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ABSTRACT

Real Interest Rates, Nominal Shocks, and Real Shocks*®

This paper uses a structural time-series analysis to analyse the properties of
ex-ante real interest rates of the five major OECD economies in relation to
temporary and permanent shocks to real output. Foilowing Blanchard and
Quah (1989) we refer to these innovations as ‘nominal’ and ‘real shocks
respectively. The relationships of rates to these shocks appear to be
qualitatively consistent with predictions of stochastic general equilibrium
models of business cycles driven by both real and nominal disturbances. Real
and nominal shocks originating in the United States are found to be the most
important causes of persistence in ex-ante real interest rates, but of the two,
only nominal shocks cause dynamic movements in rates that are coherent
across all countries. Further results indicate that the rise in real interest rates
experienced by these countries in the early 1880s was mainly due to nominal
shocks in all five countries; real shocks played litfle or no role.
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NON-TECHNICAL SUMMARY

This paper uses a structural time-series analysis to analyse the properties of
ex-ante real interest rates of the five major OECD economies (France,
Germany, Japan, the United Kingdom and the United States) in relation to
temporary and permanent shocks to real output. The relationships of rates to
these shocks appear to be qualitatively consistent with predictions of
stochastic general equilibrium models of business cycles driven by both real
and nominal disturbances. Real and nominal shocks originating in the United
States are found to be the most important causes of persistent movements in
ex-ante real interest rates, but of the two only nominal shocks cause
movements in rates that are coherent across all countries. Further results
indicate that the rise in real interest rates expetienced by these countries in
the early 1980s was mainly due to nominal shocks in all five countries; real
shocks played little or no role. The data consist of current and lagged real
output growth, current and lagged inflation, and nominal short-term interest
rates (treasury biil rates where markets for these existed), quarterly for the
period 1857(1) to 1994(4). A measure of ex-ante real interest rates is obtained
for each country using an inflation forecast for that country derived from vector
auto-regression (VARY) in inflation and output growth.

In the early 1980s, rates appeared to be very high, following a period of low
and maybe negative real rates in the inflationary 1970s. A number of factors
have been considered as possible causes of high real rates, including the
effects of US fiscal expansion, tight monetary policies around the world, higher
profitability of capital investment, and shifts in portfolios. Robert Barro and
Xavier Sala-i-Martin explored the effects of many of these, using a model
based on the balance between the supply of and demand for real saving. Thelir
results suggest that, with a one-year lag, the rate of return on the stock
market, the real price of oil, the lagged investment-to-income ratio, and the
world interest rate all have significant positive effects on the ex-ante world real
interest rate. Money growth appeared to have a significantly negative effect.
The world debt-to-GDP ratio and the ratio of deficits to GDP had insignificant
effects. Empirically, this model has proved to be highly robust. Others have
tested similar models.

While many analyses (including Barro and Sala-i-Martin’s) have used a
measure of a ‘world’ real rate of interest, it is not clear that there exists such a
thing. Real interest rates in different countries tend to be different, whether
measured ex ante or ex post on any conventionally used measure. They
would be equal across countries if goods and capital markets were perfectly



integrated, such that the law of one price or purchasing power parity was valid
{at least in expectation), and rates of return on assets (expressed in a
common currency) were uniform, i.e. the uncovered interest parity condition
was valid. This would imply that the expected rate of appreciation of the
exchange rate was equal both to the difference in the expected rates of
inflation between two countries, and to the difference in their nominal interest
rates. It is a notorious fact that neither of these conditions holds true, however,
There are long-lasting and substantial deviations from purchasing power parity
(PPP}. Indeed it is far from clear that PPP has any validity even as a long-run
relationship. There are also persistent deviations from uncovered interest
parity (UIP). There is furthermore no tendency for deviations from PPP and
UIP to be mutually offsetting, such that the real rate of interest would be
uniform across countries despite the failure of both PPP and UIP. Part of the
reason for the differences in conventionally measured real interest rates
across countries may be the use of an inappropriate price index which
includes both traded and non-traded goods. Purchasing power parity would
only be expected to apply to tradable goods.

This paper avoids the issue of estimating a ‘world real interest rate’. Instead
we use a structural time-series model for real ex-ante interest rates, real
output growth and inflation fo analyse the interactions between the real
interest rates of a number of countries and investigate the extent to which real
interest rates appear to respond to economy-specific real and nominal shocks.
This exercise might be interpreted as an attempt to adopt an empirical
structure that nests the kind of model for real interest rates that is implied by a
real business cycle plus cash-in-advance theory of the economy. Hence, it
allows real rates to have properties arising from a conceptually coherent
theory. The empirical structure yields estimated responses of ex-ante rates to
real and nominal shocks that appear to be consistent with this body of theory.
Itis then used to analyse the empirical issues about interest rates raised in the
literature and discussed above. In particular, we: {a) identify the major sources
of persistence in rates; (b) find that one of these persistent components is
‘common’ to all rates in the sense that it has coherent dynamic effects on rates
across countries; and (c) identify the sources of the general rise in rates in the
early 1980s. The persistence in real interest rates is found to emanate
predominantly from real and nominal shocks originating in the United States.
The common component in rates, which is found to be driven by a nominal
shock originating in the United States, is analogous to a ‘world real interest
rate’. Finally, the general rise in rates in the early 1980s appears to be a
consequence of nominal shocks; real shocks played little or no part.
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1. Introduction

This paper uses a structural sire-series analysis to expose the properties of ex ante
real interest rates of the fve major OECD economies in relation to temporary and
permanent shocks to real output. Following Blanchard and Quah(1989) we refer to
these innovations 2s “nominal” and ”real” shocks respectively. The relationships
of rates to these shocks appear to be qualitatively consistent with predictions of
stochastic general equilibrium models of business cycles driven by both real and
nominal disturbances. Real and nominal shocks originating in the US are found
to be the most important causes of persistence in ex ante real interest rates but of
the two orly nominal shocks cause dynamic movements in rates that are coherent
across all countries. Further results indicate that the rise in real interest rates
experienced by these countries in the early nineteen eighties was mainly due to
nominal shocks in all five countries; real shocks played little or no role.

There has been varying interest in real interest rates over the years. The ex-
perience of what appeared to be very high real rates in the early 1980, following
low and maybe negative real rates in the inflationary 1970’z caused a burst of
interest, for example. Blanchard and Summers (1984) reviewed a number of pos-
sible causes of high real rates, including the effects of US fiscal expansion, tight
monetary policies around the world, higher profitability of capital investroent, and
shifts in portfolics. However, real interest rates frequently do not appear among
the macroeconomic variables whose time series properties are compared in cali-
bration exercises carried out within the stoehastic general equilibriven framework.

More recently, Barro and Sala-i-Martin (1990) modeled real interest rates,
both for the world as 2 whole and for individual countries, in a rather eclectic way.
They proposed 2 model of world real interest rates based on the balsnce between



the supply of and demand for real saving. The demand for saving (investment)
depends on the world rate of return on the stock market, and changes in the ex
ante real rate of interest. The desired saving rate is assumed to depend on current
income relative to its long run value, 2 variable which is captured by the relative
price of crude oil, and the ex ante real interest rate. They also allow monetary and
fiscal policy variables to infiuence saving. Their regression results suggest that the
lagged rate of retwrn on the stock market, the lagged real price of oil, the lagged
investment-to-income ratio, and the lagged world interest rate all have significant
positive effects on the ex ante world real interest rate. The lagged rate of growth
of the money supply appears to have a significantly negasive effect. The world
debt to GDP ratio and the ratio of deficits to GDP prove to have insignificant
effects. The model of the economy lying behind their empirical estimates might
be described as basically real, with effects of monetary and fiscal policy bolted on
to pick up the consequences of possibly short-term wage and price stickiness.

