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Policy Analysis with a Multicountry
Model:

John B. Taylor*

1. Introduction

his paper summarizes the results of an empirical study of alternative
intermational monetary ammangements using a multicountry econometric
model. The focus of the research is on monetary policy in the Group of Seven
countrics: Canada, France, the Federal Republic of Germany, ltaly, Japan, the
United Kingdom, and the United States. The general econometric approach
used is usually referred to as “rational cxpectations econometric policy evalua-
tion.” The hallmark of this approach is fitting a structural model with rational
expectations 10 real world data, with the effect of differemt monetary policy
rujes on the performance of the economy determined by stochastic simulatioas
of the estimated model (for simple models the effect can be calculated
analytically).!
The issues examined using this approach are controversial and continue
to be discussed and debated by leading intermational economists and policy-
makers.? It is perhaps surprising, therefore, that many of the policy implica-

*This research was supporied by a grant from the National Science Foundation st the
Nstional Bureau of Economic Research and by the Center for Economic Poticy Research at
Stanford University. J am graieful 1o Peter Kienow and Paul Lau fur comments and rescarch
assistance, and to Paul Masson for comments on an earlicr drafit.

! This approach was used for the cvaluation of domestic monetary policy rules for the United
States in Taylor (1979) with a small onc-country econosmetric model. The simulation results
described in this paper are deawn from unpublished research comained in Taylor (1988d) using a
awlticountry econometric model. The two-country theoretical model thal underlies the empirical
mutlticountry model used for the simulations is described in Carfozzi and Taylor (1985) and Taylor
(1985). An emly version of the multicountry maodel is published in Taylor ( 19882). The current
version is published in Tayhor (1988b) or Taylor (1988)

! See, for example, McKinnon (19853, Dornbusch (19883 wnd Williammsaon § 19583
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tions of the results of the research appear to be unambiguous and robust. The
resulis suggest, for exampie, that with the current intenational economic
structure it would be a mistake for Germany, Japan, and the United States to
attempt 1o focus their monctary policies on fixing the U.S. dollar/Japanese yen
or the dollar/deutsche mark exchange rates. A strongly preferred option for
internal as well as external stability would be for each of these countries to
orient their monetary policies toward domestic price level targels (or perhaps
towards domestic nominal gross national product [GNP) targets in which real
output also plays a role). One of the reasons for the lack of ambiguity in this
study, compared with other studies of exchange rate regimes, may be that | use
empirical measures of demand and supply elasticities and empirical estimates
of the sizes of the shocks 1o the demand and supply curves. Thus, the
advantage that one intermational monctary arrangement has for dealing effec-
tively with one type of shock is assessed and measured up against the
advantage that another arrangement has for dealing with other types of shocks.
This assessment suggests that a more flexible exchange rate arrangement
among Germany, Japan, and the United Stales measures up quite well, as
compared with a fixed exchange rate system.

In discussing these econometric results, it is important 1o clarify their
underlying economic rationale. This paper, therefore, attempts to contrast my
findings with those of other researchers who have argued the case for a retumn
to a fixed exchange rale system among the United States, Japan, and the
European bloc of cumencies. | consider, for example, the arguments of
McKinnon (1988) and Krugman (1988). 1 believe many of the arguments
made in favor of one intemational monetary amangement or another are
implicitly considered in empirical multicouniry frameworks, such as the one
used here. However, the explicit reason why a monetary policy that focuses
away from domestic targets toward an exchange rate target seems 1o lead to a
less than optimal performance has cither been downplayed or not mentioned in
many recent discussions.

The outline of this paper follows the research strategy used for the policy
evaluation. In the interest of brevity and clarity, | report results for only three
of the seven major industrial countries: Germany, Japan, and the United
States. After summarizing the model in Section it, | examine the question of
the exchange rale regime in Section H1. As already mentioned, | find that
policy rules that focus on fixing the exchange rates among Germany, Japan,
and the United States perform poorly. I therefore focus the remaining part of
the investigation on policies with more flexible exchange rates. Flexible
exchange rale policies in which the central banks adjust their interest rate
differential in response to movements of the exchange rates away from a

long-run purchasing power parity target turn ouf 1o work better than a fixed

cxchange rate. However, for the United States, such policies do not work as
well as a domestically oriented policy, and in Germany and Jupan, such a
policy does not dominale a price or GNP nule. | then go on to consider rules
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that focus explicitly on domestic price and outpat stability. In Section IV, |
examine whether the choice of parameters of such nules has much effect on
economic performance in other countries. Finally, in Section V, | consider the
choice between price rules, nominal GNP rules, and mixed rules. Although
the monetary policy rules in Sections IV and V do not incorporate exchange
rates explicitly, they are evaluated partly in terma of the stability in the
behavior of exchange rates. In general, 1 find that monetary policy rules that
focus on domestic price and outpwt stability generate surprisingly stable
exchange rate behavior.

