates from the regression models. Section 4 presents
a model in the transfer function representation while reporting the related empirical
results. Section 5 contains the summary and conclusions.

2. Eurocurrency rate dynamics

A general dynamic relationship between the short-term interest rate R™ and the
long-term interest rate R™ can be expressed in an autoregressive distributed lag
(ADL) form as:

D(B)R™ =G(B)R"™ +¢,, (D

where D(B) and G(R) are polynomials; B is the backward shift or lagged operator;
and m <n. This equation states that the short-term interest rate is expressed as: (1)
a function of its own lagged values; and (2) the current and lagged values of long-
term interest. One popular dynamic application of this model is Hendry et al.
(Hendry et al., 1984, pp. 1040-9) expressing in ADL(1} as:

R =0+7R" +¢R"  +pR™, +€,. (2)

Subtracting R™, from each side of the equation and using 7+ ¢ + p =1, the following
expression is produced:

AR =3+ »AR™ —y[RI™; — R 1 +e€,. (3)

' An error-correction VAR implicitly accounts for such effects if lagged difference terms are appropriately
included. The difficulty of the VAR specification is that a uniform order of lag is usually imposed, and
this may not be consistent with the dynamic structure associated with a particular country. For this
reason. we employ a transfer function model in the following analysis.
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where iy =1 —p. This equation transforms the functional relationship from the level
as specified by Eq.(2) into a differenced form which is more appropriate to the
nonstationary data.

Notice that the interest rate spread in Eq. (3) can be viewed as an error-correction
term.? However, to treat the spread as an error correction, the series R and R!"
must be cointegrated and the cointegrated factor should not be significantly different
from unity. It should be pointed out that although the interest rate spread presents
in both the error correcting equation and the term-structure equation, the underlying
economics are different.® The [R{™, —R!™,]in Eq. (3) represents the magnitude of
the error that is bound to be corrected to influence subsequent changes of the short-
term interest rates, while this term in the term structure of interest-rate equation
reflects the markets’ expectations in relation to future changes of interest rates.

3. Data and regression estimation

In this section, the estimations are made using monthly data from January 1977
to December 1992. The Eurocurrency interest rates include data for the following
currencies: US dollars ( US), British pounds (BP), Canadian dollars (CD). French
francs (FF), German marks (GM), Japanese yen (JY' ), Netherlands guilders (NG)
and Swiss francs (SF). The deposit rates are measured by 1 month. 3 month. 6 month
and 12 month Euro-deposit rates. All the data are measured at the end of the
month and are obtained from issues of Bank of Montreal and Harris Bank: Forcign
Exchange Weekly Review.

Since some of the interest rate maturities are longer than the frequency of the
observations, the data by their very constructions are overlapping. Moreover, a

2 The model form in Eq.(3) was derived based on the assumption that the right-hand-side variables
contain the first-order lag. If sluggish adjustments occur, the change in the long rate and the spread will
entail longer lags as well. This issue will be analyzed in detail in a section of the transfer function model.
3 In term-structure literature, the expectations theory posits that the current two-period yield is an average
of the current one-period yield and the expected one-period yield plus a constant term premium, (.. A
standard equation (Mankiw and Miron. 1986) can be written as:

AR™ = —20—Z[R™, —R" ] +¢€,.

Comparing this equation with our Eq. (3} in the text implies that 6= —20. y = —2, and ;=0. Note that
the risk premium term can be specified as time varying as:

0, =2y +a i +v.p=1and 2,

where @, is risk premium. 47 is a conditional variance, %, and %; are constant parameters. and v, is a
random error term. This equation can be expressed in many ways. For instance, Mankiw (1986) constructs
consumption betas to measure the risk: Simon { 1989) uses squared excess returns to explain risk premiums;
Chiang and Chung {1993) use the variation of the experts’ opinions on forecasting future interest rates
to proxy the uncertainty. Recently. interest rate uncertainty has been modeled on the basis of conditional
standard derivations (p=1), conditional variances (p=2) (Engle et al., 1987.Engle and Ng. 1993;
Koutmos, 1996). or by conditioning on other macroeconomic variables (Lauterbach. 1989). To model
the time-varying risk premium is beyond the scope of this paper.
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Country  Constant R™ R™, R™, R? w(l) 0(24)

