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This paper takes up the question: what is the nature of the shocks that drive the real exchange
rate? There are several reasons to care about the answer to this question. Firgt, it isrelevant for policy
makers. Suppose that real shocks, as opposed to monetary shocks, were found to be the dominant
influence. Thiswould inform policy makersthat aflexible exchange rate system is preferable to fixed
rates, or at the very least would highlight an important potential drawback associated with maintaining a
system of fixed exchange rates.

Second, evidence on this question is relevant for the literature on dynamic stochastic general
equilibrium models of the real exchange rate. Recent work including Obstfeld and Rogoff (1995),
Beaudry and Devereux (1995), Chari, Kehoe, and McGrattan (1996), and Atkeson and Kehoe (1997)
focuses exclusively on the effects of monetary shocks. For example, Chari, Kehoe, and McGrattan
(1996) ask whether a general equilibrium model with sticky prices and imperfect competition can
replicate the observed pattern of real exchange rate persistence following monetary shocks. Atkeson and
Kehoe (1997) examine amodel in which both asset markets and goods markets are segmented, focusing
exclusively on the effects of monetary shocks on international relative price movements.

By focusing on monetary shocks to flesh out the implications of various modeling structures,
these papers address important and interesting controversies in the theoretical literature. In addition, the
focus on monetary shocks follows conventional wisdom: concerning the well-known result of Mussa
(1986) that real and nominal exchange rate volatility is roughly equal, Chari, Kehoe and McGrattan
(1996, pg.1) note:

"The conventional wisdom is that these observations are the result of monetary shocks
and they can best be understood in a model with sticky prices.”

Although this quote likely reflects the conventional wisdom, the empirical literature has yet to

uncover much direct evidence that monetary shocks are important for real exchange rate determination.

The literature has provided indirect evidence on the nature of the shocks that drive the rea exchange
rate. Several early papers linked statistical evidence on real exchange rates, nominal exchange rates,
prices, and other macroeconomic variables with theoretical models of the exchange rate, and discussed
what thisimplied about the nature of the shocks that drive the real exchange rate [see Stockman (1983),
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Papers that have attempted to directly identify various shocks to the real exchange rate and compare their
relative magnitudes often find that monetary shocks are unimportant. For example, Clarida and Gali
(1994) use Blanchard-Quah (1989) style vector autoregressions (VARS) to estimate the relative
contribution of various shocks to several U.S. dollar real exchange rates during the post-Bretton Woods
era. They find that nominal shocks account for no more than 2.8% of the variance of real exchange rate
changes over all horizons for the United Kingdom, the country | focus on in this paper. The contribution
is larger in the cases of Germany and Japan, but even smaller in the Canadian case. Eichenbaum and
Evans (1995) estimate VARs with contemporaneous identification restrictions, and report for three
different model specifications the contribution of monetary policy shocks to the variance of several U.S.
dollar real exchange rates. For the United Kingdom, the mean contribution of the monetary policy shock
across the three specifications is £7%

The evidence | present in this paper indicates that, to the contrary, monetary shocks are typically
very important for real exchange rate movements. Using the structural VAR framework of Blanchard

and Quah (1989), | identify various types of shocks in over 100 years of data from the United States and

and Mussa (1986)]. More recent studies examine the statistical link between real exchange rates and real
interest rates [Campbell and Clarida (1987), Meese and Rogoff (1988), Edison and Pauls (1993), and
Baxter (1994)], or the time-series properties of real exchange rates, nominal exchange rates, and relative
prices [Frankel (1986), Edison (1987), Mark (1990), Diebold, Husted, and Rush (1991), and Rogers and
Jenkins (1995)]. These papers assess the validity of different explanations for deviations from the law of
one price, as do Engdl (1993) and Engel and Rogers (1996).

*The standard error is 11.0 on average across the three specifications. Standard errors of asimilar
maghitude -- relative to point estimates — are found in related VAR studies. The average contribution of
the monetary shock to explaining nominal pound-dollar exchange rate variability is 13%, with a standard
error of 9.0. They report the average contribution over the 31-36 month horizon. Two other papers
undertake a similar analysis, but don't examine the United Kingdom. Lastrapes (1992) estimates a
Blanchard-Quah style VAR in the nhominal and real exchange rates for Canada, Germany, ltaly, and
Japan, and finds an impact contribution of the nominal shock as low as 6% for Canada. Enders and Lee
(1997) estimate Blanchard-Quah style VARSs in output, government spending, M1, and the real exchange
rate for the U.S. versus Canada, Germany, and Japanmakitaum contribution of the monetary shock
to explaining variation in the real exchange rate is 4.8% at the 2-quarter horizon for Japan.
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United Kingdom.® Forecast error variance decompositions (VDC) indicate that real shocks and monetary
shocks, the latter of which are restricted to having zero effect on the levels of real variablesin the long
run, account for approximately the same percentage of the variance of the real exchange rate over short
horizons. | decompose the real and monetary shocks into fiscal, supply (or productivity), and demand
(or preference) shocks, and money multiplier and monetary base shocks, in order to assess the nature of
those broadly-defined shocks.

| then examine the robustness of my results to alternative definitions of the real exchange rate
and to several alternative model specifications. The robustness checks provide arange of estimates for
the contribution of the various shacks. For example, | find that the short-horizon contribution of
monetary shocks ranges from 18.7% to 60.2%, with amedian contribution of 40.6%. The combined
effect of fiscal and productivity shocks over the same horizon ranges from 4.3% to 25.6%. By providing
arange for the estimated contribution of money shocks, | take my VAR anaysis asmall step in the
direction recently advocated by Faust (1998).

Although my finding that "both real and monetary shocks matter" may come as no surprise to
those who hold the prior belief that "many shocks are probably important”, my results are distinct from
what istypically found in the literature. Furthermore, my result that monetary shocks matter (more than
what has been found elsewhere) indicates that the focus on monetary shocks in the recent dynamic
general equilibrium literature is well-founded empirically as well astheoretically. A natural question that
then arisesis, why are my results different from existing ones? To find out, | undertake an
"encompassing style analysis' in the final section of the paper, estimating the Clarida-Gali model with
my data sample and my model with the Clarida-Gali sample. This analysis indicates that the choice of

model is more important than the sample period for explaining differencesin our results.

% focus on the long-term pound/dollar exchange rate because for these countries along uninterrupted
span of macroeconomic datais available. Thisisdesirable on both statistical and economic grounds.
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1. TheData

| use annual observations from the United Kingdom and United States on exchange rates, prices,
GNP, M2, the monetary base, and government spending. The data runs from 1889, the earliest
availability of the U.S. GNP components, to 1992, when important changes in definition were madein
several series, especialy U.K. M2.* The sources for the data on prices, output, and government spending
are Mitchell (1988) for the United Kingdom and Kendrick (1961) for the United States. The exchange
rate seriesis also taken from Mitchell (1988), while the money supply and monetary base data are taken
from Friedman and Schwartz (1982). Updates are from Britain’s Central Statistical Office, and various
issues of the Survey of Current Business for the United States.

Figure 1 contains plots of the series (in levels) used in the VAR. The transformed variables used
inthe VAR are (A denotes the first-difference operator)®:
A(GIY) = rea government consumption as a share of real GNP, U.K. lessU.S;;
Ay =log of real GNP, U.K. lessU.S. (annual average.);
Ar =log of real exchangerate = A(S- P), where

S =log of the nominal exchange rate in pounds per dollar

P =log of the wholesale price index, U.K. relativeto U.S;;
Amm = log of money multiplier, Alog(M/H), U.K. less U.S., where

M = nomina M2 money stock (mid-year observation)

H = nomina monetary base (mid-year observation);

Ah =log of real monetary base, Alog(H/P,), U.K. lessU.S., where
Py = price of non-traded goods, as proxied by the government expenditure deflator.

“U.K. M2 totaled 275 million pounds in November 1992 (essentially unchanged from itslevel at the
start of the year), but as result of achange in definition rose to 372 million in December, a 48 percent
"permanent” jump. Because of this and two recent changes that affect the U.S. data -- the practice of
reporting datain "chain-weighted" dollars and the change in the way the components of U.S.
government expenditures are treated -- updating the data consistently beyond 1992 was problematic.

> | also check robustness to two alternative measures of the real exchange rate. Thefirst, labeled r2, is
constructed with GNP price deflators instead of wholesale price indexes. The second alternate measure,
r3, isthe log-ratio of the government expenditure deflator to the GNP deflator (U.K. lessU.S), and is
thus a crude proxy for the relative price of non-tradeables. Note that CPI data do not exist prior to 1914.
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Notice that initidly | estimate aVAR in first-differences. Tests for unit roots and cointegration
support this specification, but also indicate that some of the results are borderline. In light of Faust and
Leeper’'s (1997) critique, discussed at length below, this suggeststhat | also estimate aternative
specifications.

Unit rootstest results are reported in table 1. For the real exchange rate series, these indicate a
failure to reject the unit root null hypothesis of the Augmented Dickey-Fuller (ADF) test, and arejection
of the trend-stationary null in the case of the Kwiatowski, Phillips, Schmidt, and Shen (KPSS) test.® This
istrue of each of the three real exchange rate measures, and for tests with either alag length of 5 or alag
length determined by the Akaike Information Criterion (AIC). The same results, failure to reject the
ADF null and rejection of the KPSS null, are obtained for output (y) and the money multiplier (mm).

For the other two variablesin the VAR, however, inference ismixed: for (G/Y), the ADF test rejects the
unit root null, while the KPSS test using the AlC-based lag length rejects the trend-stationary null at
10%; for the monetary base (h), both ADF and KPSS tests fail to reject their respective null hypotheses.

Likelihood ratio (LR) testsfor lag length inthe VAR containing (G/Y), y, r1, mm, and h are
presented in table 2. The x*(25) test statistic comparing the 8-lag model! to the 7-lag model is 39.4,
indicating arejection of the null that lags 8 are zero at the 3% level. Thetest for the 5-lag VAR versus
the 4-lag VAR rejects at 6%, while that for 2 lags versus 1 lag rejects at less than 1%. None of the other
tests, including 8 lags versus 5 lags, produces arejection at less that 18%.

Johansen (1991) tests for the number of cointegration vectorsin the system {(G/Y), y, rl, mm,
and h} are contained intable 3. Inlight of the LR tests of table 2, | report results for lag lengths 2, 5, and
8. According to both the maximum-eigenvalue test and the trace test, and for all lag lengths, the null of
Zero cointegration vectors cannot be rejected. The results suggest estimating the VARs using afirst-

difference specification without imposing any cointegration relationships.

