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ABSTRACT

The objective of the paper is to examine the relationship between exchange rate svstems and incidence and
effects of macroeconomic disturbances within the context of a simple aggregate supply/aggregate demand
model. Using data from the Gold Standard, Bretton Woods, and the Modern Float and structural VARs,
the paper tries to isolate supply shocks, real demand shocks, and monetary shacks. Comparing the perfor-
mancc of cxchange rate systems, the paper finds a lower incidence of demand shocks wader lNixed rate sys-
tems which can be attributed to the limited discretion afforded by fixed rates. Moreover, there seems to be
an increase over time in the effectiveness of real demand policies,

. INTRODUCTION

The traditional debate on exchange rate systems focused on insulating properties of flexi-
ble exchange rates as in Friedman (1953) and Meade (1955). The subsequent literature
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showed that insulating properties depend on some structural characteristics' (e.g., open-
ness, capital mobility), as well as the types and the sources of shocks impinging on the
domestic economy. The monetary theory of the balance of payments emphasized the dif-
ferences in macroeconomic adjustment under fixed versus flexible exchange rates. One
consequence of fixed exchange rates is that nations may not be able to pursue independent
monetary policies, Specifically, an external imbalance has to be offset by a change in the
net reserve position which can affect the domestic money supply. Commitment to a fixed
rate also entails buying or selling domestic currency in exchange for foreign currencies at
declared parities to satisfy autonomous changes in currency demands, which unless suc-
cessfully sterilized, makes the money supply endogenous.

Another aspect of the exchange rate system is the different operating procedures of mac-
roeconomic policies under alternative exchange rate systems. The Mundell-Fleming
framework compares the effectiveness of monetary and fiscal policy under fixed and flex-
ible exchange rate systems, The textbook version of the model (e.g., Mankiw, 1997, pp.
308-323; Blanchard, 1997, pp. 250-267) predicts that under high capital mobility, fixed
exchange rates render fiscal policy powerful in altering aggregate demand while monetary
policy is impotent. Under flexible rates the contrary holds.

More recent work on exchange rate systems emphasizes the disciplining effects of fixed
rates and the discretion afforded to policymakers by flexible rates. The “rules versus dis-
cretion” debate has been partially revitalized by the literature on the European monetary
integration. Simply stated, this approach views fixed rates as a pledge not to follow infla-
tionary policies, which has been interpreted as a commitment mechanism that “ties one’s
hands™ (Giavazzi & Pagano, 1988), and solves the time consistency problem initially ana-
lyzed by Kydland and Prescott (1977). However, a pledge not to inflate may not be desir-
able when the policymaker faces an emergency. This raises the possibility that the choice
of the exchange rate system may not be independent of the macroeconomic environment.
Indeed some interpret historical alternating periods of fixed and floating exchange rates as
a rule with an escape clause (De Kock & Grilli, 1989; Giovannini, 1993).

Analysis of historical macroeconomic data has provided little conclusive evidence on the
role of the exchange rate system.? There have been some attempts to analyze the incidence
of aggregate demand and aggregate supply shocks under altemnative exchange rate systems
{Bordo, 1993; Eichengreen, 1993). The objective of this paper is to reexamine empirical
evidence on the exchange rate system by focusing on the distinction between nominal
demand (monetary) shocks, which the exchange rate system can be expected to influence,
and real shocks, which may be irrelevant because they are not caused by the exchange rate
system. We also analyze the effects of macroeconomic disturbances and try to evaluate
money supply behavior under alternative exchange rate arrangements. Using historical
annual data and more recent quarterly data, we impose a combination of long-run and
short-run restrictions to distinguish between real demand (IS) shocks, monetary shocks,
and supply shocks within a structural VAR framework, We then analyze the incidence and
effects of these shocks to evaluate any possible effect that can be traced to the exchange
rate system. To preview our results, the data seem to support the notion that fixed rate sys-
tems set limits to monetary discretion and constrain expansionary demand policies. More-
over, there seems to be an increase over time in the effectiveness of real aggregate demand
policies. Section II contains a brief discussion of the International Monetary System and
related propositions to be evaluated empirically. Section III presents a simple model and
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the identification methodology. Section IV presents empirical results, limitations, and sug-
gestions for future research, while Section V concludes.

II. THE INTERNATIONAL MONETARY SYSTEM

Although the history of the Gold Standard can be traced back many centuries, the period
1870-1913 is regarded as the most prosperous period of the Gold Standard, and is referred
to as the “Classical Gold Standard.” Many countries operated under gold convertibility at
a pre-declared parity. The period is also known for virtually no capital controls and exten-
sive capital movements. The United States restored gold convertibility de facto in 1873
which was suspended at the outbreak of the Civil War; the greenbacks officially were con-
vertible in 1879. The system lasted until many countries suspended gold convertibility with
the First World War.