1 month (#7) and 3 month (n) rates

us —0.003*** 0.834* —0.070 0.251** 0.97 0.59 24.46
(1.82) (10.36) (0.72) (2.54)

CD —0.003%** 0.727* —0.327 0.618* 0.97 1.89 17.44
(1.86) (9.80) (1.04) (8.19)

BP —0.003 0.807* —0.028 0.240* 0.94 0.94 18.30
(1.30) (14.41) (0.28) (3.01)

FF —0.002 1.162* —0.337** 0.180*** 0.92 0.01 30.91
(0.59) (9.44) (2.23) (1.75)

GM —0.001*** 0.936* —0.412** 0.486* 0.99 1.04 32.57
(1.68) (8.48) (2.39) (4.37)

NG —0.002** 0.889* —0.226%* 0.350% 0.98 1.39 34.46%**
(2.02) (14.05) (2.32) (4.07)

SF —0.002%* 1.008* —0.239** 0.256* 0.97 4.64** 38.62%*
(3.13) (14.38) (2.38) (2.82)

JY —0.002%** 0.929* —0.261*** 0.364* 0.96 2.03 104.66*

*(1.68) (11.47) (1.86) (3.98)

3 month (m) and 6 month (») rates

UsS —-0.001 0.981* —0.283*** 0.304%** 0.98 0.04 11.26
(0.94) (28.58) (1.67) (1.82)

CD —0.001 0.968* —0.507* 0.553* 0.99 1.83 54.95*%
(1.53) (24.59) (8.20) (8.45)

BP —0.001** 0.580* —0.231** 0.638* 0,95 0.45 18.65
(2.07) (6.31) (2.22) (7.43)

FF —0.002 1.289* —0.818* 0.542* 0.98 0.71 53.29*
(1.44) (31.29) (8.27) (6.55)

GM —~0.001** 0.987* —0.645* 0.663* 0.99 0.82 11.31
(1.97) (12.45) (4.91) (7.05)

NG —-0.001 0.983* —0.340* 0.363* 0.98 0.36 16.05
(1.34) (20.96) (2.79) (3.10)

SF —0.002%* 0.854* —0.341** 0.514* 0.98 5.97** 28.26
(2.35) (7.62) (2.22) (3.43)

Y —0.003* 1.024% —0.456* 0.482* 0.98 15.28* 41.94%*
(4.15) (19.91) (4.01) (5.76)

6 month (#7) and 12 month (n) rates

us —0.003%** 1.074* ~0.760* 0.697* 0.99 2.33 52.14
(1.94) (17.58) (7.73) (6.04)

CD —0.001 0.958* —0.635* 0.690* 0.99 1.27 33,78k **
(1.24) (27.58) (8.50) (9.16)

BP —0.010% 1.045* ~(.392*%* 0.434* 0.92 11.17* 44.53*
(3.24) (18.29) (2.45) (2.97)

FF —0.004%** 1.051* —0.299 0.281%** 0.97 2.44 69.98*
(1.94) (11.29) (1.47) (1.78)

GM —0.002* 0.965*% —0.447* 0.506* 0.99 12.37* 44, 57*
(3.51) (17.03) (3.78) (4.63)

NG —0.001* 0.973* —0.356* 0.383* 0.98 2.31 19.33
(2.64) (22.01) (3.00) (3.41)
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Table 1 (continued)

Country Constant R™ R, R™, R? W(l) Q(24)

SF —0.003* 1.114* —0.309%** 0.243%** 0.98 11.43* 27.11
(3.95) (20.32) (1.92) (1.74)

JY —0.002** 1.081* —0.714* 0.667* 0.99 4.99%* 50.91*
(2.32) (17.37) (6.68) (7.59)

| month (m) and 12 month (n) rates

us —0.003%** 0.914* —0.551* 0.656* 0.96 0.74 39.59%*
(1.65) (8.09) (4.29) (6.82)

CD —0.004%** 0.614* —0.304* 0.727* 0.95 2.47 2213
(1.835) (7.91) (3.67) (13.58)

BP —0.010* 0.752* —0.161 0.509* 0.91 12.44* 32.41
(3.60) (10.34) (1.35) (5.14)

FF —0.005 1.576* —0.916* 0.359* 0.82 0.10 71.38*
(0.87) (5.94) (3.64) (3.56)

