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Abstract

This paper examines the interrelations between the purchas-
ing power parity, uncovered interest parity, the term structure of
interest rates and the Fisher real interest rate parity using coin-
tegration analysis. Dynamic adjustment and feed-back effects
are estimated jointly in a full system of equations. An important
finding is that the very slow, though significant, price adjustment
towards sustainable levels of real exchange rates, has been com-
pensated by corresponding changes in the spread of the long-term
bond rates. Related to this is the strong empirical support for
the weak exogeneity of the long-term bond rates, signifying the
importance of the large US trade deficits (i.e. the low levels of US
savings) and, hence, their linkage to international finance. Alto-
gether, the results suggest that the transmission mechanisms over
the post Bretton Woods period have been significantly different
from standard theoretical assumptions.
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1 Introduction

Parity conditions are central to international finance and, more specifi-
cally, to many open economy macro-models such as the celebrated Dorn-
busch (1976) overshooting model. Although international parity condi-
tions, such as purchasing power parity (PPP) and uncovered interest
rate parity (UIP), have received considerable empirical scrutiny, very
little empirical research has focussed on modelling such conditions jointly
(exceptions are Johansen and Juselius (1992), Juselius (1991,1995) and
MacDonald and Marsh (1997,1999)). This perhaps seems surprising
since such parity conditions can be shown to be closely linked through
interest rates and expected inflation. By modelling international parity
conditions jointly, extra information may brought to bear on each indi-
vidual parity condition, thereby increasing the likelihood of establishing
well-defined results. In this paper we attempt to push this nascent liter-
ature further by jointly modelling PPP and UIP with the term spread
(T'S), or yield gap, for Germany against the United States, over the
period 1975 to 1998. In addition to shedding light on the interaction
of these parity conditions, we hope to address a number of unresolved
issues.

One important issue concerns the persistence in real exchange rates.
For example, a number of studies have demonstrated that for the recent
floating experience real exchange rates are I(1) processes (see Froot and
Rogoff (1995) and MacDonald (1995) for surveys). The modelling ap-
proach adopted in this paper shows that although this non-stationarity
may be removed using inflation and interest differentials, it, in turn, is
an important determinant of interest differentials and inflation. A sec-
ond issue, which is essentially a corollary of the first, concerns the extent
to which German (European) or US variables are the driving variables
in the system. For much of the post-war period, particularly during the
Bretton Woods period, the US has been seen as the ’locomotive’ econ-
omy. But with increased integration and convergence in Europe it may
be expected that European variables, represented here by Germany, will
be as important in international financial linkages as US variables. A
third issue we seek to address is the extent to which 'implicit’ parity
conditions - namely the Fisher conditions and real interest rate parity -
hold for our sample period. Thus although the linkage between nominal
interest rates, as in UIP, describes capital mobility between financial
centres, it is the lock between real interest rates which governs the effi-
ciency with which savings and investment are allocated internationally.
To what extent does the joint modelling of UI P, PPP and the T'S shed
light on this issue?

The outline of the remainder of this paper is as follows. In the



next section we provide a motivational discussion of a number of parity
conditions used in this paper. In Section 3 a visual interpretation of the
parities is presented, while in Section 4 the econometrics of the parities is
introduced. Section 5 details both the ’general-to-specific’ and ’specific-
to-general’ testing methods used in this paper. Our tests of the parity
conditions begins in Section 6 where we consider a ’small model’ which
excludes short term interest rates. The representation of the parities in
our 'large model’, which includes short term rates, is presented in section
7. The estimated long-run impacts of shocks to the system are reported
in section 8. The final section of the paper contains summary results
and conclusions.

2 International Parity Conditions

Perhaps the best known parity condition in international finance is that
of purchasing power parity (PPP). Absolute PPP is usually written
as:

Pt — Pr — St = pppr, (1)

where p; is the log of the domestic price level, p; is the log of the for-
eign price level, and s; denotes the log of the spot exchange rate (home
currency price of a unit of foreign currency). For ’strong form’ the term
ppp:! is assumed to be stationary.

The nature of the empirical support for PPP is very dependent on
the sample period chosen in the following sense: if the time it takes for
ppp to return to its steady-state value is very long, say ten years, then
we need a long sample to get statistically significant mean reversion
effects?>. Over century long historical data spans, there is mounting
evidence that a version of the strong-form PPP is valid, but with a
very small adjustment coefficient (see, for example, Froot and Rogoff
(1995) and MacDonald (1995)). For the recent floating experience the
sample period is too short for such a small adjustment coefficient to be
statistically significant. Hence, ppp; should statistically be treated as an
I(1) process.

There are in fact a number of potential reasons why the adjustment to
strong-form PPP is so slow. For example, the correspondence between
the measured prices series -usually the CPI - and the true or theoretical
price series might be weak, institutional differences might be important.

'Note that the ppp term is also the (logarithm) of the real exchange rate. We prefer
to use the label ppp in this paper because we are adopting a parity perspective and
also because we do not model the real exchange rate in terms of real fundamentals.

2See Juselius (1999) for a discussion of the statistical versus economic interpreta-
tion of unit root econometrics.



Another potentially more interesting objection to traditional PPP, is
that important real determinants of real exchange rates may introduce a
stochastic trend into real exchange rates. The interpretation is that the
persistence in deviations from PP P is due to the existence of important
real factors working through the current account, such as productivity
differences, net foreign asset positions and fiscal imbalances. This hy-
pothesis has received some empirical support by researchers who have
explicitly modelled the real determinants of real exchange rates (see the
papers contained in MacDonald and Stein (1999)).

However, through the balance of payments constraint we know that
any current account imbalance generated by such movements has to
be financed through the capital account. The implication of this is
that PPP is likely to be strongly related with another parity condition,
namely uncovered interest rate parity (UIP) (see Johansen and Juselius
(1992), Juselius (1991,1995) and MacDonald and Marsh (1997,1999)).
Therefore, by combining the two parity conditions we may pick up the
influence of the real factors on PPP indirectly.

The condition of UI P may be stated as:

EAsi — it 4+ =0, (2)

where i. denotes a long term bond yield with maturity ¢ + I, E; denotes
the conditional expectations operator, on the basis of time-t information.
Assuming that expectations are formed rationally:

Asiyp = EyAsyy) + €441, (3)

where ¢, is a white noise error, we may write a testable version of (2) as:

- e
AsSpy — 1y + 1 = g4 (4)

A number of researchers (see, for example, Cumby and Obstfeld (1981)
) have tested this version of UIP and essentially find that ¢, is non-
stationary. However, when the UIP condition is modelled jointly with
P PP more satisfactory results have been obtained in the sense that devi-
ations from the conditions are stationary and the sign of the coefficients
conform with priors. Nevertheless, the empirical evidence strongly sug-
gest that the assumption of market clearing underlying (2) would have
to be replaced by an assumption of price adjustment.

There are two further parity conditions, related to PPP and UIP,
which are useful in trying to understand some of the puzzles noted in
the introduction. The first relates to the term structure of interest rates,
or the so-called yield gap. The interest differential in (2) is defined with
respect to interest rates with a long-term maturity, although it could



equally be written for interest rates with a short-term maturity. How-
ever, both short and long bond yields will be linked via a term structure
of interest rates relationship, implying that it is unnecessary to define
UIP twice for both short and long rates. In the standard expectations
model of the term structure 'the’ long rate is a weighted average of the
current and expected future spot rates. Short rates in this view of the
maturity spectrum ’drive’ long rates. As Campbell and Shiller (1987)
note, the standard expectations model of the term structure implies that
the, so-called, term spread (7'S) or yield gap should be stationary. The
TS is defined as:
Zi o Zf = Ut (5)
where 7; denotes the yield on a short maturity bond and v; generally
denotes a random error term. However, the T'S model has failed on a
variety of empirical tests (see Campbell, 1995) and v; has often been
found nonstationary. As in the PPP relationship, the average mean
reversion time is usually long and stationarity can only be accepted in
very long spans of data such as century long data.

It is conventional to think of nominal interest rates being decomposed
into real and expected inflation components using the Fisher decompo-
sition. For long bond yields this may be written as:

iy = 1+ B Apey, (6)

where r denotes the real interest rate. The conventional interpretation of
the causality in this relationship would be that excess monetary growth
causes inflation and this, combined with a stationary real interest rate
(in some models the real rate is assumed to be constant), is reflected
in the nominal interest rate. Although a similar decomposition may be
written for short rates:

iy =1, + EtAprys, (7)

the interpretation placed on the latent causality would be different. For
example, it is widely accepted that short rates are set by central bank
policy, and in the presence of sticky goods prices this shows up in one-to-
one movements of the real interest rate. Combining (6) with (7) gives:

(r =) = (iy — i) — E(p — ps) (8)

which shows that if expected inflation between time s and [ is nonsta-
tionarity, then the yield gap would also have to be nonstationary for
the real rate differential to be stationary. Since inflation is found to be



nonstationary in itself this seems very plausible. In this view (6), (7)
and (8) are likely to be non-stationary, or I(1).

The final parity condition, the real interest rate parity (RIP) is im-
plicit in the above relationships. In particular, if we take the UIP con-
dition for long bond yields and the relevant Fisher conditions for the
home and foreign country, we have (in ex-post terms):

rt— ol =, 9)

The empirical literature on RIP usually focuses on testing if the
restrictions necessary to move from (2) and (6) to (9) actually hold in
the data. The majority of such studies find that RI P is strongly rejected
for most country pairings (see, for example the overview in Hallwood and
MacDonald (1999)).