The period thereafter, the interwar period, had many exchange rate arrangements: float-
ing exchange rates until the middle 1920s, followed by a resumption of the Gold Standard.
However, runs on the banking systems in Austria and Germany in 1931 brought a collapse
of the Gold Standard in Austria, Germany, and later in England. The United States sus-
pended gold convertibility in 1933, and many European countries followed suit in the mid-
1930s. The floating period that followed the collapse of the Gold Standard in 19305 was
characterized by massive interventions to limit exchange rate flexibility and beggar-thy-
neighbor policies. The Bretton Woods system that followed the Second World War was
designed to limit intervention in the foreign exchange market and avoid the destabilizing
effects of arbitrary exchange rate changes.

The Bretton Woods System was inaugurated in 1944 with the signing of Articles of
Agrecment of the International Monetary Fund (IMF). The system called for fixed
exchange rates against the US dollar which itself was pegged to gold. Member countries
held their international reserves largely in dollar assets making the dollar the main reserve
asset. Most countries maintained the official par values of their currencies by intervening
in the foreign exchange market. The Bretton Woods system was characterized by massive
capital controls; current account transactions were inconvertible until 1958, while controls
remained in place for capital account ransactions for the entire period. Since the dollar was
the principal reserve asset, other countries could accumulate dollars through US balance of
payments deficits. A commonly held view is that the expansionary domestic programs in
the US along with Vietnam era defense spending brought inflation, and eroded competi-
tiveness of US exports. The ensuing balance of payments deficits made it difficult to sus-
tain gold convertibility at the official parity value. Finally in August 1971, the US
suspended redeeming dollar assets into gold, ending the last official link between the dollar
and gold. With the Smithsonian Agreement, the dollar was devalued but that did not ease
the pressure on the US dollar. Finally in March 1973, the currencies of all major industrial
countries started 1o float against the dollar. The tloating period that followed is character-
ized as “dirty floating” due to occasional intervention in the foreign exchange market by
the authorities and was officially sanctioned by an amendment to the IMF Articles of
Agreemenl in 1976.

After the breakdown of the Bretton Woods system, some European countries continued
their efforts to coordinate their monetary policies and prevent intra-European exchange
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rate fluctuations. In March 1979, Germany, France, Italy, Belgium, Netheriands, Luxem-
bourg, Denmark, and Ireland agreed to fix their mutual exchange rates within certain
bands, and let their currencies fluctuate jointly against the US dollar within the “European
Monetary System” (EMS). The Exchange Rate Mechanism (ERM) of the EMS grew to
include Spain in 1989, the UK in 1990, and Portugal in 1992, Finally in September 1992 a
major speculative attack forced the UK and Ttaly out of the ERM, and in August 1993, the
remaining members agreed to widen their exchange rate margins.

It is known that theoretical considerations may not be sufficient to ascertain the optimal-
ity of a given exchange rate arrangement and empirical work may provide some insights on
the issue. An interesting question is to examine the incidence of macroeconomic shocks
under altcrnative cxchangce rate systems and investigate whether 1) the incidence of mone-
tary shocks under fixed rate systems is lower as fixed rates set limits to monetary discre-
tion, ii) the behavior of the money stock is different under fixed versus flexible exchange
rates, iii} fixed exchange rates prevail in stable macroeconomic environments, and iv) the
switch to flexible rates was prompted by an unusual incidence of real demand or supply
shocks that make maintaining fixed rates costly. It is also possible to evaluate whether pol-
icy effectiveness varies with the exchange rate system as predicted by the Mundell-Flem-
ing model.

In our empirical analysis, we use historical annual data from the Classical Gold Standard
(1870-1913) pertaining to Canada, Italy, Japan, UK, and the US, and quarterly data from
the Bretion Woods (1957.1-1971.1V) and the Modern float (1973.11-1996.1) pertaining to
the G-7 countries. We also try to evaluate the experience of Germany, France, and Italy
under the European Monetary Systern (1979.11-1996.1). Degrees of freedom consider-
ations and data availability makes it difficult to adhere strictly to this designation of
exchange rate arrangements in that some countries may not have fully participated in a par-
ticular exchange rate arrangement. For example, the Canadian dollar floated in the 1950s
and the US dollar was not convertible to gold at the beginning of our Gold Standard sample
period in 1870s. When this is the case, the results should be interpreted accordingly.

1. THEORETICAL FRAMEWORK AND METHODOLOGY

In order to provide an identifying framework for a set of orthogonal impulses, consider the
IS/1.LM model augmented by a Lucas-type supply function, which is referred to as the
aggregate supply (AS)/ aggregate demand (AD) model:

Ye=Boye—Beli— (B, 1prp1—E_1p + € 4 (D
=0 @—E_1p)+9d, (2
6,=8_,+¢, ' 3

My =P+ Y ¥p— Mg+ By “)

where y is real output, §, is trend output, p is the price level, i is the nominal interest rate,
m is the money stock, €; are mutually uncorrelated stochastic disturbances, E, is the condi-
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tional expectations operator, and all variables except the nominal interest rate are in loga-
rithms.