®In their critique of structural VARS, Faust and Leeper (1997, section 2.2) recommend testing both the
unit root null and the trend-stationary null. | discuss thisin more detail below.
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Exclusive reliance on the unit roots test results listed in table 1 may be unwise. Some of the
results are borderline.” Furthermore, several authors have argued that as an empirical matter it is
impossible to distinguish between an [ (0) and an 1(1) seriesin any finite sample [Blough (1992), Faust
(1995)]. Although Froot and Rogoff (1995) describe an emerging consensus concerning mean reversion
of real exchange rates, Engel (1996) argues that tests on long-term real exchange rate data have tended to
over-regject the unit root null, since there are serious size distortions in tests on arandom variable such as
this one that may contain a stationary but persistent component and a non-stationary component.

O’ Connell (1996) has cast doubt on evidence of mean reversion in panel data.

Given the current state of the literature on unit rootsin real exchange rates, it seems like a
reasonabl e strategy to consider alternative casesin the VAR section: some assuming that the real
exchangerateis (1), and others assuming it is1(0). | also consider VARs in which (G/Y) is assumed to
be stationary. Estimating the VAR with the real exchange rate in first differences, asin Clarida and Gali
(1994), allows certain shocks to have permanent effects on the level of the real exchangerate. Thisis
consistent with the literature suggesting that technology shocks and demand shocks such as government
spending can have permanent effects (see Froot and Rogoff (1995), section 3). On the other hand,
estimating the VAR with the real exchange rate in levels is more consistent with evidence finding
stationarity in long-term real exchange rate data [Frankel (1986), Edison (1987), Diebold, Husted, and
Rush (1991), and one case in Mark (1997)] . However, stationarity implies that no shocks can have a
permanent effect on the level of the real exchange rate. These considerations bring up important

identification issues that | addressin section 2.

"For example, as reported in Rogers (1995), the ADF(t) statistic for r1 when the sample period
includes the 30 years prior to 1889 is-3.49, which rejects the unit root null at 5%. Also, note that if we
use the BIC to select lag length, the KPSS test rejects trend-stationarity in h at 1%, again contradicting
the results reported in table 1. The uncertainty surrounding the ADF test results is perhaps most evident
in the 95% confidence intervals for the largest autoregressive root, calculated using Stock’s (1991)
procedure. Asreported in parenthesisin table 1, these intervals all contain 1.00 but also values well
below 1. In hisanalysis of the long-term pound-dollar real exchange rate, Mark (1997, section 1.1)
reaches very much the same conclusion as | do.
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2. ldentification and Derivation of the Structural Vector Autoregression Model

In this section | estimate small-scale macro models that include the real exchange rate and fiscal
and monetary variables. | begin by briefly discussing the econometric procedure and some critiques of it,
then give ajustification for interpreting the structural shocks of my model. Several alternative cases are
considered for robustness.

The Long-Run I dentification Scheme
Consider avector of stationary variables X and avector of structural disturbancese. The
structural model can be compactly written,
X, = C(L)e, (1)
where C isanon-singular matrix of coefficients, and L denotes the lag operator. A reduced form of the
structural system that can be estimated is given by,
T(L)AX, = ®X,, + €,. 2

If X contains n elements, identification requires choosing n(n-1)/2 elements of the long-run
moving average coefficient matrix, C(1) (after normalizing the shocks and making the assumption that
the structural disturbances are mutually uncorrelated). The particular zero restrictions used in this paper
to achieve identification are reflected in equation (3) below. Under this procedure, also used by Ahmed,
Ickes, Wang, and Y 00 (1993) to retrieve the structural coefficients from the reduced form, C(1) is
identified up to the sign of its diagonal elements. The method of identification imposes ho restrictions on
the short-run movements of the variables.

Before turning to the estimation, it is worthwhile discussing some of the critiques of this
empirical approach. Lippi and Reichlin (1993) note that it must be assumed that the MA representation
is fundamental, since otherwise the structural VAR methodology would be improper. Blanchard and
Quah (1993) and Faust and Leeper (1997) emphasize that this assumption is required in standard
macroeconometric work and is made implicitly in most time-series empirical studies. In other words,

ruling out nonfundamental MA representations is common in practice.



Faust and Leeper (1997) make two criticisms that are potentially relevant to my paper,
guestioning the validity of both imposing the long-run restrictions on C(1) and the implicit aggregation
of shocks found in many applications. Both concerns motivate my robustness checks.

The former concern corresponds to Faust and Leeper’s criticism #1. The gist of the criticismis
that, because | impose infinite order (long-run) restrictions on afinite order VAR, the estimation results
are correct only if the estimated reduced-form VAR is the correct representation. Faust and Leeper
(section 2.2) offer two simple suggestions to deal with this problem. First, test the null of trend-
stationarity for any of the variables assumed to have unit roots. This can highlight the uncertainty about
the maintained hypothesis that there are permanent effects on avariable. Second, if one rejects trend-
stationarity for those variables required to have unit roots, identify the VAR under other restrictions and
see how close the long-run restriction comesto holding. Faust and Leeper note that, although their
suggestions are ad hoc approaches to dealing with the problems they bring up, such evidence provides a
counter-balance to results obtained with the typically-maintained hypotheses of the Blanchard-Quah
scheme. | follow both of Faust and Leeper’ s suggestions, and demonstrate that their criticismis
empirically important in some cases.

The second concern elaborated upon by Faust and Leeper (1997) isthat, if one identified
structural shock consists of two independent shocks, then the Blanchard-Quah methodology is valid only
if the underlying macroeconomic variables respond to the two shocks in the same directions. Because
many theoretical models suggest that fiscal and output shocks lead to opposite effects on the real
exchangerate, | estimate models which separate the two. Of course, an "output" shock may consist of
both demand and supply shocks, and a "monetary" shock may contain both money demand and money
supply shocks (or shocks to inside money as well as to outside money). These disaggregated shocks may
affect the real exchange rate differently. Asaconsequence, | decompose the monetary shock into
monetary base and money multiplier shocks, under the assumption that exogenous changes in the

monetary base have a one-to-one effect on the money supply in the long-run. In addition, | identify a
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"preference” or "demand" shock separately from the output "supply" shock, based on the assumption that
output is supply-determined in the long run. | also relate my resultsto Claridaand Gali (1994),
estimating their three-variable model on my data and my five-variable model on their data. Thisanalysis
suggests that the effect of multiple aggregation of shocks discussed by Faust and Leeper (1997) is
empirically important.
Baseline Case: Modd with X ={A4(G/Y), 4(y), 4(r), 4(mm), 4(h)}

| first examine the case in which the vector of stationary variables X = { A(G/Y), A(y), A(r),
A(mm), A(h)}, with the vector of shocks € = {€?, €5, €, €™, €". Thetransformed variables are

assumed to be related in the long run as given by the matrix C(1):

(k9 [
m(G/Y)B 0.0 g:llo 00 OE
) O F 0O €,C, 0 0 0f
X = %(I’) E €= %D S C() = %:31032 Cy3 O OS ©)
[A(mM) O %.mmg [€41Ci2 C43Cas 000
A H g g 1 Cep Ceg Cog Ces

Anintuitive justification for the lower triangularity of the model isasfollows. Firgt, the
assumption that the long-run share of government spending in total output is exogenous implies the zero-
restrictionsin the top row. Second, assuming the classical dichotomy between real and monetary
variablesin the long run impliesthat, for rows 1, 2, and 3 the elementsin columns 4 and 5 are zero.
Third, the assumption that the money multiplier is unaffected by the monetary base in the long run
justifies the restriction c,s=0. This does not imply that the money multiplier is constant, asit may change
through ™. The final zero-restriction, c,,=0, implies that €®, which may be thought of as a"demand" or
"preference” shock (for traded goods relative to non-traded goods as discussed below), has no effect on
output in the long run.

To fix ideas on the interpretation of these permanent disturbances, | analyze the steady-state

properties of an extended version Rogoff's (1992) model, in which | add preference shocks, in the form
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of adisturbance to traded goods consumption, and money, via a cash-in-advance constraint. The model
is contained in the appendix. Here, | attempt to give an intuitive, verbal interpretation of the shocks.

Fiscal shocks, €9, are exogenous, permanent disturbances to the size of government (G/Y). An
important example might be the creation of a system of social insurance programs. Notice from equation
(3) that these disturbances are allowed to have along-run effect on each variablein the VAR. Aggregate
supply or productivity shocks, €5, include any disturbances that affect the long-run level of output
beyond fiscal shocks, such asimprovementsin technology. These shocks, by construction, have no long-
run effect on (G/Y), but are allowed to affect the real exchange rate, money multiplier, and monetary
base.

Next consider the types of disturbances that might correspond to €°. By construction, these may
have along-run effect on the real exchange rate, but not government size or output. An important
example would be changes in trade policy. Large redizations of €® may have resulted from the
disruption of trade during the war years in the sample. These shocks include any shiftsin preferences
("involuntarily" or otherwise) towards or away from traded goods. The histories of both countries,
especialy the U.S., are filled with important changes in trade policy (Robertson (1973)).

There are several possible interpretations of money multiplier shocks, €™: (I) shocksto the
currency-depositsratio, (ii) changesin the reserves-deposits ratio brought about by new bank legislation
or by changesin reserve requirements, or (iii) real aggregate demand changes that have no long-run effect
on government size, output, or the real exchange rate, but get transmitted to broad money through the
dependence of the money supply on interest rates. Exogenous disturbances to the real monetary base, €",

correspond most closely to monetary policy shocks.®

®There is alarge debate in the literature about identifying monetary policy shocks [for arecent
contribution that also provides an overview of the literature, see Faust (1998)]. Thiswork, which
focuses mostly on closed-economy issues, suggests that the monetary base shock | identify is not
necessarily the most appropriate proxy for policy shocks. This criticism islessimportant here because
my goal isto assess the relative contribution of monetary versus non-monetary shocks to the real
exchange rate, as opposed to measuring, e.g., aliquidity effect on interest rates.
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Estimates of the Baseline Model

The "basdline" VAR model described by equations (1)-(3) is estimated using seven lags of X.
This configuration is based on the test resultsin section 1. Because of the borderline nature of some of
those results, aternative specifications are also examined. The rationale for each aternative specification
is discussed as estimates of the model are presented. The sample period is 1889-1992.

