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Abstract
The purpose of this paper is to reexamine empirically the relationship between long-term interest rates in well integrated ﬁnancial
markets. The analysis focuses on long-term interest rates in the US
and Germany and has been carried out within the framework of a ﬁve
dimensional VAR for the simultaneous determination of short- and
long-term interest rates in the US and Germany and the rate of exchange rate depreciation. The results strongly support the existence of
a long-run relationship between the long-term German and the longterm US interest rate and imply a full pass-through of changes in the
long-term US rate into the corresponding German rate. The analysis
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also substantiates that the direction of causality goes from the longterm US to the long-term German interest rate. With regard to the
possibility of controlling the long end of the market on the part of the
Bundesbank, the paper apparently takes on a rather pessimistic view,
as there is nothing to indicate a long-run relationship between shortand long-term German interest rates. However, the strong inﬂuence
that short-term German interest rates exhibit on German long-term
interest rates in the very short run according to the structural model of
this paper, might be taken to indicate that the opposite is the case, as
eects originating from expectations of future short-term interest rates
might totally neutralize an unequivocally positive short-run portfolio
eect in the long run. If this is the case, there is nothing strange to
the fact that one is unable to identify a long-run relationship between
short- and long-term German interest rates. On the contrary, it is
exactly what to be expected if the monetary transmission mechanism
works appropriately.
Keywords: Cointegration, Simultaneous Equation Models,
International Interest Rate Linkages, Transmission
Mechanism,
JEL:
C32 ,E43,E52, E58
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Introduction

In the last decade, there has been some focus on what impact increased
capital mobility could have on the determination of long-term interest rates
(e.g. Borio and McCauley (1996) and OECD (1996)). These studies have
been initiated by the striking co-movements of long-term interest rates in
US and Europe in the 1990s (Figure 1). Two types of explanations, one
macroeconomic and one microeconomic, have been suggested as reasons for
this strong co-movements in long-term interest rates.1
A typical macroeconomic explanation for the correlation between nominal long-term interest rates across countries assumes that these rates are
1

It is important to realize that these explanations are all based on time series being
stationary and that a high degree of correlation may be spurious as a consequence of nonstationarity. When analyzing the actual data, it is therefore extremely important to use a
methodology that is capable of identifying the fundamental factors behind the correlation
patterns observed. This is the main reason why I pursue a reduced rank VAR analysis in
this paper.
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Figure 1: Long-term interest rates in Germany (R10DME) and the US
(R10USE).
roughly equal to the sum of real long-term interest rates and inﬂation expectations. Disregarding for a moment the problem commented on above
with regard to spurious correlation when dealing with non-stationary data,
correlation between nominal interest rates must therefore entail that there
is a correlation between real interest rates and/or a correlation between inﬂation expectations. The joint hypothesis of uncovered interest rate parity
(UIP) and ex ante Purchasing Power Parity (PPP) leads to real interest rate
parity (RIP). Although it is a widely held view that RIP does not hold in the
short run, King (1992) argues that RIP is more likely to hold in the long run.
In this case, real long-term interest rates will be highly correlated between
countries. There might also be a correlation between inﬂation expectations
in dierent countries due to either signiﬁcant changes in commodity prices or
to synchronized changes in the assessment of the business cycles in various
countries.
A microeconomic explanation looks at the trading strategies of large institutional investors. For instance, the increase in bond rates in the US and
Europe during 1994 has been explained by the observation that the fall in
bond prices in the US prompted highly leveraged investors to sell US as well
as European bonds. This explanation is supported by Borio and McCauley
(1996) who examine the rise in long-term interest rates in 1994 and conclude
3