Equations (1) is the goods market equilibrium relationship where aggregate spending
depends on the ex-ante real interest rate, real output, and a stochastic real demand shock,
&, Equation (2) is a Lucas-type aggregate supply equation where actual output deviates
from the trend level due to price prediction errors. For simplicity, trend output is assumed
to follow a random walk, where €, is a “pure” supply shock (equation 3). Equation (4) rep-
resents a conventional money market equilibrinm relationship with a stochastic distur-
bance term. Taking conditional expectations at time  — 1 and subtracting from equations
(1), (2) and (4), the system can be expressed as:

=80 =Pp 0 =8~ B, —E,_ ip) + £y (5)
(m,—E,_ym)=(p,—E, PO+ V(3 —8) — Ay~ E,_y D+ S (6)
(yt - 8:) = B(Pr_ Er_l Pr) (7N

Solving for {v,— 8,).
-8y = (1D (m, - E;_ymg) + 0k €4— OB €] (8)

where J = o [(1- Bp)A + By y]+ B;. Suppose the monetary authority sets the money supply
according to the following rule:

my=8g+01my_ =001 - YD)+ 0351+ Epy 9

where r, is the real interest rate and €, is the surprise component of the money supply.
Under rational expectations, the unexpected component of money supply, (m,~E,_im,),is
simply &, Combining this with equations (3) and (8), output growth can be expressed as:

Ay = g + (D) 0By (8 — £ 1)+ OMEY— €4 1] (1M

where €, = £,,,, — €, is a composite monetary shock reflecting the effect of a surprisc
monetary expansion net of a stochastic money demand shift. Notice that according to equa-
tion (10), aggregate demand shocks (g,,, and £4) have temporary effects on output, while
ontput in the long run is driven by supply shocks. It is common to use the long run output
neutrality of demand shocks to distinguish between supply shocks and demand shocks
(Shapiro & Watson, 1988; Blanchard & Quah, 1989; and Gali, 1992). However, the dis-
tinction hetween real demand shocks (IS shocks), and monetary shocks (LM shocks) is less
straightforward. We consider some possibilities based on conventional treatments of the
transmission mechanism of monetary pelicy.

A.  Stationarity of the Data

In order to properly specify the VAR, we test for stationarity using the KPSS test due
to Kwiatowski et al. (1992). The KPSS test takes stationarity as the null hypothesis
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Table 1. KPSS Statistics

Gold Siandard Bretton Woods Modern Float Gold Standard Rrettom Woods Modern Float

Output: Ay Nominal Interest Rate: Ai
Canada . 0.609 0.733 1.110 0.445 0.512 0.253
France — 0.732 1.103 —_ 0.380 0.279
Germany —_— 0716 1.095 — 0.415 0.055
Italy 0.563 0.732 1.103 0.583 0.391 0.242
Japan 0.579 0.734 1.114 0.140 0.435 0.654
UK 0.608 0.727 1.088 0.425 0.590 0.201
us 0.607 0.737 1.111 (.149 0.516 0.387
Inflation: Ap Real Interest Rate: [ — Ap
Canada 0.355 0.541 0.897 0.436 0.452 0179
France — 0.182 0.906 — 0.406 0.135
Germany — 0.287 0.502 — 0.386 0.061
Italy 0.177 0.111 0.961 0.388 0.249 0.354
Japan 0.090 0.327 0.792 0.275 0.573 0.382
UK 0.541 0.527 0.804 0.555 0.585 0.451
us 0.346 0.537 0.690 0.363 0.342 0.261
Monetary Growth: Am

Canada 0.439 0.127 0.106

France — 0.181 0.671

Germany — 0.111 0.116

Lialy 0.138 0.160 0.711

Japan 0.127 0219 0.181

UK 0.152 0.249 0.106

Us 0.093 0.308 0.109

Note: Critical values for the KPSS statistics are, 0.347 (10 %), 0.463 (5 %), 0.574 (2.5 %), 0.739 {1 %). Lag truncation used in

the test is 8.

against the alternative of a unit root. Under the maintained hypothesis that the exchange
rate system plays a role in the conduct of macroeconomic policy and its operational pro-
cedures, we present scparate test statistics for different exchange rate arrangements. Table
I presents KPSS test statistics for output, nominal interest rates, inflation, real interest
rates, and monetary growth. Specific measures of these variables, and data sources are
given in an Appendix.

Table 1 indicates that the null hypothesis of stationarity for output can be rejected for all
periods at conventional significance levels while nominal interest rates are on the borderline
in several cases, particularly in the Bretton Woods period. Similarly, inflation seems sta-
tionary under the Classical Gold Standard except for the UK, while there is increasing evi-
dence that it tends towards non-stationarity over time. Notice that the null hypothesis of a
stationary inflation process can be rejected for all countries except Germany under the Mod-
ern Float at the 3% significance level. The ex-post real interest rate, r, =i, — (p, . 1 — ), is
stationary at the 5% except for the UK under the Gold Standard, and Japan and the UK under
Bretton Woods, However, there is a strong theoretical prior for a stationary real interest rate
since a unit root in the real interest rate is inconsistent with standard equilibrium growth mod-
els (Shapiro & Watson, 1988). Notice that the unit root evident in inflation disappears in
most cases when one considers the real interest rate. This suggests the possibility of coin-
tegration of nominal interest rates and inflation. The test statistics for the growth of the money
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stock indicate stationarity except for France and [taly under the Modern Float. In the empir-
ical model, we start with X = [Ay » Am]' as a stationary process, and then consider a unit
root in the real interest rate.

