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Empirical Analysis of Short-Term
Eurocurrency Rates: Evidence from a
Transfer Function Error Correction Model

Thomas C. Chiang and Jeanette Jin Chiang

This paper presents empirical evidence on the short-run dynamics of the six
Eurocurrency rates with short-end maturities. Cointegration tests indicate that
both the short rate and long rate are cointegrated. Estimations of the “transfer
function—error correction model” indicate that both the change of the long-term
interest rate and the error-correcting term are highly significant. The evidence
shows that the error correction term has longer time lags, indicating that the error
correction representation is more accurately specified as a nonlinear model,
although the first-order lag is found to be a good approximation.

1. Introduction

Much empirical work has been devoted to investigating short-term interest rate
behavior. One approach to these investigations has been times series analysis
generated from Wold’s decomposition theorem in which a stationary time series
process with no deterministic component has an infinite moving average (MA)
representation. This, in turn, can be modeled by a finite autoregressive moving
average (ARMA) process. Following the Box-Jenkins methodology, one can detect
a time series pattern from historical data and then use the time series pattern to
engage in interest rate forecasting. Empirical analysis along this line includes the
work by Nelson (1972), Pesando (1979, 1981), and Krol (1987), among others.

An alternative approach to modeling short-term interest rates is the use of
economic fundamentals. This approach links the short-term interest rate to a set of
economic variables derived from a particular economic theory. The most prevalent
approach is to use the slope of the yield curve to predict short-term interest rate
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movements as implied by the expectations theory.! The evidence by Fama (1984,
1990) and Mishkin (1988) confirms that the term structure does help predict spot
interest rate movements several months into the future. However, the findings
reported by Shiller, Campbell, and Schoenhotz (1983), Mankiw and Summers
(1984), and Mankiw and Miron (1986) reject the joint hypothesis of rational
expectations and the expectations hypothesis of term structure relationship. They
conclude that the yield curve does not have significant predictive power. The
evidence in this area remains inclusive, although the weight on the rejection side is
heavier.

Empirical estimates of the interest rate equations, both in time series analysis
and in economic fundamental models, usually use data represented either in levels
or in differences. Recent advances in time series studies indicate that the exclusive
use of either model is likely to induce a specification error. For example, a model
that contains only levels may ignore the short-run dynamics, whereas a model
specified in first-difference that does not include levels may miss information about
long-run equilibria. To incorporate both sets of information into one model, one
can employ both the changes in short rate and long rate, the error correction term,
and the underlying dynamic time series pattern to predict with more precision
future short-rate movements. Empirical studies by Kugler (1990), Choi and Wohar
(1991), and Bradley and Lumpkin (1992) present supporting evidence that the error
correction term has significant predictive power. It should be noted that all of these
studies are based on the original empirical model proposed by Engle and Granger
(1987) in which the error correction term is restricted to one-period lag. We believe
that the lagged structure of the error correction term is more complicated than the
first-order lag. In practice, some sort of empirical criterion should be used to
determine the appropriate lag length.

For this reason, this paper develops a “transfer function error correction model”
that contains two sets of information: a slope of the yield curve and a multivariate
time series message. This model, as it stands, will provide more insight about
short-run interest rate dynamics. The paper is organized as follows. Section 1I
provides a general discussion of the properties of cointegration and a description of
the error correction representation. Section III describes the data and reports the
results of cointegration tests and the estimates from the regression model. Section
I'V presents the transfer function error correction model and the related empirical
results. Section V contains the summary and conclusions.

I1. Error Correction Representation and Cointegration

To illustrate the tenet of the error correction model [see Muscatelli and Jurn
(1992)], let us consider two time series: short-term interest rate r, and long-term

"A number of alternative theories have been provided in standard textbooks. For example, the
loanable funds theory states that the interest rate is determined by the supply of and demand for the
loanable funds. The liquidity preference theory argues that the interest rate is determined by the money
supply and the determinants of the money demand. The Fisher equation contends that the interest rate
is explained by inflation expectations. The international Fisher relation states that the domestic interest
rate is connected both to the foreign interest rate (with the same class of risk and maturity) and to
exchange rate expectations [see Smith (1993) and McCallum (1989)].
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interest rate R,. Each series is first-difference stationary, that is, integrated of
order 1, I(1). It is generally true that any linear combination of these two series is
also I(1).