that markets’ own dynamics seem to provide a stronger explanation than
market participants’ apprehensions about economic fundamentals.
So far, I have focused on the relationship between foreign long-term interest rates across countries. However, the expectations theory of the term
structure entails that there should also be a relationship between short-term
and long-term interest rates in each country. According to this theory, the
long-term interest rate is equal to a weighted average of the current and expected future short-term interest rate (see Schiller (1979)). Thus, the impact
on the long-term interest rate from a change in the current short-term interest
rate depends on how expected future short-term interest rates are aected.
A rise in the current short-term interest rate that is regarded as permanent
will lead to a full pass-through from short-term to long-term interest rates.
On the other hand, if an increase in the current short-term interest rate leads
to a signiﬁcant reduction in inﬂation expectations, long-term interest rates
may even decline.
The discussion above shows that both domestic short-term interest rates
and foreign long-term interest rates could have an impact on domestic longterm interest rates. Goodhart (1995) recognizes this and argues that increased capital mobility has led to a greater tension between international
pressure (e.g. foreign long-term interest rates) and domestic factors (e.g.
the expected time-path of future short rates) in the determination of longterm interest rates. However, uncovered interest parity and relative purchasing power parity, used to explain the correlation between long-term interest
rates, also suggest eects from dierences in inﬂation rates or the expected
rate of depreciation, and a uniﬁed treatment of all these possibilities may be
given within the framework of a loanable funds equilibrium approach where
interest rates are determined by the demand and supply of funds (Branson
(1977)).
In Figure 2 I plot the spreads between long-term interest rates in Germany and the US and between domestic long- and short-term German interest rates, respectively. Graphical inspection indicates a possible long-run
relationship between German and US long-term interest rates, although extended periods are observed in which the long-run relationship does not seem
to hold. However, a similar relationship between German short and long-term
interest rates does not seem to exist.
A study of these relationships undertaken some years ago (Hammersland
and Vikøren (1997)) substantiates the high degree of correlation between US
and German long-term interest rates and suggests that long-term German in4
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Figure 2: Interest spreads between long-term interest rates in the US and
Germany (S10DMUS) and between domestic long-and short-term German
interest rates (SD103).
terest rates are determined by a linear combination of domestic short-and US
long-term interest rates in the long run. The direction of causality between
the two long-term interest rates is in addition identiﬁed to be unidirectional,
going from the US to the German economy. However, the model developed
in this paper is a one-equation conditional model for the long-term German
interest rate and is thus implicitly based on the potential fallacy of errouneously treating other variables as exogenous for estimation of the conditional
model’s parameters. Furthermore, the model does not really seem to explain
the events of 1997 when the two interest rates start to diverge and there are
problems related to the interpretation of the model’s long-run relationship.
To improve upon these obvious deﬁciencies this paper seeks to throw new
light on the structure governing international and national interest rate linkages by undertaking a fully simultaneous analysis of all the variables in an
extended information set. This information set comprises of nominal shortand long-term interest rates in Germany, (iGL and iGS ), and the US, (iU L and
iU S ), and the actual rate of depreciation in the bilateral German marks per
US dollar exchange rate, Dv. The empirical proxies for long-term interest
rates have been eective interest rates on government bonds with ten years to
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maturity while short-term interest rates are represented by the corresponding three months money market interest rates.2 The rationale for including
the rate of exchange rate depreciation was alluded to in the above and comes
from the arbitrage condition of uncovered interest rate parity, saying that in
a steady state the return of investing one unit of domestic currency at home
or abroad should be equal. Thus, the domestic interest rate, iD , should be
equal to the foreign interest rate, iF , plus the expected percentage increase
in the value of the foreign currency relative to the domestic currency, that is
the expected depreciation of the bilateral domestic exchange rate, over the
horizon we are looking at.3 The analysis has been undertaken using monthly
data for the period 1990 (1) to 1997 (12) and has been carried out within the
framework of a ﬁve dimensional VAR model for the simultaneous determination of the four interest rates and the rate of depreciation. To be able to
test the Fisher hypothesis and to build a model of inﬂation, information sets
including inﬂation rates and indicators of domestic activity have been tried
out prior to the empirical analysis of this paper. However, these attempts
have so far not succeeded and belong to the ﬁeld of unexplored ground. Compared to a study undertaken on a data set comprising only the four interest
rates, it turns out that the widening of the information set to also include the
bilateral exchange rate revises results signiﬁcantly and makes it possible to
identify an interpretable long-run relationship. The model’s forecastability
2

The concept eective interest rates refers to the fact that one has taken into account
the compound interest rate eect. In the general case with a deposit with a term to
maturity less than one year this might be given the following representation:
µµ
¶
rnom ¶n
i=
1 + 100
 1 100
n
where: i is the eective interest rate, r the nominal coupon interest rate and n the number
of periods per year. The implicit assumption in the above example is that the principal
amount and the accrued interest rate are re-invested at the same nominal rate of interest
rate throughout the period. In the case of bonds with ﬁxed coupon dividends the formulas
become slightly more elaborate and the interested reader is referred to The Norwegian
Society of Financial Analysts (2001)
3

In the paper I have used the monthly change in the logarithm of the bilateral exchange
rate, being aware of the fact that it would have been more correct from a theoretical
perspective to use the change over three months. However, one may argue that investors
operating in the markets are using the monthly change as an indicator because it is a
more updated proxy for what it after all seeks to capture, namely the expected rate of
depreciation.
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is also improved compared to a model of interest rates only.
The rest of this paper is organized as follows. Section 2 examines cointegration and exogeneity. Section 3 then presents the outcome of a structural
reinterpretation of the reduced form analysis. Section 4 contains concluding
remarks.