Plots of the five structural disturbances are presented in figure 2. Lagrange multiplier tests for
autocorrelation of up to eight lags indicate that each of the residual seriesis serially independent. | also
report in figure 2 the standard deviation of the disturbance series. All but four of the residuals are within
three standard deviations of the mean of zero: the fiscal shock in 1932, which isjust over three times the
standard error; the supply shock in 1940 (four times its standard error), the money multiplier shock in
1914 (three and one-half times its standard error), and the monetary base shock in 1980 (three and one-
half timesits standard error). Approximately 90% are within twice the standard error. Although there
are more "large" residuals relative to what would be found under the normal distribution, and although
the outliers listed above occur on dates that are associated with important economic events, they do not
seem to be so unusually large as to treat them as structural breaks. On the hand, the plots of the
structural disturbances do not guarantee that the results will be time-invariant. In the final section of the
paper, | show that my conclusions are robust when estimation is restricted to the post-Bretton Woods era.

Impulse responses of the level of each variable are displayed in figure 3. Solid lines are the
point estimates, and dashed lines represent the 84™ and 16" percentiles of the empirical distribution of the
impulse responses from 1,000 Monte Carlo simulations of the model. (The interval would correspond to
aone standard deviation confidence band under the normal distribution.) The plots suggest that my
interpretation of the shocksis sensible. For example, output responds positively to positive fiscal and
productivity shocks, as well as to positive monetary base shocks in the short run. Focusing on the real
exchange rate, the demand shock, which is interpreted as a traded goods preference shock, leads to a

persistent real depreciation. Fiscal and productivity shocks are insignificant at all horizons. The
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response of the real exchange rate to either the money multiplier or the monetary base shock is positive
and significant in the short-run, but is not persistent. This pattern, a short-run real depreciation combined
with agradual return to the (unchanged) long-run level, suggests atype of overshooting behavior.

Variance decomposition (VDC) results congtitute the main evidence of the paper. The VDCs
for the basdline case are reported in table 4. The robustness of these results is checked by estimating
several alternative models, whose results are reported in table 5.

The upper panel of table 4 containsthe VDCs of A(rl). The demand (preference) shock, the
money multiplier shock, the monetary base shock, and -- to some extent -- the fiscal shock are all
influential. Asindicated by the final column, monetary shocks combined account for over 40 percent of
the variance of real exchange rate changes. The effect is split into money multiplier shocks and monetary
base shocks in roughly equal amounts. Preference shocks account for over 35 percent, while the fiscal
shock accounts for over 10 percent. The supply (productivity) shock accounts for less than 6 percent at
al horizons. The lower panel contains the VDCs of the level of rl. The contribution of the monetary
shocks goesto zero in the long run, which is an identifying assumption. At shorter horizons, the relative
contributions of the shocks are similar to that described for A(rl): monetary shocks combined account
for nearly one-half, with effects split approximately equally between base and multiplier shocks, while
the remainder is mostly due to preference shocks.

To convey a sense of the uncertainty associated with these point estimates, table 4 also reports
empirical percentiles of the distribution calculated from 1,000 Monte Carlo simulations of the baseline

model.® Although the confidence intervals are in general fairly wide, one can easily infer that monetary

°| report the 16™ and 84th percentiles, which would correspond to a standard deviation confidence
interval under the normal distribution. Other authors, including Claridaand Gali (1994) and Eichenbaum
and Evans (1995), report the estimated standard error as opposed to empirical percentiles. The choice
would be inconsequential if the variance components were distributed normally. However, the variance
components must lie between zero and one, and do not appear to have anormal distribution. As noted
above, the standard errors for the contribution of money shocks reported by other authors are fairly large:
approximately two-thirds the magnitude of the point estimate in Eichenbaum-Evans and 5 to 7 times the
point estimate in Clarida-Gali.
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shocks are important, or at |east more important than reported elsewhere. For A(rl), estimates at the
lower end of the confidence interval range from 16 percent at the one-year horizon to 29 percent at the
twenty-year horizon. This compares to point estimates of around 17 percent in Eichenbaum and Evans
and less than 3 percent in Claridaand Gali.
Robustness: Estimating Alternative Models

The basic result seems plausible, or at least non-extreme: real and monetary shocks account for
roughly equal portions of the variance of the real exchange rate over short to intermediate horizons. And
although such results may be unsurprising, they are different from what isin the literature. Of course,
my results are obtained by applying to along span of dataa single structure -- aVAR model that is
identified with restrictions such as long-run monetary neutrality and exogenous government size. These
restrictions seem to be plausible when estimating a model for along sample period encompassing
different exchange rate regimes and degrees of capital mobility. However, since our judgement about
what constitutes a plausible identifying restriction, and our tests used to specify the form of the model,
are both far from infalible, it is worthwhile estimating alternative structures to assess robustness.

Table 5 presents the variance decomposition results from several aternative VAR models. For
ease of comparison, the top row of the table reproduces the results above.

Cases 1 and 2: Alternative Measures of the Real Exchange Rate

In the first two alternatives, labeled cases 1 and 2, rlisreplaced by r2 and r3 -- the GDP
deflator-based real exchange rate and proxy for the relative price of non-tradeables, respectively. The top
two panels of Figure 1 display the three series. Although rl and r2 are highly correlated (0.81), r3
behaves quite differently from the other two at times. Thisis because r3 is conceptually very different:

while the latter two measure the common-currency relative price of the same price index across countries,
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r3isbased on the ratio of two different price indexes within-country. Engel (1993, 1997) and Rogers and
Jenkins (1995) discuss reasons why the latter construct may behave differently.™

For each of the two new systems, LR tests for lag length in the VAR and Johansen tests for
cointegration indicate that aVAR in first-differences with 7 lags is appropriate, just asin the baseline
model. These results are contained in the appendix.

Table 5 indicates that the VDC of r2 isvery similar to that of r1. Monetary shocks combined
account for 48.5% of the variance at the one-year horizon and 35% at the two-year horizon, although the
contribution of €" (€™) is around 10 points lower (higher) in the model with rl. The VDC of r3,
reported as case 2 of table 5, also indicates that the contribution of monetary shocks is around one-half in
the short run. Inthis case, fiscal shocks account for very little of the short-term forecast error variance of
the real exchange rate, in contrast to cases 0 and 1, where fiscal shocks accounted for around 12-20%. In
al three cases, supply shocks have virtually no effect.

Case 3: Lag Length

Case 3 assesses the robustness of the baseline model to changesin the VAR lag length of seven.
Likelihood ratio tests for the system { A(G/Y), Ay, Arl, Amm, Ah} reject at 10% the hypothesis that lags
7 are zero. Thissuggeststhat a6-lag VAR can beregjected in favor of a7-lag VAR at 10%, and is
consistent with 8 lagged levels appearing inthe VAR asin table 2. However, tests with only dightly
shorter lag lengths do only marginally worse: we can reject a5-lag VAR in favor of a6-lag VAR, and
reject ad-lag VAR in favor of a5-lag VAR each at 13%. None of the other tests produces alower p-
value. Inlight of Faust and Leeper’s point that results using the Blanchard-Quah scheme will be correct
only if the estimated reduced-form VAR is the correct representation, these LR test results suggest also

looking at lag lengths of 6 and 5.

N ote that the difference is not due noticeably different behavior of the three price indexes
themselves. The correlation between the U.S.-U.K. relative GDP deflator and relative WPI is 0.97, and
that between the U.S.-U.K. relative GDP deflator and relative government spending deflator is 0.92.
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Table 5 reports the results for the VAR with 5 lags of { A(G/Y), Ay, Arl, Amm, and Ah}. As
seen from the row labeled case 3, the VDCs are very close to those of the baseline model. Monetary
shocks combined account for 41.4% of the variance at the one-year horizon and 36% at the two-year
horizon. Once again, the contribution of supply shocksis essentially zero at short horizons. The results
using 6 lags (not reported) are also not noticeably different from the baseline case: at the one-year
horizon, monetary shocks combined contribute 31.1%, while the contributions of €?, €%, and €® are,
respectively, 16.5%, 0.55%, and 51.8%. Therefore, changesin lag length in the vicinity of that used in
the baseline case do not have large effects on the results.

Cases 4, 5 and 6: Models with Trend-Stationary (G/Y) and rl

Cases 4-8 of table 5 are motivated by the first Faust-Leeper criticism discussed above. Faust and
Leeper (1997, section 2.2) offer two suggestions toward resolving the problem: test the system variables
for unit roots using the null of trend-stationarity (in addition to the unit root null), and identify the VAR
under restrictions other than long-run restrictions to see how well the long-run restrictions hold.

Section 1 above and table 1 discuss the results of the KPSS( 1) test, which has trend-stationarity
asitsnull, aswell asthe ADF test and the 95% confidence intervals for the largest autoregressive root
[Stock (1991)]. Inlight of the uncertainty highlighted by these test results, cases 4, 5 and 6 of table 5
examine modelsin which (G/Y) and rl are stationary.

Case 4: Trend-Sationary rl

Dropping the unit root specification for some of the series raises issues of econometric
identification and economic interpretation. Aslong asthe variablesin X are stationary, recovering the
structural MA representation (1) from the reduced-form VAR proceeds just the same when some
variables appear in levels aswhen all variables enter in first-differences. It istrue that switching from
I(1) variablesto |(0) variables has implications for the way in which variables enter the reduced-form
VAR, equation (2), but not for the way in which (1) isrecovered from (2). | demonstrate thisin an

appendix that is available on request.
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The economic issues that arise are more subtle. For example, two direct implications of the
assumption that the real exchange rate is trend-stationary are that none of the shocks has a permanent
effect on the level of r, and one-time shocks to the real exchange rate have only transitory effects. In
addition, estimation with the real exchange rate in levels rather than first-differences alters the
interpretation of the zero restrictions. For example, in equation (3), where X contains al first-differenced
variables, the restriction c,; = O isjustified by the classical dichotomy between real and nominal
variables: shocks to the monetary base have no effect on the level of the real exchange ratein the long
run. If wewereto replace A(r) with r* (r, with a deterministic time trend removed) and keep the ordering
in (3), the restriction c,; = 0 would no longer have a basis in economic theory, as it would state that
money shocks have no effect on the accumulated level of the real exchange rate in the long run.

Thus, in the case of astationary real exchange rate | order the variables as follows:

o U
BA(G/Y)D 50 %‘110 00 og
AY) O (& E €2C, 0 0 0g
X = %(mm)g &= %mm[j C() = %731 C3 Cy3 O OS (4)
[ACh) O [eh O [€41Cs Cs3Cyy 07
Sl Bl Reaaar
Oor" o =Z° 8 1 G5z Cs3 Cog Cos

Equations (4) reflect the following: (i) none of the shocks has a permanent effect on the level of
the real exchange rate, and (ii) one-time changes in the orthogonalized component of the real exchange
rate shock, €°, have no long-run effects on the level of any variable, while (iii) the rest of the zero
restrictions are justified exactly asin the baseline case (exogenous long-run share of government
spending in output, the classical dichotomy, and along-run unit elasticity of the money supply with
respect to the monetary base).