B. Identification Strategy

Consider three types of orthogonal shocks that are the sources of the observed move-
ments in output, real interest rates, and money stock: supply shocks (g,), real demand
shocks (g4), and monetary shocks (g, ). If the vector X = [Ay r Am]' is covariance station-
ary, it can be written as an infinite moving average process in the structural shocks:

Ay, ay (L) ajp(L) apz(L)f| ey
re 1= lag(L) ap(L) ap(D)||eg| = X, Ag,_; = ALY, (11)
Am, azi (L) azp(L) ag(L) |2,

where aij(L) are polynomials and A; are matrices in the lag operator, L. The time paths of
the ettects ot the three shocks on the growth rate of output, the real interest rate and growth
of the money stock are given by the coefficients of the polynomials aj;(1.). Moreover, coef-
ficient a,-j(k) in the a(L) polynomial is the response of variable i to a unit shock in g, after
k periods. We also adopt the notation such that aij(l) is the sum of all the moving average
coefficients and gives the cumulative effect of g, on variable i over time. Note from equa-
tion (11} that the contemporaneous interactions among the variables can be written as:

HX,—¢, (12)

where H = Ao‘l and Ay is a non-singular matrix. The objective of identification in a VAR
is to discern the elements of the Ay matrix which maps the structural innovations to the
reduced form (composite) innovations. Identification through Choleski decomposition
restricts Ay to be a lower triangular matrix while Bernanke (1986), and Sims (1986) intro-
duce direct restrictions on the contemporaneous, short-run interactions (the H matrix in
equation 12). Blanchard & Quah (1989), and Shapiro & Watson (1988) restrict the
dynamic long-run effects of the structural innovations €;; on the variables in X, which
implies restrictions on the elements of the A(1) matrix. Gali (1992) uses a combination of
short-run and long-run restrictions on the H, Agy , and A(1) matrices.

In our empirical implementation, just identification of the orthogonal innovations (€, €4,
£,,) requires three additional restrictions beyond the restrictions embedded in the variance-
covariancc matrix of the reduced form innovations. In order to identify the shocks, we
assume that aggregate demand shocks (€, €,, ) have no long run effect on output as implied
by the AS — AD model presented above. This is equivalent to-2;5(1) = @13(1) = 0 in the A(1)
matrix and provides two resirictions. An additional restriction is needed to distinguish
between real demand shocks (g,), and nominal demand/monetary shocks (g,,). Under the
assumption that the real interest rate is stationary, we assume that the contemporaneous
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nominal money stock does not appear in the IS equation (equation 1 above). This corre-
sponds to k&, = @ in the H matrix* and is sufficicnt to rccover the orthogonal shocks.

As an alternative model, we consider a unit root in the real interest rate and let X* = [Ay
Ar Am]’. In this case we assume that demand shocks have no long run effect on cutput
[@12(1} = a13(1) = 0}, and monetary shocks have no long nn effect oo the 1eal interest rate
[a33(1) = 0]. Although there is a strong theoretical reason for assuming a stationary real
interest rate, empirical evidence is far from being clear. Exeept for some variance decom-
position results, the empirical results of both models are very similar. In what follows, we
present the results for the X = [Ay » Am]’ model. Notice that the money supply process is
not restricted to follow a particular process in either empirical model. The money stock is
allowed to adjust to all present and possible past values of other endogenous variables.
Allowing a general money supply process for each exchange rate system can accommodate
different degrees of monetary discretion and different operational practices of monetary
policy under alternative exchange rate arrangements.

Each identifying assumption presented above is open to debate, Specifically, long run
aggregate demand neutrality may be controversial in that real aggregate demand policies
may influence real interest rates and affect output through tabor supply and terms-ot-trade.
Second, there may be other variables that are important in influencing output in the long
run. The specific transmission mechanism of monetary policy (the absence of money from
the contemporaneous LS equation) can be controversial as well. Having recognized the lim-
itations, the advantage of structural identification as opposed to the early VAR literature is
that it makes the identification restrictions more explicit. One can also interpret the results
such that the assumed effects dominate in the long run,

After recovering the shocks, we examine their standard deviations across exchange rate
systems. Recall that discretionary monetary policy under fixed rate systems is relatively
limited and floating rate systems do not exert external constraints on domestic money cre-
ation. As such, nominal demand shock variability should be higher under floating rates.
Similarly, one may expect the variance of the money stock to be primarily due to its own
shocks under floating rates, since flexible rates allow the monetary authority to conduct rel-
atively more “independent” monetary policies. We present variance decomposition results
to evaluate the extent of output and money stock variability due to each shock and assess
the empirical validity of these propositions.

IV. EMPIRICAL RESULTS

We fit a two-lag VAR for the Gold Standard, and a four-lag VAR for the Bretton Woods
and the Modern Float. Residual test statistics indicate that these lag lengths are sufficient
to remove serial correlation from the reduced form residuals in all cases.