Empirically, the model of Barro and Sala-i-Martin proves to be highly robust.
Nevertheless, not all scholars are willing to welcome its hybrid nature. Lucas, in
commenting on their paper, remarked "In evaluating these conclusions, I did not
find the theoretical framework offered in the paper especially helpful.” He argued
for a more thorough-going Fisherian approach to real interest rates. Barro and
Sala-i-Martin's model might also be criticised for one of its choices of explanatory
variables, in that it includes the real rate of return on stock markets, lagged one
period. To the extent that financial markets are integrated, it would be expected
that a rise in returns on stock would be reflected throughout the markets, explain-
ing a rise in interest rates. If innovations in stock returns have persistent effects,
it is unsurprising that the lagged return on steck markets would be associated
with the current ex ante real rate of interest. To this extent, it might be argued
that the paper assumes what it aims to explain,

Phelps (1992) models the world real rate of interest as a function of the world
stock of public debt, the stock of capital, government expenditures, temporary
changes in oil prices, and inflation surpriges.

While both these authors have used a measure of a "world” real rate of inter-
est, it is not ¢lear that there exists such a thing. Real interest rates in different
countries tend to be different, whether measured ex ante or ex post, on any con-
ventionally used measure. They would be equal across countries if goods and
capital markets were perfectly integrated, such that the law of one price or pur-
chasing power parity was valid (at least in expectation), and rates of return on
assets (expressed in a common currency) were uniform, i.e., the uncovered interest
parity condition was valid. This would imply that the expected rate of apprecia-
tion of the exchange rate was equal both to the difference in the expected rates
of inflation between two countries, and to the difference in their nominal inter
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est rates. However, it is a notoricus fact that neither of these conditions holds
true. There are long lasting and substantial deviations from purchasing power
pacity. Indeed it is far from clear that PPP has any validity even as 2 long-run
relationship. There are also persistent deviations from UID, There is furthermore
o tendency for deviations from PPP and UTP to be mutually offsetting, such
that the real rate of interest would be uniform across countries despite the failure
of both PPP and UIP. Several authors have asked whether any meaning can be
given to the concept of a world real rate of interest, including Gagnon and Unferth
(1993) and Driffill, Gilbert and Yeoward {1993).

Part of the reason for the differences in conventionally measured real interest
rates across countries may be the use of an inappropriate price index which in-
cludes both traded and non-traded goods. Purchasing power parity would only be
expected to apply to tradeable goods. Dutton (1993) argues that providing the
price indices are chosen appropriately so as to include ouly traded goods, there is
less evidence against equality of ex ante real interest rates across countries. Her
tests are based on the non-predictability of ex ante real rate differentials, using
monthly data for the US, UK, Japan, Canada, and France,

Different approaches to the measurement of the "world real rate of interest”
have been taken. As against Barro and Sale-i-Martin (1990) who use 2 weighted
average of individual countries, using real GDP as weights, Gagnon and Unferth
{1993) extract a world rate from time series data on nine countries by using a
panel regression. Here the data are allowed to determine the influence that each
country has on the world rate. Their model is RR;, = o + Bi + ¥ + vz in which
the 8's are country effects, and the +'s are time effects. The world real rate is
@+, and the 8%s are constrained to sum to zero. It is effectively assumed that
the real interest rate of each country differs from the world rate by a constant
amount plus a random term.

Gregory end Watt (1995) pursue a similar approach, although they allow for
& richer dynamic structure, and allow for influences from inflation rates onto ez
post real interest rates. They exarnine monthly data for nine countries for the
period 1975 to 1890. They propose that real interest rates in each country are
driven by both world and local factors, and for each of these is 2 factor associated
with irflation and a real factor. The inflation rate in each country is therefore
modeled as my; = Gm¥ + 5%, in which 7 1s the “world inflation rate” facter,
and n; is the local inflation factor, while the real interest rate is modeled as
Tie = $iry’ + 8wy -+ cun+1f, in which r¥denotes the world real ingerest zate factor,
and nj; denotes the local real interest rate factor. The dynamic structure of the
modeal is restricted by asswuming that each of the four factors follow AR(1) processes
with mutually independent innovations, and by making identifying assumptions
on the variance of the innovations in the world rezl interest rate and inflation




rate factors. Having imposed this structure on the data, the model yields some
clear patterns. The world factors are highly persistent, much more so than are
the local factors. An increase in world inflation causes a reduetion in countries’
real interest rates (which they interpret as a manifestation of a Mundell-Tobin
effect), whereas 2 rise in the local inflation factor is associated with a rse in that
country’s rezl interest rate.

There exdst yet other approaches to measuring a world real rate which start
from the statistical properties of rezl interest rates. It has been observed by 2
number of authors that the hypothesis that real rates contain a unit root cannot be
rejected empirically. (Indeed, while Gregory and Watt proceed on the reasonable
assumption of stationarity, having considered a lot of evidence, there is much
statistical evidence which is not inconsistent with there being a unit root in real
interest rates.) If, however, the real rates for individual countries do not depart
from each other by too much, it may be that there is a common trend in real
interest rates. The common trend might be extracted from the data and identiSed
with the world real interest rate.

In this paper we avoid the issue of estimating a “world real interest rate”.
Instead we use a structural time series model for real ex snte interest rates, real
output growth and inflatior to analyse the interactions between the real interest
rates of a number of countries and investigate the extent to whick real interest
rates appear to respond to economy specific real and nominal shocks which have
similar properties to those derived in Blanchard and Quah(2989). This exercise
might be interpreted as an attempt to adopt an empirical structurs that nests
the kind of model for real interest rates that is implied by a real business cycle
plus cash-in-advance theory of the economy. Hence, it allows real rates tc have
properties amsing from a conceptually coherent theory. Our empirical structure
vields estirnated responses of ex ante rates to real and nominal shocks that appear
to be consistent with this body of theory. It is then used to analyse the empirical
issues about interest rates raised in the literature and discussed above. In par-
ticular we a) identify the major sources of persistence in rates, b) find that one
of these persistent components is "commen” to all rates in the sense that it has
coberent dynamic effects on rates across countries and ¢ identify the sources of
the general rise in rates in the early 1980’s. The persistence in rates documented
by Rose and others, is found to emanate predominantly from reel and nominal
shocks originating in the US. The common component in rates, which is found to
be driven by a nominal shock originating in the US, is analagous to the "world real
interest rate” of Barro and Martin, ete. except that there, the "world rate” was
constructed as an ad hoc weighted average of country rates whilst here it emerges
naturally from our structural time series model. Finally the general rise in rates
in the early 1980°s discussed by Blanchard and Summers and others appears to



be a consequence of nominal shocks; real shocks played little or no part.

We consider ex ante real rates of interest for fve countries: the United States,
Japan, Germany, France, and the UK. The data consist of current and lagged
real output growth, current and lagged inflation, and nominal short-term interest
rates (treasury bill rates where markets for these existed) quarterly for the period
1957(1) to 1994(4)'. A measure of ex ante real interest rates is obtained for
each country using an inflation forecast for that country derived from a VAR in
inflation and output growth.