2

Integration, Cointegration and Weak Exogeneity

This section presents statistics for testing stationarity of the individual time
series in the information set. Johansen’s maximum likelihood procedure (Johansen (1988)) is applied to test for cointegration and the direction of causality among the short-and long-term interest rates in Germany and the US.
Prior to modelling, it is useful to determine the orders of integration of the
variables in the information set. Below, I therefore ﬁrst present the results
of using ordinary univariate augmented Dickey-Fuller (ADF) tests for unit
roots in individual time series (Dickey and Fuller (1981)). However, I also
present the results of using the Johansen method to test for stationarity in a
multivariate framework. These two approaches for testing stationarity dier
in two important respects. First, when using the Johansen approach the nullhypothesis is that the individual time series is stationary, while Dickey-Fuller
tests have non-stationarity as their null-hypothesis. Second, the multivariate
test statistics are conditional on the number of cointegrating vectors in the
information set.
Table 2.1 lists augmented Dickey-Fuller test statistics for the long- and
short-term interest rates in Germany and the US. The last column also gives
the tests for the rate of depreciation. The absolute value of the deviation
from unity of the estimated largest root appears in parentheses below each
Dickey-Fuller statistic: this deviation should be approximately zero if the
series has a unit root. Unit root tests are given for the variables in levels and
for their ﬁrst dierences. This permits testing whether a given series is I(0),
I(1) or I(2), albeit in a pairwise fashion for adjacent orders of integration.4
According to the unit root tests all variables except the rate of depreciation
4

For identiﬁcation of the cointegration indices using the two-step procedure of Johansen
(1995), the reader is referred to the international interest rate analysis in Hammersland
(2004).
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appear to be integrated of order one.5 The rate of depreciation on the other
hand seems to be a stationary variable.
Table 2.2 reports values of a multivariate statistic for testing the time
series properties of a given variable. Speciﬁcally, these LR-test statistics
test the hypothesis that one of the cointegrating vectors contains all zeros
except for the coe!cients corresponding to the variable under consideration
and a non-restricted constant term, where the test as alluded to above, is
conditional on the number of cointegrating vectors. For instance, the null
hypothesis of a stationary long-term
German interest
¡
¢p rate implies that one
1
0
0
0
0
q
of the cointegrating vectors is
, where I have implicitly
assumed that long-term German interest rates and the constant are the ﬁrst
and last variable of the variable vector, respectively. In Table 2, the statistics
quoted are conditional on there being two cointegrating vectors and refer to
the same VAR model that is used later to identify the long-run relationships.
Empirically, all the stationarity tests, except for the depreciation rate, reject
with p-values less than one per cent. These rejections of stationarity are
consistent with the inability to reject the null hypothesis of a unit root in all
the interest rates when using the Dickey Fuller test statistic. Thus, all four
interest rates are treated below as if they are I(1). The rate of depreciation,
however, seems to be stationary and will be treated likewise.
The methodology developed by S. Johansen (Johansen (1988), (1992) and
Johansen and Juselius (1990)) is used to identify the long-run relationships
and to test whether some variables may be considered as exogenous with
regard to estimation of the parameters of the long-run relationships. The
results of the analysis are given in Table 3. However, the order of the VAR
is not known a priori, hence some testing of lag order may be beneﬁcial in
order to ensure reasonable power in the Johansen procedure. Beginning with
a ﬁfth-order VAR in iGL , iUL , iGS , iU S and Dv that includes a restricted
constant term, we show in Appendix A, Table 8, that it is statistically acceptable to simplify to a second-order VAR. Further reduction to a ﬁrst-order
VAR is rejected. The empirical cointegration analysis is therefore made on
a 5 dimensional VAR of order two.
Table 3 shows the results of Johansen’s maximum likelihood procedure.
Looking ﬁrst at Table 4 which gives the diagnostics of the individual equa5

The diagnostics of the fourth order autoregressive model of the German long-term
interest rate reveal problems with heteroscedasticity and autocorrelation as well as nonnormality. Strictly speaking therefore, the results of the Dickey Fuller test for this variable
is not valid. However, with regard to the other variables all diagnostics are ﬁne.
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Table 1:
ADF(4) Statistics¯³for
for a unit Root.
¯
´ Testing
¯
¯ 2
Estimates of ¯ 4  1¯in parenthesis1),2)
Variable
H0

iGL

iU L

iGS

iUS

Dv

I(1)

-1.1465
(0.0217)

-1.5053
(0.036)

-0.9477
(0.0074)

-1.9276
(0.0231)

-5.072**
(0.859)

I(2)

-3.5098**
(0.5419)

-4.5702** -3.1376** -2.7768**
(0.747)
(0.469)
(0.3662)

-7.3708
(2.5954)

3)

1

For any variable x and a null hypothesis of I(1), the ADF statistics are testing a null
hypothesis of a unit root in x against an alternative of a stationary root. For a null
hypothesis of I(2), the statistics are testing a null hypothesis of an unit root in {x
against the alternative of a stationary root in {x.
2
For a given variable and the null hypotheses of I(1) and I(2), two values are reported.
The 4’th-order augmented Dickey-Fuller (1981) statistics, denoted ADF(4) and (in parentheses) the absolute value of the estimated coe!cient on the lagged variable, where
that coe!cient should be equal to zero under the null. A constant-term is included
in all regressions. The eective sample is 1990(1)-1997(12).
3
Here and elsewhere in the paper, asterisks * and ** denote rejection of the null hypotheses at the 5% and 1% signiﬁcance level, respectively. The critical values for the ADF
statistics are -2.892 at a level of 5% and -3.499 at a level of 1 %(MacKinnon (1991))
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Table 2:
Multivariate test statistics for testing for stationarity
Two cointegrating vectors and constant in CI-space1) ,2)