After orthogonalizing the residuals to conform to the identification scheme presented
above, we present standard deviations of the shocks for the X = [Ay  Am]’ model in Table
2. Note that since the data are in logarithms, a value of 0.02 represents a variation of
approximately 2 percent. Morcover, since we use annual data for the Gold Standard and
quarterly data for the more recent exchange rate arrangements, we divide standard devia-
tions pertaining to the Gold Standard by four to make variation figures comparable.
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Table 2. Standard Deviations of Shocks

Supply: €, Real Demand: &, Monetary: €,
Classical Gold Standard”
Canada 0.0173 0.0007 0.0111
Ttaly 0.0076 0.0110 0.0062
Japan 0.0186 0.0173 0.0294
UK 0.0048 0.0067 0.0033
us 0.0099 0.0066 0.0082
Bretton Woods
Canada 0.0121 0.0105 0.0480
France 0.0209 0.0099 n.n?s1
Germany 0.0221 0.0090 0.0151
Italy (0.0148 0.0067 0.0558
Japan 0.0135 0.0121 0.0200
UK 0.0159 0.0217 0.0276
us 0.0214 0.0094 0.0203
Modern Float
Canada 0.n221 D.0375 0.0321
France 0.0129 0.0227 0.0327
Germany 0.0244 0.0194 0.0253
Taly 0.0209 0.0237 0.0276
Japan 0.0076 0.0122 0.0253
UK 0.0143 0.0177 0.0337
us 0.0109 0.0267 0.0213
European Monetary System
France 0.0077 (.0151 0.0167
Germany 0.0201 0.0118 0.0222
Italy 0.0069 0.0093 0.0242

Note: " For cotaparison purposes, standard deviation figures for the Classical Gold Standard are divided by four.

Standard deviations of supply shocks indicate that the Gold Standard period was rela-
tively stable except for Canada and Japan.* The evidence on the supply shocks under the
Brettor Woods and the Modern Float is mixed. The incidence of supply shocks seems to
be lower in Canada, Germany, and Italy under the Bretton Woods than the Modern Float,
while the reverse holds for France, Japan, UK, and the US. Hence within the context of the
empirical model, there seems to be no conclusive evidence that the stability of the macro-
economic environment was significantly different under the two recent exchange rate sys-
tems. As for the European Monetary System, all three countries seem to have lower
incidence of supply shocks as compared to the Bretton Woods and the entire Modern Float.

The most interesting aspect of our empirical results concerns the incidence of aggregate
demand shacks, First, consider the rea! demand shocks. There is evidence that the variabil-
ity of real demand shocks is lower under fixed rate than flexible rate systems. Notice that
the standard deviation of real demand shocks are similar under the Gold Standard and Bret-
ton Woods except for Japan. Second, the standard deviations of real demand shocks are
higher under the Modern Float than any other exchange rate arrangement for all sample
countries, except for the UK under the Bretton Woods. As compared to the Modern Float,
the Bretton Woods period also shows less dispersion in the size of the real demand shocks.
Patticularly, the evidence from our empiricai model does not lend support to the notion that
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the differences in the incidence of real shocks contributed to the break down of the Bretton
woods system. There does not seem to be pronounced differences in the incidence of real
shocks in general, and the TS experience as the system leader is not overly divergent in
particular. :

The incidence of manetary shocks exhibits a similar but less uniform pattern. The vari-
ability of monetary shocks seems to be the smallest under the Gold Standard except for
Japan, which is partially due to an outlier in the money supply in 1906 (see fn, 4). Com-
pared to the Modern Float, the variation of monetary shocks under the Bretton Woods is
smaller except for Canada and Italy. Canadian results may be explained in terms of the
float of the Canadian dollar between 1950.IV-1962.11. Indeed Eichengreen (1993) reports
that the variahility of money growth rates for the G-7 countries under the convertible Bret-
ton Woods (1959-70) was smaller than any subperiod in the 1881-1989 period. The table
further indicates that the variability of monetary impulses is the lowest in Germany, Japan,
and the UIS under the Rretton Woods. The US maintained a relatively greater monetary
autonomy under the Bretton woods since its currency was the key reserve currency. Notice
also that France, Germany, and Italy all have a lower incidence of monetary shocks under
the Foropean Monetary System than the entire Modern Float. The relatively low variability
of demand shocks under Bretton Woods and the EMS is consistent with the approach that
views the exchange rate system as a disciplining device to policymakers. By committing to
a fixed rate, the policymaker refrains from following expansionary policies, hence “the
advantage of tying one’s hands.” While there may be limited discretion afforded to policy-
makers by fixed rates, the increase in the incidence of demand impulses may partly be due
to the: shift toward greater policy activism. It is known that the use of monetary policy
toward achieving stability and growth was virtually unknown before the Modern Float
(Eichenbaum & Evans, 1993).