2. Real and nominal interest rates in real business cycle and
cash-in-advance models

2.1. Real interest rates in the simplest rbe model

The nature of the relationship between the world real interest rate and world
productivity shocks (as measured for example by Solow residuals) is suggested by
real business cycle models. A positive productivity shock should on impact raise
the marginal productivity of capital and hence real interest rates, It is likely also to
induce greater capital accumulation, and thus its effects should gradually die away,
whether the original productivity shock has permanent effects on productivity or
not.

This is borne out by considering the simaplest textbook model (Blanchard and
Fischer, 1989) It is assumed that the economy contains a representative consumer
who maximizes expected utility over an infinite horizon. Utility is logarithmic in
consumption: %(¢,} = In(c:). There is a discount factor 3. Production is a Cobb-
Douglas function: ¥; == 4,K7 in which 0 < 6 < 1, and 4, is a productivity shock
which follows a stochastic process. For tractability it is assumed that there is
a 100% per period depreciation rate. As a result, Koyy = Land Vi = C, + I,
The solution to the problem involves consumption being a fixed share of output
each period: C; = oY}, and Ky = (1 ~ @)Y , where o = 1 — 86. As a result
K= BAKY , or in logs, keyy = log(88)+ ay -+ 8k, . The marginal productivity
of capital MPK. is 0A. K7} or, in logs, log(MPK.} = log(§) +a.+(§ — 1)k,. With
some substitution this leads to: log{MPK.) = —log(8) + (1 — 6L)~}(a, — Gty )-

H the log of the productivity parameter, a,, is a random walk with drift, then
the log of the MPK is an AR(1} process with mean -log{8) + (3-8 )i, where
is the drift of the random walk.

Thus this very simple model derives the MPK as a stationary process, while
consumption and income are integrated. Investment and the MPK 2o up after a

!Throughout the paper, the estimation period was 1959(2) to 1994(1), to make allowances
for lags and missing observations.



big productivity shock. The increase in investment raises the capital stock onto a
higher steady state growth path (or level, where there is no long nm growth), and
the MPK is gradually pushed back down towards its long run value. The effect of
a productivity shock on the real interest rate is transitory, not permanent. The
speed with which the effect of the shock on the real interest rate dies away may be
an artefact of cne of the simplifications of the model, viz., the assumption of 100%
depreciation. If the capital stock were to depreciate slowly, and with irreversible
investment, the amount of investment would on average be a much smaller fraction
of the capital stock. Changes to the capital stock would be a smeller fraction of
it {the capital stock); and capital would be more persistent. Hence the MPK
would be more persistent. The theoretical prediction of a persistent real interest
rate may then not be inconsistent with the empirical finding that the real rate is
non-stationary. The data may contain a stable but persistent real rate.

The stochastic productivity process which drives the above RBC model is I(1),
and it imparts a stochastic trend to GDP, Consumption, etc. As we saw above,
innovations in productivity feed in to real interest rates through their effect on the
marginal productivity of capital. The equation above implies that real interest
rates will be given as a distributed lag function of themselves and the innovation
in the productivity process.

2.2. Differences among countries’ real interest rates

While a very simple model implies 2 connection between productivity shocks and
real interest rates, it says nothing about the relationship between real interest
rates in different countries. In practice, resl interest rates, as conventionally
measured, tend to be different in different countries. This need not be inconsistent
with perfectly exdble wages and prices, full information, and a complete set of
contingent claims markets (the set of assumptions routine in much of the real
business cyele literature). Lucas (1982}, and Stockman and Dellas (1989) consider
cash-in-advance models of open economies. Lucas considers economies each of
which produces a different good. Stockman and Dellas consider economies which
produce & common traded good and also a non-traded good. Real rates of interest
are not uniquely defined in worlds containing many goods. The own-rates of
interest on different goods need not be the same. A conventionally measured real
rate which is the rate of return on a nominal asset deflated by the increase in
the price of 2 basket of goods need not be uniforrm across countries. The cash-in-
advance framework implies that moenetary disturbances may have effects on real
interest rates. However, as Christianc and Eichenbaum (1995} point out, these
may be of a pattern over time and of a size which do not conform to facts.



2.3. Liquidity effects in real business cycle models

Christiano (1991) and Christiano and Eichenbanm (1995) develop & number of
models in which monetary disturbances have real effects which conform to broad
facts, in that increases in money cause interest rates to fall in the short run and
stimulate production. They obtain this result by Iniroducing several modifications
to earlier cash-in-advance models. These include “sluggish saving”, developed
from work of Lucas and Fuerst, the idea that households have to make savings
decisions before kmowing the realisation of the current period productivity or
money supply shock; “sluggish investment” which applies the same to capital, in
that firms make investment decisions without kmowing the current shocks; and
thirdly the idea that firms need cash to finance their working capital — payment
of wages in advance of production being completed and seld — and have short-
rux inflexibilities in their production plans, which are fixed in part before the
realisation of shocks are known. With these features a fairly simple cash-in-
advance model can reproduce some features of data for the US economy. In
particular, the liquidity effect of an increase in the money supply can dominate
the expected inflation effect and generate at least a short term fall in interest
rates.

Consequently, one might conclude from this analysis that cbserved move-
ments in real interest rates among countries might plausibly be viewed as the
consequence of real and nominal disturbances — productivity and money supply
shocks — working themselves out through the decisions of firms and households
in a stochastic general equilibriuz model of the world econorzy. With this kind
of model in mind we proceed to consider the data az hand.

3. Data

3.1. Sources

The data we use are taken from the International Financial Statistics. Date for
output are nominal GDP, IFS line 99b.c. These are all seasonally adjusted figures
for quarterly GDP at annual rates expressed in national currency units (billions
of US 8, Japanese yen, French francs, Deutschemarks, and pounds), Quarterly
data for France were not available for the period 1960 to 1964 inclusive, and so
the figures used are interpolated from annual datz, The price level data is in each
case the consumer price index, IFS line 64, an index number with 1990 = 100, 2
The real output measure for each country has been computed from the ratio of the

2The results of this Paper are pot substantially altered when a GDP deflator is used a5 2
price measure instead of the CPL



norninal GDP fgure to the CPI measure. The interest rates are the three month
treasury bill rate, IFS line 60¢, for the US and the UK. For France, Germany, and
Japan, the interest rate data is the money market rate, IFS line 60b, which is a
rate on much shorter term instruments than three months. However the data are

in all cases averages over the periods (quarters) in question. The data are for the
period 1957(1) to 1994(4).

3.2. Time series properties of real interest rates

Before moving to a structural model of real interest rates, we examine the time-
series properties of the real rates themselves.

The ex ante real interest rates we compute turn out to be fairly persistent. For
most of them, it is not possible to reject the hypothesis that they contain a unit
root. ADF tests on individual ex ante resl rates are reported in Table 1, along
with the estimated largest autoregressive root.