GM —0.002%* 0.871* —0.534** 0.687* 0.98 2.42 32,16
(2.28) (4.18) (2.47) (11.04)

NG —0.002 0.970* —0.501* 0.549* 0.95 0.80 36.65*%*
(1.55) (7.69) (4.42) (7.14)

SF —0.006* 1.092* —0.385%* 0.392* 0.95 18.55% 51.86*
(4.55) (9.84) (2.54) (4.01)

JY —0.005%* 1.192*% —0.843* 0.726* 0.94 5.72%* 61.44*
(2.45) (9.35) (6.45) (12.72)

The estimated equation is: R™ =C+7R{™ +9R™ | +pR™, +e,.

*, ** and *** indicate a statistically significant difference from zero at the 1% (=2.62), 5% (=1.98) and
10% (=1.65) levels for the ¢-ratios. The critical values for y*(1) are 6.63, 3.84 and 2.71 at the 1, 5 and
10% levels for the Wald test, respectively. The critical values for y*(24) are 42.98, 36.41 and 33.19 at the
1, 5 and 10% levels for the Q(24) test, respectively.

The numbers in the parentheses are the absolute values of the r-statistics.

number of recent researchers have shown that interest rate volatility has changed
markedly in the recent sample period (Mishkin, 1988; Klemkosky and Pilotte, 1992;
Longstaff and Schwartz, 1992). Thus, the error term in the test equation is likely to
behave heteroskedastically. To address these two empirical issues, we employ the
procedures proposed by Hansen and Hodrick (1980), White (1980) and Newey and
West (1987) in order to achieve a consistent estimator.?

The estimations are conducted by fitting the following four pairs of interest rate

4 The White—Newey—West estimate of the variance-covariance matrix allowing for conditional hetero-
skedasticity is given by P(f)=(X'X) 'W(X'X) ', where X denotes the right-hand-side variables. The
matrix W is calculated by:
. 1 T=1
W= Z {U—[KAL+ DB > dex,x]—d .
k=1 T

When w is equal to zero, the weight becomes unity and W reduces to Hansen and Hodrick’s specification
(Hansen and Hodrick, 1980). A special case occurs when o = 1, which is the smallest value that guarantees
a positive definite matrix (see Doan, 1991, p. 14-138).
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maturities:  [R!™ and R}, [R}™ and R{™], [R®" and R!*"], and [R!™ and R!™].
The estimates of the interest rates represented by Eq.(2) are reported in Table 1.
Impressively, the shor:-term interest rate is seen to be significantly explained by its
own lagged value and the current and lagged long-term interest rate. The explanatory
power in this equation is high; the R? ranges from 0.82 to 0.99. The coefficients for
the current long rate are positive. However, the (one-period) lagged long rate has a
reverse sign. The AR(1) term of the short rate is positive, meaning that the current
level of the short rate will project the next period’s short rate moving in the same
direction. With the exception of a few cases in the lagged long rates, all the coefficients
are highly significant. When we test the restriction that 7 +¢+ =1 using the Wald
test [W(1)]. in the majority of cases, the null cannot be rejected, especially for the
pairs of interest rates [R!™ and R}™] and [R}™ and R®"]. These findings suggest that
the parameters in Eq. (2) contain very similar information to those of Eq. (3).°

As we mentioned earlier, in order to model the relationship between short-term
interest rates and long-term interest rates in an error-correction framework, it is
necessary to investigate whether they are cointegrated. To this end, we employ the
procedure proposed by Johansen (1988, 1991) and Johansen and Juselius (1990).°
A multiple-dimensional vector autoregressive model with Gaussian errors is given
by:

Xy=A X, + A X o+ A A X o Fe 1=1, 2T, (4)

where X, =(R!™, R}, R, R}*™),and ¢,. is1.i.d. N(O, X). By taking first differencing
on the vector level, we write the model in error-correction form as:

AX[:FIAXIAI '+F2AXI_3+"'+rk_1AXr~k+l -\PXth +€1. (5)

where W=/— A4, —A,—---— A,. This ¥ matrix conveys information about the long-
run relationship between the X variables [R{™. R{”]. with m<n and the rank of ¥
is the number of linearly independent and stationary linear combinations of
[R" and R!™]. Thus, testing for cointegration involves testing for the rank of the

* Exceptions are found in the cases of the SF and JY. I suspect that the rejection is due to the absence
of longer lags of the explanatory variables.