1. Key Features of the Multicountry Model

The seven-country model used for the policy experiments consists of 98
stochastic equations and s number of identities. The parameters of the model
arc estimated using quarterly data for the period from the first quarier of 1971
through the fourth quarter of 1986. On an equations-per-country basis this is
not a Jarge model relative to other models used for monetary and exchange rate
policy, and the structure of the model should thus be fairly easy to understand.
There is no reason fo view this type of model as a “black-box™ that only the
builders of the mode! and no one else can undersiand intuitively. For example,
the financial programming model thal has been used on an operational basis by
Intemnational Monctary Fund stafl in analysis of developing economies’ ex-
change rates and monetary policy is about the same size as each of the country
submodels in terms of number of equations.? Moreover, most of the assump-
tions of the model—perfect financial capital mobility, sticky wages and
prices, rational expeciations, consumplion smoothing, and slowly adjusting
import prices and import demands—have been discussed widely during the
last tcn years. However, because of the assumption of rational and of forward-
looking expectations in wage setting, consumption, investment, and portfolio
decisions, the model is technically difficult to work with and solve, and this

_ may hinder & more practical understanding of its properties.

To explain how the model works, 1 find it helpful 10 stress several key
assumplions.* In my view these assumptions all have sou Wl economic ratio-
nales although they continue 10 be the subject of research and debate.

(1) Nominal wages and prices (measured in domestic currencies) are
sticky. The specific model of nominal wage determination is the staggered
contracts model that | used in Taylor (1979) and elsewhere. Stappered wage-

? See Edwards { 1988) for  recem discussion of models wsed by the IMF in policy anslysis for
developing cconomies.

* 1t is beyond the scope of this paper to describe alf the equations in detail. The equations of
the model used in the simulstions are published in Tuykw (I9HKD). A two-cusniry snatyticsl
model with the same genersl structure is described in Cartorz and Tayhor (1985 and Tayko
{1943). This two-couniry mudet is useful liw umbcrstamding the worhings o the mulin ountry
model.



POLICY ANALYSIS WITH A MULTICOUNTRY MODEL 125

setting equations are estimated for each of the seven countrics separately and
the properties of these equations differ from country to country. For example,
wages adjust most quickly in Japan and most slowly in the United States. A
significant fraction of wage setting is synchronized in Japan, but full stagger-
ing of wage decisions occurs in the other countries. Prices are set as 8 markup
over wage costs and imported input costs; the markup is nol fixed in that prices
adjust slowly to changes in costs. Import prices and expott prices adjust with &
lag to domestic prices and to world prices denominated in domestic currency
units. Because of these lags (and becausc of imperfect competition and
imperfect mobility of real goods and services discussed below), purchasing
power parity does not hold in the short run in this model. The lags and the
short-run elasticities in these equations differ from country to country, but
throughout the model, long-run homogeneity conditions are imposed. Hence,
all real variables are unafiected in the long run, afier prices and wages have
fully adjusted by a permanent change in the money supply.

(2) Aggregote demand determines production in the short run; if the
model were not continually shocked, production would eventually return to an
exogenously growing level of “potential” output. With wages and prices
sticky in the short run, changes in monctary pulicy affect real money balances
and aggregate demand and thereby affect real output and employment. Aggre-
gate demand is disaggregated into consumption (durables, nondurables, and
services), investment {residential and nonresidential), net exports, and gov-
ermment purchases. Both consumplion and investment demand are determined
according to forward-looking models in which consumers attempt to forecast
future income, firms attempt to forecast future sales, and both reduce spending
when the real interest rate rises. Export and impont demand respond both to
relative prices and 1o income. In all countries, net exports are significantly
affected by relative prices and by changes in income. In all components of
private demand (consumption, investmem, net expornts), there are lagged
responses 1o the relevant variables, but these lags are longer for imports and
exports than for the other components.

(3} Government purchases are considered to be exogenous in the policy
stmulations, as are all components of fiscal policy; the primary operating
instrument of monetary policy is the short-run interest rate. Throughout this
research, each country is assumed to have only one effective instrument of
macroeconomic policy: the short-term moncy market rate, which is adjusted
according to the behavior of prices, output, or exchange rates. Focusing on
monetary policy and tresting fiscal policy as exogenous appears to be a
reasonable assumplion, given cusrent political realitics. We seem 1o have
enough trouble getting the level of fiscal policy right without worrying about
countercyclical or exchange rate management as @ goal of fiscal policy.
Focusing on the interest rate rather than on the money supply also appears to
be a more realistic characterization of monetary policy and automatically deals
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with velocity shocks.?