The results depend on the mumber of lags, but for most of the countries, the
data are not inconsistent with real interest rates being I{1). This is unappealing,
from a number of points of view, As Rose (1988) points out, it implies & contra-
diction between the apparent behaviour of real rates and the broad facts about
data on aggregate consumption. It may however be the case that real rates are in
fact stationary but rather persistent. The statistical evidence on the staticnarity
or otherwise of real interest rates is far from clear-cut. Gregory and Watt (1995)
discuss this issue at some length, and decide finally to proceed or the assuroption
that real interest rates and inflation rates are stationary. By contrast, Limosani
{1995) proceeds on the assumption of non-stationarity and looks for cointegration
among teal interest rates for various groups of countries. In view of the ambiguity
of the statistical evidence, we explore the persistence and co-integration proper-
ties of rates in the next section. However, the underlying hypothesis of the paper
is that rates are stationary but highly persistent, and subsequent sections of the
paper proceed under this hypothesis.

3.3. Co-integration of real interest rates and a common trend

If real rates were indeed pon-stationary, the idea of there being a “world real in-
terest rate” in any sense would only have any content if the real rates of individual
countries were cointegrated in a particular way. If none of the rates moves too far
from any of the others, then they must contain a single common trend. If for exam-
ple each pairwise difference of real rates were stationary, then there would be n-1
independent cointegration vectors and an independent vector of real rates which
contains the common stochastic trend. We therefore investigate the presence of
a possible common trend in real interest rates. Whilst testing for co-integration



creates a tension with our underlying hypothesis that rates are stationary, this is
more appearent than rezl. In finite samples, we would expect approximately the
same distributions for the test statistics for both non-stationary aed for nearly
non-stationary series,

First consider results of a co-integration test. This is Johapsen’s maximum
A test for the number of co-integration vectors, and is based on estimates of the
eigenvalues in 2 VAR in real interest rates.

Ounce again the results depend on the lag length, but there is some evidence for
4 cointegrating vectors, i.e., for a single common trend in real interest rates, at &
lag order less than or equal to 2. Diagnostics for 3 of these 5 interest rates indicate
that a lag order of 2 is adequate, but in the remaining cases, the appropriate lag
order was found to be 3.

If there is 2 common trend, the largest principal component (LPC) will provide
a (non-unique) estimate of it. Regressing real interest rates on the LPC gave
residuals that were far more mean reverting than the original series. Table 3 shows
that the largest autoregressive root for these residual deviations varies between
0.57 and 0.77, whereas for the interest rates themselves the figures are 0.73 and
0.91. Although no longer asymptotically valid, the ADF tests reflect this decline
in persistence with values between -2.86 and 5.0, as compared with -1.96 and -3.4
for the interest rates themselves.

These results are not sensitive to the use of ex post rather than ex ante real
interest rates. Similar results to these in table 3 emerge when the data are instead
residual deviations from an average (“world”) real rate or residual deviations from
the US rate rather than from the largest principal component.

Two lessons can be drewn from these results. The first is that because of
the persistence of the series, the smal sample properties of many test statistics
will differ from their asymptotic counterparts, and inferences based on asymptotic
properties will have to be treeted with care. Accordingly, results that may depend
on decisions from such tests are subjected to sensitivity apalyses. The second is
that the structural time series model should be able to identify one or two commeon
persistent components or "trends” in the series. In fact, this turns cut to be the
case.

We now turn to a structural model of interest rates in which an attempt is

made to explain their movements in terms of innovations in real GDP growth and
inflation.



4. A Structural Time-Series Model

4.1. Real and nominal shocks

The most general empirical model of the relationship between real interest rates,
inflation, and real GDP growth for our five countries that we consider can be
written as an unrestricted VAR in all fifteen variables. Viz.,

&(L)z = e, {4.1)

in which z, = (Apy., Ayre, Apor, Ditoe, o APse, AYse, Tie, oonTe)y L) = T+ &L+
G L%+ ..., . L7, for some lag length p, and e, is 2 15x1 vector of errors. The
various models we explore below can be viewed within this framework as restricted
versions of this model. The inflation forecasts used to construct our real ex ante
interest rates are generated from Eve country-specific bivariate VARs in inflation
and real GDP growth. These forecasts are consistent with the restricted VAR
used to identify nominal and real shocks.

We now want to obtain measures of real and nominal disturbances which might
have influenced real interest rates. There are a number of candidates for these.
Much of the real business cycle Literature has used Solow residuals as a measure
of the exogenous productivity disturbances which are assumed to be the (only)
driving variables of the system. However, in quarterly data these residuals contain
a seasonal pattern which appears unrelated to any pattern in real imterest rate
data. They are also autocorrelated which implies that they may not be interpreted
directly as underlying productivity shocks, Further, the Solow residuals give only
2 measure of a real shock, and not a nominal shock, whereas it is clear that
nominal disturbances affect real interest rates, at least in the short run. {Barro
and Sala-i-Martin (1890), for example, found evidence of this.) As an zlternative
we use a “structural VAR” method similar to that proposed by Blanchard and
Quah (1989).

We estimate 3 VARS, cne for each country, in its inflation and real GDP growth
rates. Prior specification testing suggested that a lag order of 4 was adequate.
Seasonal dummies were also included. We impose the restriction that the nominal
shock has no permanent effect on the real GDP. This restriction is enough to
identify uniquely and separately a “real” and a “nominal” shock. Inverting the
VARSs to give the MA representation we have

( S ) - ( g ) (42)

It

in which (L)

(5 )
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and the nominal and real innovations &% and & are by conmstruction mutually
orthogonal and of unit variance, Henceforth we refer to these temporazy and
permanent shocks to output (&} and £, respectively) as BQ nominal and real
shocks.

Comparing equations 4.1 and 4.2 we see that this structure imposes Granger
non-causality from real interest rates and other countries’ GDP growth and infla-
tion rates on to each country’s GDP and inflation. These are strong restrictions,
which are impesed in order to enable us to obtain the BQ residuals, and because
the identification restrictions that would be needed in a completely general VAR
would be large in number and would probably be arbitrary in nature. Also a
completely general VAR is likely to be highly over parameterized.

The restrictions severely limit the way in which the transmission of business
cycles may occur in the model. In particular the structure allows for transmissions
only through contemporaneous correlations of real (nominal) shocks across coun-
tries. Strictly speaking, the restrictions are only exactly valid when the dynamic
response path of output to domestic real (nominal) shocks is proportional to those
of real (nominal) shocks originating elsewhere. Whilst this scenazio is unlikely to
held exactly, it may be approximately true if the real (nominal) shocks that orig-
inate in the domestic economy are qualitatively similar in nature to the foreign
real (norninal) shocks. For example the real shocks may be exogenous movements
in the productivity of capital and labour generated by technical progress. In this
case it is not unreasonzble to assume that the time path response of a country’s
output to such a shock will be approxdmately the same (ap to a multiplicative
constant) regardless of the geographical origin of the shock. Similarly, if nominal
shocks are primarily monetary disturbances perturbing aggregate demand then
again it is not unreasonable to suppose that the time path of responses of home
output to a shock of domestic origin will be just a scaled up version of that to a
mongiary shock originating elsewhere, 3

In order to test whether these restrictions are justifiable empirically, omitted
variable tests are carxied out. Results are reported in teble 4. These results ate
for LM tests in which the residual from each equation above is regressed on two
lags of other countries’ output and inflation, and two lags of real ex ante interest
rates are used. Thus the test statistics are all distributed x2(26).