However, if there is a linear combination of these two series such that u, = r, —
b, — bR, is level stationary, i.e., u, is 1(0), then r, and R, are said to be
cointegrated of order (1, 1), where b, is a cointegrating parameter. The cointegrat-
ing equilibrium equation is given by

rI:bU+b|Rl+ul’ (1)

where u, is a random disturbance term. Equation (1) specifies the long-run
relationship between r, and R,. This specification is consistent with the view that
the short-term interest rate has been observed to fluctuate around the “normal”
level of a given interest rate. This normal rate is usually referred to as the
long-term interest rate. As stated by the expectations theory of the maturity
structure of interest rates, the long-term interest rate is viewed as a weighted
average of current and expected short-term interest rates. Apparently, the error
correction term u, reflects market information in a state of disequilibrium that is
bound to be corrected when moving toward the long-run level. Expressing this
notion in an error correction model (ECM), we write

Ar, = GULYAR, + P(L)Ar, — Yu, | + ¢, )

where A is the first-difference operator and G(L) and P(L) are finite-order lag
polynomials. In regression form, it can be written as

Ar,=C+ v AR, + L v, AR, ; + X mAr,_, — Yu, , + ¢, 3
J=1 J=1

where C, y, m and  are nonzero constant parameters and €, is an error term.
Equation (3) provides a useful framework for modeling interest rate behavior. In
its approach to model time series, ECM integrates the differences and levels of
interest rates into a unified structure. Thus, it combines the short-run dynamics
(changes) with a desirable long-run relationship (level).? Notice that the sign of the
error correction term is negative, meaning that when the short rate is higher
(lower) than the long rate, the short rate is expected to fall (rise), the adjustment is
determined by the parameter . The estimated parameters in equation (1) have an
important implication. Particularly, if the null [, b, =[0 1} in equation (1)
cannot be rejected, the lagged error term u, ; is equal to the lagged spread

® Johansen (1988, 1991) provides an alternative approach for investigating cointegrating vectors. In
his approach, based on VAR modeling, the cointegrating vectors are determined by the ranks in the
cointegrating matrix. Because all the variables are treated as endogenous in a VAR setting, the
contemporaneous term is not explicitly expressed in the model. Further description of Johansen’s
procedure is given in Section IIL



338

T. C. Chiang and J. J. Chiang

(r,_, — R,_)), which is the slope of the yield curve.’ Although the model form is
consistent with the term structure equation model, the underlying notion is much
closer to the regressive expectations model proposed by Modigliani and Sutch
(1966) than to the rational expectations model used by Mankiw and Miron (1986).

II1. Data and Regression Estimations

In this section, the ECM is estimated using monthly data from January 1977 to
December 1992. The Eurocurrency interest rates, including the data for U.S.
dollars (US), German marks (GM), British pounds (BP), Canadian dollars (CD),
Swiss francs (SF), and Japanese yens (JY), are measured by 1-, 3-, 6-, and 12-month
Eurodeposit rates. All the data are measured at the end of the month and are
obtained from various issues of Harris Bank: Foreign Exchange Weekly Review.

A precondition for applying the two-step procedure estimating ECM is that all
the time series variables in the cointegrating equation are nonstationary and must
be of the same order of integration. Thus, each individual variable involved in the
cointegrating equations is tested for first-order integration employing univariate
Dickey—Fuller (DF) and augmented Dickey—Fuller (ADF) tests [Dickey and Fuller
(1979, 1981)]. Table 1 reports the unit-root tests for 1-, 3-, 6-, and 12-month
Eurodeposit rates. The test statistics show 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, indicating that in general the levels of the
interest rates are nonstationary. However, the null is strongly rejected for the
first-difference on the interest rates, suggesting that the differenced series them-
selves are stationary. These results are similar to the findings reported by Kugler
(1990) and Mougoue (1992).5

In addition, the unit-root tests were performed on the residuals of the cointe-
grating equations for 1-month on 3-month (u, 5 ), 3-month on 6-month (u;_ ),
and 6-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, u,s, are I(0), suggesting that r, and R, are cointegrated.