¢ Dickey-Fuller (DF) and augmented Dickey-Fuller (ADF) tests are commonly used to test the unit
roots for the series under investigation ( Dickey and Fuller, 1979, 1981 and Fuller, 1976). The test results
for the | month, 3 month, 6 month and 12 month Euro-deposit rates indicate that, with the exception of
the 6 month rate for the BP, the null hypothesis of a unit-root for the Eurocurrency rates with various
maturities cannot be rejected. This indicates that, in general, the levels of the interest rates are nonstation-
ary. However, the null is strongly rejected for the first difference on the interest rates. suggesting that the
differenced series themselves are stationary. These results are similar to the findings reported by Kugler
(1990). Mougoue { 1992) and Chiang and Chiang (1995). In addition, unit-root tests were performed on
residuals of the cointegrating equations for 1 month on 3 month {«,,,). 3 month on 6 month (13 ),
6 month on 12 month (#._,,,) and 1 month on 12 month (u, _,,,) maturities. The evidence uniformly
shows that the hypothesis of nonstationarity is rejected at a highly significant level, That is. the residuals,
us. are 1(0). suggesting that R and R{" are cointegrated. That is, [R{™ — R{™] = u{"". where {"-" is an
error derived from a coirtegrating equation in which the level of the short rate R is regressed on the
level of the long rate R{".
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¥ matrix, r, by examining whether the eigenvalues of ¥ are significantly different
from zero.

Johansen (1988, 1991) and Johansen and Juselius (1990) propose two statistics
for testing the number of cointegrating vectors: the trace (/i.c) and maximum
eigenvalue (An,,) statistics. The likelihood ratio statistic for the trace test is

»
e ()= =T % In(1—7)), (6)
i=r+1
where )f,+1-~-/"fp are the p—r smallest eigenvalues obtained from the ¥ matrix and
T the number of usable observations. The /.. statistic tests the null hypothesis
that the number of distinct cointegrating vectors is less than or equal to r, where »
1s 0, 1, 2, and so on.
The second statistic, the maximum eigenvalue, i$ A, Which is given by:

o r 1)y = =TIn(1—7,,,). (7)

This statistic examines the null that the number of r cointegrating vectors is tested
against the alternative of r+ 1 cointegrating vectors. Thus, the null hypothesis r=0
is tested against the alternative that =1, r=1 against the alternative r=2, and so on.

The results of Johansen’s cointegration tests for adjoining pairs of maturities
[R{™ and R!™] for each Eurocurrency rate with lags 2 and 4 are reported in Tables 2
and 3, respectively.” The values in Table 2 show that both the trace test and the
maximum eigenvalue test produce identical qualitative results. Comparing these
values with the critical values tabulated by Johansen and Juselius (1990), the null
hypothesis of no cointegrating vector (r=0) is rejected at the 5% level or better for
each currency rate. Similar results hold true for the horizons of [R{*™ and R{*™]
and[R{™ and R!'*™]. This resulting evidence suggests that there is one common
cointegrating vector in the cases of [R{"™ and RP™], [RP™ and R{®™] and the major-
ity of [RI™ and R\**]. Next, looking at the cointegration tests for
[R®™ and R{'*™], none of the values is statistically significant, and hence the null
cannot be rejected. The evidence thus indicates that the phenomenon of cointegration
is more likely to be present in interest rate series having shorter maturities. That is,
[R'™ and R$™] are more highly cointegrated than are the other pairs of interest
rates. This is due to the fact that the shorter-end interest rates are more flexible and
respond more sensitively to external shocks.