The variance decompositions are reported as case 4 in table 5. Although the contribution of
monetary base shocksis nearly identical to that of case O, the contribution of money multiplier shocks at

short and medium horizons is 20-25% less than in the baseline model. Thus, for the first time, the
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combined contribution of monetary shocks on impact is lessthan 40%. Notably, in case 4 the
contribution of the output supply shock is 15.8 and 25.2 at the 1-year and 2-year horizons, respectively,
making it the first case in which its contribution is greater than 5%. Thisincrease in the contribution of
supply shocks is mirrored by a decreased influence of fiscal shocks.™

Case 5: Sationary (G/Y)

Case 5 of table 5 reports the VDCs for the model with (G/Y) assumed to be stationary. Following
the line of reasoning in case 4 above, we place the stationary variable last in the ordering. Thus, X =
{A(y), A(r1), A(mm), A(h), (G/Y)}, and € is by construction atransitory disturbance. The VDCs
indicate a decline of 5-10% in the contribution of each of the monetary shocks compared to the baseline
case. Thisdeclineis made up by an ailmost equivalent rise in the contribution of the aggregate demand
shock. Fiscal shocks are approximately equally influential in this case as compared to case O, implying
that once again the contribution of aggregate supply shocksis essentially nil.

Case 6: Trend-Sationary r1 and Sationary (G/Y)

In this case, the unit root assumption is dropped for both (G/Y) and rl1. The ordering of variables
isnow { A(y), A(mm), A(h), (GIY), r1*}. The contribution of each of the three permanent shocks -- €5,
€™ and e" -- isvery closeto that of case 4, in which only rl istreated as stationary.

Cases 4 through 6 indicate that consideration of the univariate time-series properties of the

individual variablesis potentially important for the results of structural VAR estimation. Prior to case 4,

"When | estimate the system with a trend-stationary r1, while keeping the ordering of variables the
same as the basdine case, the combined effect of monetary shocks is larger than in any of the 9 cases
reported intable 5: 60.2% at the 1-year horizon and 56% at the 2-year horizon. The additional
contribution of monetary shocks comes entirely at the expense of the own shock, as the contributions of the
fiscal and supply shocks are unaffected by the re-ordering.

2Note that €? and €® are both transitory disturbances which are now not identified separately
from one another. The combined contribution of € and € is 62.4, 63.0, and 27.9, at horizons 1, 2, and
20, respectively. Also, note that when | estimate this system with the ordering of the baseline case, the
contribution of monetary shocksis 28.3% at 1-year and 33.1% at 2 years.
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we had solid evidence that: (a) that the influence of (combined) real shocks and monetary shocksis
approximately equal, and (b) that the contribution of aggregate supply shocksis essentially zero. Case 4
shows, however, that these two inferences are somewhat sensitive to treating the real exchange rate as
trend-stationary instead of difference-stationary. At the sametime, cases 5 and 6 indicate that the choice
isless crucia in the case of the fiscal variable.

Cases 7-9: Rethinking the Long-Run Assumptions

The long-run restriction that "demand" or "preference” shocks, £°, have no long-run effects on
output may be the most difficult to justify a priori.** In case 7 | reverse the ordering of Ay and Ar1 from
the baseline system. Asseenin table 5, there is a slight increase (decrease) in the contribution of € (€°)
of 2-4%, while the contributions of €9, €™, and &" are essentially the same asin the baseline case.

As noted above, Faust and Leeper urge practitioners of the long-run identification scheme to
identify the VAR under other restrictions and see how close the long-run restrictions come to holding.
Figure 4 depicts the impul se responses of the system X = { A(G/Y), A(y), A(rl), A(mm), A(h)} from a
VAR identified using zero restrictions on the contemporaneous correlations of innovations, asin Sims
(1980); al long-run responses are unrestricted. A plus- and minus- two standard error confidence band
around each impulse response is also plotted.

| use these impulse responses as a guide to several re-orderings of the variablesin the long-run
model. This ad hoc approach to dealing with the problem is not fool proof, but isin the spirit of Faust
and Leeper's recommendations. It isrecognized that such re-orderings alter the interpretation of the
shocks in the baseline model, as did the treatment of rl as trend-stationary in case 4.

The middle column of figure 4 depicts the response of rl to each of the 5 shocks. From the final

two rows, it is seen that rl goesto zero after about 5 years in response to a monetary base shock, but does

BBarro and Sala-I-Martin (1995) find that output growth is positively affected by terms-of-trade
growth in a cross-section of countries.
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not go to zero in response to amoney multiplier shock. Thusif one believesin the restrictions used to
identify the model that generates these impulse responses, figure 4 suggests that the long-run restriction
Cy, = 0in equation (3) may be suspect.

In case 8, | relax the long-run restriction c,, = 0 by placing A(mm) ahead of A(r1) in the system,
and re-estimate the model with the long-run restrictions implied by the new ordering. Asseenin table 5,
output supply shocks and combined monetary shocks each contribute approximately 18% to the forecast
error variance of rl at the one-year horizon. The remainder is accounted for by the aggregate demand
shock. Interestingly, the contribution of the money multiplier shock goesto zero in thelong run, just as
in the baseline case, even though it is no longer restricted to do so.

Figure 4 also indicates that the response of the money multiplier to €" is also non-zero in the
long-run. When | re-estimate the long-run model switching the order of A(mm) and A(h), the results are
very similar to the baseline case (and so are not reported in table 5): the difference in the contributions of
fiscal, supply, and demand shocks is |ess than one-half of one percent at every horizon. Furthermore, in
the model with the new ordering, monetary base shocks contribute (8.27%, 17.5%, 20.7%) at the 1, 2,
and 5-year horizons, respectively, while the contribution of money multiplier shocks over the same
horizonsis (32.3%, 21.7%, and 11.5%). Thus, only the relative contributions of the two disaggregated
monetary shocksis affected by this re-ordering.

Finally, the impul se responsesin figure 4 indicate that, when identified using short-run
restrictions, shocks to aggregate supply and to the monetary base have significant long-run effects on
(G/Y). To address these two possible sources of mis-specification in the baseline long-run model, | first
re-estimate that model reversing the ordering of A(G/Y) and Ay. The results, which are not reported, are
nearly identical to the baseline case. Next, | re-estimate the long-run model with A(G/Y) ordered last,
i.e, with X ={A(y), A(rl), A(mm), A(h), A(G/Y)}. Resultsarereported ascase 9intable 5. Although
monetary shocks combined account for 35-50% of the forecast error variance of rl at short horizons, this

isalmost entirely dueto €™. The other notable difference between this and the baseline case isin the
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contribution of the aggregate supply shock: 10-20% at short horizons, with a steady state of 22%. An
implication of this particular ordering is that shocks to each of the system variables has a permanent
effect on the level of (G/Y), which is at odds with (G/Y) being stationary.

Summary

The benefit of examining several aternative cases, even if it is believed that one specification is
most plausible a priori, isthat we obtain a"boundary" of sorts on the influence of the shocks. For
example, the 12 cases reported here suggest a"lower- and upper-bound estimate" of the contribution of
monetary shocks on impact equal to 18.7-60.2%, with a mean contribution of 37.1% and median
contribution of 40.6%. Thislower bound estimate is thus slightly larger than the mean contribution of
monetary shocks reported by Eichenbaum and Evans (1995) for the U.K., and is considerably larger than
the estimated contribution of monetary shocks for the U.K. found by Clarida and Gali (1994).

Table 5 also provides alower- and upper-bound estimate of the contribution of € equal to
35.9%-63.2% with amean of 48.6%. Because thisisthe effect of the "own shock" to the real exchange
rate, one rough interpretation isthat, in our typical VAR, one-half of the error variance of the real
exchange rate is explained by the fundamental s identified with the other system shocks (and one-half is
not!). Finaly, table 5 informs us as to the influence of two "real shocks', €? and €. Their combined
effect in the short run is at most 25.6% (the two-year horizon in case 4), and their mean contribution is
14.5% at the one-year horizon and 17.3% at the two-year horizon.

The alternative cases also provide insights into those aspects of the baseline configuration which,
when changed, lead to differences in the relative contributions of the shocks. Recall that the short-run
contributions in the baseline model are roughly: preference (or "own") shocks (40-50%), monetary
shocks (35-45%), fiscal shocks (10-15%), and supply shocks (zero). Two alterations of the baseline
configuration have noticeable effect on the results: (i) treating the real exchange rate as trend-stationary;
and (ii) relaxing the assumption of long-run neutrality of the real exchange rate with respect to a

monetary shock. Each has the effect of lowering the short-run contribution of fiscal and monetary shocks
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and raising the short-run contribution of demand ("own") shocks and supply shocks. In each case, the
magnitude of the change in contribution is roughly 10-15%.

The robustness analysis characterizes how much different from the baseline model an aternative
model must be in order to get noticeably different results. For example, the models of cases 4 and 8 are
derived from distinctly different building blocks: in case 4, the real exchange rate is treated as trend-
stationary, implying that none of the system shocks has a permanent effect on the level of rl; in case 8,
A(rl) ismoved down in the ordering, implying that even more of the system shocks can have a
permanent effect on the level of rl compared to the baseline case. Both modelsindicate that nearly two-
thirds of the VDCs of the real exchange rate is due to own shocks, with supply shocks and monetary

shocks accounting for equal amounts, about 15-20% each.

3. An Encompassing-Style Analysis of Clarida and Gali (1994)
Claridaand Gali (1994) use a similar methodol ogy to examine sources of movementsin real
exchange rates among the United States, Canada, Germany, Japan, and the United Kingdom for the post-
Bretton Woods era. Their VAR system contains (Ay, Ar, and m), wherey isthe U.S.-foreign country
differential in GDP growth, r isthe real CPI exchange rate, and m isthe (CPl) inflation differential. The
corresponding shocks are label ed aggregate supply, aggregate demand, and nominal (or monetary)
shocks. The identifying assumptions include that, in the long run, permanent disturbances to the ratio of
the domestic-foreign price level have no effect on the real exchange rate or the output differential, and
that permanent disturbances to the real exchange rate have no effect on the output differential. Thus,
their ordering of Ay and Ar, and their assumption that r is (1), are the same asin my baseline case.
| examine Clarida and Gali's results, and re-evaluate my own, in tables 6 and 7. Table 6 presents
selected tests for lag length and cointegration. These are used to guide specifying the VARs that follow.
Table 7 displays the variance decompositions of the real exchange rate. In table 7A, the row

labeled (CG) displays, by country, results taken from table 4 of Clarida and Gali (1994). The next row,
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labeled case (1), represents my replication of their ré$ufsr both the U.K. and Canada, monetary

shocks are unimportant at all horizons, as aggregate demand shocks account for almost all of the variance
of the real exchange rate. Monetary shocks are noticeably more important for Germany and Japan. In
cases (2) and (3), respectively, | examine the robustness of these results to estimating the VAR with an
alternative lag length based upon the LR tests of table 6A and to using GDP deflators instead of CPlIs to
calculate r andt. As seen in table 7A, the results are robust to either extension for all countries.