Testing for cointegration between adjoining pairs of maturities for each Eu-
rocurrency rate is sufficient if our interest is placed on examining the impact of the
error correction term of two adjoining rates on the short rate changes. However, it
would be more informative if we provided evidence indicating whether the entire
structure of interest rates is also cointegrated. To this end, a multivariate analysis
of cointegration should be considered. Following Johansen (1988, 1991) and

*In the conventional specification of the test equation of the term structure model, the slope of the
yield curve is customarily expressed as (R, ~ r,). The negative sign in our test equation is consistent
with the positive sign in the conventional setting.

“The French franc deposit rates also were collected in our data set. Because the French franc
interest rates are level stationary and hence fail to meet the criterion of ECM, we do not include the
results for French franc deposit rates in this study. The estimates are available upon request.

* Similar results were obtained from the Phillips and Perron test [see Mougoue (1992)].
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Level First-differencing

Variable DF ADF DF ADF b, R?
uUs 1 month ~1.85 -1.73 - 11.87 -12.03*

3 month —1.88 - 1.65 - 12,87 —13.14*

6 month —1.64 -1.24 -12.31* —12.53*

12 month -1.45 -1.98 -11.70* —11.78*

Uy o, ~11.20* —10.82* 1.009 (0.0124) 097

Uy o, —-9.95¢* -10.23* 1.005 (0.008) 0.96

Ug 12 —5.72* ~7.13* 1.050 (0.008) 0.93
CD 1 month -1.67 ~1.66 -11.61* —11.42*

3 month -1.70 -091 —12.24* - 12.49*

6 month - 1.67 0.76 —11.44* —12.51*

12 month -1.73 -1.97 —13.22* —13.25*

T —-6.66* - 5.98* 1.028 (0.0177) 0.96

U g, —7.44* -6.23* 1.024 (0.009) 0.93

Ue 12, —6.41* ~5.92* 1.053 (0.001) 0.89
BP 1 month —2.81 —3.49* —-17.02* —16.73*

3 month -2.19 —1.44 —14.62* —14.80*

6 month —297** —4.28* - 18.03* -17.31*

12 month -1.99 -2.10 —12.14% —-11.77*

Uy, ~10.70* ~10.96* 1.024(0.0218)  0.90

Uz o, 7.86* ~10.53* 0.952 (0.022) 0.80

Uy 12, ~9.05* ~10.14* 1.140 (0.027) 0.85
GM 1 month ~1.61 - 1.60 —17.28* - 16.93*

3 month —1.58 ~1.03 —-14.57* —14.51*

6 month -1.53 —0.49 —-13.89* —13.80*

12 month ~1.52 -0.38 —13.73* —-13.60*

w5, -6.22* —4.91* 1.013 (0.0090) 0.99

Uy oy, ~6.30* ~6.26* 1.046 (0.006) 0.97

Uo 12, —7.95* —7.21* 1.046 (0.006) 0.96
JY 1 month —2.66 -2.39 —16.00* —15.86*

3 month —2.30 —151 - 15.00* —14.83*

6 month -2.06 -1.30 —14.89* —14.74*

12 month -1.89 -0.06 —13.43* —13.13*

U - 10.38* —11.89 1.025(0.0173) 095

U gy —8.30* —7.60* 1.104 (0.013) 0.92

Uy 1o, ~ 6.80* ~7.34* 1.109 (0.013) 0.87
SF | month -2.53 -3.21* - 16.88* —16.55*

3 month -2.08 -0.23 —13.55*% —13.43*

6 month —2.26 —1.90 —15.34% —15.04*

12 month -1.90 -0.08 -13.16* - 13.19*

U 4, ~10.66* - 10.59 1.032(0.0169)  0.97

Uy o, -9.03* - 8.70* 1.051(0.011) 0.94

U |, —-10.77* ~10.87* 1.068 (0.010) 0.94

Notes: The regression model for the Dickey-Fuller (DF) test is Ax; = a + px,_; + € (x,: r, and R)) for
testing H,: p = 0. The augmented Dickey-Fuller (ADF) test is given by Ax, = a + px, | + L/_,v;Ax,_; + €.
The * and ** indicate significant difference from zero at the 1% and 5% levels. The critical values for 1% and
5% are —3.51 and —2.89, respectively [see Table 8.5.2 in Fuller (1976)]. Error terms are obtained from a
cointegrating_equation by regressing a l-month interest rate on 3-month, 6-month, and 12-month rates,
respectively. b, is the estimated coefficient from the cointegrating equation. The numbers in the parentheses
are the standard errors of the estimated coefficients. R? is the determinant of the cointegrating regression
equation.
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Johansen and Juselius (1990), a four-dimensional vector autoregressive model with
Gaussian errors can be expressed by