It has been argued that the robustness of the Johansen tests are sensitve to the
lag specification (Cheung and Lai, 1993; Lee and Tse, 1996). For this reason, we
also investigate the test results with different lag length specifications. Table 3 con-
tains the results with fourth-order lag in the Johansen test. In general, the qualitative
conclusions remain true. We find that cointegration also exists for the following
pairs of Eurocurrency rates: [R{'™ and R{*™]. [RP*™ and R{*™] and the majority of

7 To save space, the results based on higher orders of lags in the Johansen tests are not reported. In
general, empirical experiments are consistent with the evidence provided by Cheung and Lai (1993) and
Lee and Tse (1996).
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Johansen’s cointegration tests for Eurocurrency rates (second-order lags)

Test series H, us CD BP FF GM NG SF JY

A. Trace test

R!™ and R}™ r=0  67.44*  3239*%  70.33* 53.01* 19.81*  68.15%  47.96*  41.35*
r<l 2.52 0.41 0.41 0.84 0.02 0.19 0.32 1.97
p 0.63 0.98 0.99 0.98 0.99 0.98 0.99 0.99

R} and R™ r=0  40.84*  35.66* 32.87* 39.36* 24.70*  43.61* 29.45*  28.59*
r<l 0.53 0.31 0.47 0.47 0.01 0.09 0.31 0.93
I 0.99 1.00 1.02 0.98 0.99 0.99 0.99 0.99

RO™and R!*™  r=0 2.08 0.85 15.72 17.01 1.16 233 6.35 2.67
r<l 0.44 0.03 0.63 0.00 0.04 0.00 0.19 0.03
B 0.98 1.02 1.01 0.98 0.99 0.98 1.01 0.96

Rl™and R!*™  r=0 4295% 2627* 24.64* 41.09* 1696 34.62*  24.53* 1543
r<l 0.52 0.29 0.72 0.44 0.08 0.10 0.20 0.94
s 0.97 0.99 1.01 0.96 0.98 0.97 0.98 0.98

B. Maximum Eigenvalue Test

R!™and R}" r=0  66.44*  31.98% 70.92* S2.]6* 19.79*  67.96* 47.64*  40.39%
r<l 0.63 0.41 0.42 0.84 0.02 0.19 0.32 0.97
/8 0.98 0.98 0.99 0.98 0.99 0.98 0.99 0.99

R¥ and RO r=0  40.31* 3534* 3240* 38.89* 24.70*  43.53* 29.15%  27.67*
r<i 0.53 0.31 0.47 0.47 0.01 0.09 0.31 0.92
B 0.98 1.00 1.02 0.98 0.99 0.99 0.99 0.99

R and R}*™  r=0 1.63 0.82 15.09 17.01 1.15 2.33 6.16 2.65
r<i 0.44 0.03 0.63 0.00 0.04 0.00 0.19 0.03
f 0.98 1.02 1.01 0.98 0.99 0.98 1.00 0.96

R!™and R}*™  r=0  4243% 2598*% 23.92*  40.65* 16.95*%  34.51*%  24.33* 14.48
r<l 0.42 0.29 0.72 0.44 0.00 0.10 0.20 0.95
i 0.97 0.99 1.01 0.96 0.99 0.97 0.98 0.98

* indicates a statistically significant difference from zero at the critical level of 5%.

Testing at the 95% quantile of the distribution, the critical values for the trace test and maximum eigenvalue
test are 17.844 and 14.395 when r=0: the critical values for the trace test and maximum eigenvalue test
are 8.083 and 8.083 when r< 1. These critical values, assuming without trend or constant, were taken
from Johansen and Juselius (1990) (p. 208).

[RI™ and R{!*™] 8 Since the coeflicients of the slope of the long-run equilibrium
equation in that the short rates regress on the long rates are not significantly different
from unity, it can be argued that the time path of these spreads can be viewed as a
good measure of the time path of the error correcting terms.

Further tests for »<1 find that none of the values are statistically significant. The
testing results conclude that the short-end Eurocurrency rates for each country are
cointegrated, meaning that there is a linear combination for these Euro-rates which

® In comparing Table 2 with Table 3, we found that the statistics for the CD and GM are quite stable,
while the significance for the values for other currencies is somehow reduced. There is some evidence
supporting the sensitivity hypothesis (Cheung and Lai. 1993: Lee and Tse, 1996).
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Table 3
Johansen's cointegration rests for Eurocurrency rates (fourth-order lags)