In explaining their results for the U.K. and Canada, Clarida and Gali (p.51) speculate that
nominal shocks would turn out to be more important in either a different, or a larger, information set. In
the remainder of table 7, | investigate this by estimating their three-variable model on my long-term data
set (table 7B), and by estimating my five-variable model on U.K. and Canadian data from the Clarida-
Gali sample period (table 7C).

Part B of table 7 displays estimates of Clarida and Gali's model on my long-term U.S.-U.K. data
set. | report results for two different definitions of the real exchange rate, one using wholesale prices
(labeled r1) and the other using GDP deflators (r2) (recall that the CPI is unavailable over this long
horizon). | also consider two alternative lag lengths, 4 and the lag length chosen by a LR test.
According to table 7B, the permanent disturbance to the real exchange rate (the "aggregate demand
shock") is the dominant influence. In the short run, the monetary shock accounts for between 4 to 19
percent of the forecast error variance, an amount that is closer to what is reported for the post Bretton
Woods era in part A of table 7 (0-5%) than what | find in the baseline case of my five-by-five model

using the long-term data (around 40-45%). The average contribution of monetary shocks across the four

“Results are displayed for A(r) only. Claridaand Gali obtain their price data from I nternational
Financia Statistics (IFS), the output data from the OECD Main Economic Indicators, and the exchange
rate from the New Y ork Fed' s database. | use the same sources for prices and output, and take the
exchange rate from IFS. Revisionsto the data may account for the small differencesin results. Note
from table 6B that thereisfairly strong evidence of one cointegration vector in the Canadian three-
variable systems, but not for that of the U.K. (or for Germany and Japan, whose results are not
displayed). Claridaand Gali (footnote 5) note that they also find one cointegration vector for Canada,
but nonetheless estimate a VAR in first differences. Because my aim is to replicate Clarida and Gali's
findings, | also estimate a VAR in first differences without imposing any cointegrating relationships.
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specificationsis 13.2% at one year and 17.8% at five years. Notice that monetary shocks are more
important in the systems containing the GDP deflator-based real exchange rate, r2, than in those with rl,
which is based on wholesale priceindices. Thisis perhaps because the proportion of non-tradablesin
GDP deflatorsis larger than that in WPIs.

Finally, in part C of table 7 | estimate my baseline five-by-five model on the Clarida-Gali
sample. | focus on Canada and the U.K., the two cases in which Claridaand Gali find no role for
monetary shocks. | use the same data for prices, output and exchange rates that was used to replicate the
authorsresultsin table 7A. These series are supplemented with data on money supply, monetary base,
and real government spending. The data used in both the U.K. and Canadian VARs are displayed in
figure 5 over the Clarida-Gali sample period 1974-1992. The plotsreveal abroad similarity between
movements in each U.K.-U.S. variable and its Canada-U.S. counterpart.”® Testsfor VAR lag length and
cointegration displayed in table 6 are used to determine the model specifications. Thereisvirtually no
evidence of cointegration in the 5-variable VARs. The sole exception is a borderline rejection of zero
cointegration vectors for the U.K. system with 6 lags, where the trace test statistic of 68.8 is dightly
larger than the 5% critical value of 68.5. However, note that in the same case, Johansen’s (1991)
maximum eigenvalue test fails to reject the null of zero cointegration vectors at 5%, as do tests with
alternative lag lengths of 5 (not shown in table 6) and 8.

The results for the U.K. are displayed in the first four rows of table 7C. These four cases
examine alternative VAR lag lengths and price deflators, as in table 7B. According to the table,
monetary shocks are very important. Averaging across the four cases, the combined contribfition of

ande" to the VDC ofA(r) is 34.5% at the 1-quarter horizon and 35.9% at the 20-quarter horizon. Most

*The money supply and monetary base data are obtained from the respective central banks, viathe
database of the Bank for International Settlements. The source for the government spending datais the
same as that for output -- the OECDs Main Economic Indicators. There are two exceptions to the broad
similarity in the U.K. and Canadian plots: the output differential over the half of the sample, when
Canadian (U.K.) growth typically exceeded (fell short of) U.S. growth, and the real exchange rate during
the well-known period of sterling appreciation in the late 1970's.
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of the effect is due to shocks to the money multiplier. Fiscal shocks account for 12-16% of the variance
of A(rl), the CPI-based real exchange rate, but are unimportant when GDP deflators are used (Ar2).
Table 7C also indicates that, for Canada, estimating the expanded model has only a minor effect on the
contribution of monetary shocks. Instead, fiscal shocks are very important, accounting for nearly one-
half of the variance of the real exchangerate. Thisresult is somewhat puzzling in light of the plots of the
data, which do not reveal any large discrepanciesin the U.K.-U.S. and Canada-U.S. seriesfor
government size, and warrants additional examination elsewhere.

Table 7 allows us to examine the source of the differences between my U.K. results and those of
Claridaand Gali. Comparing table 7A (Clarida-Gali model on Clarida-Gali sample) to 7B (Clarida-Gali
model on my long-term sample) suggests that the effect of using the longer datais to increase the
contribution of the monetary shock, mostly at the expense of the aggregate demand shock, by about 10 to
20 percent. At the 1-year horizon, for example, the average contribution of monetary shocks across the
four casesis 4.1% in table 7A and 13.2% in table 7B. The contribution of the supply shock does not
increase noticeably. Now compare table 7A (Clarida-Gali model, Clarida-Gali sample) to table 7C (my
model, Clarida-Gali sample). The expanded model (i) allows certain AD disturbances -- permanent
disturbances to government size -- to affect output in the long run, and (ii) contains a decomposition of
the monetary disturbance. The effect of estimating the expanded model is to increase the contribution of
monetary shocks from nearly zero to 50% or more in some cases, with an average contribution of 36.1%
at the 1-year horizon. Hence, at least for Claridaand Gali’ s estimates for the U.K., the effect of multiple
aggregation of shocks discussed by Faust and Leeper (1997) is very important. Finally, a comparison of
table 7C (my model, Clarida-Gali sample) and table 5 (my model, my sample) indicates that the choice of
model is more important than the choice of sample period for making inferences about the sources of real

exchange rate movements.

4. Conclusions
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An early strand of the literature often concluded that the high correlation between nominal and
real exchange rates and the non-neutrality of real exchange rate variability across exchange rate regimes
were evidence in support of models that emphasize monetary shocks and sticky prices[e.g., Dornbusch
(1976)]. Recently, aninfluential literature that includes Obstfeld and Rogoff (1995), Beaudry and
Devereux (1995), Chari, Kehoe, and McGrattan (1996), and Atkeson and K ehoe (1997) has examined
whether certain stylized facts associated with real exchange rate movements can be replicated in dynamic
genera equilibrium models. These papers focus exclusively on the effects of monetary shocks.

Ironically, in light of this focus, papers that have attempted to directly identify various shocks to
the real exchange rate and compare their relative magnitudes often find that monetary shocks are
unimportant [Clarida and Gali (1994), Eichenbaum and Evans (1995)]. Perhaps this suggests that more
emphasis be placed on shocks to technology, tastes, and trade and fiscal policies, since these can also be
reconciled with the stylized facts on real exchange rates [ Stockman (1988)].

The evidence presented in this paper indicates that, on the contrary, monetary shocks are
generally very important for real exchange rate movements. Employing a structural VAR analysison a
long-term data set for the U.S. and U.K., | find that monetary shocks typically account for nearly one-half
of the forecast error variance of the real exchange rate over short horizons. Evidence from several
aternative models reveal s a minimum contribution of monetary shocks equal to nearly 20%. This
suggests that the focus on monetary shocks in the recent dynamic general equilibrium literatureis well-
founded empirically aswell astheoretically. The estimates are also informative concerning the nature of
these shocks: the real shocks are due more to fiscal and trade polices than technology changes (which,
for the U.K. relative to the U.S., perhaps were not very large over much of the sample), while the money
multiplier and monetary base shocks are roughly equally influential.

My paper is also thefirst in this branch of the literature to take seriously the Faust-Leeper (1997)
critique of structural VARS, by examining the robustness of my baseline conclusions to several

aternative specifications. My finding that the aggregation of multiple shocks implicit in Clarida and
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Gali’'s three-variable model (compared to my five-variable model) can have a non-trivial effect on the
contribution of nominal shocks is evidence of the importance of their critique. These robustness checks
demonstrate how different model configurations may give rise to different results, and take my VAR

analysis a step in the direction advocated recently by Faust (1998).
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Table 1: Testsfor Unit Roots

Series/

Test : (GlY) y rl r2 r3 mm h

ADF(t)M°¢ -3.74 -1.95 -2.21 -2.92 -0.07 -2.33 -2.77
(96210000 (983 1046) (9851044)  (9751086)  (L0021056) (9841043  (.977,1.036)

ADF(z)° -3.52° -2.17 -1.81 -1.73 -1.61 -2.57 -2.56
(9661002)  (9851044)  (9901047)  (990,1048) (9921049  (9791039)  (979,1039)

KPSS(t)M¢ 0.14" 0.33" 0.22" 0.29" 0.30" 0.17 0.06

KPSS(t)° 0.10 0.29" 0.16" 0.13" 041" 0.12* 0.10

Notes: ADF denotes the Augmented Dickey-Fuller test statistic for the unit root null hypothesis versus
the trend-stationary aternative. In parenthesis are 95% confidence intervals for the largest autoregressive
root in the series, calculated using the procedure of Stock (1991). KPSS denotes the Kwiatkowski,
Phillips, Schmidt, and Shen (1991) test of the null of trend-stationarity. The sample period is 1889-1992.
A # *, and ** indicates rejection of the null at 10%, 5%, and 1%, respectively. Lag length was either
based on the Akaike Criterion or chosen arbitrarily to be 5.

Table2: Likelihood-Ratio Testsfor Lag Lengthinthe VAR

Lags/

LR-stat : 9vs8 8vs.7 7vs.6 6vs5 5vs4 4vs.3 3vs.2 2vs.l 8vs5
LR 26.7 39.4 235 23.7 37.2 31.2 23.8 575 80.3
(p-value) (0.37) (0.03) (0550 (054) (0.06) (018 (053) (0.000 (0.32

Notes. LR denotesthe likelihood ratio statistic used to test the null hypothesis that the j+1 lagsin each
VAR equation are zero. The marginal significance level of the LR statistic isin parenthesis. The system
variablesare: (G/Y),y, rl, mm, and h. The sample period is 1889-1992.