A. Variance Decompositions

Recall that the exchange rate system may influence the effectiveness of monetary and
fiscal policy. The conventional Mundell-Fleming model under highly elastic international
capital flows predicts that fiscal policy is effective in allering aggregate demand under
fixed rates while monetary policy is effective under flexibie rates. Assuming a positively
sloped short run and a vertical long run AS curve, the implication is that real demand
impulscs that alter the IS carve can be expected o explain a higher proportion of cutput
vnder fixed rates. Similarly, monetary shocks should explain a higher proportion of output
under flexible rates. For this implication to hold, one must also assume that the underlying
supply rclationships arc stable across exchange rale systems. Using US data, Gordon
(1982) shows that price setting behavior exhibits a high degree of stability over the last
century. If this is interpreted as the stability of the underlying short term supply relation-
ships, the proposition regarding the effectiveness ol demand policies will be valid.

In order to assess the relative importance of each shock in explaining output, Table 3 pre-
sents varitance decompositions at 1, 4, 8, 16, and 24 step5 forecasting horizons. The table
indicates that under the Gold Standard demand shocks explain a relatively small proportion
of the forecast error variance of output except for Japan where real demand shocks have a
noticeable role in the short run. Real demand shocks play a relatively higher role in
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explaining output for Canada, and to some extent the UK under the Gold Standard as com-

pared to monetary shocks. Variance decomposition of output under the Bretton Woods
reveals that real demand shocks explain a higher proportion of output within the period as

Table 3. Variance Decomposition of Output

Proportion of the forecast error in output attributable to

2 £ 2" Ey Fy Fn £ £t 2 Fy 291 Fn
step Gold Standard Bretton Woods Modern Float EMS
Canada
1 BG.5 13.5 0.0 58.6 35.4 6.0 8.4 89.3 2.3
4 93.1 6.6 0.3 759 211 3.0 36.1 634 0.5
8 96.1 37 0.2 85.3 12.3 24 695 299 0.5
16 97.9 2.0 0.1 914 12 14 88.2 11.6 0.3
24 98.5 14 0.1 939 5.1 10 93.1 6.7 02
France
1 58.0 9.1 329 198 780 2.3 462 537 0.1
4 77.8 3.8 10.4 432 50.4 0.4 06,5 31.1 21
8 85.5 4.0 105 751 24.6 0.2 82.4 13.9 3.7
16 92.0 23 58 900 99 0.1 91.2 6.0 28
24 94.5 1.5 39 641 5.8 0.1 94.5 3.6 1.9
Germany
1 505 220 275 201 78.0 20 247 687 6.6
4 65.2 19.3 155 350 634 1.6 46.1 51.3 2.6
8 62.1 30.7 7.2 69.4 29.6 1.0 74.3 24.6 1.1
16 738 222 39 874 12.2 0.4 89.0 105 0.5
24 829 14.6 25 913 84 0.3 924 72 0.3
Italy
1 932 1.6 53 94.4 24 32 148 731 12.1 55.5 03 442
4 972 1.1 1.7 88.6 10.4 09 414 463 123 612 109 279
8 98.7 0.3 0.8 91.5 79 0.6 635 281 84 570 209 221
16 99.4 0.3 0.4 935.3 4.4 0.3 .82..0 13.6 4.4 59.2 2i.4 19.3
24 99.6 02 02 96.7 3.0 02 88.9 83 28 663 17.4 163

Japan
1 61.5 24.6 13.8 86.0 13.8 0.1 039 5.5 0.5
4 84.8 9.8 54 919 7.2 0.8 97.8 1.7 0.6
8 91.5 5.5 3.0 945 42 13 99.0 0.7 0.3
6 95.5 29 1.6 965 2.5 1.1 99.6 03 0.1
24 96.9 20 1.1 u71.5 1.7 .8 997 0.2 0.1

UK
1 87.0 7.9 5.1 499 457 43 60.0 1.7 383
4 05.4 24 2.2 66.2 32.2 1.6 825 1.6 16.0
8 91.2 1.5 1.4 81.7 172 1.1 922 L1 6.6
6 98.4 09 0.8 91.3 8.1 0.6 96.5 0.7 28
24 98.8 0.6 0.5 94.6 5.0 0.4 97.8 0.5 1.7

Us
1 97.3 2.7 0.0 202 668 131 155 834 1.0
4 95.8 32 1.0 149 557 294 552 393 5.5
8 97.5 1.9 0.0 39.0 35.5 25.5 77.1 179 4.9
6 98.7 1.0 0.3 667 189 144 878 9.5 2.7
24 99.1 0.7 0.2 96 114 90 917 6.5 18
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compared to monetary shocks, except for France, However a close look at the Modern
Float and the EMS periods indicates that in general, real demand shocks continue to dom-
inate monetary shocks in explaining output. Hence there seems to be an increase over time

table 4. Variance Decomposition of the Money Stock

Proportion of the forecast ervor in the money stock attributable to

£, £y £n £ £y e € Eg [ Cs €y Cyy
step Gold Standard Bretton Woods Modern Float EMS
Canada

1 240 123 637 66 45 B89 4869 0.0 53.0

4 233 453 314 3.9 217 744 397 6.3 34.0

8 228 504 267 2.3 227 M9 575 24 40.1
16 224 528 248 14 189 797 522 32 446
24 223 535 242 1.1 169 820 471 6.3 46.5

France

1 297 127 577 108 0.3 88.8 5.1 0.5 945

4 289 259 43.2 10.1 1.5 8.4 12.4 1.4 86.1

8 243 318 439 108 0.9 883 137 0.7 85.6
16 206 375 420 114 0.8 87.8 127 0.5 86.8
24 19.1 359 41.0 11.9 09 87.2 119 0.5 87.6