Variables
iGL
X2 (3)

iUL

iGS

iU S

17.556** 10.387* 18.814** 12.095**
[0.0005] [0.0155] [0.0003] [0.0071]

1

Dv
4.1717
[0.2435]

The test statistics are the LR-tests of restrictions on the cointegration space within
the Johansen framework. Speciﬁcally, these statistics test the restriction that one of
the cointegrating vectors contains all zeros except for a unity corresponding to the
coe!cient of the variable we are testing whether is stationary and a non-restricted
constant coe!cient. In Table 2, the statistics quoted are conditional on there being
two CI-vectors and refer to the same VAR model that later is used to identify the
long-run relationships. The ﬁgures in brackets under each test statistics are the tests’
signiﬁcance probabilities and * and ** denote rejection at 5% and 1% critical levels,
respectively.
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Table 3: Johansens cointegration tests
System: iGL , iUL , iGS , iUS , Dv.
Deterministic part: Restricted constant1)
VAR order: 2. Sample period: 1990 (1)-1997 (12).
Eigenvalues of : 0.4508 0.2551 0.2064 0.1219 0.0520
Max Eigenvalue Tests2)

Trace Eigenvalue Tests

Null Alt. Statistics 95% Null Alt. Statistics 95%
r=0
r1
r2
r3
r4

r1
r2
r3
r4
r5

57.53**
28.27*
22.2
12.48
5.13

34.4
28.1
22.0
15.7
9.2

r=0
r1
r2
r3
r4

1)

r5
r5
r5
r5
r5

125.6**
68.08**
39.8*
17.61
5.13

76.1
53.1
34.9
20.0
9.2

The constant is restricted to lie in the space spanned by the columns of k
The 5 per cent critical values shown in brackets are taken from Osterwald
Lenum (1992). An asterisk indicates that a test is signiﬁcant to a level of ﬁve
per cent, while two asterisks indicate that the test is signiﬁcant to a level of
one per cent.
2)
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tions as well as for the system, it is worth noting that all diagnostics are ﬁne
except for a ﬁve per cent rejection of normality for the residuals in the longterm US interest rate equation and a marginal rejection of the corresponding
vector test statistic. Table 3 supports the existence of three cointegrating
vectors at a signiﬁcance level of ﬁve per cent, but only two using a test level
of one per cent. However, we know that the rate of depreciation is stationary, so if we accept that there are only two cointegrating vectors, we only
have to identify the second.6 The unrestricted estimated cointegrating linear
combinations and the loading matrix in case of only two cointegrating vectors are given in Table 5 below. The following table, Table 6, quotes tests
of dierent hypotheses with regard to the cointegration space and the space
spanned by the k’s. As already noted when tested for stationarity the test of
the restrictions identifying the rate of depreciation as the ﬁrst cointegrating
vector is ﬁne. Also, the tests do not reject a homogenous linear combination
of the long-term interest rates and the short-term German to be the second
cointegrating vector. However, the spread between the two long-term interests rates is nor rejected. Anticipating the outcome of the tests for Granger
non-causality and exogeneity, this suggests that the German short rate is
superﬂuous and that there is a full pass through of changes in the US rate
into the German rate in the long run. This agrees with the former graphical
inspection of the spreads made in the introduction.
A simple test of weak exogeneity, proposed by Johansen (1992a, 1992b)
(see also Urbain (1992)), is simply to test zero restrictions on a subset of the
weights in the loading matrix, k. The results of these tests give support to
treating the long-term US interest rate as exogenous with respect to estimation of the long-run parameters of the two restricted cointegrating vectors.
With regard to the short-term US interest rate the status is more uncertain as the individual test conditional on the two identiﬁed cointegrating
relationships and no error correction in the equation of long-term American interest rates, is signiﬁcant to a level of ﬁve per cent (p-value equal to
0.0246). However, the same test when not conditioning on long-term American interest rates as exogenous has a p-value that is only marginally below
ﬁve per cent which is also the case with regard to the test of considering
both US rates as jointly exogenous. This implies that we probably are not
6