(4) Financial capital is mobile across countries, and within each couniry
bond markets are cfficient; however, time varying “risk premiums” exist both
in foreign exchange markeis and in domestic bond markets. It is assumed that
interest rate differentials between couniries are equal to the expected rate of
depreciation between the two currencies plus a random term that may reflect a
risk premium or some other factor affecting exchange rates.® The risk pre-
miums are estimated during the sample period and in the policy simulations
are ireated as exogenous random variables (first order autoregressions) with
the same propertics as in the sample period. Similarly, the loag-term interest
rate in each country is assumed 1o be equal 10 the expected average of future
short-term rates plus a term that reflects a risk premium. This risk premium
ferm is treated as an exogenous, serially uncorrelated random variable.

(5) Expectations are assumed 1o be rational. This assumption scems
appropriate for examining more long-run issues such as the choice of an
imtcrnational monetary regime, which one woild hope would remain in place
for a relatively long period of time. Rational expectations does not, however,
mean perfect foresight in these policy experiments. As described below, all
equations of the model have stochastic shocks that cannot be anticipated.
Hence, forecasts of the future are not perfect. Errors can sometimes be quite
large. All we assume is that over the long run, the underforecasts and the
overforecasts average out (o ze10,

(6) The behavioral equations of the model are subject to continual
disturbances, and the average size and correlation of these disturbances is
similar to that observed during 1971-86. This stochastic part of the model is
essential to the policy evaluation. The policy question is how different types of
policies affect the performance of the economy when hit by exXogenous
disturbances. Such disturbances are a fact of life: velocity shocks, interna-
tional portfolie preference shocks, supply shocks, investment shocks, and so
forth, can occur in all countries and are probably correlated across countries.
Is one policy better than another in ironing out shocks, or does the policy tend
to amplify (or cause) such shocks? In this rescarch, the equations are
“shocked” in two different ways:

e using a random number generator the equations are shocked with
disturbances that have a normal probability distribution with a covari-
ance matrix equal o that estimated for the structural residuals during
the sample period, and

¢ the equations arc shocked with exactly the same shocks that were
estimated 10 have occurred during the sample period,

{

* Indetcrminacy of the price level is avoided as long as the intcrest rate responds o prices as it
does for sll policy rules considered in this research.

¢ 1t should be clear that “risk prémium™ is not the only interpretation of this term  Mitler and
Williamson (1988) refer to a similarierm as a “fed "

LN
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The properties of the vanance-covariance matrix indicate that there is a
significant amount of correlation between the shocks (o the different equations
(particularly the exchange rate equations and the import price equations) and
that the size of the disturbances differs from country to country.’ Hence, using
the full variance-covariance matrix seems necessary. One disadvantage with
this approach is that it implicitly assumes that future disturbances will be
similar to those in the past. This disadvantage, however, exists with any
cmpirical analysis based on actual data and can be dealt with by sensitivity
analysis, that is, by changing the disturbances siightly and observing whether
the results change. For example, if one suspected that the shocks to the
exchange rate equations (the *‘risk premium terms”) might be reduced signifi-
cantly if exchange rates were fixed, the simulations could be conducted with
and without the risk premium shocks. This approach is followed in the resulis
reporied below.,

Scveral technical issues relating to the stochastic shocks are important.
First, the shocks were estimated during the sample period by solving the
model dynamically, using data through each sample point and using these
simulations to substitute out for each expectations variable in cach equation.
Econometrically speaking, these constitute the structural disturbances to each
equation. Second, because the sample size (which equals the number of
estimated structural residuals to each equation} is less than the dimensions of
the covariance mairix, the estimated covariance matrix is actually singular.
Although certain algorithms, in particular the Cholesky decompuosition
(Faddeeva, 1959, pp. 81-84) for decomposing the matrix for the random
number generator, cannot thercfore be used, it is possible (0 make such a
decomposition and draw the random numbers in the standard way. Neverthe-
less, it shouid be noted that the normal distribution genecated randomly is
singular, Finally, when actually drawing the shocks 1o each equation, in each
time period it is assumed that the expectation of future shocks is zero (their
unconditional mean). Thesc shocks, however, prove nol 10 be zero when Lthe
future periods of the simulation occur,

1I1. Choice of an Exchange Rate Regime

[n order 10 evaluate the performance of a fixed exchange rate regime in
comparison with a flexible-rate regime, 1 first specify the punticular type of
monetary policy rule used in each regime. Under both regimes the cendral
banks are assumed to adjust their shon-term interest rate in response o
economic conditions.