The exclusion restrictions (26 excluded lags from each of 10 equations) given
are tested on an equation by equation basis. It would also be possible to test using
a single statistic such as the likelihood ratio. It might have appeared natural to
start with the unrestricted VAR and use a2 LR test to test the validity of the
restrictions implied in equation 4.2 above, However, simulations by the authors

20f course the scaling could be zero as in the case of freely floating exchange rates and full
monetary insulation.
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suggest that the latter is an unwise policy. Taking the estimated coefficients
and erTor variance covariance matrix as "true” values and adding the assumption
that the errors are normally distributed, we simulated 300 data sets for inflation
and output growth for the fve countries and performed tests of the exclusion
restrictions on each data set. The actual test size for a nominal size of 5% turned
out in. the simulations to be in excess of T0%. The problem appears to be that the
ML estimates of the covariance matrix of the errors from the unrestricted model
regressions severely underestimates the true matrix. Estimated 95th percentiles
from these simulations for the LM tests on an equation by equation basis are
given in table 4. By contrast with the LR test, we see that these tests had sizes
closer to the nominal size of 5%. Although still larger than the nominal test size,
the rejection rate was now around 10%. This motivates the use of equation by
equation tests. Also, in the tables below, nominal critical values for all the various
exclusion restrictions are supplemented by their simulated counterparts.

Ag czn be seen from Table 4, there are 3 significant statistics using the standard
critical value and only two using the simulated ones. 'We also tested for excluded
lags of up to order three and the results from these tests (avallable on request)
were qualitatively sirnilar.

The above test statistics and simulated finite sample critical values are strictly
valid only if the residuals in these equations are homoskedastic and normally
distributed respectively. We test for GARCH errors using a Breusch-Pagan test
(Hamiltor, 1994, p664) and for non-normality using a goodness-of-fit chi-squared
test. Results are reported in tables 5 and 6. There is litsle evidence of either
heteroskedasticity or non-normality.

As well as testing exclusion restrictions, we also examine the explanatory power
of the included variables. The joint significance of the four included lagged infla-
tion rates and GDP growth rates is high in all but three cases, as table 7 shows:

The VARSs therefore capture much of the variance in GDP growth and inflation
very parsimoniously. A dynamic specification test, in which lagged restduals from
all countries were added to the VARs, was passed in all but one case as Table 8
shows

The structural stability of the VAR estimates was examined via an asymptotic
Chow test taking 1972(2) as the break point. This corresponds roughly with the
end of the post-war float. The results are given in Table §. Although there is only
one rejection at the nominal significance level, many of the statistics are quite
high. This suggests that we should be careful to examine the sensitivity of our
main results to dropping the fixed rate (pre 1972(2)) observations.

In the light of these tests, we argue that, while the country VAR's may not be
the best representation of the data, the exclusion restrictions that we impose are
unlikely to have a fundamental bearing on the qualitative nature of our results.
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The BQ VAR set-up is in sympathy with RBC models with country-specific
productivity shocks and monetary shocks. These feed through to interest rates
which are driven by these shocks. We also of course allow for wnexplained com-
ponents to interest rates in anticipation of failing to explain them purely in terms
of BQ nominal 2nd real shocks,

4.2. The relationship between inflation, growth, and real interest rates.

We examine an unrestricted VAR model for the ex ante real interest rates, inflation
rates, and real GDP growth rates for the Ave countries, Initially we chose a lag
order of two on all variables. Diagnostic tests for the significance of a third lag
are given In table 10. Before discussing these and other tests, we should note
that the statistics given here (plus those in Tables 11 to 14) are subject to the
problems caused by generated regressors (Pagan and Nicholls, 1934) and near unit
root behaviour in interest rates (discussed above). These factors together with the
relatively few degrees of freedom that we have mean thet the asymptotic critical
values are unlikely to be very accurate. The results must therefore be treated
with caution and the tests may only be used as heuristic devices. Civen that
these tests establish the number of lagged terms appearing in the VAR for rates
we shall be careful later to examine the sensitivity of any empirical conclusions
to changing the lags in the VAR,

Teble 10 shows that the third lag is important for all but Fragce and Germany.
However, to include three lags would iraply regressions contairing 45 explanatory
variables, which is unlikely to give reliable estimates, We therefore looked for
restrictions which would allow us to omit some of these variables. Tables 11 and
12 show separately the significance of tke thicd lag of interest rates, and inflation
and output growth respectively. It is clear from these tables that the latter are
far more important in explaining rates than sre the former,

A further test of the second lag of interest rates given in table 13 shows that
these also are relatively unimportant. As a result, they were dropped from the
VAR, leaving a final specification that hes once lagged rates and three lags in
growth and infiation as explenatory variables for interest rates.

As a further specification test of this finel form for rates we explore the struc-
tural stability of the VAR, using the same asymptotic Chow test as we used above
in Section 4.1. The results of this test are in table 14. Like their counterparts
for cutput and growth, these tests show only one rejection at a nominal 5% level
of significance (tke case of J apan) but again the number of bigh statistics rein-
forces the need to check the sensitivity of our results with respect to dropping
observations from the fixed exchange rate period.

The final specification of the model therefore is equation 4.2 for growth and
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inflation, and for rates it is

T(Lyre = 9L}z +7& +& (4.3)

. . Ap; - ~ " o~ o~
inwhich z. = (Irlcsmfzu-----zgc)'v:‘i! = ( Az; ) 272 = (1T weTse)s o= (ETy - ome £ 685

are the estimated contemporaneous Blanchard-and-Guah innovations for inflation
and real growth for each country, as obtained above, end £ is 2 residual. The lag
polyromials T{Z) and (L) ave: D(L) = I+ T L; %(l) = L+ l? + L’
The inclusion of the BQ innovations in the regression is an innocuous device. It is
done to make the error term £7 in the VAR orthogonal to them, and to estimase
their impact effects on interest rates.

4.3. An unobserved components model for real growth and inflation

Our aim is to decompose interest rates into orthogonal components that we may
identify with real and nominal shocks. Unfortunately the BQ shocks as they stand
do not qualify for this role because they themselves are likely to be correlated
across countries. For example, some productivity shocks are likely to originase
in the global economy, whilst others may originate from shocks to output In the
various countries. We estimate the following unobserved components model, in
order o extract a measure of common and country-specific real and nominal dis-
surbances. It assumes that innovations in real GDP growth for the five countries
share a common component and also have an idiosyncratic component. Inno-
vations in inflation are assumed to have the same structure. The vector of fve
real GDP growth innovations is denoted £ = (£],, &L, ....£5,), and the inflation
innovations analogously as £'. Thus we have

£ = 0l +Un (4.4)
& = andy + e

in which e, &, are 5x1 vectors of coeﬁcients,g,gaze common innovations, and
Upe, Ungaze Sx1 vectors of idiosyncratic components. The restrictions Blupd) =
diag{o}, Elunl,) = diag{o%} for all t, are imposed, and the cormon and
idicsyncratic components are assumed to be independent. These equations each
contain 11 parameters, but yield 15 moments and cross moments. Thus Gener-
alised Method of Morments yieids 4 over-identifying restrictions. They are esti-
mated by GMM and results with heteroskedasticity consistent estimates of the
covariance matrix are reported below in table 15.

The coefficients in the uncbserved components model for the nominal shocks
are not estimated with much precision. Most are not significantly different from
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zero. However, the coefficients (the a-:'s) in the model for real shocks are all sig-
nificant, positive, and of plausible sizes. Tests of the overidentification restrictions
in the models give xo(4) test statistics of 2.81 for the real shocks and 7.36 for the
nominal shocks, both of which are weil inside the critical region at conventional
test sizes.