We now draw out the implications for the modelling of PPP, UIP
and T'S under assumption that the simple parity conditions are nonsta-
tionary and that the very slow adjustment to sustainable real exchange
rates is the basic reason for this nonstationarity. We formulate the fol-
lowing hypothetical adjustment relations for the spot exchange rate:

Asy = wiA(py — py) + walis — 1) + wspppe—1 + vt (10)
where actual depreciation can be related to a change in inflation dif-
ferential, to the spread in short-term interest rate (a monetary policy
intervention effect) and to an (probably very small) adjustment to real
exchange rates with adjustment parameters wq, ws and ws, respectively.
If the expected exchange rate in (2) is formed by using (10) we can now
derive a relationship combining the PP P and the UIP conditions:

fo - Zi* = w1 Ey(Ap — Ap*)iy1 +wa By (1 — 5) o1 + wappps + v (11)

If the difference between E;(z;.1) and z; is white noise (i.e. agents do
not make systematic forecast errors) the cointegration results will be
unaffected when replacing expectations with actual values:

iy — it = wi(Ap = Ap") + Wi — D)o + wapppr + v (12)
Thus, we note that implicit in (12) is all the other parity relationships:
the two Fisher conditions, international real interest rate parity condi-
tion, the ppp condition, and the term structure condition. For example,
(12) becomes the real long-term interest parity relationship for w; = 1
and (wy = 0,ws = 0). By modelling these these relationships jointly we
can test the stationarity of the simple parity conditions as special cases
of (12). If these are rejected we can test whether combinations of the
parity relationships become stationary.

6



3 An ocular analysis of the parities

In this section we offer a first pass at how closely the various parity
conditions considered above hold. We also introduce some of the relevant
institutional background which will have a bearing on our econometric
results.

1257

The spot exchange rate Dmk/!

1980 1985 1990 1995

The monthly price differential and the spot exchange rate (upper
panel) and the ppp term and the inflation rate differential (lower
panel) between Germany and USA .

The salient feature of the graphs in Figures 1, 2, and 3% is the slow
adjustment back to the parities. Figure 1, upper panel, shows clearly
that the spot exchange rate does not closely mirror the price differential
between Germany and the USA, although there seems to be a tendency
to follow the same (very) long-run movements. The much greater vari-
ation in the spot exchange rate as compared to the price differential is
quite striking®. In particular, the period between 1980 and 1985 (show-
ing up here as a depreciation of the mark) is notable. Lothian (1997),
for example, has argued that the behavior of the dollar in this period is
likely to confound any test of PPP for the recent floating period when
the US dollar is used as the numeraire currency. Given the importance
of this episode for the kinds of tests conducted in this paper, we believe
it merits a brief discussion here.

3The measurements of the variables discussed in this section are defined in Section
5.
4See for example Krugman (1993) for an economic explanation.
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The ppp term relative to the bond rate spread (upper panel) and to
the Treasury bill rate spread (lower panel).

The dollar appreciation was kick-started by the effects on interest
rates of the so-called 'Reagan Experiment’ of increasing the US fiscal
deficit. However, the prolonged nature of the appreciation would seem
to be unwarranted solely in terms of a real interest differential or, indeed,
other fundamentals which were extant at the time, such as portfolio bal-
ance or 'safe-haven’ effects (see MacDonald (1988)). The consensus view
seems to be that in large part it was a speculative bubble, unrelated to
economic fundamentals, which drove the currency to such stratospheric
levels. However, whatever the actual cause of the dollar’s rise we believe
that ultimately it could not have behaved as it did if it was not accepted
as the key reserve currency in the international monetary system. The
role of the dollar as a reserve currency is an important element in how
we interpret our results.



Rea German Bond rate

Real yearly bond rates (in 0.01%) for Germany (upper panel) and USA
(lower panel) together with +6 months moving averages

The lower panel of Figure 1, shows that the long movements of the
ppp cannot directly be related to an adjustment of the inflation rates; the
inflation spread appears too small to facilitate a long-run adjustment
towards a stationary level of real exchange rates. Figure 2 relates the
ppp; term to the bond rate spread in the upper panel and to the Treasury
bill rate spread in the lower panel. There is a quite remarkable co-
movement in the long-run behavior of the real exchange rate and the long
bond differential. However, there is not the same close correspondence
with respect to the short-term Treasury bill rates. This in large measure
reflects the nature of these two yields. The latter are driven by short term
policy considerations, whereas the former are market determined and
have a term to maturity which more closely matches the long persistence
in the real exchange rate (we discuss the importance of relative interest
rates further below). Figure 3 demonstrates the large variation in real
bond rates over this period. This is particularly so for the US real bond
rate, which has varied between -7% and +15%. These are huge variations
considering that theoretically it is usually assumed to be constant!
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The monthly bond rate spread and Treasury bill rate spread (upper
panel), the inflation rate spread relative to the treasury bill rate spread
(middel panel) and to the bond rate spread (lower panel).

Finally, Figure 4 compares the spread of the bond rates and of the
Treasury bill rates in the upper panel, and the inflation rate spread with
treasury bill rate spread (middle panel) and the bond rate spread (lower
panel), respectively. There are clearly periods in which both spreads
mirror relative inflation quite closely and periods in which they diverge
and the real interest rate spreads open up. The extent to which such
real interest rate spreads are consistent with real interest rate parity is
something we investigate formally in Sections 6 and 7.

The graphical inspection demonstrated a fair degree of persistence
both in the spreads and the parities which is inconsistent with the sta-
tionarity assumption of the parities made in theoretical models. Econo-
metrically, we will treat these persistencies as stochastic trends and use
cointegration analysis to find out how they are related. This is based on
the simple idea that a persistent imbalance in one place should create a
corresponding imbalance in another. The purpose is to use the econo-
metric analysis to suggest reasons why these simple parity relationships
are inadequate on their own and how they could be modified to describe
the variation in the data. In the next section we introduce an analytical
framework for the econometric analysis of the international parities both
in the ideal situation of efficient market clearing and fast adjustment,
and in the more realistic situation of slow adjustment and persistent de-
viations from steady-states. The methodological approach is similar to
Juselius (1999a).

10



4 The econometrics of the parities

In a world with no market rigidities, no trade barriers, no restrictions
on capital movements, stationary transportation costs, fully integrated
capital and goods markets, etc. we would expect no more than two
nominal trend driving the prices of goods and capital in two countries.
For example, the first could describe the cumulated effect of demand and
supply shocks on prices and the second the cumulated effect of differences
between monetary policy interventions in the two countries. Assuming
that price inflation is empirically I(1), as is frequently found in empirical
work, the data generating process could then be represented as:

(pe ] [1] [10]

P 1 11

Sy 0 01 S

it | =]0] [SSuy] + |10 lzun]JrXo‘ (13)
it 0 10| L=4%

i 0 10

s 0 10

Hence:

35]-[fow -

where »>uy; represents a second order general trend in price levels,
and, consequently, Yuq; the corresponding first order trend in inflation
rates (also common to nominal interest rates), and Yus; is a stochastic
trend measuring the relative impact of different monetary policy between
the two countries. Finally X is a stationary component. In this case
pe —p; ~ 1(1), and, hence, Ap, ~ I(1), Apf ~ I(1), sy ~ I (1), and
pe — pi + s¢ ~ I (0). Because inflation and interest rates share the same
stochastic trend it follows that it — Ap, ~ I(0), it* — Ap; ~ 1(0),if —
Ape ~ 1(0), if* = Apy ~ 1 (0) iz =iy ~ 1(0), i7" i ~ 1(0), i —i;" ~ 1(0),
and i} —i§* ~ 1(0).

The economy described in (13) is characterized by PP P prevailing as
a stationary steady-state relation, there are no persistent price rigidities
and nominal exchange rates reflect (mirror) relative prices. Real interest
rates and the interest rate spreads are stationary, i.e. deviate from their
equilibrium position by a stationary error.

As the ocular analysis of the data demonstrated, (13) is a too simpli-
fied representation to be an adequate description of the data and has to
be modified accordingly. The trace tests in Section 6 showed that three,
instead of two, common stochastic trends were needed to describe the

11



data in the model without the short interest rates and four in the full
model. The existence of four common stochastic trends seems a priori
less likely unless trade barriers and binding regulations had prevented
international goods and capital markets from clearing. The trade of
goods and capital has been reasonably free between Germany and USA,
hence two common trends would a priori have been more likely.

Nevertheless, we will argue that the USA is exceptional in the sense
that the US dollar is the main reserve currency in the world and the
demand for reserve currency is likely to have permanent (long lasting)
effects on exchange rates and US interest rates. This is likely to show
up through two channels in our model. First, the role of the dollar as a
reserve currency means that agents were prepared to hold dollars for long
periods with little or no change in its relative price because of its special
status. Hence, there was no great pressure to restore current account
balance. Second, and relatedly, although US interest rates are clearly
closely integrated with interest rates in other countries, the role of the
dollar as a reserve currency and safe haven implies that US interest rates
have not had to rise by as much as, say, UK or French rates in order
to finance a given current account deficit. We interpret the third trend,
therefore, as a ’safe haven’ or portfolio balance effect.