Y, =AY, [ +AY, .+ +AY, ,+e¢, t=1.2,...T, (4)

where Y, = [r, 73,7 ,.r>,] and ¢ is ii.d. N(O, 2). By taking first-differencing
on the vector level, we write the model in error correction form as

AY, = [VAY, |+ T1L,AY, .+ -+, (AY,_,_, —¥Y,_, +¢, (5)

where ¥ = ~ 4, - A, — -+ —A,. This ¥ matrix conveys information about the
long-run relationship between Y variables (7, ,, 75 , 7, ,, 7, ,) and the rank of ¥ is
the number of linearly independent and stationary linear combinations of
(ry , 737,15 ). Thus, testing for cointegration involves testing for the rank of
¥ matrix r by examining whether the eigenvalues of W 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 (7,) and maximum
eigenvalue (A, ) statistics. The likelihood ratio statistic for the trace test is

P2
~2InQ=-T ¥ In(1 - A4,). (6)

i=r+1

where A fre e /A\p are the p — r smallest eigenvalues. The null hypothesis to be
tested is that there are at most r cointegrating vectors. That is, the number of
cointegrating vectors is less than or equal to r, where r is 0, 1, 2, or 3. In each case,
the null is tested against the general alternative.

Alternatively, the A, statistic is

~2InQ = -Tln(l - 4, _,). @)

In this test, the null hypothesis 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 r = 1, r = 1 against the alternative r = 2, and so forth.

The results of the Johansen procedure are reported in Table 2. Both the trace
test and the maximum eigenvalue test produce identical qualitative results. Com-
paring these values with the critical values tabulated by Johansen and Juselius
(1990), the null hypothesis that there is no cointegrating vector should be rejected
at the 5% level. The next hypothesis that the number of the cointegrating vectors is
at most equal to 1 cannot be rejected for BP and GM, but the null is rejected for
the rest of the Eurocurrency rates. This suggests that, with the expectations of BP
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Table 2. Cointegration Tests for Eurocurrency Rates Using the Johansen Procedures

H, us CD BP GM JY SF Trace (0.95) Amax (0.95)
Panel A. Trace Test
r=0 86.13* 75.49 68.73* 56.72* 87.03* 71.65* 48.42
r<1i  40.34% 39.48* 22.28 29.26 34.12* 36.18* 31.25
r<2 1162 16.30 8.82 12.88 10.49 17.84 17.84
r<3 0.43 0.33 0.45 0.04 1.28 0.30 8.08

Panel B. Maximum Eigentalue Test

r=0 45.79* 36.01* 46.45* 27.46* 5291* 35.47* 27.34
r=1 2872* 23.19* 13.46 16.38 23.63* 26.01* 21.28
r=2 1119 13.97 8.37 12.84 9.21 9.87 14.59
r=23 0.43 0.33 0.45 0.04 1.28 0.30 8.08

Notes: The * indicates statistically significant differences from zero at the critical levels of 5%. Trace (0.95)
and A, (0.95) are. respectively, the critical values for the trace test and maximum eigenvalue test at the 95%
quantile of the distribution. These critical values were taken from Johansen and Juselius [(1990), p. 208].

and GM. there are two cointegrating vectors for the other four Eurocurrency rates.
Further tests for r <2 and r < 3 find that none of the values is statistically
significant. The evidence concludes that the entire structure of the short-end
interest rates is cointegrated, meaning that at least one or two linear combinations
of these Eurorates is stationary even though individually they are not. This also
suggests that these variables have a meaningful equilibrium relationship between
them and that these variables would not move too far away from each other,
displaying a comovement phenomenon for the short-end interest rates within a
particular country.®