By constzuctior, the BQ residuals possess the property that for each country
within sample the nominal and the real shocks are uncorrelated. There is however
nothing to guarantee that the real shock of one country is uncorrelated with the
pominal shock of another, although this would be required i the unobserved
components in the above decomposition are to be genuinely uncorrelated for all
possible pairs of shocks. Table 16 displays pairwise correlation coefficients between
rezl and nominal shocks for the five countries.

The only significant covariances are those between the U3 real shock and the
German nominal sheck, and between the French real and the Japanese nominal.
ATl the other entries in the table are relatively small. The correlations indjcate
that the commponents identified in the model above will if estimated be only approx-
imately uncorrelated. Variance decorpositions based on this model will therefore
only be approximate.

4.4. Impulse Response Functions

How do the real and nominal shocks associated with each country, and also the es-
timated world nominal and real shocks from the uncbserved components models,
affect each country’s real interest rate? To apswer this question, we examine im-
pulse response functions. By substituting for growth and inflation using equation
4.2 in equation 4.3, and inverting the left hand side lag polynomial in equation
4.3, the estimated VAR in real interest rates can be written in MA form as

7y = O (LY + 8.(L)E;

where 8,,(L) and 8.(L) are infinite lag polynomials, where " = (Er\ErY are
the re-ordered vecior of BQ residuals and where the columns of 6,.(L) have been
re-ordered conformably.

Finally, using equation 4.4, the common and idiosyncratic shocks are substi-
tuted into the expression to give

7 = (L)l + On(Lttne + O (L)onEs + 8- (L)urne +0(L)  {45)
We have consistent estimates of all of the lag polynomial terms in equation 4.5.

Trom it the impulse responses of real rates to the common and idiosyncratic real
and nominal shocks can be derived.
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Figure 1 shows the responses of each country’s real ex ante interest rate to a one
unit innovation in the commor nominal shock &, and real shock .. (The Bgures
include confidence intervals around the point estimates. The confidence intervals
were obtained from simulations, using the same method as for eritical values in
table 4 above. They are asymptotically §5% confidence intervals.) The responses
for the five countries share commen features. The effect of the nominal shock is
2 reduction in real interest rates during the early periods, which eventually dies
away to zero. Exceptionally, the United States real interest rate rises significantly
in the first three quarters, before falling below zero. The effect of the real shock
Is to raise real interest rates in the initial quarters (for up to around 20 quarters)
before they fall back towards zero, in the US, Frapce and the UK. In Japan, the
effect becomes negative after eight quarters. In Germary the effect in the second
quarter is significantly negative; otherwise the German response follows 2 similar
pattern to those of the US, France and the UK, These appear to be consistent
with the kinds of responses that would be produced in RBC models with Lquidity
effects, such as those of Christiano, Eichenbaurn, and others.

Figure 2 shows each country’s response to its own idiosyneratic nominal and
real shock. In response to their nominal shocks, Japan, France, and the UK show
an initia] fall in the rate, whereas the US and Germany show initially small and
statistically insignificant rises. The responses to the real shocks are predominantly
positive, although between nine quarters and seventeen the US response is sig-
nificantly negative. Thus typically, the commor and the idicsyneratic nominal
shock produce an effect on rates in the seme direction, (The exception being
the US.) This contrasts with results of Gregory and Watt who found that the
own-country nominal shock produced and increase in rates, whereas the cornmon
nominal shock produced a decrease.

We now tura to 2 consideration of sources of persistence and common com-
ponents in rates, and the factors causing the general rise in rates in the eazly
1880s. Consider the issue of common persistent components in rates. There are
seventeen (theoretically) independent innovations in the moving average represen~
tation in equation 4.5. The equation shows each rate to be the sum of seventeen
Infinite moving averages in each of these innovations which may be interpreted as
{theoretically) orthogonal components. Hence each innovation forms a sole source
of five interest rate components (one for each country). For example, the 1,5 ele-
ment of 8, (L), is the component of US rates arising from the UK’s idiosyneratic
nominal shock.

If a component is to form something like a commor: trend for al} five interest
rates, its time path should have two properties: it should be highly correlated
across countries and should make a large contribution to each rate’s variance.
The correlations of the components across countries depend only en the moving
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average parameters in equation 4.3 and the variances of the shocks both of which
we have estimated already. For each component therefore, we may compute the
ten (=C?) correlation coefficients between all possible country pairs. To assess
contributions to persistence we may also estimate the variznce of each component
under the theoretical assumption that all components are mutually uncorrelated.
In theory, the variance of rates should equal the sum ofthe variance of the twelve
components on the right of equation 4.5 plus the variance of the residuals. In prac-
tice however this will not be the case because as we noted in Section 4.3 above the
uncorrelatedness of the components was not fully imposed during estimation so
that they will in general be correlated within the sample. * To assess the relative
contribution of each component, we divide each component’s estimated variance
by the sum of the variances of all components excluding residuals. The latter sum
zpproximates the amount of variance in rates accounted for by real and nominal
shocks so that the proportions we compute represent estimates of each corapo-
nent’s contribution to explained variance. For completeness, we also tabulate the
exact empirical explained variance as a proportion of the total variance of rates.
This was computed as 1-(A/B) where A is the variance of the residual components
and B is the variance of rates. The correlation coefficients are given in Table 17
and the results from the decomposition of variance are given in Table 18.

In terms of high correlations across countries, two components stand out from
Table 17, namely these components due to the US and UK idiosyncratic nom-
inal shocks respectively. In the case of the first, the correlations all Ye above
.76 and those for the UK above .87. In terms of volatility, Table 18 shows that
the components due to the US real and nominal idiosyncratic shocks are dom-
inant. Multiplying each of columns 2 to 13 by column 1 gives an estimate of
the proportion of variance in tates accounted for by each of the 12 components.
Doing so, we estimate that the compenent in the US idicsyncratic nominal shock
accounts for approxdmately 11%, 4%, 21%, 14% and 9% of the variance in US,
Japanese, German, French and UK rates respectively. Given that there are 17
components contributing to the variance in rates, then excepting the figure for
Japan, these proportions are quite high. This underlines the importance of real
shocks in driving interest rates but it does not indicate that this real shock is
the source of a “common trend” because most of the correlations across countries
of this component of rates (Table 17) are quite low. Repeating the computation
for the US nominal idiesyncratic shock we see that this component accounts for
around 6%, 15%, 20%, 17% and 9% of the veriance of rates in the US, Japan,
Germany, France and the UK respectively. The component of rates due to the US

“The problem is that the parameters associated with the decompesition in equation 4.4 bad
to be estimated from an overidentified system so that sample variances do not correspond one
to ane with their theoretical counterparts.
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idiosyncratic nominal shock therefore, satisfies the criterion for a “common trend”
being both relatively volatile and highly correlated across countries. Perhaps this
is not a surprising result because during the early part of the sample period the
US was responsible for exporting inflation worldwide although this phenomena
was obviously less predormninant after the break up of Bretton Woods. To the
extent that inflation shocks affect real ex ante interest rates we would therefore
expect inflation shocks originating in the US to have a pervasive influence on the
general level of world real interest rates.

in a final experiment, we set all real shocks (plus unexplained residuals) to zero
and simulated the resulting real rate series for the five countries. The time series
of a straight forward cross country average of these simulated rates are compared
with the actual average for real rates in Figure 3. The simulated series seems to
track well the rise in rates that occurred in the later part of our sample. The
experiment wes repeated for all the real shocks (setting nominal and unexplained
shocks te zero) and the corresponding graphs are presented on the right of figure
3. By contrast, this graph shows that rea! shocks cannot explain the general
Tise in rates during the 1980°s. Further experiments were undertaken to estimate
the individual influence of each component on the rise in rates. Using signal
extraction techniques we estimated the means of the compenents conditional on
the BQ estimates but found that no single component was able on its own to
account for the general rise in rates. Detalled results of these extra experiments
are available on request.