Table 3: Tests of Cointegrating rank

H,: Cl A-max. stat. 95% critical Trace stat. 95% critical
rank=p 8lags 5lags 2lags value 8lags 5lags 2lags value
p=0 247 265 294 335 479 491 505 68.5
p<l 917 108 105 27.1 232 226 212 47.2
p<2 893 824 6.74 21.0 140 118 107 29.7
p<3 510 357 3.85 141 511 358 394 154
p<4 0.008 0.011 0.090 3.8 0.008 0.011 0.090 3.8

Notes: The maximum eigenvalue and trace statistics apply a small-sample correction to Johansen's
(1991) statistics, replacing T by T-nm, where T = number observations, n=number of variables, m =
number of lags. The system variablesare: (G/Y), y, rl, mm, and h. The sample period is 1889-1992.
Lag length in the VAR is displayed in the top row. Critical values are from Osterwald-Lenum (1992).
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Table 4: Variance Decompositions of the Real Exchange Rate

TheVDC of A(rl)
Horizon €’ €S eP e™ e €™ + eh
1 13.3 0.50 45.6 26.1 145 40.6
(134 340) (025 141) (124 572) (381 457) (247 289) | (160 618)
2 11.6 3.93 40.3 26.4 175 43.9
(265 303) (201 168) (128 515) (621 414) (7.70 28.9) | (21.6 61.2)
5 10.3 4.18 39.1 26.1 20.3 46.4
(5.25 265) (419 17.2) (15.0 449 (857 38.6) (9.08 30.8) | (259 59.1)
20 134 5.76 36.9 25.0 18.9 43.9
(985 268) (726 187) (155 37.4) (118 337) (103 26.1) | (29.1 52.6)
TheVDC of (rl)
Horizon €’ €S eP e™ e €™ + eh
1 13.3 0.50 45.6 26.1 145 40.6
(1.34 3400 (025 14.1) (124 57.2) (381 457) (247 289) | (16.0 61.8)
2 12.3 3.27 45.1 324 6.82 39.2
(198 338) (0.96 17.6) (130 59.1) (581 49.8) (201 16.4) | (139 60.0)
5 14.8 5.62 47.3 279 4.32 32.2
(382 356) (198 221) (166 58.3) (601 428 (273 10.3) | (123 49.8)
20 34.0 2.77 514 9.21 2.53 11.7
(141 553) (253 155) (210 61.6) (338 152) (158 6.03) | (626 20.8)

Notes. The variance decomposition results indicate the percentage of the forecast error variance of A(r)
or (r) that is due to each shock at the 1-year, 2-year, 5-year, and 20-year horizons. By construction, the
contributions of €™ and €" to the variance of (r) go to zero asymptotically. Laglengthis8. In
parenthesis are the 16™- and 84™-percentiles (corresponding to a one standard deviation confidence
interval) of the distribution of variance decompositions from 1,000 simulations of the model, calculated

using the Monte Carlo procedurein RATS.
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Table5: Rea Exchange Rate VDCsin Alternative Models

TheVDC of (r)
Case €’ e e’ e™ e"
0 13.6,12.6,345 055,337,281 453,448,51.1 26.0,32.3,9.15 147,692,251
1 125,19.1,47.3 0.20,0.72,2.64 39.8,45.2,381 19.1,175,6.07 284,175,586
2 0.76,0.45,326 3.54,4.65,13.2 484,489,717 26.4,254,6.75 20.9,20.6,5.09
3 12.2,16.7,284 0.51,0.39,7.79 4509,646.9,56.5 254,275,584 16.0,851, 148
42 0.35,041,---- 158,252,---- 629,623,---- 715,503, ---- 138, 6.98, ----
5° 23.8,20.4,5.46 0.10,1.04,6.09 529,564,792 140,182,655 9.14,3.99 2.74
6° - 14.1,23.2, ---- - 853,6.27,----  14.9,7.66, ----
7° 13.3,12.3,34.0 278,723,384 432,412,504 26.1,324,9.21 145,6.82 253
8° 0.13,0.35,1.51 18.0,11.9,5.66 63.2,68.4,86.2 3.87,6.25 477 14.8,13.1,1.86
o 240,248,356 9.68,16.6,22.1 35.9,429,623 514,355 10.0 0.91,255, 198

Notes. Each cell containsthe VDC at horizons 1, 2, and 20. Case O isrepeated from Table 4; the other
cases differ from Case O by,

Case 1 = r2, the GDP deflator-based real exchange rate, replacing r1;

Case 2 = r3, therelative price of non-tradeables to tradeables, replacing r1;
Case 3= VAR with5lagsinstead of 7;

Case 4*= VAR with r1 assumed to be trend-stationary, new ordering;

Case5” = VAR with (G/Y) assumed to be stationary, new ordering;

Case 6°= VAR withrl and (G/Y) assumed to be trend-stationary, new ordering;
Case 7%= VAR with A(r1) placed ahead of A(y) in the ordering;

Case 8°= VAR with A(mm) placed ahead of A(rl) in the ordering;

Case9' = VAR with A(G/Y) placed last in the ordering.

(d) Long-run effects on trend-stationary rl are not applicable; the ordering of variablesis{A(G/Y), A(y),
A(mm), A(h), r1}.

(b) The ordering of variablesis {A(y), A(rl), A(mm), A(h), (G/Y)}.

(c) The ordering of variablesis{A(y), A(mm), A(h), (G/Y), r1}; €®and €® are transitory disturbances
which are not identified separately from one another. The combined contribution of these two shocksis
62.4, 63.0, and 27.9, at horizons 1, 2, and 20, respectively. Long-run effects on trend-stationary rl are
not applicable.

(d) The ordering of variablesis {A(G/Y), A(rl), A(y), A(mm), A(h)};

(e) The ordering of variablesis{A(G/Y), A(y), A(mm), A(r1), A(h)};

(f) The ordering of variablesis{A(y), A(rl), A(mm), A(h), A(G/Y)}.
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Table 6: Testsfor VAR Lag Length and Cointegration
(systems with CPI-based rea exchange rates)

A. Likelihood Ratio Testsfor Lag Length

Case 8vs.7 7vs.6 6vs.5 5vs4 4vs 3 3vs 2 *
CG model, 4.66 9.07 244 16.5 21.2 9.89
CG sample (.86) (43) (.98) (.06) (.01) (.36)
UK. CG model, 8.58 6.50 11.0 20.5 12.1 14.0
My sample (.48) (.69) (.28) (.01) (.21) (12)
My model, 27.0 395 319 387 90.7 77.6 67.7
CG sample (.36) (.03) (.16) (.04) (.00) (.00) (.05)
CG model, 14.0 10.8 15.9 6.67 13.7 13.7
Canada CG sample (12) (.29) (.07) (.67) (.13) (.14)
My model, 29.6 44.6 365 373 59.2 25.2 106.4
CG sample (.24) (.01) (.06) (.05) (.00) (.45) (.01)
Germany CG model, 14.6 12.0 4.82 424 9.18 26.2
CG sample (.10) (.21) (.85) (.89) (42) (.00)
Japan CG model, 15.3 5.56 6.05 7.87 18.0 434
CG sample (.08) (.78) (.74) (.55) (.04) (.89)

B. Trace Tests of Cointegrating Rank (U.K. and Canada)

U.K. Systems Canadian Systems
Hy: Cl CG model My model My model CG model CG model CG model My model My model
rank= | CG sample CG CG sample My CGsample CGsample CGsample CG sample
p (51ags) sample (8lags) sample (51ags) (7 1ags) (51ags) (8lags)
(6lags) (6 lags)

p=0 233 68.8* 56.5 143 35.6%* 35.8** 63.3 60.8
p<1 104 40.6 30.0 6.61 9.71 111 40.1 37.2
p<2 417+ 19.7 15.6 2.04 2.99 4.72% 17.7 18.9
p<3 7.40 8.24 6.58 8.30
p<4 0.91 2.95 - 2.34 241

Notes: "CG Model" indicates that the variablesin the VAR are { Ay, Ar, w} asin Claridaand Gali; "My
Modd" refersto the variables in my 5-variable VAR, { A(G/Y), Ay, Arl, Amm, Ah}; "CG Sample"
indicates the use of quarterly datafrom 1974:3 to 1992:4, while "My Sample" is annual datafrom 1889
t01992. In Part A of thetable, LR denotesthe likelihood ratio statistic used to test the null hypothesis
that the j+1 lagsin each VAR equation are zero. The marginal significance level of the LR statisticisin
parenthesis. In (*), thetest isalag length of 7 versus 5 for the U.K., and 7 versus 4 for Canada. The
trace test statistics of Part B apply a simple small-sample correction to Johansen’s (1991) statistics. The
lag length in the VAR, displayed in the top row, refers to the number of lagged levels of each variable
used. The 95% critical values are 68.5, 47.2, 29.7, 15.4, 3.8. A * (**) denotes significant at the 5%
(1%) level.
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A. Estimating Clarida and Gali's Three-Variable Model on Clarida and Gali's Data and Sample Period

Table 7: Encompassing (VDCs of Real Exchange Rate Changes)

Country Case Supply Shock Demand Shock Nominal Shock

(CG) 0.50/5.50/6.10 97.3/91.9/91.1 2.20/2.50/2.80

U.K. (@ 0.10/5.46/7.09 99.9/89.5/86.6 0.03/5.06/6.32
) 0.05/6.22/8.61 96.9/87.4184.7 3.08/6.40/6.71

(3 0.21/8.55/9.25 97.4/89.0/88.2 2.40/2.471255

(CG) 2.20/4.50/4.30 97.0/94.3/93.2 0.70/1.20/2.50

Canada (@ 0.70/3.5414.43 98.4/935/92.2 0.92/2.97/3.39
) 19.9/25.4/24.3 80.0/74.0/70.9 0.03/0.65/4.79

(3 11.4/132/132 88.3/83.3/82.0 0.30/3.49/4.77

Germany (CG) 0.70/4.60/10.4 51.8/50.3/48.5 47.4145.0/41.1
(1 14.6/139/134 49.8/48.2/46.9 35.6/37.9/39.7

) 6.59/6.38/6.65 70.0/65.1/61.9 234/285/315

(3 18.8/185/16.9 35.8/35.4/36.9 45.4146.2146.2

Japan (CG) 0.90/3.40/ 3.60 63.1/62.7/61.2 35.9/339/35.2
(1) 9.99/10.2/12.1 43.7144.2142.0 46.3/455/458

2 5.32/7.99/10.3 57.2/56.0/44.7 37.5/36.0/45.0

(3 11.0/11.0/131 40.4141.2/139.2 48.6/47.8/141.7

Notes: Entries indicate the percentage of the forecast error variankg@)dhat is due to each shock at the 1-
quarter, 4-quarter, and 20-quarter horizons. The sample period is 1974:3-1992:4. For each country, the first row
of results (with (CG) following the country name) indicates that the estimates are taken from Table 4 of Clarida
and Gali (1994). My replication isin the next row, labeled case (1). A laglength of 4 isused in these VARSs.
The row labeled case (2) for each country presents estimates using an alternative lag length chosen based upon
likelihood ratio tests: 5 lags for the U.K., 6 lags for Canada, 3 for Germany, and 8 for Japan. The row labeled
case (3) uses GDP deflatorsinstead of CPlsin computing the real exchange rate and inflation; 4 lags are included
inthese VARSs.