The fourth trend trend was found to be specifically related to the
short-term interest rates and is, therefore, likely to describe the cumu-
lative impact of monetary intervention shocks.

To facilitate the economic interpretation of the subsequent empirical
results we present below a modified version of (13) based on three coin-
tegration relations and four common trends. The restrictions imposed
are consistent with the time-series properties of the data in the sense
that changing them would violate the test results reported in Sections 6
and 7. Clearly, more restrictions would have to be imposed if (14) would
be used as a structural model, rather than as a convenient summary
description of the data.

Dt dy1 dyo ci1ci2 0 ciyg

D; day das co1¢22 0 ¢35

S 0d C31 C39 C33 C i

t 32 31 C32 C33 C34

. - 0 0 EZUM EUQZ' A
(2 = + | cq1 Cq2 0 Caq + ... (1 )
[ EEUQZ 2“32'

(A 0 0 C51 C52 C53 C54

. 0 0 0 Z’U,M

1y Ce1 Cp2 Ce4
] [0 0 | C72 Cr2 C73 Cr4 |
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Hence:

Apy di diz ,
lEuh] ¥ (15)

Ap; | = | da1daz '
ASt 0 d32 EUQZ

The graphs of the German and US price level and inflation rate in Ap-
pendix II clearly suggest that prices are approximately 7(2) and, hence,
inflation rates I(1). The latter is strongly supported by the tests in Sec-
tion 6, Table 2. Furthermore, the graph of the price differential in Figure
1 seems to suggest that p, — p; ~ I(2), implying that Ap, — Ap; ~ I(1).
(Cf. Figure 1, lower panel.) The latter is strongly confirmed by the
statistical tests in Section 6, Table 3. But if the two prices series have
exhibited different long-run movements, resulting in a long-run stochas-
tic trend in the price differential, we would expect the nominal exchange
rate to exhibit a similar long-run stochastic trend. In this case nominal
exchange rates should also be I(2), implying two I(2) trends. It turns
out that the spot exchange rate, though behaving very differently from
the price differential, seems to move along a similar long-run trend.

Altogether, this suggests that prices are influenced both by a long-run
nominal price trend, ¥3uq;, but also by another long-run trend, XX uy;,
which is assumed to reflect real imbalances between the two countries.
The hypothesis here is that this trend is primarily related to national
savings imbalances in the United States (arising from either the pri-
vate or public sectors) which have been so important during our sample
period. Since a current account deficit has to be counteracted by a cor-
responding change in the capital account, the second stochastic trend is
likely to be associated with permanent shocks influencing the capital ac-
count. The resulting imbalances will require an appropriate adjustment
in long term yields, which will have implications for the exchange rate
/ relative price configuration. This is the rational for {d;2, dag, d3s # 0}
in (14).

The large and persistent deviations from the long-run trend in the
price differential (cf. Figure 1) suggests the presence of an additional
stochastic trend, Yug;, influencing the spot exchange rate but not the
two prices. This is the rationale for ¢;3 = co3 = 0in (14). Hypothetically
we interpret the third trend as a USS$ reserve currency trend. Based on
the graphs of the real exchange rate and the bond rate spread in Figure
2 it seems likely that the ’reserve currency’ stochastic trend, Yug;, has
affected the US bond rate and the spot exchange rate similarly. This is
the rationale for cq3 = 0, ¢33 = ¢35 = cg7 # 0 in (14).

Formulation (14) can now be used to summarize the properties of the
data. The order of integration of the variables has also been formally
tested in Sections 5 and 6 and the tests support the results in (16):

13



{pe,f 550, (00 — 7))} ~ 1(2)

{ Ape, Apy, Asy, iy, ig*, i3, 477} ~ I (1)

(Ape — App), (i —if), (6 — i7) ~ 1 (1) (16)
(1 — Ape), (4" — App), (iF — Apy), (47 — Apg) ~ I (1)

(i —dp), (35" — "), (pe — Py — s¢) ~ 1 (1)

How can we use this to address questions related to the joint working
of PPP and the UIP? From (14) it appears that if (d;1 — d21) = 0 and
(dyo — dog) = dso, then (p, — pf — s¢) ~ I (1). In this case it is a function
of all four stochastic I(1) trends. Furthermore, it appears that (il — 4*)
is also a function of all four stochastic trends and, hence, can (but need
not) be cointegrated with the ppp term. Hence, (14) is consistent with
the finding in Section 6 that the following relation is stationary:

{(@ —3") = wi(Ape = Ap) — ws(pe — p — )} ~ 1(0). (17)

Notice that w; = 1 (as we find) corresponds to a relation between real
interest rate parity and the real exchange rate. In this case the real
interest rate parity condition would hold as a stationary relation only
for stationary real exchange rates.

Note, however, that (Ap; — Apf) is only a function of two stochastic
trends, Yuy; and Yug;, and, therefore, cannot be directly cointegrated
with the ppp term if (14) is correct. This is also what we find in Section
6°.

Therefore, using cointegration techniques we can test the consistency
of (14) with the stationarity of (17) as well as various other hypotheses
relating the ppp term to the short or long interest rate spread, short or
long real interest rates, etc. Furthermore, by imbedding the stationary
relations in an equilibrium error-correcting model, we will also be able
to find out which variables have taken the burden of adjustment and
which have not. All this will be discussed further in Sections 6-7.

5 A ’general to specific’ and a ’specific to general’
approach

All test and estimation results are based on the VAR model with a
constant term, p, seasonal dummies, S;, and intervention dummies, Dy,
given by:

AQIt = F1A2$t,1 + FA%’tfl + Hl’t,Q + % + <I>1St + (I)QDt + E¢,

e NJ(0,5 ), t=1,..., T (18)

SIf the ppp and (Ap — Ap*) were found to be cointegrated, then (12) would have
had to be modified accordingly.
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where z; is a vector of monthly variables observed for ¢t = 1975:7-1998:1.
The full set of variables is defined by:

p; = the German, or "home’, price index,

p;= the US, or foreign’, price index,

il = the German long bond yield,

iv*= the US long bond yield,

s;= the spot exchange rate, defined as DM/$,

i; = the German 3 month Treasury bill rate,

i;”"= the US 3 month Treasury bill rate.

All of the data used in this study have been extracted from the Inter-
national Monetary Funds CD-Rom disc (December 1998). Both price
series are Consumer Prices (line 64), the long interest rates are 10 year
bond yields (line 61), the short rates are Treasury bill rates (60c), and
the exchange rate is the end of period rate (line ae). All variables, apart
from the interest rates (which appear as fractions) are in natural loga-
rithms. The graphs of the variables in levels and in differences are given
in the Appendix.

In (18) all parameters {I'y, I, II, i, @, X} are unrestricted and ML es-
timates can be obtained by OLS. However, (18) is heavily overparametrized
and is a convenient way of describing the covariances of the data rather
than a meaningful economic model. By imposing restrictions on the VAR
such as reduced rank restrictions, zero parameter restrictions, and other
linear or nonlinear parameter restrictions, the idea is to arrive at a more
parsimonious model with economically interpretable coefficients. This
is essentially the 'general to specific’ approach to econometric modelling
discussed in Hendry and Mizon (1993) and Juselius (1993).

Because of the generality of the VAR formulation, adding one vari-
able to a p-dimensional VAR system introduces (p + 1) x k new param-
eters. When the sample is small, typically 50-100 in quarterly macroe-
conomic models, adding more variables becomes prohibitive. As argued
in Juselius (1992) one solution is to model smaller sub-systems and then
combine the results of the sub-systems into a larger model. However,
even when the sample is large enough for a bigger system to be esti-
mated, it is nevertheless often advantageous to do the VAR analysis
first for a smaller set of variables and then gradually increase the sys-
tem. Because the cointegration property is invariant to extensions of the
information set such a procedure is likely to facilitate the identification
of cointegration relations without loss of information. If cointegration is
found within a smaller set of variables, the same cointegration relations
will be found in an extended set. Furthermore, the gradual expansion
of the information set facilitates an analysis of the sensitivity of the re-
sults associated with the ’ceteris paribus’ assumption, in particular its
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importance for the empirical analysis of the smaller set of variables. We
call this approach 'the specific-to-general in the choice of variables’.

As an illustration of this principle we first focus on the cointegration
properties of the DM/US$ spot exchange rates, German and US prices
and long-term bond rates and then, in a second stage, include the trea-
sury bill rates into the analysis. The motivation for first including the
long-term bond rates rather than the short-term treasury bill rates is
partly based on the graphical analysis of Section 2, and partly because
the long-term movements in real exchange rates are likely to be more
informative about the long-term than the short-term interest rates. Us-
ing this approach we are able first to isolate the relations relevant for
the longer term movements in the real exchange rates and then to inves-
tigate the 'value added’ of the short-term interest rates for the foreign
transmission mechanisms.

The choice of data vector in the first step then becomes:

xy = [(s¢,pe, 05 g, 11 (19)
Similar systems to (19) have been analysed previously by Johansen
and Juselius (1992), Juselius (1991,1995) and MacDonald and Marsh
(1997,1999) (although the maturity of interest rates used varies across
these studies). As appears from the graphical display in Appendix II,
the price variables and, possibly, the spot exchange rates exhibit typical
I(2) behavior. The hypothesis that z; is I(2) can be formulated within
the VAR models as two reduced rank hypotheses:

II=af (20)

o Ty = Crf (21)

where o,  are p X r and (, n are p — r X s; matrices. See Johansen

(1991) for further details. By solving the first reduced rank problem we

get information about the number of stationary cointegrating relations

and from the second about the number of second order stochastic trends

and how they influence prices and exchange rates, as discussed in Section
4 and exemplified by (14).