The presence of the cointegrations in the interest rate series signifies that, in
addition to the history of interest rates per se, the inclusion of an error-correcting
term into the model will enhance the predictability of short-term interest rates.
The model in equations (1) and (3) can be estimated by a two-step procedure. In
the first step, the long-run relationship, as designated by equation (1), is estimated
by ordinary least squares (OLS). In the second step, the short-run dynamics, as
represented by equation (3), is estimated by including the lagged residuals u,_,
obtained in step one. This two-step procedure requires that all of the variables in
equation (1) be nonstationary. Otherwise, OLS estimates of equation (1) are
inappropriate (West 1988; Mehra 1993).

In order to estimate the model, one has to determine the optimal lagged length
of the variable under consideration. Because most asset prices are highly sensitive
and efficient, at this stage we employ the first-order lag for the independent
variables. A full treatment of the dynamics concerning higher order lags of the
independent variables will be dealt with in Section IV that discusses the transfer
function—error correction model.

Presented in Table 3 are the regression estimates of equation (3). In terms of its

“ This finding is consistent with the recent results provided by Bradley and Lumpkin (1992), Choi
and Wohar (1991). and Mougoue (1992).
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Table 3. Regression Estimates of the Error Correction Model

Country  Constant Ar,_, AR, AR,_, u,_, R® SEE Q(36) DW
Panel A. r, = 1-Month Rate and R, = 3-Month Rate
us —0.0000006 0.118**  0.816* 0053  —0.763* 0.74 0.0049 48,63 1.98
(0.001) (1.70) (20.61) (0.73) (8.82)
CD 0.00002 —0.006 0.710* 0.079  —0.355* 0.60 0.0048 2463 1.96
(0.07) 0.07) (14.45) (1.0D (5.85)
BP - 0.00026 - 0.040 0.698* -0.077 -0.857* 0.69 00060 3274 193
(0.59) 0.61) (13.6D (0.89) (10.02)
GM 0.00006 -0.234* 0.903* 0.247* ~0.484* 0.82 00024 2722 191
0.32) (3.06) (24.94) 29D (5.68)
JY 0.00002 -0.202* 0.867* 0.225*  —0575* 074 0.0044 12498 216
(0.08) (2.92) (18.78) (2.66) (6.74)
SF —0.000019 —0.060 0.991* 0.144 -0.727*  0.72 0.0046 41.15 199
(0.06) 0.80) (18.39) (1.55) (7.88)
Panel B. r, = 3-Month Rate and R, = 6-Month Rate
us 0.00003 - 1.90* 0.974* 0.257*  —0.551* 0.88 0.0032 9.88 203
0.14) (2.66) (34.66) (3.35) (6.61)
CD 0.000002  -0.016 0.953* 0.078 -0.422* 086 00027 7639 202
0.01) 022 (33.05) (1.02) (6.13)
BP - 0.0001 —0.097 0.652* 0069  —-0336* 0.62 00054 3094 201
(0.25) (1.31) (16.62) (1.10) (537
GM 0.000012  —-0.035 0.994* 0.005 -0333 092 00015 2149 2.02
(0.11) (0.48) (44.03) .07 (0.33)
Y 0.00003 —-0.037 1.059* 0.0036 —0518* 0.84 0.0029 4190 2.01
0.17) (0.51) (29.59) 0.41) (6.83)
SF 0.0000t6  —-0.053 0.859* 0.132*** —0.447* 0.79 000290 30.76 201
(0.76) (0.74) (26.53) (1.88) (6.04)
Panel C, r, = 6-Month Rate and R, = 12-Month Rate
us 0.00003 -0.295* 1.086* 0.297*  -213* 092 0.0010 3786 2.08
(0.84) (4.18) (45.85) (3.84) (3.86)
CD —0.000019  —0.095 0.968* 0.101 —-0290* 083 00029 4988 1.98
(0.09) (1.25) (29.93) (1.31) (4.69)
BP —0.000058  —0.172**  1.050* 0.0718 —0.505* 0.62 0.0067 4753 201
(0.12) (2.33) (14.76) (0.73) (6.23)
GM 0.000018  —0.086 0.967* 0.088  —0455* 090 0.0016 500 199
(0.87) (1.18) (39.19) (1.15) (6.32)
Y 0.00002 —0.184** 1,081 0.150*** —0.322* 0.86 0.0023 71.75 2.09
0.13) (2.55) (32.75) (1.79) (5.01)
SF —0.000008  —0.128** 1.115* 0.131 -0.663* 081 0.0016 1993 2.03
0.04) (175} (2645  (1.50) (7.35)