B. Estimating Clarida and Gali’s Three-Variable Model on My Data and Sample Period

System Supply Shock Demand Shock Nominal Shock

r1, 4lags 0.72/2.9413.63 94.9/90.5/88.9 4.39/6.57/7.45
ri, LR lags 9.10/11.9/13.3 79.3/74.8169.7 11.6/13.3/16.9

r2, 4lags 0.01/3.28/5.05 80.8/69.0/67.0 19.2/27.8/27.9
r2, LR lags 2.30/2.95/7.65 80.0/73.7/65.4 17.6/23.4/26.9

Notes. Entries indicate the percentage of the forecast error variance of A(r) that is due to each shock at the 1-year,
5-year (20-quarters), and 20-year horizons. R1 isthe WPI-based real exchange rate, and r2 is the GDP deflator-
based real exchange rate. The VAR lag length of chosen by the likelihood ratio test is 5 in each case. The sample
period is 1889-1992.
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C. Estimating My Five-Variable Model on Claridaand Gali’ s Data and Sample Period

TheVDC of (Ar)
Case I €S eP e™ e
UK.?! 148/16.4/165 242/847/115 48.8/44.1/419 27.8/247/235 6.07/6.32/6.62
UK.? 148/13.7/12.3 0.02/584/981 28.6/30.6/27.3 424/348/321 142/15.1/185
UK.? 0.10/3.73/4.08 0.04/056/387 79.4/659/615 205/249/249 0.01/4.94/5.68
UK.*4 0.04/555/6.83 0.19/164/654 73.0/59.1/543 247/29.2/265 2.15/4.49/5.79
Canada® 49.4/409/38.0 0.43/3.07/407 47.8/522/51.0 206/229/476 0.32/1.49/2.18
Canada®? 57.1/43.8/363 050/9.74/123 285/36.9/383 13.9/7.88/10.8 0.00/1.68/2.31
Canada® 36.4/37.9/380 494/354/553 51.4/452/39.7 6.15/872/116 112/470/522
Canada* 56.9/46.1/41.6 184/822/145 325/321/23.0 842/11.2/151 032/235/5.83

Notes: Entries indicate the percentage of the forecast error variance of A(r) that is due to each shock at
the 1-quarter, 4-quarter, and 20-quarter horizons. The sample period is 1974:3-1992:4. Lagslengths are
based upon likelihood ratio tests. A description of the casesis as follows:

U.K.'= CPI-based real exchangerate, 4 lagsin the VAR;
U.K. %= CPI-based real exchangerate, 5 lagsin the VAR;

U.K. 3= GDP deflator-based real exchangerate, 4 lagsin the VAR;
U.K.*= GDP deflator-based real exchangerate, 5 lagsin the VAR;

Canada ' = CPI-based real exchange rate, 4 lagsin the VAR;
Canada *= CPI-based real exchange rate, 7 lagsin the VAR;

Canada ®= GDP deflator-based real exchangerate, 4 lagsin the VAR,;
Canada = GDP deflator-based real exchangerate, 8 lagsin the VAR,;
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DATA APPENDIX

The sources for the data on prices, output, and government spending are Mitchell (1988) for the
United Kingdom and Kendrick (1961) for the United States. The exchange rate series is also taken from
Mitchell (1988), while the money supply and monetary base data are taken from Friedman and Schwartz
(1982). Updates are from Britain's Central Statistical Office, and various issues of the Survey of Current
Business for the United States.

The series are created as follows:

(g/y) = real government consumption as a share of real GNP, U.K. lessU.S;;
y =log of real GNP, U.K. lessU.S. (annual average);
rl(r2) = log of real exchangerate, S- P1 (S - P2), (annual averages) where
S =log of the nominal exchange rate in pounds per dollar
P1 = log of the wholesale price index, U.K. relativeto U.S.
P2 = log of the GNP deflator, U.K. relativeto U.S;;
r3 =log of the real exchange rate, P-P;, where
Py = price of non-traded goods, as proxied by the government expenditure deflator (U.K./U.S)),
P; = price of traded goods, as proxied by P1;
mm = log of money multiplier, log(M/H), U.K. lessU.S., where
M = nomina M2 money stock (mid-year observation)
H = nomina monetary base (mid-year observation);
h = log of real monetary base, log(H/P,), U.K. lessU.S..

APPENDI X A: Interpreting the Shocksin the VAR Models: An Illustrative Long-Run Model

In order to illustrate how the residuals may be interpreted as fundamental structural shocks, |
develop the following general-equilibrium optimizing model. The point of departure is Rogoff (1992)
[see also section 3 of Froot and Rogoff (1995)], who explores the predictions of theoretical models
concerning the types of shocks that will affect the real exchangerate. First, in the classic Balassa-
Samuel son model with perfect competition, perfect mobility of factors across sectors and internationally,
and asmall country setting, only productivity shocks will affect the real exchange rate. However,
demand factors do have an impact in Rogoff’s "fixed factor, open capital markets' model. More
generaly, thereis role for demand factors in the short run (and possibly the long run) if the country is
"large"; if there is some capital immobility internationally; if capital and labor are not instantaneously
mobile across sectors domestically; and if there are increasing returns to scale (demand factors affect the
real exchangerate in thelong run if there is afixed factor, such as land, which can be transferred across
sectors, thus implying increasing returns to the mobile factors).

In the model that follows, | add two things to Rogoff’s analysis: taste shocks, in the form of a
disturbance to traded goods consumption, and money, via a cash-in-advance constraint. It should be
noted that, like Rogoff, | specify asmall country model. The U.K. and U.S. are not small economies.

An dternative way of thinking about how the model produces the zero restrictionsin (5) is to assume that
eguations anal ogous to the ones presented below hold for a"foreign” country. Finally, it should be noted
that, in linking the theory to the empirical work, | rely only on particular steady-state features of the
model as described below.
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Traded and non-traded goods are produced according to the production technology,

Yo = An LT K (Ala)
Y = Ay LK™ (Alb)

wherey, isoutput in sector | (I=T,N), L, and K;, represent the labor and capital input intoy,, and A, isa
stochastic productivity shock in sector I. | will abstract from considering growth in, or depreciation of,
the inputs, meaning that L and K are unchanged in steady state. Assumethat L and K are immobile
across sectors, although, as noted above, thisis not strictly necessary for there to be arole for factors
other than productivity.

There is arepresentative agent with time-separable utility over consumption,

& ot G B ) 0
Vi = E B0 0
t t Z D l_ y D

s=0

(A2)
where E is the expectations operator, 3 is the subjective discount rate, ¢, is consumption of good | at time
t, and 0, is a shift parameter that captures changes in preferences toward the traded good.

Assume that domestic agents hold domestic money M and foreign money M. With Py, (P;)
denoting the price of the non-traded (traded) good, and Q = P,/P;, we can define real money balances m
=M/P, and m" = M"/P;, so that domestic real balances in terms of tradeablesis given by m=Qm=
M/P;. Inthis case, we add to the model the individual’s budget constraint,

M +My = Z —Cr —QCy —74M =77 M — gy, —Q Oy (A3
where z is total income from domestic production (in terms of tradeables), © = AP /P,, and
n = AP,/P;. | assume that government consumption of traded and non-traded goods, g, and g,
respectively, isfinanced by taxes (there is no debt), and that the representative agent integrates the

government budget constraint into her own.

It is also assumed that the representative agent needs to hold various amounts of domestic and
foreign real balances in order to purchase consumption goods,

Ch+QCy < fF(moni) (Ad)

For the sake of tractability, | assume that the money demand function f( ) takes the form,

fmam) = pm (m)* (A5)

where ¢ (1-¢) isthe share of total money balances held in the form of domestic (foreign) money, and p
denotes the fraction devoted to "cash goods', where0< p < 1.

-40-



The agent’ s problem is to maximize (A2) subject to (A3)-(A5). The Hamiltonian iswritten,

v

é
= E Zﬁs—t[( Ns sCTs) D'l'/] W'n (rns)l (ﬂ_CTS QCNSE

+/\2%3_m5+1_m;+1_CTs_QsCNs_ﬂsms_nim; _gTS_QSgNSS

Using the first-order conditions for both traded and non-traded goods consumption gives us,

VL

Nt

while the first-order conditions for domestic and foreign money balancesimply,

Wﬂn |Z|7'4 : (A7)

To derive an expression for domestic real balances, rewrite the cash-in-advance constraint as,

t = Ian%r:mg (AB)

where it will be recalled that m, = m/Q,. Also, note that (A6) can be rewritten ¢,/Q = 8¢ [(1-)/«], SO
that this and (A7) substituted into (A8) becomes, upon rearranging,

= @ g0 %%g ’ (A9

Assuming that equilibrium in the non-traded goods market holds,

Yne = Cne T On (A10)
and imposing the balanced-budget requirement,
Ov = hiYn (A1l)

then (A9) can be rewritten,
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m o= e A e,

Under the assumption that labor and capital constant in steady state, using the steady-state result that , =
K = AM/M,, normalizingn™ to unity, and using equations (A11) and (Alb), equation (A12) can be re-
written in log-differences as,

AINM.) = (F)AIN(fha) =BGy =BT +AIN(A ) (ALY

Now rewrite (A6), using (A10) and (All), as

El %1 T)yNt D (AL4)

Using the assumption of constant labor and capital in steady state, (A14) becomes in log-differences,

AIN(Quy) = AlIN(Cy 4y) +A8,, + ATy —AIN(A 1) (ALD)

Note that the first-order condition for traded goods consumption implies,

Eefllaer) -« et en)”

(A16)
DcTt %]CT gL+l D

HINNEE

Taking logs of both sides of (A16) and rearranging allows us to approximate the equation as,

EAING,.) = S%zﬁtmn% (A7)

Assuming for simplicity that the expected change in consumption equals the actual change, then (A15)
can be rewritten, using (A17) along with (Alb), (A10), and (A11), as:

O y il y W
Aln((?t+1) = A8[+1+Art+1|j( )+yD_ n('A‘Nt+1)EI (1 y)+y ( )

Now consider the relationsd, = r + €°, At, = g+ €%, Aln(A,) =y + €°, and
Aln(p) = M + €™ In order to derive equation (3), it is necessary to use these and to discuss two more
aspects of the model. First, since equilibrium output is supply-determined, the preferenae’ stviltk
not affect output in the long run. This implies the ordering of variables two and three. Also, allowing for
non-optimizing government activities, the fiscal shock affects output, and implies the ordering of
variables one and two [i.e., not imposing the over-identifying restrictigrOT
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Second, the final two equationsin (3) are derived using equation (A13), which indicates that real
money balances, m, are afunction of the fiscal, productivity, preference, and money growth shocks.
Writing m = mm + h, where mm is the log money multiplier and h isthe log real monetary base, the
ordering of variables four (Amm) and five (Ah) reflects the assumption that shocks to the monetary base
have a one-to-one effect on the money supply in the long-run.