The two hypotheses were tested using the likelihood ratio test proce-
dure in Rahbek, Kongsted, and Jorgensen (1998). The results suggested
that the reduced rank of II was two, i.e. r = 2, and that of o/, ', was
also two, i.e. s; = 2. Altogether this is consistent with p — r = 3 com-
mon stochastic trends of which one is 1(2). Based on further estimates
of the 1(2) model (not shown here) the assumption of one common [(2)
trend would have been inconsistent with spot exchange rates and prices
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being cointegrated, C'I(2,1). The problem seemed to arise from relative
prices being closer to the /(2) boundary than the spot exchange rates as
illustrated by graphs of Figure 1.

A priori one would expect the spot exchange rate to mirror the move-
ments in the price differential, such that (p; — pf — s;) is at most an
I(1) variable. The results of the I(2) analysis clearly suggested that
{pi,pf} ~ I(2), and that (p, — p}) ~ I(2)°. A necessary condition for
(pe — p; — s¢) ~ I(1) is that s; ~ I(2) and cointegrated with (p; — pj}).
There was some evidence for this to be the case, but only under the
assumption of two common stochastic I(2) trends. Therefore we main-
tain the hypothesis (14) as our preferred case, though admitting that
the econometric evidence of the second I(2) trend was not empirically
robust’.

The empirical analysis of the first data set will be based on the ppp
transformed vector:

[ppp, Apy, Apy, iiv Zi*] ~1(1) (22)
where ppp = (py — pj — s¢). If the ppp restriction (1,—1, —1) had been
acceptable in all cointegrating relations in the 7(2) model of (19) the
VAR model based on (22) would have implied no loss of no long-run in-
formation (see Juselius and Toro, 1999). However, based on test results
not reported here, the joint restrictions were not data consistent and
some information (mostly about the mechanisms governing the nominal
exchange rate) is lost by moving to (22). The deviations from constant
ppp are very large in absolute terms compared to the remaining vari-
ables in (22). Therefore, the ppp term has been divided by 100 to avoid
getting very small coefficients in absolute magnitude. Nevertheless, the
interpretation of the results are for the original ppp term.

Another possibility would have been to perform the analysis based
on the differenced data vector:

[Asta Aptv Ap:a Zfﬁv fo*] ~ I(l) (23)

A VAR model based on (23) would be (1), but all long-run information
in the levels of prices and the exchange rate would have been removed
by differencing. Using vector (23) instead of (22) would have resulted
in a greater informational loss and, therefore, is not acceptable from an
econometric point of view.

0This is confirmed by the test result in Table 3 that (Ap, — Ap}) ~ I(1).

"Inference in the 1(2) model is based on asymptotic theory and we still need
a more complete understanding of the finite sample properties in particular when
cointegration is borderline. A more detailed 1(2) analysis of (19) is, therefore, left
to future research.
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6 Testing the parities in the small model

It appears from the graphs of the differenced variables in Appendix II
that the normality assumption underlying (18) is not satisfied for many
of the marginal processes, particularly not for the short-term treasury
bill rates, signifying both the high volatility in the period of money
stock targeting by the Fed and many monetary interventions in this
period. To secure valid statistical inference we need to control for those
intervention effects that fall outside the normality confidence bands. If
a residual larger than |3.50,| corresponds to a known intervention, we
include it in the information set as a dummy variable. The VAR model
based on (23) needed the following dummy variables:

D} = [Di78.10, D80.07, Di80.02, Di80.03, D82.10, Di84.12, D91.03, Ds91.03]

where Dixz.yy is a ...,0,1,—1,0,... dummy measuring a transitory in-
tervention shock in 19xx.yy, Dxz.yy is a ...,0,1,0, ... dummy measuring
a permanent intervention shock, Dsxx.yy is a ...,0,0,1,1,1, ... dummy
restricted to lie in the cointegration space measuring a shift in the coin-
tegration mean. A more detailed description can be obtained by the
authors.

As a first check of the statistical adequacy of model (18) we report
some multivariate and univariate misspecification tests in Table 1. A
significant test statistic is given in bold face. We also report the esti-
mated eigenvalues of the Il matrix, as well as the five largest roots of
the characteristic polynomial.

The multivariate LM test for first order residual autocorrelations is
not significant, whereas multivariate normality is clearly violated. Nor-
mality can be rejected as a result of skewness (third moment) or excess
kurtosis (forth moment). Since the properties of the cointegration esti-
mators are more sensitive to deviations from normality due to skewness
than to excess kurtosis we report the univariate Jarque-Bera test statis-
tics together with the third and fourth moment around the mean. It
turns out that the rejection of normality is essentially due to excess kur-
tosis, and hence not so serious for the estimation results. The ARC H (2)
tests for second order autoregressive heteroscedastisity and is rejected for
all equations except the US bond rate. Again cointegration estimates
are not very sensitive to ARCH effects. The R? measures the improve-
ment in explanatory power relative to the random walk hypothesis, i.e.
Az, = g;. They show that with this information set we can explain
quite a large proportion of the variation in the inflation rates, but to a
much lesser extent the variation in the bond rates and the real exchange
rates.

18



Table 1: Misspecification tests and characteristic roots

Multivariate tests:

Residual autocorr. LM, X2(25) = 21.7  p-val. 0.65
Normality: LM X2(10) = 40.6  p-val. 0.00
Univariate tests: Ap, Apr  Adl At Appp
ARCH(2) 0.37 6.85 0.64 14.34 3.66
Jarq.Bera(2) 7.58 8.49 12.77 15.17 0.89
Skewness 0.22 -0.04 021  0.22  0.04
Ex. Kurtosis 0.75 082 1.08 122 0.17
. x 0.01 0.18 0.17 0.01 0.02 2.75
R? 0.71 051 037 038  0.30
Eigenvalues of the trace test 0.41 0.19 0.06 0.04 0.02
Trace test 231.1  88.7 328 15.7 4.5
(75.7)  (334)  (34.8)  (200) (9.1
Modulus of 5 largest roots:
Unrestricted model 0.98 098 095 0.53 0.42
r=3 1.00 1.00 096  0.52  0.44
r=2 1.00 1.00 1.00 0.48  0.48

The cointegration rank can be seen as an indication of how well
markets adjust and, therefore, of market barriers. Both the trace test
and the roots of the characteristic polynomial support the choice of r =
2, consistent with representation (14) in Section 4. As a sensitivity check,
the roots under the choice r = 3 are also reported in Table 1. In this
case a large root remained in the model supporting the choice of r = 2.

Table 2 reports some tests of the individual variables and their role
in the system. The test of long-run exclusion investigates whether any
of the variables can be excluded from the cointegration space, implying
no long-run relationship with the remaining variables. It can be formu-
lated as a zero row in 3, i.e: Hp : fB,; =0, j = 1,..,r, where Hj
is the hypothesis that the variable z;, 7« = 1,...,p, does not enter the
cointegration space.

The test of long-run weak exogeneity investigates the absence of long-
run levels feed-back and is formulated as a zero row of a, i.e. H. : a;; =
0, j=1,...,r, where H! is a hypothesis that the variable z;, i = 1, ..., p,
does not adjust to the equilibrium errors .z, i = 1, ..., r. If accepted, the
variable in question can be considered a driving variable in the system:
it "pushes’ the system, but is not being 'pushed’ by it.

Finally, the test of stationarity investigates whether any of the vari-
ables can be assumed stationary by itself by testing whether the variable
in question corresponds to a unit vector in the cointegration space. It
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Table 2: Tests of hypothesis about some properties of the system vari-
ables

Ape  App iy i pp XC(V)
Long-run exclusion: 124.8 541 159 82 258 x*(2)=
Long-run weak exogeneity 117.8 37.6 0.6 2.4 2.0 x*(2)
Stationarity: 269 27.6 445 41.6 49.0 Xx*(3) =

is formulated as {8} = {b,%,}, where b is a unit vector and ¢, is a
p x (r — 1) vector of unrestricted coefficients. Accepting the hypothesis
implies that the variable in question can be considered I(0).

It appears that no variable can be excluded from the cointegration
space, that the German long-term bond rate, the ppp exchange rate,
and the US long-term bond rate can be assumed individually weakly
exogenous. The test of all three being jointly weakly exogenous was
accepted based on x?(6) = 6.59, with a p-value of 0.36. Thus, the
data strongly support that inflation rates are adjusting to the long-term
interest rates and real exchange rates, but not vice versa. We interpret
this as evidence against the Fisher real interest rate hypothesis, in which
inflation supposedly drives nominal interest rates. Finally, none of the
variables can be considered stationary over the sample period.

6.1 Single cointegration hypotheses

The hypotheses reported in Table 3 are of the form 8 = {H¢,, ¥, }, i.e.
they test whether a single restricted relation is in sp(3) leaving the other
relation unrestricted. If the hypothetical relations exists empirically,
then this procedure will maximize the chance of finding them. For a
technical derivation of the test procedures, see Johansen and Juselius
(1992).