The analysis of this paper is based on the existence of only two cointegrating long-run
relationships. For an elaboration of the alternative of three cointegating vectors the reader
is referred to Hammersland (2004).
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making too big a mistake by restricting the two cointegrating vectors to enter only the equations of the long- and short-term German interest rate and
the equation for the rate of exchange rate depreciation. If so, the two US
interest rates can be considered as being exogenous with regard to estimation of the long-run parameters and inference with regard to these would be
possible to conduct from a three dimensional model where we condition on
US interest rates without a signiﬁcant loss of information. However, to take
the additional step of justifying on this basis the simpler modelling strategy
implied by a three dimensional conditional system analysis when building a
dynamic structural model necessitates further investigation as to whether the
two American interest rates might also be considered as weakly exogenous
with regard to estimation of the dynamic short-run parameters. A test of
strict exogeneity with regard to the two American interest rates related to
the structural model developed in the next section, does however not reject.7
This is indicative of both US interest rates also being weakly exogenous with
regard to the dynamic coe!cients and together with their status of being
exogenous with regard to estimation of the long-run parameters legitimate
the sort of conditional analysis pursued in the next section to come. That is
a three dimensional structural dynamic analysis of the system consisting of
German short- and long-term interest rates and the actual rate of depreciation conditional on the two US interest rates.8
The two identiﬁed cointegrating relationships together with the restricted
loading matrix, are given in Table 7 below. The test of the restrictions is
also quoted and does not reject to a level of ﬁve per cent. The long-run relationship implies that a 100 basis points change in the long-term US interest
rate leads to the same change in the German long-term interest rate in the
long run. Thus there is a full pass-through of changes in US long-term interest rates into the corresponding German rates. The recursively estimated
7

The test of strict exogeneity has been undertaken by plugging the residuals of the
structural model of Section 3 into the autoregressive marginal processes of order one of the
two US interest rates and restricting their coe!cients to zero. The joint test of restricting
all residual coe!cients to zero is "2 (6) and gave a test statistic equal to 6.25826 [0.3949],
where the number in parenthesis is the respective test’s signiﬁcance probability.
8
The outcome of an unconditional analysis does not signiﬁcantly change the outcome
of our analysis as the restrictions implied by both US interest rates being univariate
autoregressive processes of order one constitute valid restrictions on the full dynamic
structure. However, there is some indication of a simultaneous dynamic eect of changes
in long-term US interest rates on changes in the corresponding short-term interest rates.
For a discussion of this possibility the reader is referred to Hammersland (2002).
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Table 4:
Individual equation and system diagnostics of the
unrestricted VAR1)
Equation/Tests AR 1-6 F[6,79]

ARCH 6 F[6,73]

Normality 2 (2)

{iGL
{iU L
{iGS
{iU S
{Dv

0.6045[0.7260]
1.2169[0.3065]
1.3716[0.2364]
2.0817[0.0646]
0.6376[0.6998]

0.5329[0.7815]
0.8787[0.5149]
0.6138[0.7185]
1.9673[0.0814]
0.2909[0.9394]

4.510[0.1049]
9.128[0.0104]W
1.933[0.3804]
0.759[0.6842]
1.631[0.4424]

System tests:

AR 1-5[150,257] VNormality 2 (10) VX2 F[300,646]

Statistics:

1.2128[0.0886]

14.707[0.1431]

1

1.1967[0.0324]W

The Values shown in brackets are the individual test’s signiﬁcance probability. * and
** denote as usual rejection of the corresponding null at levels of 5 and 1 per cent,
respectively. VNormality and VX2 denote the Vector tests of normality and heteroscedaticity. For an explanation of the various test statistics the reader is referred to
Chapter 14 of the PcFiml manual (Doornik and Hendry (1999)).
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Table 5: The unrestricted cointegrating linear combinations and the loading
matrix
b0
q

¡

iGL iU L iGS iUS Dv 1

¢0

=
b11 iGL + q
b21 iUL + q
b31 iGS + q
b41 iU S + q
b51 Dv + q
b61
q
b22 iUL + q
b32 iGS + q
b42 iU S + q
b52 Dv + q
b62
b12 iGL + q
q
=
iGL  0.28iU L  0.21iGS  0.23iU S + 0.64Dv  0.025
0.79iGL + iU L  0.06iGS  0.071iU S + 0.014Dv  0.016
Loading matrix1

Equation
{iGL
{iUL
{iGS
{iUS
{Dv

k
b 11
k
b 21
k
b 31
k
b 41
k
b 51

k
b 12
k
b 22
k
b 32
k
b 42
k
b 52



= 



0.025 [0.0136]
0.010 [0.0170]
0.016 [0.0149]
0.017 [0.0143]
1.340 [0.1777]

1

0.143 [0.0527]
 0.101 [0.0656]
0.201 [0.0575]
0.022 [0.0552]
 1.468 [0.6836]

The values shown in brackets to the right of the estimated loading coe!cients
are the respective coe!cients’ standard error.
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eigenvalues of Figure 3 in the appendix show signs of instability. However,
taking the scale on the vertical axes into consideration, this instability seems
mainly to be a graphical illusion.

3

A conditional error correction model for
the long- and short-term German interest
rate.