Test series H, uUs CD BP FF GM NG SF JY

A. Trace test
R!™and R}" r=0 4828*% 3239%  28.58%  3342*% ]9.8]%  49.30% 18.60*  21.02*
r<l 0.52 0.41 0.83 0.64 0.02 0.23 0.62 1.80

f 0.98 0.98 0.99 0.98 0.99 0.98 0.99 0.99
R and R r=0  28.88*  35.66* 9.82 41.37%  2470%  37.23*  18.05*%  16.09*

r<l 0.46 0.31 0.72 0.33 0.07 0.13 0.70 0.48

Jii 0.99 1.00 1.01 0.98 0.99 0.99 0.99 0.99

R{™and R r=( 7.78 0.85 3.83 18.93 1.16 7.00 2.05 5.18
r<l 0.42 0.03 0.43 0.09 0.04 0.02 0.64 0.35

p 0.99 1.02 1.01 0.98 0.99 0.98 1.01 0.98
R{™and R[> r=0 27.53* 2627* 1568 37.30* 16.96 38.21 10.09 9.84
r<l 0.43 0.29 0.55 0.37 0.08 0.22 0.48 1.06
B 0.97 0.99 1.01 0.96 0.98 0.97 0.98 0.99

B. Maximum eigenvalue test
R!™and R}™ r=047.77%  31.99*  27.75%  32.78*  19.79*  4939%  17.98*  19.2]

r<l 0.52 0.41 0.83 0.64 0.02 0.23 0.62 1.80
f 0.98 0.98 0.99 0.98 0.99 0.98 0.99 0.99
R}™ and R&™ r=0  2842* 3566* 9.09 41.04*  2470*  37.10% 17.34* 16.09*
r<i 0.46 0.31 0.72 0.33 0.07 0.13 0.70 0.48
B 0.99 1.00 1.01 0.98 0.99 0.99 0.99 0.99
R{™and R r=0 7.36 0.85 3.39 138.84* 1.16 7.08 1.41 5.18
r<l 0.42 0.03 .43 0.09 0.04 0.02 0.64 0.35
f 0.99 1.02 1.01 0.98 0.99 0.98 1.01 0.98
R!"™and R} r=0 7.10%  25.98* 15.13%  36.93* 16.94*  37.99* 9.61 9.84
r<l 0.43 0.29 0.55 0.37 0.08 0.22 0.48 1.06
i 0.97 0.99 1.01 0.96 0.98 0.97 0.98 0.99

* Indicates statistically significant difference from zero at the critical level of 5%.

Testing at the 95% quantile of the distribution, the critical values for the trace test and maximum eigenvalue
test are 17.844 and 14.595 when r=0; the critical values for the trace test and maximum eigenvalue test
are 8.083 and 8.083 when r< 1. These critical values, assuming without trend or constant, were taken
from Johansen and Juselius (1990) (p. 208).

is stationary even though individually they are not.® This also suggests that these
variables have a meaningful equilibrium relationship between them such that they
tend not to move too far away from each other.

Having verified that R{™ and R}" are cointegrated and that y+¢+p =1 in Eq. (2)
is consistent with the data, we are ready to estimate the short-run dynamics given
by Eq. (3). Table 4 contains the results for estimating Eq. (3). As the model pre-
dicted, the changes in the current long rates have a positive effect on short rate

® Four-dimensional cointegration tests for each currency were also investigated — the null for no cointegra-
tion was also rejected. In particular, with the exceptions of the BP and GM, there are at least two
cointegrating vectors for the Eurocurrency rates. Since our main interest is to focus on the cointegration
of two adjacent elements of the term-structure relationship, the results for four dimensional cointegration
tests shall not be reported 10 save space.
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Table 4

The consistent estimates of the short-term interest rate model

Country Constant AR [R{™ —R™ | R? 0Q(24)

1 month (m) and 3 month (n) rates

Us —-0.001* 0.827* —0.744* 0.71 23.45
(3.28) (10.05) (7.48)

CD —0.001** 0.717* -0,374% 0.59 16.14
(2.06) (9.47) (4.99)

BP —0.001 0.797* —0.760* 0.69 18.16
(1.34) (15.18) (10.05)

FF —0.002** 1.159* —0.819* 0.83 3117
(2.18) (10.46) (8.01)

GM -0.000 0.930* —0.508* 0.79 33 79k
(1.27) (8.30) (4.55)

NG —0.001* 0.881* —0.647* 0.95 33,7 ***
(2.65) (13.93) (7.49)

SF —0.001** 0.993* —0.723* 0.70 41.88%*
(2.10) (14.03) (7.80)