H,to H, are hypotheses tests on pairs of variables, such as relative
inflation (H;), relative interest rates (H;) and Fisher parity conditions
(Hs and Hy). These tests therefore seek to determine if some of the key
parity conditions introduced in Section 2 are empirically verifiable on
their own. Since all of the p-values are less than the 5% critical value,
the tests reject this. In the remaining hypotheses tests in Table 4, Hj
to Hy1, we therefore consider combining these parity relationships and
introducing the ppp term.

Hs and Hg are tests of variants of real interest rate parity in which
full proportionality has not been imposed. Restricting the two inflation
rates to have unitary coefficients and the nominal interest rates to have
equal and opposite signs (Hs) is rejected, but relating the ex post Ger-
man real interest rate with ex post US real interest rate (Hg) gives a
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Table 3: Cointegration properties

Ap Ap* 1 i pppY)  Ds91.03  x*(v) p.val.

M, 1 1 0 0 0 * 959(3) 0.00
H, o 0 1 -1 0 £ 450(3)  0.00
Hs 1 0 -1 0 0 £ 146(3) 0.0l
0 1 0 -1 0 £ 342(3)  0.00
Hs 1 -1 019 019 0 £ 956(2)  0.00
H 1 025 -1 02 0 * 44(2)  0.11
H, 1 -1 0 0 066 * 83(2) 001
Hs 0 0 -1 1 -0.47 * 40.2(2)  0.00
My 1 0 -1 0 -035 @ * 29(2) 0.23
Mo 0 1 0 -1 -135  * 0.4(2) 0.82
Mo 1 -1 -1 1 101 * 1.8(2) 0.1
M 1 -034 -066 0 0 *0.15(2) 0.93

DThe ppp term has been divided by 100

borderline stationary relation with a coefficient 0.25 to US real interest
rate. Combining parity conditions, therefore, does seem to be important
from the perspective of defining relationships which conform to standard
macro theory. This point is underscored in H;; in which ez post real
interest rates are equalized across countries, if the ppp term is included
in the vector. Thus, a strict form of real interest rate parity is likely
to be found in periods of a stationary ppp exchange rate. Note that in-
cluding the ppp term in closed Fisher relationships for Germany and the
US also produces stationary relationships (Hg and Hjg, respectively),
but including the ppp term in the relative inflation or relative interest
rate terms does not (H7; and Hg, respectively). Finally, Hi, describes
a homogeneous relationship (i.e., the coefficients sum to zero) between
German inflation, US inflation, and the German bond rate.

Altogether, the results of the tests in Table 3 are consistent with the
formulation (14) in Section 4.

6.2 Fully specified cointegrating relations

Table 3 showed that stationarity is found for a real interest rate parity
relation between Germany and USA and the ppp term (H;1), combining
the joint information in Hg and H;g, and for a homogeneous relation
between German price inflation, US price inflation and German bond
rate (Hi2). We therefore tested the following joint hypothesis on the
full cointegration structure:
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Table 4: A structural representation of the cointegrating space.

FEigenvectors (3 Weights «
(appr. t—Avalues n bracke?is) ( t—values in brackets)
Var. 04 By | Eq. a1 Q9
Ap; 1.0 —1.0 | A%p, —1.02 -0.12
(9.7) (1.4)
Ap;f —0.31 1.0 Azpzk —0.50 —-0.59
(7.0) (5.1) (7.1)
il —0.69 1.0 | Al 0.00 —0.00
(0.4) (0.1)
sz* 0.0 -1.0 Ai,’g* —0.01 0.00
0.7) (0.4)
1)
0.0 —-1.03 | A 0.03 0.03
PpPp: 10.0) PDP: o) (5
Ds91.03 -0.001 0.002
const 0.003 -0.003

DThe ppp term has been divided by 100

Hiz: = {Hipy, Hapy},

where the design matrices H; and H, correspond to Hi;; and His. The
four overidentifying restrictions that H;3 imposes on the cointegration
space were tested based on the LR test procedure in Johansen and
Juselius (1994). The test statistic, aymptotically distributed as x?(4),
was 2.24 and the restrictions accepted with a p-value of 0.69. The two
stationary relations are reported in Table 4. The first vector has been
normalized on the German inflation rate and the second on the US infla-
tion rate. The estimates of the freely estimated (3;; coefficients and their
asymptotic ’t-values’ indicate that all of them are strongly significant
and, hence, that the suggested structure is also empirically identified
(Johansen and Juselius, 1994).

The first vector representing a German inflation relation is given by:

Ap; = 0.31Ap} + 0.69i% +0.001D91.3;, — 0.003 + stat.error.  (24)

The interpretation is that German inflation is related both to the US
inflation rate (an imported inflation effect) and to the domestic long-
term bond rate. The shift dummy is consistent with a small increase
in German inflation after the reunification and the constant term shows
that German inflation on average is lower than the implied value as given
by the determinants. The short-run adjustment to (24) occurs primarily
through the changes in Germany inflation rate signifying its importance
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as a German relationship. However, US inflation has reacted similarly,
i.e. negatively, though less strongly so, to positive deviations from this
relation.

The second cointegrating relationship, representing international real
interest rate parity, is given by:

(i7" — Ap}) = (i} — Ap;) — 0.01ppp, + 0.002D91.3, — 0.003 + stat. error.

(25)
The short-run adjustment to (25) occurs primarily through changes in
US inflation rate signifying its importances for the US economy. The
interpretation is that the US real interest rate increases relative to the
German one when the ppp term is negative; i.e. when US prices are above
German prices measured in the same currency, that US real interest rate
is on average lower (0.003) than the German real interest rate given the
ppp effect (we interpret this as the safe haven effect). The results suggest
that the lack of adjustment in the US inflation rate required to bring the
ppp term back to steady-state (cf. the large US trade deficit discussed
in Section 3) has been compensated by increasing US bond yield relative
to the German yield. That is, the failure of the exchange rate/ relative
price configuration to restore competitiveness has to be compensated by
an increased interest rate. This interpretation is supported by H; in
Table 3, showing that (Ap; — Ap; — 0.007ppp) ~ I(1), i.e. the pure price
adjustment, Ap; = Ap,—0.007(p*—p—s), has not been enough to restore
price competitiveness, with the financing of the consequent trade deficit
requiring an increased capital import. Considering the large variations
in real bond rates over this period, illustrated by the graphs of Figure 3,
the fact that we have been able to recover a strong-form version of real
interest rate parity seems quite remarkable.

Finally, we subject our chosen model to a set of Hansen-Johansen
recursive stability tests. These results, reported in the Appendix indicate
a remarkable degree of stability for the coefficients in the cointegrating
vectors.

7 The extended model

We now apply our knowledge of the small model to an analysis of the
full model structure as given by the vector:

), = [ppp, Apy, Ap;, it it 05,157, (26)

and it is this vector which we analyze in the remainder of the paper. This
vector facilitates an examination of the final parity condition considered
in section 2, namely the term structure relationship.
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As mentioned above, the short-term treasury bill rates have been
subject to many major shocks and interventions in this period, requiring
the inclusion of the following dummy variables:

D, = [D78.09, Di78.10D79.12, D79.11, Di80.02, Di80.03, D80.05, D80.07,

D80.11, D81.01, D81.02, D81.03, D81.05, D81.10, D81.11, Di82.01, D82.08,

D82.10, Di84.12, D88.08, D89.02, D91, Ds91.03, .
A more detailed explanation can be obtained from the authors. By con-
trolling for these extraordinary shocks the residuals of the VAR model
became reasonably well-behaved but normality was, nevertheless, re-
jected (mainly due to excess kurtosis), and both treasury bills exhibited
residual ARCH. It appears that most of the observations in the money
stock targeting period of the eighties have been classified as outliers and,
hence, dummied out. The test results of Hansen and Johansen (1999)
show that this period is in fact not representative for the whole sample®.

In Table 5 we report the estimated eigenvalues and trace statistics
associated with this system. Adding the two treasury bill rates to the
data set implies three possibilities regarding the effect on the rank:

e r = 2 ie. the rank is unchanged and the stochastic trends have
increased to p — r = 5, implying that the two short-term rates are
not cointegrated with themselves nor with the inflation rates, bond
rates, or ppp term. Hence, this case is not very plausible, a priori.

e r =3, i.e. p—r = 4 and including the short-term interest rates have
introduced one additional stochastic trend. This means that the
short-term interest rates can be jointly cointegrated or cointgrated
with the remaining variables of the system.

e r = 4 i.e. the number of common stochastic trends remain un-
changed, p—r = 3. In this case the short-term interest rates would
be fully integrated with long-term interest rates, inflation rates,
and the real exchange rates consistent with the theoretical foun-
dations of the parities of Section 2.

The trace test suggests four common stochastic trends and, conse-
quently, three cointegration relations. However, the trace statistic for
p —r = 4 is quite close to the 95% quantile, which might suggest that
the theoretically more acceptable case p — r = 3 be true. To check the

8Since the use of dummies has often been questioned (usually by theorists) the
analysis was also done with only a few of the very large dummy variables included.
The basic results remained unchanged, but the theoretical parity conditions obtained
less support and the stability of the recursive tests was less satisfactory. Hence, the
results suggested that the statistically well-behaved model produced economically
more interpretable and ’cleaner’ results.
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Table 5: Eigenvalues, trace tests, and characteristic roots .