Based on the results of the vector autoregressive analysis above, I started by
specifying a three-dimensional conditional structural error correction model
incorporating only one lag of dierences and the two error correction mechanisms given by the rate of depreciation and the long-term interest spread
lagged one period.9 The structure identiﬁed was informed by theory and
the desire to explain the correlation pattern of the reduced form residuals as
the result of a solved data generating simultaneous equation model. From
preliminary data analysis we know that the regression model is balanced,
i.e. that the model includes only variables with consistent temporal properties. The error correction speciﬁcation makes it easy to distinguish between
short- and long-run eects. The short-run eects are represented by the differenced variables, while the long-run eects are associated with the level
variables. In order to ﬁnd a parsimonious representation, I then imposed
restrictions on the short-term coe!cients of the model. The restrictions, like
the identiﬁcation- scheme, were informed by theory and the desire to explain
the correlation pattern of the reduced form.
The structural model below shows the regression result when using Full
Information Maximum Likelihood (FIML) on monthly data for the period
January 1990 to December 1997. Looking at the diagnostics quoted below
the identiﬁed structural model, the LR test for over-identifying restrictions
implies that the structure imposed constitutes a valid reduction of a justidentiﬁed structure. Also, I cannot reject a joint test of imposing dynamic
contemporaneous linear homogeneity in the equation for long-term German
interest rates, together with a linear restriction identifying the ﬁrst dierence
of the long-term interest spread as an explanatory variable in the equation
determining the bilateral exchange rate. The negative impact from the ﬁrst
9

Note that one lag of a dierence includes the second lag of the level, matching the
order of the VAR in Section 2.
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Table 6: Test of Hypotheses related to the parameterisation of Table 5
Hypotheses

LR-test, Rank =2

1): q 11 = q 21 = q 31 = q 41 = q 61 = 0, q 51 = 1

2 (4) = 4.18 [0.383]

2 (7) = 8.46 [0.294]
2): q 11 = q 21 = q 31 = q 41 = q 61 = 0, q 51 = 1
q 42 = q 52 = q 62 = 0, q 12 = 1 =  (q 22 + q 32 )
3): q 11 = q 21 = q 31 = q 41 = q 61 = 0, q 51 = 1
q 32 = q 42 = q 52 = q 62 = 0, q 12 = 1 = q 22

2 (8) = 13.65 [0.091]

4): q 11 = q 21 = q 31 = q 41 = q 61 = 0, q 51 = 1
q 32 = q 42 = q 52 = q 62 = 0, q 12 = 1 = q 22
k21 = k22 = 0

2 (10) = 13.78 [0.183]

5): q 11 = q 21 = q 31 = q 41 = q 61 = 0, q 51 = 1
q 32 = q 42 = q 52 = q 62 = 0, q 12 = 1 = q 22
k41 = k42 = 0

2 (10) = 18.75 [0.044]W

6): q 11 = q 21 = q 31 = q 41 = q 61 = 0, q 51 = 1
q 32 = q 42 = q 52 = q 62 = 0, q 12 = 1 = q 22
k21 = k22 = 0, k41 = k42 = 0

2 (12) = 21.06 [0.05]W

1

The value shown in brackets after each individual LR-test is the test’s signiﬁcance probability. One star, *, behind a test statistic means as before that the test is signiﬁcant
to a level below ﬁve per cent.
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Table 7: The restricted cointegrating linear combinations and the restricted
loading matrix
Restricted cointegrating linear combinations1

¢0
¡
q 0 iGL , iUL , iGS , iU S , Dv, 1

Equation:
{iGL
{iUL
{iGS
{iUS
{Dv

5

Dvt

6

8
= 7 ¡
¢
GL
UL
i i
t

Restricted estimated loading matrix
k
b 11
k
b 21
k
b 31
k
b 41
k
b 51

k
b 12
k
b 22
k
b 32
k
b 42
k
b 52

= 0.0112 [0.0078]
=
0.0000
= 0.0094 [0.0096]
=
0.0000
= 0.8302 [0.1097]