Germany

1 26.5 75 660 373 0.0 626 563 0.0 437

4 M8 306 546 488 1.6 496 658 03 339

8 [50 22.6 62.4 482 1.1 50.7 653 07 34.0
16 340 10.2 558 36.9 2.6 60.4 594 4.3 36.3
24 41,0 9.7 493 314 48 639 566 7.1 36.4

Italy

1 114 - 09 87.7 0.0 9.1 909 606 0.1 393 362 0.3 63.5

4 434 23 54.3 0.6 2.7 968 832 0.5 163 356 4.7 59.7

8 53.2 2.5 443 0.3 7.6 920 719 52 230 422 1.9 559
i6 57.3 2.5 40,2 0.2 199 799 63.5 71 294 48.5 31 484
24 58.4 25 390 01 256 743 505 7.1 334 495 7.1 434

Japan

1 37.3 227 39.9 1.6 4.7 93.7 0.7 0.4 98.9

4 292 278 430 197 220 583 1.2 161 827

8 269 279 452 337 175 488 0.6 185 808
16 257 280 463 370 118 513 0.6 157 837
24 253 281 466 358 89 552 0.5 13.6 859

UK
1 34 0.1 96.5 440 24 536 554 02 44.4
4 219 0.7 774 51.1 5.0 439 61.8 1.2 37.0
8 234 1.2 754 462 55 483 593 0.9 39.8
6 239 1.3 748 4206 4.9 524 581 0.7 41.2
24 24.1 13 746 406 44 550 382 0.5 41.3

us
1 249 26 725 484 0.0 51.6 0.1 0.2 99.8
4 141 235 624 380 26 59.4 29 6.0 91.2
8 14.6 28.2 57.2 43.4 24 49.2 30 5.1 919
6 146 302 552 559 1.4 42.7 21 2.5 95.4
24 146 309 545 587 1.3 39.8 1.3 22 96.5
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in the effectiveness of real demand shocks and it is not clear whether this is related to the
international monetary regime itsclf.®

Finally variance decomposition of the money stock is given in Table 4. The results may
give an idea on whether money supply behavior exhibits any pattern that may be attributed
(o the exchange rate system. Recall that countries may enjoy greater autonomy in conducl-
ing monetary policy under flexible rates. A flexible rate system may also be expected to
free monetary policy from maintaining interest parity unless the country in question relies
on extensive capital conirols. For example, if the monetary authority is committed to main-
tain a fixed exchange rate, it must maintain a domestic interest rate compatible with the
world interest rate to prevent capital flights. A domestic demand expansion has to be
accommodated with a monetary expansion {0 keep the nominal interest rate at the world
level. Similarly under fixed exchange rates, a world interest rate shock will prompt the
domestic monetary authority to contract the money supply and raise the domestic interest
raie 10 the world level. In both cases the domestic monetary authority allows the money
supply to change so as to maintain interest parity under fixed exchange rates. The tradi-
tional argument for flexible exchange rates was that it allows monetary policy to be used
for “domestic™ policy objectives, since under flexible rates the exchange rate is free to
adjust to create a premium/discount on domestic assets and alter the relative price of
domestic goods when needed (expenditure switching).

Variance decomposition of the money stock indicates that supply shocks and real
demand shocks explain a sizable proportion of the money stock under the Gold Standard
and Bretton Woods. Note that the role of real demand shocks in explaining the money
stock is diminished under the Modern Float. This may be attributed monetary autonomy
under flexible rates which is alluded to above. Recall that monetary policy need not be used
to adjust to certain types of shocks under flexible rates since such adjustment can be
accomplished by exchange rate policy. The problem with making such claims is that vari-
ance decompositions are often sensitive to the assumptions made in orthogonalizing the
innovations. It is also possible for domestic money supply targets/rules to change over
time’ which makes money supply behavior attributable to the monetary regime hard to dis-
tinguish from a policy change independent of the regime.

B. Sensitivity of Results and Limitations

In order to check for the sensitivity of the results, we try alternative specifications of the
VAR. First, we consider the possibility of a unit root in the real interest rate and let X* =
[Ay Ar Am]' with the identifying assumptions stated above. The results on the incidence of
shocks are remarkably similar to the main model. However, variance decomposition
results seem to indicate a greater role for monetary shocks in explaining output across
exchange rate regimes, and a smaller role for real demand shocks. This also seems to be the
case when real fiscal spending is substituted for the real interest rate to gauge aggregate
demand: qualitatively the incidence of policy induced shocks seem to be lower under fixed
rates, although individual country results seem to vary, and variance decomposition results
are not robust to alternative specifications. Another question is whether an observed
change in the money stock reflects a change in the money supply or a shift in money
demand. As our theoretical model indicates, the monetary shock measures an unanticipated
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money supply change net of a stochastic shift in money demand. However evidence by
Gali (1992) shows that money supply innovations dominate money demand innovations in
terms of their contribution to the variation in money and output.