The trace test:
p—r 7 6 5 4 3 2 1

A; 041 0.26 0.13 0.08 0.05 0.02 0.01
Q(r) 309 166 86 47 24 10 3

Qys 132 102 76 53 35 20 9
Characteristic roots:
r=7 1.00 1.00 0.94 0.94 0.88 0.57 0.39
r=4 1.0 1.0 1.0 0.97 087 0.57 0.40
r=3 10 1.0 1.0 1.0 084 0.55 0.47

sensitivity of the model to the choice of r we have also calculated the
roots of the characteristic polynomial. There are approximately four
‘near unit roots’ in the unrestricted system, the choice of r = 3 removes
all large roots, whereas r = 4 leaves a near unit root in the model. We
conclude that r» = 3 is the appropriate choice and, hence, that the trea-
sury bill rates have been subject to permanent shocks (disturbances)
which are not shared by the other variables of the system. Therefore,
the fourth stochastic trend is likely to describe the cumulative impact of
monetary intervention shocks.

Adding variables to the information set can change previous find-
ings of long-run weak exogeneity. Actually, a change of weak exogeneity
status is a sign of changing long-run feedback and is, therefore, of eco-
nomic interest. If, for example, the short-term treasury bill rates are
driving the long-term bond rates, then including the former in the anal-
ysis should change the previous finding of weakly exogenous bond rates
and, instead, we would find that the treasury bill rates are weakly ex-
ogenous. In Table 6 the test results of weak exogeneity are reported.
The test statistics, asymptotically distributed as x?(5), suggest that the
weak exogeneity status is unchanged for the German and US long bond
yield but not for the ppp exchange rates. The test of the German and
US bond rate being jointly weakly exogenous is accepted with a p-value
of 0.63.

As will be shown below in Table 7, the ppp is adjusting to all three
cointegrating relations although very slowly so. Therefore, the finding
that the ppp is close to being weakly exogenous does not imply that
future real exchange rates can drift away without any bounds, but only
that there is a lot of inertia in the movements back to its fundamental
value. Although the predictive value of ppp; for one-step-ahead pre-
dictions may not be very high, when it comes to predictions over longer
period it is likely to increase substantially. This interpretation is strongly
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Table 6: Tests of long-run weak exogeneity

Single tests of: Ap, Apf it ditr 4S5, i ppp

X!(3)=7.8  107.8 430 0.3 3.5 115 17.1 93

supported by the results of the long-run impact analysis in Section 8.
Therefore, we consider it of crucial importance to keep ppp; as part of
the joint model.

7.1 Structural hypothesis tests

An advantage of the principle of ’specific-to-general’ is that we can keep
the two steady-state relations found in the previous section unaltered.
Hence, the ’additional’ impact of the two new variables on the system will
essentially be described by the third cointegrating relation. To obtain
information about the 'new’ cointegration relation we first estimate the
partially restricted long-run structure [ = {Hip,, Hapy, ¥}, where H;
and H, are the design matrices of Section 5 and 1 is an unrestricted
cointegration vector. The hypothesis was accepted with a p-value of
0.24 and estimated coefficients of ¢ normalized on the US treasury bill
rate was:

Ap, App il gl w1 pppe cnst
0.19-0.920.76 —0.36 —0.61 1.00 0.006 0.002

suggesting that the 'new’ cointegration relation contains information
about real treasury bill rates, the bond spread, and the ppp exchange
rate. This led to the following joint hypotheses on the full cointegration
structure:

Hi: B= {H1901aH29027H3903}a (27)

where the design matrices are defined as:

1 1 [—10] 1 0
-1 0 10 -1 0
0—1 10 0 1
H=| 0 0|,Hy=|-10|,H;=| 0-1],
00 00 -1 0
00 00 1 0
0 0 01 00

The likelihood ratio statistic, asymptotically x*(v), of the nine overiden-
tifying restrictions was 2.92 and the structure is clearly acceptable with
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Table 7: A structural representation of the cointegrating space.

FEigenvectors 3 Weights a
(appr. t—valAues n bratikets) ) ( t—values in brackets)
Ap, 1.0 -1.0 1.0 | A%p, —-1.02 -0.10 0.04
(-9.2) (-1.0) (0.5)
Ap: 033 1.0 -1.0|A% —0.54 -0.51 0.17
(7.0) (-5.4) (-5.5) (2.2)
it —-0.67 1.0 1.51 | Agy 0.01 0.00 —0.01
(7.5) (0.9) 04)  (=0.7)
it 0  -1.0 —151|Ai#  —000 -000 —0.01
(0.1) (0.4) (—1.7)
1y 0 0 —1.0| A 0.01 0.04 0.02
(1.3) (3.9) (3.1)
1" 0 0 1.0 | As* -0.02 -0.05 -0.05
(—1.1) (—4.3) (—4.9)
1) ~
0 olam og 0 o
Ds91.03 -0.001 0.002 -0.002
const. 0.003 -0.003  0.003

DThe ppp term has been divided by 100

a p-value of 0.97. In Table 7 the estimates of the identified f3,; coeffi-
cients and their asymptotic standard errors are reported. All of them
are strongly significant, thereby implying that the suggested structure
is both formally and empirically identified. The corresponding adjust-
ment coefficients o;; are reported with t-values in brackets. The graphs
in Appendix IV show the recursively calculated tests of constant /3 (i.e.
whether the same (3 vectors would have been accepted if the sample had
ended in 1987 + j,j = 1,...,144) and constant «y; for (3 fixed at the
full sample value. The graphs demonstrate that the empirical effects
have been remarkably constant over the last 12 years, a total of 144
observations, thereby refuting the Lucas’ critique!

The first two vectors are almost identical to the two cointegrating
relations in the small model, illustrating the invariance of the cointegra-
tion property. The third vector is a function of real short-term interest
rates and the bond spread and can be written as:

i — Ap; = (if — Ap) + 1.51(i; — ") + 0.002D91.3 + 0.003.

This relationship is interesting since it suggests that short-term real
interest rate parity would be satisfied as a stationary relation if the
long-term bond spread is stationary. However, the nonstationarity of
the bond spread is likely to be related to the nonstationary deviations
from the steady-state value of the ppp rate.
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Empirically, this means that only in periods when the ppp rate has
returned to its steady-state path and the bond yield differential has become
stationary s it possible to find evidence of real interest rate parities as
the stationary relations theory would predict.

Thus the analysis suggests that empirical support for the theoret-
ical parities might very well be found in the data, but as long as the
economies stay away from their fundamental steady-state positions, di-
rect evidence is unlikely to be found. In that sense the cointegrating
relationships which we have established could be said to contain the
‘theoretical’ parities as a special case. For example, in the hypothetical
situation where real exchange rates have returned to their steady-state
path, the ppp term should be stationary and so the current account
should also be balanced. With no need to finance the current account,
the spread between bond yields should be stationary and the other par-
ities would also be individually stationary.

Figure 5 shows the graphs of the three equilibrium error correction
mechanisms which clearly appear very stationary.
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Figure 1: The graphs of the three equilibrium error correction mecha-
nisms

The adjustment coefficients (t-ratios in brackets), reported in Table
7, of the first two relations are similar to those of the small system, with
the exception that the US inflation rate is now significantly adjusting to
all relations. However, it is noteworthy that the long-term bond rates
show no evidence of adjusting to any of the long-run relations, whereas
the two treasury bill rates are strongly adjusting to the last two steady-
state relations. This seems to be against the expectation’s hypothesis
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Table 8: The combined long-run effects
The combined effects IT = a3

Eq. Ap.  Ap; il i ppP:
A%, -0.88 0.19 0.58 012 0.15
(-12.8) (2.9) (12.0) (-1.5) (1.8)
A2p: 008 -0.47 -0.13 0.44 0.58
13)  (7.3) (2.6) (7.5) (75)
Adt 001 -0.00 -0.00 0.00  0.00
0.8)  (:0.3) (20.8) (0.0) (0.0)
Ai* 001 001 00l -0.02 -0.00
(-1.6) (0.7) (1.5) (-0.2) (-0.2)
Apppe 0.006 0.012 —0.002 -0.014 —0.02
(0.5) (1.1) (-0.2) (-1.5) (15)
Ap,  Ap; iy it ppp: i i
A’ -0.88 0.18 0.46 -005 0.10] 0.07 0.9
(-12.5)  (2.5) (2.5) (-0.2) (1.0) (0.9) (1.0)
A2p? 013 -0.53 -0.18 0.14 0.48| 005 023
(20)  (-8.2) (-1.1) (0.7) (5.5) (0.7) (2.8)
AiL =000 000 —0.00 0.0 -0.00| 0.0 —0.00

(-0.1) (0.6) (-0.1) (0.1) (:0.3) (0.1) (0.4)

Aii* -0.01 0.01 —0.02 0.03 0.01 0.01 -0.01
(-1.7) (1.1) (-1.0) (1.3) (0.6) (14)  (—14)

Appp;  0.009 0.0l  0.08 -0.09 —0.05| —0.03 0.03
(0.9) (1.2 2.7

2) (2.7) (-2.9) (—3.3) (—3.0) (2.0)

A 0.00 0.01 0.06 —0.07 —-0.03| —0.03 0.03
(0.0) (1.4) (4.0) (—4.0) (—4.0) (—4.0) (3.0)

A* —0.01 0.00 —-0.11 0.13 0.05 0.05 —-0.05
(=1.4) (0.1) (=5.0) (5.3) (4.4) (53) (—4.7)

which predicts that short-term interest rates should act as exogenous
variables and, hence, drive long-term rates. The significant adjustment
of the US short rate to the cointegrating vectors reflects its role as a
money market determined interest rate, but the lack of adjustment in
the long-term bond rates seems to suggest that the transmission of the
money market effects to the long-rates is not there, or only weakly so.
This will be further investigated in the next section.