0.1067 [0.0324]
0.0000
0.1021 [0.0409]
0.0000
0.0000

2 (13) = 21.08 [0.0714]
1

The values in brackets to the right of the estimated loading coe!cients are the respective coe!cients’ standard error
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dierence of the spread on the ﬁrst dierence of the depreciation rate is
consistent with an overshooting eect in case of changes to long-term interest
rates. That is, to generate increased depreciation expectations in the wake of
long-term interest hikes the depreciation rate will have to decrease.10 From
the identiﬁed structure we note that the two variables iGS and iU L both seem
to explain the German long-term interest rate in the short run, but only the
latter in the long run. The coe!cient on {iUt L shows the impact (after one
month) on the German long-term interest rate of a change in the US longterm rate. The estimate of this coe!cient is 0.40, implying that a 100 basis
point change in US long-term interest rates leads to a 40 basis points change
in the German long-term interest rate after one month. Moreover, we note
that this eect is considerably weaker than the short-run impact from a 100
basis points change in the short-term German interest rate which changes
the German long-term interest rate by as much as 60 basis points. As the
long-run eect of a change in short rates on long-term interest rates is neutral
this suggests that the strong short-run eect is neutralized in the long run
through aecting expectations of future short-term interest rates.
The long run relationship is derived by setting all the dierenced variables
in the reduced form of the structure equal to zero and implies as commented
on before, that there is a complete pass-through into German long-term
interest rates of a change in the US long-term interest rate. Thus, a 100
basis points change in the long-term US interest rate leads in the long run to
an equal change in the German long-term rate. Hence, US long-term interest
rates have a considerably stronger impact on German long-term interest rates
in the long run than in the short run.
To facilitate the interpretation of the exchange rate equation one may convert 2 vt =
(iGL  iU L ) to vt = vt1 + vt1  (iGL  iU L ). Assuming a particular form of
adaptive expectations implying next period’s expected nominal exchange rate level is equal
e
e
to the realised exchange rate level of last period, vt+1
= vt1 , then implies that 2 vt+1
=
GL
UL
(i  i ). This equation says that an increase in the German US interest rate spread
leads to an instant increase in the depreciation expectation bigger than the one predicted
by UIP ( > 1). The corresponding negativ relationship between the interest rate spread
and the change in the change of the actual spot exchange rate then says nothing else than
this is accomplished through an instantaneous appreciation of the spot exchange rate.
10
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The Identiﬁed Structural model
UL
GS
{iGL
= 0.156 {iGL
+b
01t
t
t31 + 0.398 {it + 0.602 {it
(0.0803)

(0.066)

(0.066)

j
b1 = 0.001756
© GL
ª
GS
UL


{iGS
=
0.234
{i
+
0.0151
{Dv
+b
02t
0.114
i
i
t
t
t31
t31
(0.0854)

(0.0094)

(0.0316)

j
b2 = 0.00201395
ª
©
{Dvt = 0.173 {Dvt31  3.819 { iGL  iU L t31  0.834 Dvt31
(0.0856)

(1.107)

(0.107)

+ 2.517 {iUt S  3.742 {iUS
03t
t31 + b
(1.142)

(1.18)

j
b3 = 0.022361

Some Diagnostics of The Structural model
T=96 (1990(1)-1997(12))
LR: 2 (17) = 14.4772 [0.6331]
LR: 2 (2) = 0.4298 [0.807]
VAR 1-6 F (54, 218)
2 (36) = 21.346 [0.9749]
2 (36) = 20.947 [0.9786]

VNorm 2 (6) = 12.12 [0.0594]
F (36, 80) = 0.59294 [0.9583]
F (36, 80) = 0.58186 [0.9634]

In Section 2 I found that I could estimate the long-run parameters conditionally on both US interest rates, without having to pay attention to their
marginal distributions. This suggests that the direction of causality goes
from the US to the German economy. To further substantiate this claim,
however, one has to test against lagged eects of German long- and shortterm interest rates as well as of the rate of depreciation on both US interest
rates. However, a test for Granger non-causality (Granger (1969)) does not
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reject the null of no lagged eects on US interest rates of these variables.11
Thus, there is evidence of a one-way causality between US and German interest rates, the direction of causality going from the US economy to the
German economy.
The system diagnostics for serial correlation, non-normality and parameter constancy are all ﬁne. However, both tests for vector heteroscedasticity
reject to a level of one per cent.12 Also, by formulating a structural model
we were unable to get rid of the residual correlations across equations in
the unrestricted reduced form of the system, the correlation between the
residuals of the two German interest rates in fact increasing instead of decreasing.13 These facts both indicate some sort of misspesiﬁcation; the two
obvious candidates are wrongly imposed structural restrictions and a too
small information set. However, as mentioned in the introduction, I have so
far not been able to ﬁnd an adequate understanding of the structure underlying alternative information sets and will therefore leave the ground open
for further research. With regard to whether the structural representation
might represent wrongly imposed identifying as well as over identifying restrictions the reader is again referred to Hammersland (2002).14 The forecast
11