Finally we note the results of the sensitivity analyses proposed in Sections 4.1
and 4.2 above. With respect to lags in the VAR equations for interest rates, we
dropped the third lag in output growth and inflation and added a second lag in
rates. As we would expect, the contributions to persistence of the real and nominal
shocks declined slightly with the "unexplained” residuals becoming correspond-
ingly more important. Despite this, nominal and real shocks originating in the
U3 remained a dominant source of persistence and US nominal shocks still had a
coherent effect on rates across countries. All the other results were qualitatively
urchanged. Dropping the first 47 observations of the sample increased coefficient
standard errors and widened confidence intervals but did not qualitatively alter
the main results.

5. Conclusions

Stochastic general equilibrium models, such as models of real business cycles which
allow for liquidity effects, suggest that real interest rate movements should be
the result of real and nominal distrubances to the economy. In this paper, we
have examined the dynamics of real er ante interest rates for five major OECD
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econories (the US, Japan, Germany, France and the UK} within the context of a,
VAR in real interest rates, infation, and real GDP growth. Real interest cates have
then been resolved into comporents explained by real and nominal shacks arising
In these countries, as well as unexplained components. Some of these real and
nominal shocks appear to be common sources of variation and persistence in real
interest rates, particularly the US real and nominal sheck, each of whick accounts
for a substantial fraction of real interest rate variation in al] five countries.

The model suggests that the the source of the widespread rise in real interest
rates around the world in the early nineteen eighties was nominal shocks rather
than real shocks whose contribution in this respect is negligible.

Irnpulse response functions show that the typical response to & nominal shock
is an initial reduction in interest rates, followed by a gradual retum to nermal
levels. The typical response to a real shock is an increase interest rates, followed
by a gradual return to normal levels. This is & general pattern, to which there
are exceptions. It is broadly consistent with a real business cycle world in which
there is shert run price stickiness, in which an inflationary shock does rot lead
to higher future expected inflation, and thus the so-called Mundel-Tobin effect
outweighs any Fisher effect.

An attractive feature of analysing real interest rates in this was is that it
aveids the difficult issue of whether or not there exists a “world real interest
rate” and how to measure it. It also puts the analysis in a coherent framework,
provided by stochastic general equilibrivm models. There are however a number
of imitations. If an effort is to be made to explore the interrelations between real
interest rates in a number of countries, and the effects of output and inflation
innovations, the limitations on the length of data series mean that it is necessary
to restrict the number of variables in the VAR, This can be done by restricting
the number of variables analysed for each country, or restricting the number of
countries analysed, or imposing other restrictions on the VAR. We have taken
2 mixture of all three procedures. A drawback of this VAR analysis is that it
does not identify whether or not one or two popular suspects were the culprits
in interest rate movements. In particular, it has said nothing about whether
government expenditure or borrowing, or oil price shocks had major effects on

real interest rates, except in so far as they were associated with innovasions in
inflation or real GDP.
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TABLES

Table 1. ADF Tests and largest AR root in ex ante real interest rates
Country | US  Japan Germany France UK

ADF(2) [-23 -3.14 -3.08 205 247
2(2) 88 8 .78 90 84
ADF(4) | -2.00 -1.93 -3.48 .90 251
o(4) 9 84 .73 81 81

Note: the 5% critical value for the ADF test is -2.99. p(n) is the largest AR
root in a model with n-1 lags.

Table 2. Co-integration tests for ex ante real interest rates
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Null versus alternative 95%

hypothesis 4lags 3lags 2lags critical vajue
0 versus 1 49.1 7.3 55.1 344

1 versys 2 23.3 274 393 231

2 versus 3 15.3 13.6 251 220

3 versus 4 6.7 108 154 157

4 versus 5 39 4.3 4.2 §.2

Note: The null hypothesis is that there are z cointegration vectors against the
alternative that there are = + 1. “4 lags” ete. refars to the number of lags in the
VAR.

Table 3. ADF tests and largest root for residual
deviations from Largest Principal Component

Country | US | Japan | Germany | France | UK
ADF(2) | -3.2|-38 -3.6 -3.3 -5.0
202 75 .17 65 51 57
ADF4) |-2.8]-37 -3.4 -2.8 4.6
old) g7 .75 .64 75 60

Table 4. Omitted variable tests for Blanchard-Quah residuals
TS Japan Germany | France UK
Lp | 45.2% [41.5) | 37.8 (42.4) | 26.7 (42.6) | 32.1 (42.3) | 44.6¥% (43.4}
Ay [ 327 (43.0) | 40.5% (41.9) | 32.9 (d0.6) | 318 (dL.2) | 38.2 (42.5)
Note: the 85% critical value for the x2(28) test statistics s 38.0
(* = significant at the 5% level). The numbers in parentheses
are the simulated 85% critical values for the test statistics.

"Table 5. Tests for GARCH(1,1) error process

US Japan Germany France UK
Ap 088  Q.005 2.38 1.63 492
Ay 033 100 T.34%* 0.26 037

The test statistics are distributed 2s x*(2) with a 95% cxitical value of 5.99.
Only the statistic for the German cutpus growth equatien is significant at 5%.




Table 6. Tests for normality of residuals
US Japan Germany France UK
Az 477 20.00 13.99 16.87 2254
Ay 1530 137 18.76 18.02  12.70

The test statistics are distributed as x*(14), the 95% critical value of which
23.7. Consequently none of these is significant at 5%.

Tzble 7. x2(11) tes: statistics for the included variables in the BQ VARs

Us Japan | Germany ; France | UK
Ap | 101.6™* | 65.9%" | 89.9%* 100.7%% | 92.07*
Ay 1 39.1%% | 33.9%* 1 178 20.8* 26.3*

Note: the 5% critical value for x*(11) is 19.7. (** denotes significance at 1%;
* denotes significance at 5% The tests are the sample size multiplied by the R®
from each regression. Each regression includes four lags of inflation and cutput
growth and three seasonal dummies.

Table 8

US | Japan | Germany | France | UK
Ap | 16.91194% (6.2 9.8 16.0
Ay 121 ] 146 13.9 14.1 7.3

Note: 95% critical value is 18.3 (%*{10)). 10 once-lagged residuals from the
5 countries’ BQ VAR’s were added to the VARs and their significance tested to
give the ¥*(10)’s. Apart from the equation for inflation for Japan, which gave a
marginally significant test, all the statistics are satisfactory.

Table 9. Test of structural stability of VAR’s in Ap and Ay using forecast
errors

US | Japan | Germany | France | UK
Ap | 15.2 | 41.0%* | 18.7 21.0 18.8
Ay |[183 187 |82 21.0 19.2

Note: The test statistics are asymptotically distributed as x2(12), the 95%

criticel value of which is 21.1. ** denotes significant at 5% using the distribution
of x*(12).