In general, our results may be deemed as dependent on an aggregated framework where
we distinguish among three types of shocks. Although degrees of freedom considerations
precludes one from using a disaggregated framework for evaluating earlier periods, high
frequency data can be used for more recent exchange rate arrangements. Incorporating
more shocks into the analysis may strengthen the results; we leave these as possible ave-
nues for future research.

V. SUMMARY AND CONCLUSIONS

The debate on exchange rate regimes and exchange rate stability has reemerged as an
important policy issue after more than two decades of floating. Events such as the change
in the Japanese Yen/US dollar exchange rate by more than 60% in 1995-1997 has called
into question how well the foreign exchange market is functioning. Although many recog-
nize the difficulty of a fixed rate system a la Bretton Woods, some find the recent swings
in real exchange rates to be due to the international monetary regime and suggest somc sta-
bilizing mechanism. Misaligned exchange rates aside, economic theory predicts that the
exchange rate regime may pose important constraints to policymakers in open cconomies.
This paper tried to provide cmpirical evidence regarding the incidence and elfects of mac-
roeconomic shocks using the structural VAR methodology. Using historical annual data
and more recent quarterly data, we imposed a combination of short run and long run
restrictions to isolate supply shocks, real demand shocks, and monetary shocks. Incidence
of monetary and real demand shocks seem to be lower under fixed rates, as fixed rate
regimes tend to set limits to discretionary demand policies. This result seems to be robust
to alternative specifications of the VAR and various identification assumptions. Variance
decomposition of output indicate that there is an increase over time in the effectiveness of
real aggregate demand policies although the results seem to be sensitive to the identifica-
tion restrictions used to isolate the shocks,

DATA APPENDIX

Classical Guld Stundard:  Annual data from 1870-1913 for Canada, Itaty, UK, and the
US, and from 1874-1913 for Japan. The series definitions and sources are as follows:

Canada: Money stock (M1) and nominal interest rate (average yield on domestic gov-
emment bonds) are from Rich (1988). Qutput (GDP) is from Maddison
(1982). Prices (PPI excluding gold) are from Statistics Canada (1983).
Htaly:  Output and prices are GDP and CPI from Maddison (1982). Money stock
(M1), and nominal interest rate (yield on long term government bond) are
from Fratianni & Spinelli (1984).
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Japan: Output (industrial production index) for the 1874-1884 period is from
Ohkawa, Shinohara, & Meissner (1979). Output (GDP index) for the 1885-
1913 period is from Maddison (1982). Prices (cost of living index) for the
1874-1878 period is from Tsuru (1958). Prices (CPI) for the 1879-1913
period is from Maddison (1982). Nominal interest rate (average interest rate
on loans between 1,000 and 10,000 Yen) for the 1874-1900 period 1s from
Tsuru (1958). Nominal interest rate (average interest rate on loans with col-
laterals by the Bank of Japan) for the 1901-1913 period is from Bank of
Japan (1954). Money stock (M1) is from Mitchell (1995).

UK:  Output and prices are GDP and CPI series from Maddison (1982). Money
stock (M1) and nominal intcrest rate (ratcs on thrce month bills) arc from
Friedman & Schwartz (1982).

US:  Output and prices are GDP and CPI from Maddison {(1982). Money stock
(M 1) and nominal interest rale (commercial paper rate) are [rom Friedinan &

Schwartz (1982).

Bretton Woods and thereafter: Quarterly data from 1957.1-1996.1 for the G-7 countries.
Output and prices are GDP and CPI respectively. Money stock is M1, nominal interest rate
is the call money rate or equivalent, except for Italy {discount rate), and Canada (interbank
rate.) Data are from the International Financial Statistics, except for missing national
accounts data which have been obtained from OECD National Accounts. The UK call
money rate for 1957-72 is from QECD Historical Statistics: Main Economic Indicators.
Real quarterly GDP data for France, Germany, and Italy for 1957 59 are obtained by sim
ulation vsing industrial production.
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NOTES

1. Argy and Porter (1972), Mussa (1979), Dombusch (1983), and Witte (1983)
among others provide detailed discussion on the effects of exchange rate regimes.

2. Swoboda (1983), and Baxter & Stockman (1989) see no clear relation between
exchange rate flexibility and stability of macroeconomic variables.

3. It can be shown that fiy; = O in the H matrix is eguivalent to a”w)azjw) = a13(0)
as ](0) in the Ay matrix,

4. The Japanese data for the Gold Standard has some outliers. For example there is a
surge in demand deposits which increases the money supply by 70 percent in 1906. Esti-
mation based on a midpoint money supply for 1906 reduces standard deviations of mone-
tary and supply shocks by about 30 percent.
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5. The results for the Gold Standard are not strictly comparable to the rest of the
results due to the difference in data frequency.

6. A previous version of this paper used a VAR in output, government spending,
prices, and found a greater role for nominal demand shocks under the Modern Float.

7. Recall that a fixed exchange rate system may influence the external reserve com-
ponent of the money supply.
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