Notes: *, **, and *** indicate statistically significant differences from zero at the critical levels of 1%
(= 2.62), 5% (= 1.98), and 10% (= 1.65), respectively. The numbers in the parentheses are the absolute values
of the ¢-statistics. The estimated equation is Ar, = C + y AR, + Ly AR+ EloymAr_; — duy_ + €,
wherem = n =1landu, , =r,_, — by — bR,_ ;. Q(36) is testing the joint significance of the autocorrelations
of the innovations up to the 36th order. DW is the Durbin-Watson statistic.

explanatory power, the model performs very well. This can be seen by the high R?
ranging from 0.60 to 0.92. Three empirical findings are obtained from Table 3.
First, as the model predicted, all of the error correction terms have the negative
sign and are statistically significant at the 1% level. The negative sign indicates that
when the short rate deviates from the long rate, it tends to revert to the long-run
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level. In particular, as the short rate falls too far below the long rate, the short rate
is expected to rise in proportion to the error correction term (this may be proxied
by a long-short spread), moving toward the long-run equilibrium. The reverse
movement also hold true. If the short rate is far above the long rate, the market
forces will bring the short rate back to the long-run equilibrium. These adjustment
processes are consistent with the regressive expectation hypothesis of the term
structure of interest rates.

Second, the contemporaneous terms of the (relatively) longer-run interest rates
for all maturities are highly significant and have a positive sign. This finding
suggests that the short rate and long rate are not only cointegrated on the long-run
level, but also tie closely together in the short-run dynamics. In addition to this
contemporaneous relationship, the long rates, depending upon the country and the
maturity, have some lagged effects when predicting the changes in short rates,
although this power is relatively weaker. Unlike the conventional wisdom, in which
the long rate is excluded from the term structure equation, our evidence shows that
the long rate plays a vital role in describing short rate movements.

Third, the coefficients on the lagged short-term interest rates are negative in
general. The only exception is the case of the 1-month U.S. dollar rate. The
negative sign of the estimated coefficients suggests that the short rates are
characterizing a mean reversion behavior and appear to have a self-correcting
mechanism. The presence of the mean reversion, together with the significance of
the error correction term, and sometimes the lagged long rate, clearly indicates
that the random walk hypothesis [see Mishkin (1978), Pesando (1979, 1981)] cannot
be supported by the data.

Although the regression resuits in Table 3 provide us with some supportive
evidence for the predictive power of the error correction model, from an econo-
metric point of view, several empirical refinements need to be considered. First,
although the Durbin—Watson (DW) statistics indicate the absence of the first-order
series correlation, the values of the Q-statistic that detect the absence of serial
correlation with higher order lags are strongly rejected, thus indicating the exis-
tence of higher-order serial correlations. The existence of serial correlations is
likely to produce a biased estimate of the error variance and, hence, a misleading
statistical inference. To remove this bias, an appropriate filtering process is
required. Second, the dynamic relationships between the independent (input)
variable and the dependent (output) variable were set to the first-order lag. Since
there is no a priori information available for determining the lagged length, it is
reasonable to assume that the dynamic structure is governed by underlying empiri-
cal regularities. Third, the specification of equation (3) proposed by Engle and
Granger (1987) includes only u,_, in the linear model. Therefore, the longer lag of
the error correction term and the possibility of nonlinearity are ignored. These
choices may cause misspecification errors of the model.

In view of these considerations, what is called for is a term structure model that
is capable of capturing the underlying time series properties of short-term interest
rates with dynamic precision. The transfer function error correction model
(TFECM), expressing the short-run dynamics of interest rate changes that account
for cointegration, is clearly the model that can be used to address these economet-
ric problems. A detailed description of the model is presented in the next section.