Table 10. Test of significance of a third lag in a VAR of real interest rates,
inflation, and zeal GDP growth.
US Japan | Germany | France | UK |
45.5%* | 49.4%* | 21.2 | 33.9% T84.2%+!
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Note: The test statistics are distributed as x*(15), the 95% point of
which is 25.0. ** denotes significance at 1% and * denotes significance
at 5%.

Table 11. Test of including an exira lag of real interest rases
US | Jepan | Germany | France | UK,
10.9]11.5% | 5.6 15.3%* | 14.5%*

The test statistic is distributed asy?(5), with a 95% czitical value of 11.1. **

denotes significance at 1%, * at 5%.

Table 12. Test of including ap extra lag of inflation and real GDP growth
Us Japan | Germany | France | UK
28.9%* | 42.3** | 165 26.1%% | 77.9**

The test statistic is distributed as x2(10), which has a 95% value of 18.3.

Table 13. Test of significarce of 2nd lag of real interest rates in the VAR
US | Japan | Germany | France | UK
6.219.2 17.4%* 12.1* |80

Note: The test statistics are (D) once again, with a 95% critical value of

11.1. ** denoctes sigrificance at 1%, * at 5%.

able 14. Predictive falhure tests for the interest rate VAR
US | Japan | Germany | France | UK

41.1| 58.2 50.4 39.9 1508
The test statistics are x%(36), the upper 5% point of which is 51.5.

Table 15.

GMM estimates of parameters from the uncbserved components model for
nominal and real shocks®

5The variance of the common real and commen nominal shocks are unidentified and are
normalised to unity.

24




coefficient | std error | t-ratio coefficient | std error | t-ratio
n1 15 15 .89 ary 33 13 2.45
2 A3 A7 2.61 g 31 12 2.56
2z 33 20 1.66 Gr3 62 14 4.53
P 42 .19 217 || ag 43 11 4.03
ans 18 .20 89 s .51 A7 3.59
a5 92 15 6.01 || o3 74 11 6.52
o2, 79 22 362 |[ o5 69 12 5.78
oy .33 14 6.02 || o7, .59 15 3.82
oz, 61 23 264 |[ o2, 74 14 5.10
o=, .89 12 754 | o5 .55 14 3.95
= 1.00 a? 1.00

Note: a.; and a,,; are the ith elements of &, and o, respectively.

Table 16. Correlation coefficients between nominal and real disturbances

across countries
Real shocks

US | Japan | GGermany | France | UK
Us 0 0.10 -0.01 -0.005 | 0.14
Nominal | Japan | -0.07 0 -0.07 -0.17 | -0.12
Shocks | Germany | -0.28 | -0.002 0 0.006 | -0.09
France |-0.13| -0.13 0.03 0 -0.11

UK -0.02 | C.14 0.01 0.11 0

Under the null hypothesis of zero correlation, each element is N(0,0~%?) the
95% critical value of which is 0.17.

Table 17. Pairwise correlations of simulated real interest rate movements pro-
duced by individual components

Common rorminal shock

us | ja | ge g | uk
us | 1.00
ja | -42 1 1.00
ge! .92 | -40 | 1.00
£ 1 87 |-53] 97 [1.00
uk | 93 [-311 .80 | .83 | 1.00
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Common real shock

us | ja | ze | B | uk

us | 1.00

ja | =26 | 1.00

ge| 81 | -39)1.00

£ 73] .30 .71 | 100

uk | 83 | -50 | .T 41 11.00

us idiosyneratic nominal shock Japanese idiosync. rom. shock
us ja ge fr | uk us ja | ge I uk

us | 1.00 us | 1.00

ja | -.89 [ 1.00 ja | .80 ] 1.00

ge| .82 | -.76 | 1.00 ge | 46 | -.06 1 1.00

| .85 | -80 .88 | 1.00 .95 .78 7 .52 | 1.00

uk | 85 [-76| .99 | .98 | 100 uk] 67| 81 | 35 { 81 | 1.0C

German idiosynce. nom. shock French idiosync. nom. shock
us | Jja | ge | B | uk us | Jja [ ge | & | uk

us | 1.00 us | 1.00

ja | 47 |1.00 ja | 75 | 1.00

ge | .54 | 27 | 1.00 ge | -44 1 -.03 | 1.00

fr [ .12 ) .13 1 .63 | 1.00 fr|-59]-21] 95 | 100

uk | 54 | 57 | BL | .25 {100 |juk|-151-06] 83 | .74 | 1.0C

UK idiosyncratic nominal shock US idiosyncratic real shock
[ us Tja [ ge | & | uk us | ja | ge | & | uk

us | 1.0C us | 1.00

ja | -.89 1 1.00 ja | -.37 | 1.0C

ge | 93 | -96 | 1.00 ge| .36 {-9211.00

frp 92 1-01) 94 |1.00 fr | 49 7-985] .94 | 1.00

uk | 93 }-97] .95 | 87 {100 uk| .56 | -90 97 | 931100

Japanese idiosyncratic real shock German idiosyneratic real shock
us | ja | ge fr | uk us | ja | ge | £ | uk

us | 1.00 us | 1.00

ja | .45 | 1.00 ja | .60 | 1.00

ge| .70 | .12 11.00 ge| .54 | -06 | 1.00

fr ] 201 -16 | .02 | 1.00 fr|] 851 .12 ] .82 | 1.00

uk | 11 | -66) .10 | .55 |1.00i| uk| 95 | .60 1 40 | 82 {1.00
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French idiesyncratic real shock UK idiosyncratic real shock
us | ja | ge fr | uk us | ja | ge fro | uk
us | 1.00 us | 1.00
ja | .96 | 1.00 ja | -.89 | 1.00
ge | -.38 | -.51 | 1.00 ge | .95 | -.90 | 1.00
fr | -697-79 .73 | 1.00 fr | 80 {-75] .90 | 1.00
ue| .78 | 58 | -.02]-32 | 1.00{ uk| .80 [ -801 .80 | .67 | 1.0

Table 18, Variances of sirmulated interest rate seri

pexp | pen | per | pinl | pin2 | pind | pind | pind
us 6926118725480 {35 |19 |20 |10.6
Japan 773 129 |36 |[185(|19.0 | 6 4.5 | 9.7
Germany | 75.4 [ 11.7[10.8|254 14 |26 130 |96
France 694 | 159104242 |34 [26 1635 |88

UK 840 {27.7118.7 1103 ; 1.7 | 1.2 3 194
pirl | pir2 | pir3 | pird | pixd
US 15806 119 {76 140

Japan 48 (21053 [12822
Germany | 27.2 | .8 3.9 111 26
France 194 .2 18 147 |24
UK 169 .4 18 |.1 6.6
Note: pexp denotes the proportion of variance in the interest rate of the
country in the left hand column explained by all real and nominal shocks; pen
and per are the estimated proportions of pexp accounted for by common nominal
and common real shocks respectively; pinj and pirj are the estimated proportions
of pexp accounted for by idiosymcratic nominal and real shocks originating in
country j where j=1 denotes the US, 2 is Japan, 3 Germany, 4 France, and 5 the
UK. All numbers are percentages.




Figure 1: Rasponsas to common neminal and real ahocks
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NX™ (RUXT) = reaponse of country X' rate to common nominal (reat) shocks. Upper and lower lines give spproximate 95% confidenca interval.
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