Finally, two caveats are in order. First, replacing In(Q) = py-p; With r (= s+p’-p) implies a switch
inthe signs of ¢,, and c,, in going from (A18) to (3). Writing the home price index as
p = ap,+(1-a)p;, and assuming an analogous expression for foreign prices, allows usto write
r = (SHp;-Ppy) - apy-Py) + a (Py-py), and implies a negative relationship between Q and r. Also note that
the real exchange rate equation in (3) would be obtained if we considered an equation anal ogous to (A18)
holds for a"foreign" country. If relative PPP holds for traded goods, so that (S+p;-p;) is constant, this
alternative two-country specification would imply an exact correspondence between Q (or "Q - Q™),
which isused in the model, and r, which is used in the empirical work.

Second, the signs of ¢,, and c,,, the long-run effect of the fiscal shock and the supply shock on
the real exchange rate, respectively, are unclear in theory. Equation (A6) indicates that in general the
signs depend on whether the shocks have alarger effect on the consumption of traded or non-traded
goods. This becomes somewhat hidden in the derivation of (3), because | have used (A16) to solve for
traded goods consumption in terms of non-traded goods consumption, and hence have written the model
in terms of the productivity shock in the non-traded goods sector and government consumption of non-
traded goods (which is probably the more accurate choice, since most government spending is on non-

tradeables). That fiscal shocks have an ambiguous effect on the real exchange rate is afeature of several
models.

APPENDI X B: Identifying the VAR when the Real Exchange Rateis|(0)

In this appendix | discuss the implications of switching from estimating the VAR when all of the
variables are assumed to be I(1) to onein which one variable is assumed to be [(0). | demonstrate how to
retrieve the desired structural MA representation from the underlying VAR, using two examples. The
examples are kept simple for expositional purposes, but are readily generalized.

Case 1. All variablesare (1)

Thisisthe familiar case, in which both x, y, and z are unit root processes:

(18) X, =0y Y, + @Y + PioXeq + €z + €z, + Uy, With random walk error term: Auy, = €,
(Ab) Yy, = Yyt PuX + BoXeq T CxZ + CZ y + U, Withrandom walk error:  Au,, = €, .
(1c) z,=Cypziq + gV, + CgpYy g + PyX; + PaXq + Uy With random walk error:  Au,, = €, .
Use the lag operator L to re-write the above, and then take first-differences:

(28) (1-P,L)AX, = (ctqy + 0, L)AY, +(Cpy + CLL)AZ + €,

(2b) (1- ayl)AyY, = (Byy + PpL)AX, + (Cyy + CoL)AZ + €,y

(20) (1-cpl)Az = (g + gl )Ay, + (Bsy + Pl )AX, + €y
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In the long run, with L=1:
(38) Ax, = [(rgy + pp)(1- Pr)]AY, +[(Cyy + Cp)/(L1- Prp)]AZ + €y
(3b) Ay, = [(Bar + B2 (1- a)]Ax +[(Cy + Co)f (1- 2p)]AZ + €y
(Bc) Az = [(ery + ag)/(1- Co)IAY, + [(Bay + Pao)/(1 - C)]AX, + €4
The three identifying restrictions in this familiar case are that the coefficients on (1) current and
lagged y in equation (1a) sum to zero, o, + &, = 0; (2) current and lagged z in equation (1a) sum to zero,
C,; + €, = 0; (3) on current and lagged z in equation (1b) sum to zero, c,, + c,, = 0. These zero
restrictions give us the desired structural MA representation of the reduced-form VAR:
(48) Ax, = €,
(4b) Ay, = LAey + €,
(4c) Az = ey + Oey + €y
where A =[(B + B2/ (1- )], & =[(Bsy +Pa)/(1-C)] + 4, and S = [(0g + )/ (1 - C3p)].
Economically, the identifying assumptions are that shocks to z have no effect on the level of x or
y inthelong run, and that shocksto y have no effect on the long-run level of x. On the other hand, the
long-run leve of z isallowed to be affected by all shocks, while the long-run level of y is affected by
shocks to x only.
Case 2. The"middle" variable vy, is1(0)
Consider the case in which one of the variablesis1(0). Choosey, since that is neither the first

nor last variable, just like my example in the text. The crucia difference between this caseand Case 1 is
that the underlying VAR must be set up along the lines of the following:

(58) X, = @Y+ Y+ PrXeg + CuZ + CpZy + Uy
(Ob) Y= opYig ¥ oy AX + Py AXy + €y AZ +Cpp AZ + ey
(50) z= an(Yi+ Y+ VYot ) ¥ Yo+ PaX + PaXiy + Cy1Z + C3pZ; + Uy

i.e., such that an infinite sum of lagged y,’s appears in the reduced form equation for z, and that first-
differences of x and z appear in the reduced-form equation for y.

To see how the desired structural MA representation is retrieved from the underlying VAR,
rewrite equations (5) using the lag operator L:

(68 (1- Ppb)x = (oegy + gl )y, + (Cyy + CppL)Z + Uy
(6b) (L-aypl)y, = (B + By L)AX, + (Cyy + CpL)AZ, + €4
(60) (1-cypl)z = (L+L+L%+ . )agy + Yo+ (Bag+ Pap L)X + Uy

= (1-L)* Yy + Yo+ (Ba + P L)X, + Uy



In order to obtain a stationary representation, first-difference equations (6a) and (6¢). Then re-arrange,
ignoring the multiplicative constant term on the error terms, and set L=1, to get:

(78) Ax, = [(ogy + ) (1- B)]AY, + [(Cy +Cp) (1- Bp)]AzZ + €y
(7)Y, = [(Bayy + B (L - a)]AX + [(Cy + CR/(L - )] AZ + €y
(7c) Az;= [(Bay + Bsy )/(L- Co)] AX, + [etz/ (1 - C)ly, + €4

Equations (7) reduce to the desired MA representation when three identifying restrictions are imposed:
oy, +0,=0; ¢, +C,=0;andc, +C,,=0. That MA representation is of the form:

(8a) Ax, = e,

(8D) Yy = peytey
(8c) Az = teytweytey

Notice that these zero restrictions are identical to those used in Case 1 above. In this case, the restriction
that "zeroes out” the long-run effect of €, in the first equation (i.e., c,; + ¢, = 0) still implies that shocks
to z -- think of z as money -- have no long-run effect on the level of x,. Notice that no shocks have a
permanent effect on the level of y,, which isadirect implication of our assumption that y is stationary.
However, the restriction that "zeroes out” the long-run effect of €, in the equation for y (i.e., C,; + C,, =
0) now means that shocks to z have no long-run effect on the accumulated level of y,. Unlike the
economic interpretation of this restriction for Case 1 (i.e., shocks to z have no long-run effect on the level
of y,), thisislikely to no longer have abasisin theory.

Thus, as discussed in the text, | use Case 3:

Case 3. Place the Sationary Variable last in the Ordering:

Call the I(0) variable y again, so the ordering now becomes{x, z, y}. Theformal identification
restrictions follow directly from the above examples, and so are skipped here. The economic
interpretation of the restrictions is analogous to that in the text for my five-variable model: (1) none of the
shocks has a permanent effect on the level of y,, (ii) €5, the shock toy, isatransitory disturbance and so
has no long-run effect on the level of any variable, and (iii) just asin the cases above, shocksto z have no
long-run effect on the level of x,.
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APPENDIX TABLES

Table A-1: LR Testsfor Lag Length in the 5-Variable VAR with Long-Term U.S.-U.K. Data

Lags/

LR-stat : 9vs.8 8vs. 7 7Vs. 6 6vs. 5 5vs. 4 4vs, 3 3vs. 2 2vs. 1

Casel 33.7 51.0 19.8 31.9 43.1 30.8 25.0 71.7
(0.11) (0.001) (0.75) (0.16) (0.01) (0.20) (0.46) (0.00)

Case 2 452 38.1 25.9 23.2 27.4 40.1 19.7 55.1

(0.001) (0.045) (042 (057) (034) (0.03) (0.76)  (0.00)

Notes. LR denotesthe likelihood ratio statistic used to test the null hypothesis that the j+1 lagsin each
VAR equation are zero. The marginal significance level of the LR statistic isin parenthesis. In case 1,
the system variablesare: (G/Y), y, r2, mm, h. In case 2, the system variables are: (G/Y), y, r3, mm, h.

Table A-2: Tests of Cointegrating Rank in the 5-Variable VAR with Long-Term U.S.-U.K. Data

H,: Cl Trace stat. (r2 model) Trace stat. (r3 model) 95% critical
rank=p 8lags 5lags 2lags 8lags 4lags 2lags value
p=0 487 637 549 527 503 576 68.5
ps<l 242 290 257 252 272 316 47.2
p<2 139 144 133 149 941 113 29.7
p<3 6.10 507 4.01 6.92 329 424 154
p<4 024 032 008 015 0.04 028 3.8

Notes: Asintable 3, the trace statistics apply a simple small-sample correction to Johansen's (1991)
statistics. The system variablesare: (G/Y), y, r2, mm, and hin the"r2 model" case, and (G/Y), Y, 13,
mm, and hinthe "r3 model" case. The sample period is 1889-1992. Lag length inthe VAR is displayed
in the top row.
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Figure 1. Variables in the VAR - Levels
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Figure 2
Plots of the Structural Disturbances
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Figure3
Impul se Responses, Baseline Model with Long-Run Restrictions
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Figure 4

Impulse Responses, Baseline Model with Short-Run Restrictions
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Figure 5. Levels of the Variables in the VAR - CG Sample

(right scale - Canada, left scale - UK))
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