JY —0.000 0.914* —0.617* 0.76 91.83*
(1.13) (10.77) (6.96)

3 month () and 6 month (n) rates

US —0.001** 0.980* —0.696* 0.87 11.17
(1.98) (28.60) (4.15)

CD —0.000 0.961* —0.420* 0.86 55.77*
(0.17) (25.67) (6.52)

BP —0.001** 0.584* —0.354* 0.59 18.66
(2.16) (6.57) (3.89)

FF — (.00 x** 1.285* —(.445% 0.92 54.89*
(1.80) (32.52) (5.43)

GM —0.000~ 0.984* —0.328* 0.91 11.97
(2.85) (12.52) (3.51)

NG —0.001>* 0.980* —0.635* 0.85 16.03
(2.38) (21.38) (5.41)

SF —.001 0.833* —0.426* 0.78 29.90
(1.12) (7.57) (2.84)

JY —0.000 1.006* —0.384* 0.83 49.99*
(0.84) (14.56) (4.29)

6 month () and 12 month (#) rates

us —0.000 1.069* —0.269* 0.91 54.73*
(0.36) (17.24) (2.29)

CD —0.000 0.948* —0.281* 0.83 34.08
(0.08) (28.95) (3.87)

BP —0.000 1.006* —0.491* 0.59 50.68*
(0.24) (17.92) (3.45)

FF —0.000 1.029* —0.669* 0.77 71.26%
(0.77) (10.52) (4.28)

GM —0.000 0.951* —0.377* 0.88 48.30
(1.11) (15.49) (3.77)

NG —0.000 1.053* —0.802* 0.82 20.52
(0.74) (12.96) (6.81)
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Table 4 (continued)

Country Constant AR™ [R™ —R™ ] R*? Q(24)

SF —0.000 1.086* —0.621* 0.79 21.25
(0.86) (18.34) (3.55)

JY —0.000 1.067* —0.238* 0.87 54.42%
(0.22) (15.71) (2.91)

1 month () and 12 month (n) rates

Us —0.001 0.906* -0.332*% 0.56 54.73*
(1.63) (8.07) (3.34)

CD —0.000 0.593* —0.249% 0.35 22.76
(.ol (7.76) (4.59)

BP 0.000 0.716* —0.436% 0.47 38.18**
(0.97) {(10.31) (4.25)

FF —0.003%* 1.567* —0.637* 0.63 85.16*
(2.03) (6.29) (6.27)

GM —0.001 0.856* —0.286* 0.57 33.62%**
(1.55) (4.10) (4.38)

NG —0.001%* 0.961* —0.443* 0.60 33.93%%*
(2.5%) (7.77) (5.78)

SF —0.00 1 *** 1.028* —0461* 0.50 63.68*
(1.92) (8.60) (4.95)

Y —0.000 1.179* —0.209* 0.60 63.22*
(0.43) (8.077) (3.13)

The estimated equation is: AR = C+7AR —y[R™, — R |+,

*, ** and *** indicate statistically significant difrerence from zero at the 1% (=2.62), 5% (=1.98) and
10% (=1.65) levels for the r-ratios, respectively. The number 0.000 means very small value.

The numbers in the parentheses are the absolute values of the r-statistics.

movements and the estimated coeflicients are statistically significant. The signs of
the lagged spread terms are negative and the absolute values of the coefficients lie
between zero and unity. This finding is consistent with the notion of the partial
adjustment process.

The results of the test statistics in Table 4 have several empirical implications for
conventional modeling of the term structure of interest rates. First, changes in long-
term interest rates play a significant role in describing changes in short-term interest
rates. The exclusion of this term in the conventional model may lead to a specification
error. Second, the short—long spreads in the Euro-deposit rate have more explanatory
power than the Treasury bills in the term-structure relationship (Mankiw and Miron,
1986; Simon, 1989; Mougoue and Szakmary, 1994). The evidence suggests that both
the short rate and the long rate are cointegrated and that the time path of the
changes of short rates respond negatively to their deviations from the long-run
equilibrium with a one-period lag.

The presence of the cointegrations suggests that the short-run dynamics of the
Eurocurrency rates are influenced by the path of error corrections. Yet there is
another dimension of dynamic, the precise lagged structure, which deserves our
attention. Recalling that the Q-statistics in Tables 1 and 4 show that about half the