7.2 The role of short-term interest rates

To gain a further perspective on the role of the short- relative to the
long-term interest rates we report, in Table 8, a comparative analysis of
the combined effects, as measured by &TB; — II,, where the subscript r
stands for the restricted estimates as reported in Tables 4 and 7.

It appears that German inflation is essentially unaffected by the in-
clusion of the treasury bill rates into the analysis. It is, as before, deter-
mined by the long bond rate and US inflation.

The results for US inflation show that the US short-term treasury
bill rate has now replaced the long-term bond rates in the small sys-
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tem. However, the results for the US treasury bill rate show significant
reaction from the bond yield spread. Thus, it seems likely that the short-
run effects go from bond rates influencing treasury bill rates, influencing
inflation rates. However, the results in Table 10, next section, show
that the long-run impact on US inflation derives from permanent shocks
to the short-term treasury bill rates, but the effect is positive and not
negative"!

Consistent with the weak exogeneity results of Table 6, the equations
for the German and US bond rate exhibit hardly any significant effects.
The ppp term is significantly affected by the bond and the short-term
spread, such that the US$ appreciates with an increasing bond spread
and depreciates with an increasing treasury bill spread.

The results for the short-term treasury bill equations show strong
adjustment to essentially all determinants except for inflation rates! The
lack of significant inflationary effects in all four interest rate equations
is very pronounced. This is to be contrasted with the significant interest
rate effects in the inflation rate equations! These are very strong results
and have also been found in Danish, Spanish, and Italian data (Juselius,
1992, Juselius and Toro, 1999, Juselius and Gennari, 1999).

7.3 A short-run adjustment model®™

Using the identified cointegration relations reported in Table 7 we first
estimated a multivariate dynamic equilibrium error correction model
for the full system. Because US bond rate was found to be strongly
exogenous we re-estimated the system conditional on the marginal model
for US bond rate. By first removing insignificant lagged variables from
the system based on a F-test and then removing insignificant coefficients
from the equations based on a Likelihood Ratio test we arrived at the
following parsimonious model:

1.11. 0 0 0 0]
) 2.7
[ A%p; | 120 0 0157 O r Aot 1
A2y (35) (3.2 Aiy
i 0.26 00.34 00.03 Ail
Aiy | (8.2) (6.6) CO | Al | 4
Ais | T |-0221.16 00.11 0 -1
AZ'S* (3-8) (7-3) (2-4) Azf,1
t 052 0 0 0034 [Ai*,
| Appp: | (10.1) 150y | L |
—020 0 0 0 0
[ 30) ]

9This is a frequent empirical finding, the so called ”price puzzle”.
0All calculations have been performed in PcFiml (see Doornick and Hendry
(1998)).
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[— 1.06 —0.20 0]
(11.2) (2.5)
—0.51-0.67 0 r
(6.0)  (9.4) f1t
03.) 01 0 0| [eemly 1 Eat
4 (3. 6 002 001 eem2;_1 | +PD; + | ea
(4.1)  (21) | [eem3i—4 Eat
0-0.02—-0.02 x5t
@7 (29 -
0 0.03 0.02
L (2.8)  (2.0)
[(0.00193) 1

0.25 (0.00169)
oy 0.04  0.12(0.00014)

%(riy) —0.12  —0.05 —0.51(0.00018)

—0.10 —0.08  0.01  —0.01(0.00020)

—0.01 —0.02 003 —0.02 —0.09(0.00030)]
where

ecml = Ap — 0.33Ap* — 0.67i' — 0.001.D91.3 + 0.003
eem?2 = (i — Ap*) — (i' — Ap) + 0.0096ppp — 0.002D91.3 + 0.003
ecm3 = (i** — Ap*) — (i* — Ap) — 1.54(i* — Z'l) —0.002D91.3 + 0.003

and the off-diagonal terms of the f](rij) matrix are given as residual cor-
relations, whereas the diagonal terms correspond to the residual stan-
dard errors!!. Except for a negative correlation between the shocks to the
German interest rates (-0.55) the residual cross correlations are essen-
tially zero. The estimated coefficients of the included dummy variables
are presented in Appendix I. The LR test of overidentifying restrictions,
distributed as x*(136), was 156.7 and the restrictions were accepted with
a p-value of 0.11. Of the 136 exclusion restrictions only 12 are related
to the system variables. The latter were accepted with a p-value of 0.71.
The remaining restrictions are associated with the many intervention
dummies needed to account for the turbulent movements in US treasury
bill rate during the period of monetary targeting in the beginning of the
eighties. In addition the monthly seasonal dummy variables are only
included in the US and German inflation rate equations.

In terms of the contemporaneous effects, we note that the weakly ex-
ogenous US bond rate has a pervasive effect, appearing in all equations,

INote that the standard deviation of the residuals from the monthly changes in
CPI inflation rates is approximately 0.2%.
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whereas a change in the German bond rate only has an immediate effect
on the German treasury bill rate. The effect of lagged changes to the
system variables are altogether very modest.

The significant adjustment effects of the error correction terms are
notable. Both inflation rates are strongly adjusting to ecm1, the German
inflation relation, and ecm2, the long-term real interest parity relation,
but German inflation much stronger to ecml and US inflation much
stronger to ecm?2. The adjustment coefficients to the two ecm terms are
negative both in the German and US inflation equations which might
seem surprising. To be able to interpret this result we have calculated
the underlying steady-state relation, being a combination of the signifi-
cant ecm’s weighted by the adjustment coefficients, for each of the two
inflation rates.

For the German inflation rate the combined effects became:

Ap = 0.18Ap* + 0.59 4+ 0.23:"* + 0.003ppp.
and for the US inflation:
Ap* = 0.32Ap + 0.68i"* 4 0.65(i"* — ') + 0.010ppp.

It appears that German inflation has adjusted homogeneously to Ger-
man and US bond rates and to US inflation. US inflation has similarly
adjusted homogeneously to the German inflation rate and the US bond
rate, and additionally also to the bond rate rate spread. Altogether,
the results seem to indicate that the long-term interest rates play a very
fundamental role for determination of inflation rates implying that the
cost of long-term financing has an important effect on prices. Further-
more, US inflation is equilibrium error correcting to the ppp term (though
not sufficiently fast to restore fundamental equilibrium exchange rates)
whereas the ppp effect on German inflation is neglible.

The German bond rate is only very weakly reacting to ecml, i.e. to
‘excess’ German inflation consistent with the previous finding that it is
essentially weakly exogenous. The two treasury bill rates and the ppp
term adjust similarly to ecm2 and ecm3, i.e. to deviations from the long-
term and short-term real interest rate parity conditions. To facilitate
interpretation we also derive the combined steady state relations for
these variables. The combined steady-state relation for German treasury
bill rate became:

i — i = 3.5(i' — i) 4+ (Ap* — Ap) — 0.02ppp,

for US treasury bill rate:

32



i — 4% = 2.5(:"* —4') 4 0.01ppp.
and finally for the ppp term:
ppp = 0.35(Ap* — Ap) — 2(i" — i') + 0.65(i° — i*).

Thus, the treasury bill rates adjust strongly to the long-term bond
spread, but also to the deviation from the ppp and the inflation rate
differential.

The ppp term adjusts homogeneously to the inflation spread and the
short-term interest spread and shows a strong negative effect from the
US-German long-term bond spread. The results confirm the crucial role
of the long-term, but also the short-term interest rates for the develop-
ment of the real exchange rates in this period. It is quite interesting that
an increase in the spread between US and German bond rates is associ-
ated with an appreciation of the dollar, whereas the opposite is the case
with an increase in the short spread and the inflation rate differential.

Altogether the results seem to suggest that the reserve currency (safe
haven) effect of the dollar has indeed prevented the adjustment towards
equiltbrium exchange rates and resulted in the overvalued dollar. The
need to finance the low US saving drives up the US bond rate relative to
the German rate and the increase in the bond yield results in the US$
appreciating, making the adjustment towards stationary real exchange
rates very slow.