The test of Granger non-causality is made on an error correction model for US longand short-term interest rates where we together with the lagged error correction terms
and lagged changes in US long- and short-term interest rates, have regressed on lagged
changes of German long- and short-term interest rates and lagged changes in the rate
of depreciation. When incorporating only two lags of dierences, the joint reduction of
all lagged eects from these model endogenous variables and error correction terms in the
marginal models of the two American interest rates gives a test statistic with a signiﬁcance
probability of 0.09.
12
The vector "2 and vector Xi Xj tests are respectively F(108,402)=1.63[0.0004]** and
F(324, 206)=1.58[0.0002]**.
13
correlation 6
matrix
of
the
simultaneous
equation
model
is
5 The
1
0.42 0.15
7 0.42
1
0.27 8while the corresponding matrix of the restricted reduced
0.155 0.27
1
6
1
0.22 0.24
1
0.10 8.
form is 7 0.22
0.24 0.10
1
14
Particularly interesting in this respect is the fact that to get rid of the worst instances
of high and unexplained residual correlations across equations in the simultaneous equation
model of this paper the model in Hammersland (2002) reverses the direction of causality
between short and long-term interest rates, implying that short-term interest rates are
explained by long-term interest rates and not vice versa. This might be indicative of shortterm interest rates being set in accordance with a policy rule informed by movements in
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statistics together with Figures 5 to 7 in the Tables and Graphs part of the
paper, which show static(one step ahead) and dynamic ex ante forecasts for
the rate of depreciation and the German long- and short-term interest rate
for 1997, indicate that our model seems to make fairly good forecasts inside
as well as outside the sample period though the error bands are wide and the
ex ante forecasts for the German long-term interest rate systematically overpredicts the actual development.15 However, a great deal of the systematic
forecast failure of the German long-term interest rate is due to the forecast
error of 1997 (2) and correcting for this would bring the forecast path considerably closer to the path of the actual series. Figure 4 shows some graphical
test statistics for parameter stability. These graphs do not indicate a serious
problem with unstable parameters during the sample period and are in line
with the formal tests given under the structural model above.

4

Summary and conclusions

The purpose of this paper has been to reexamine empirically the relationship
between long-term interest rates in well integrated ﬁnancial markets. The
analysis has been carried out within the framework of a ﬁve dimensional VAR
for the simultaneous determination of short- and long-term interest rates in
the US and Germany, and the rate of depreciation. An important motivation
for using this framework has been to carefully examine cointegration and
exogeneity. Interestingly, my results indicate that both US interest rates are
exogenous with regard to estimation of the long-run coe!cients in a three
dimensional regression model for German long- and short-term interest rates
and the rate of depreciation. Also, German long-term interest rates do not
seem to Granger cause US interest rates. Thus, the direction of causality
seems to be unidirectional, namely from the US to the German economy.
This could have important macroeconomic consequences in Germany since
much of the debt to households and ﬁrms is linked to long-term interest
rates.16 Moreover, I ﬁnd that short-term German and long-term US interests
rates both have a signiﬁcant impact on long-term German rates in the short
the domestic long-term interest rates.
15
All these forecasts have been undertaken by a model estimated on data only for the
period 1990 (1) to 1996 (12) and thus are ex ante forecasts in the sense that they are made
for the period after the estimation period.
16
As illustrated by Borio(1995), the share of outstanding debt bearing interest rates
which were either predominantly ﬁxed or indexed to long-term interest rates for six of
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run. However, domestic interest rates do not seem to enter the long-run
relationship. In addition to implying that there is a full pass-through of
long-term US interest rates into the corresponding German rate in the long
run, this suggests that monetary policy could be eective through aecting
expectations with regard to future short-term interest rates in a way that
neutralizes a short-run eect that short-term domestic interest rates have on
long-term German interest rates in the long run. The forecastability of the
model is improved compared to a model where one excludes the bilateral
exchange rate in the information set, and does give decent forecasts even
for 1997. This suggests that the widening of the German US interest rate
spread in late 1996 early 1997 might have been due to increased depreciation
expectations as a consequence of overvaluation of the dollar. The subsequent
narrowing of the spread in the second half of 1997 might then likewise be
ascribed to increased appreciation expectations as a consequence of dierent
growth patterns in the US and Germany and the fact that the dollar by then
was perceived to be overvalued.
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A

Tables and Graphs
Table 8: F and related Statistics for Sequential VAR Reduction.
Null Hypothesis1

System

k

SC

V AR (5) 130 57.05
&
V AR (4) 105 54.89
&
V AR (3) 80

V AR (4)

V AR (3)

V AR (2)

0.884
[0.63]
(25, 246)

55.72

1.074
[0.37]
(25, 265)

56.54

1.048
[0.38]
(75, 320)

1.139
[0.25]
(50, 327)

1.204
[0.23]
(25, 283)

57.05

1.388W
[0.017]
(100, 33)

1.570WW
[0.004]
(75, 34)

1.814WW
[0.001]
(50, 35)

&
V AR (1) 20

V AR (5)

0.974
[0.53]
(50, 304)

&
V AR (2) 55

Maintained Hypothesis2

2.417WW
[0.000]
(25, 30)

Notes:
1
The ﬁrst three columns report the vector autoregression with its order, and for that
model: the number of unrestricted parameters k and the Schwartz criterion SC.
2
The three entries within a given block of numbers in the last four columns are: the
approximate F-statistic for testing the null hypothesis (indicated by the model to the
left of the entry) against the maintained hypothesis (indicated by the model above the
entry), the tail probability associated with that value of the F-statistic(in square brackets), and the degrees of freedom for the F-statistic (in parentheses). See Dornik and
Hendry (1994) for details on the algebra underlying these calculations. * and ** denote
as usual rejection of the corresponding null at levels of 5 and 1 per cent, respectively.
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