8 Weak exogeneity and the long-run impact of shocks

We noted above that the German and US long bond yields are weakly
exogenous for the long-run parameters  implying that they act as driv-
ing variables (a common stochastic trend) in the system. By inverting
the VAR subject to the reduced rank restriction IT = a8’ we get the so
called moving average representation:

t t t
Ty = 0262—1-0@1 ZD2+C(I)2 ZSZ+C*(L)(57§+M+(I)1S7§+(I)2D7§)+ZO
1 1 1

(28)
where C' = 3, (¢/,T8,) '/, C*(L) is an infinite polynomial in the lag
operator L, and Z is a function of the initial values. Based on (28) it is
possible to calculate the impulse responses of a shock to one variable and
how it is transmitted over time within the system. Instead of reporting
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Table 9: The estimates of the long-run impact matrix C

Z(":Ap ZeAp* Zf‘:ib Zgib* ZEiS Zgis* ngpp

Apy -0.00  0.02 0.57 0.24 0.14 0.24 0.35
(0.1) (1) (28 (14 (4 21 (5.3)

Ap; 0.00 0.03 -0.34 0.31 0.11 0.65 0.98
(0.1) (1.4) (-1.0) (1.0) (0.7) (3.3) (8.5)

il -0.00  0.01 1.21 0.38 0.03 —-0.07  0.05
(-0.3) (0.9) (4.7) (1.7) 0.3)  (-0.5) (0.6)

it -0.02 0.03 -0.28 1.64 0.15 -0.25 0.10
(-1.3) (12)  (-0.8) (5.3) 0.9)  (1.3) (0.9)

(¥ -0.00  0.01 1.18 -0.29 097 0.38 -0.26
(-0.2) (0.5) (3.5) (-1.0) (6.0) (2.0) (-2.4)

(e -0.02 0.05 -1.70 2.00 0.78  0.34 0.57
(-1.1) (1.4) (-3.3) (4.5) (3.1) (1.1) (3.4)

POPL 001 0.00 0.70 -0.97 —0.41 0.50 0.74
(1.3) (0.2) (2.1) (3.5) (2.7) (2.8) (7.1)

12 we report

the impulse response functions for a unitary change of &;,
only the final impact matrix, C' in Table 9.

The estimates of the columns of the C' matrix in Table 9 measures
the total impact of permanent shocks to each of the variables on all other
variables of the system. A row of the C' matrix gives an indication of
which variables have been particularly important for the stochastic trend
behavior of the variable in that specific row. The t-ratios in parenthe-
sis are based on the asymptotic standard errors suggested by Paruolo
(1997).

These results reinforce our previous findings from the analysis of the
long-run relations. We note that cumulative shocks to the inflation rates
have no significant long-run impact on any of the variables, accentuating
our previous findings that inflation rates are solely adjusting in this sys-
tem, but not pushing. We also note that the two long term bond yields
have significant cumulative impacts on short term interest rate yields,
the ppp term and to some extent also on inflation rates, whereas shocks
to the short-term interest rates have no long-run impact on the bond
rates. The latter result is again in conflict with the basic premise of
the expectations hypothesis of the term structure. Furthermore, perma-
nent shocks to the short-term US treasury bill rate do have a permanent
positive impact on inflation rates. Thus, increases in the US short-term
interest rate tend to increase inflation and not the other way around.
Permanent shocks to the ppp term are also important as they have a
significant long-run impact on inflation rates and short term bill yields.

Therefore, the results strongly suggest that the developments in "world’
financial markets, as measured by the dominant rate yields - the US and

12Note that the &;; are almost orthogonal as demonstrated in Section 7.3.
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German long rates and the treasury bill rates - are driving this system
and inflation rates are essentially adjusting. This latter finding rein-
forces the point made earlier that the Fisher conditions do not seem to
work in the predicted manner.

9 Summary and conclusions

This paper has empirically examined the joint determination of a number
of key parity conditions for Germany and the US using monthly data
from the recent experience with floating exchange rates. The full vector
of variables considered in this paper, consisted of the German Mark-
US dollar exchange rate, prices, short term interest rates and long term
interest rates. We used the cointegrated VAR model to define long-
run stationary relationships as well as common stochastic trends, and
a general-to-specific approach to produce parsimonious dynamic short-
run equations. In constructing our long-run relationships we advocated
a specific-to-general approach, in which we initially excluded the short
term interest rates from our cointegration analysis. We now summarize
our main findings.

The results strongly rejected the stationarity hypothesis of the "pure’
parity conditions. However, by allowing them to be interdependent sta-
tionarity was recovered. The important finding was that the nonsta-
tionarity of the 'simple’ parity relationships was primarily related to the
nonstationarity of the ppp exchange rate and the long-term bond rate
differential. An obvious interpretation of the results was that the lack
of empirical support for the simple parity conditions was due to the
lack of (or very, very slow) adjustment to a stationary ppp steady state
and increasing long-term bond spreads as a plausible consequence of the
latter. Thus, the theoretical assumption of stationary parity conditions
appeared to be a special case of a more general formulation allowing for
persistent deviations from steady-state and, hence, market failure in a
simple model framework.

Therefore, the theoretical assumption of two common driving trends
had to be replaced by the empirical finding of four common trends,
hypothetized as: (1) a nominal price trend driving the goods market, (2)
a trend describing relative national savings behavior, (3) a ’safe haven’
trend capturing the role of the dollar as a world reserve currency, and
(4) a short-term capital market trend describing central bank policy
behavior.

Not surprisingly, the empirical modification of the original parity
conditions as a result of the above 'market failure’ trends, produced
a number of new results related to the dynamics of the international
transmission mechanism. Some of the major (empirically strong) find-
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ings were the following:

1.

In the big system of inflation rates, ppp exchange rates, 10 year
bond rates and 3 months treasury bill rates, it was the US and
German long-term bond rates which were the main driving forces
and not the short-term interest rates.

. US and German inflation rates were strongly adjusting to the other

variables of the system, primarily to the bond rates and the real
PPP exchange rates, but they were not affecting the other vari-
ables, in particular, they did not push nominal interest rates.

. The nonstationary movements in the bond and inflation rate dif-

ferential were closely related to the nonstationary movements in
the ppp exchange rate.

. The short-term interest rates (the 3 months treasury bill rates)

were important for the determination of the ppp exchange rate
both in the short and the long run. They had essentially no impact
on the bond rates and the inflation rates, with the caveat that US
short rate had a positive (cost push) effect on US inflation.

. Permanent shocks to long-term as well as short-term interest rates

had a positive long-run impact on inflation, signifying the cost
effect of interest rates on capital stock.

The above findings were shown to be remarkable robust (empirically
as well as econometrically) over a period of fundamental changes and
hence, could not be discarded as sample dependent results. They seemed
to suggest that:

1.

The role of the dollar as a reserve currency (the ’safe haven’ effect)
has facilitated relatively cheap financing of the large US current ac-
count deficits in this period. This might explain one of the 'market
failure’ puzzles: why an adequate adjustment toward purchasing
power parity between USA and Germany has not taken place.

. The large differences between national savings rates seemed to be

an important reason why the long-term bond rates were found to
be so crucial in this system.

. Though the role of central bank policy for stabilizing the short-

term capital market has evidently been crucial as the turbulent
years of monetary targeting in the eighties demonstrated, its role
for controlling inflation seemed much more modest than is usually
believed.
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However, although the non-stationary of the parities will disappear
with the disappearance of other disequilibria in the economy, in the
presence of free capital movements we do not believe that the parity
reversals in the term structure and Fisher relationships, will disappear.
The latter finding would appear to have important policy implications.

Finally, by joint modelling of the parities we have managed not only
to recover stationary parity conditions, but also to describe the variation
of the data with a remarkable degree of precision as evidenced by the
very small residual standard errors. Hence, the results should be used
as a benchmark against which the results of other models, possibly with
more theory content, could be evaluated.
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Table 10: The estimated intervention effects in the short-run adjustment
model

Ap.  Ap; Ay A Aij Appp,
Di78.10 0 0 0 0 0 0.(91(%)10
D79.11.12 0 0 0 0'(%91())7 0 0
D80.03 0 0 0 0 0 0
Di80.03 0 0 0 0 O(. 91031)7 0
DS80.05 0 0 0 0 —0.0031 0
(14.9)
DS80.07 0 —0.008 0 0 0.0012 0
(4.8) (5.8)
D80.11 0 0 0 0 0.8(;)12 0
D81.01 0 0 0 0.0008 —0.0012 —0.0008
(4.9) (5.9) (2.5)
D81.03 0 0 0 0.0005 —0.0012 0
(3.4) (5.9)
Di81.05 0 0 0.0002 0 —0.0020 0
(2.3) (13.4)
D81.10 0 -0.007 -—0.0004 —0.0008 —0.0007 0
(4.0) (3.0) (4.3) (3-4)
DS81.11 0 0 0 0.0003 —0.0012 0
(2.2) (5.7
Di82.01 0 0 0 0 0 0
D82.08 0 0 0 0 —0.0021 0
(10.4)
Di84.12 0 0 —0.0002 0 —0.0004 0
(2.1) (2.7)
DS8.08 0 0 0 0.((6)(%())9 0 0
D89.02 0 0 0 0.(91(;97 0 0
D91 0.01 0 0 0 0 0

(10.9)

11 Appendix I: The intervention dummies

12 Appendix II: The data
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12.1 Appendix III: Recursive graphs of the small
model

Test of known beta eq. to beta(t)
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Recursively calculated test statistics (1.0 corresponds to the 5%
significance level) for the constancy of the cointegration space.
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Recursively estimated alpha coefficients to the first cointegrating
relation of Table 4.
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Recursively estimated alpha coefficients to the second cointegrating
relation of Table 4.
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12.2 Appendix IV: Recursive graphs of the big model

Test of known beta eq. to beta(t)
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Recursively calculated test statistics (1.0 corresponds to the 5%
significance level) for the test of a constant cointegration space.
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Recursively calculated alpha coefficients to the first cointegration
vector of Table 7.
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Recursively calculated alpha coefficients to the second cointegration
vector of Table 7.
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Recursively calculated alpha coefficients to the third cointegration
vector of Table 7.