¥ 1 is beyond the scope of this paper to describe e detaily of the vananee-covariance matni
of the structural disturbances (that is, the redative size ol the standard deviation o) cach shock and
the correlation between the shocks), These ane discussed s Taylor (19Xl
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For the flexible exchange rate regime, the central bank in each country
raises the short-term imenest eate (the federal funds rate in the case of the U.S.
Federal Reserve, the call money rate in the case of the Deutsche Bundesbank
and the Bank of Japan) if the domestic price level (the GNP deflator) rises
above a given target. Each central bank lowers the short-term interest rate if
the price level falls below a given wrget. (The price targets need not be
constant, and in these 'simuluions some trend in the target price is permitied,
although the results do not depend on the path for the target price level.) This
adjustment of the nominal intcrest rate is relstive to the cxpecied rate of
inflation, which is to be the forecasted rate of inflation from the model.
Effectively, therefore, the central bank raises the real interest rate in response
to deviations from target of the price level. For the first set of results, the
response cocflicient is assumed 10 be 1.6; that is, the intcrest rate is raised by
1.6 percemtage points when the GNP deflator rises above the central bank's
target by | percent. (Recall that this is a quarterly modet 50 that the response
rule for each of the central banks refers to quanterly averages.)

For the fixed exchange rate regime, the central banks cannot adjust their
interest rates independently. Because of the perfect capital mobility assump-
tion, sterilized intervention by the central banks has no cfiect on the exchange
rate. Hence, in order to keep exchange rales fixed, the central banks must keep
their interest rate diflerentials fixed. In other words, the short-term interest
rates in each country must move in tandem, and effectively there is only one
interest rate policy for all the central banks. This “world" interest rate policy is
also assumed 10 be a “price rule” in which the inlerest rates in all shost-term
markets are moved up and down logether depending on the behavior of an
average of the price levels in the different countries. In particular, all interest
rates are moved up by 1.6 percentage points if 2 weighted average of prices in
the seven countries moves up by | percent. We stan with weights of 0.3 for the
United States, 0.2 for Germany, 0.3 for Japan, and 0.05 for the other four
countrics. (The high weight for Japan is chosen (o ensure relatively good
performance in Sapan in this first case; altemmalive weighting schemes are
discussed below.) As in the flexible exchange rate regime, the interest rate
adjustments are made relative to a forecast of inflation {in terms of the same
weighted average of individual country prices) and are, therefore, effectively
real interest rate rules,

Table | shows estimates of economic performance under the two ex-
change rate regimes. Each regime is assumed to be in operation for ten years
(40 quaniers), from the first quarter of 1987 through the fourth quarter of 1996.
Each regime is subjected 1o the same set of stochastic distutbances, except that
there are no “risk premium™ shocks to the exchange rate equations in the case
of fixed exchange rates while such shocks are assumed to remain in the case of
flexible exchange rates. This diflerentiation is an attempi 10 model the poten-
tial for a credible fixed eAchange rate system to eliminate volatile shists in risk
premiums between coun‘f(ics. Given these shocks, the main Jilterence be-
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Table 1. Two Exchange Rate Systems: Ten Stochastic Simulations and

Thelr Effects on Major Variables
Uniled
Staies Gemany Japan
Real GNP
Fxad as 8.0 80
Flaxible FA | 28 40
GNP Defialor
FAxed 20 42 91
Plaxible 1.3 18 40
Nominal GNP
Fixed S8 ar ns
Flaxible 25 kR 39
Short-Term interest Asles
Fixed 21 21 21
Flexible 19 22 44
Money (M1) _
Fixed o8 1.2 109
Flexible 92 51 853
Velocity
Fxed 100 te a8
Flexible 9.t 59 1.4
DoMar Exchange Rales
Fed 0 0
Flexible 233 197
Real Invesimant
Fixed 158 228 20
Flaxible 10,0 13.0 133
Real Exporta
Pxed 4s 93 105
Flexible ' 83 97 na
Real imports
Foed BA 108 19
Flexibie 55 52 78
Roal Net Exports'
Rxed 13 32 28
Flexible 10 27 27
+ As . ralio 10 real GNP,

Nole: Each sniry shows the standard deviesion ol the percentags deviation of the variahle from the
Daseling. The policy rule has interest rates responding 10 prcea weh & reachon coeflicient of § 8. The
weights for each Couniry in the lixed exchange rate case sre 0.3 lor the Liniled Sisies, 0.2 lor
Germany, 0.3 tor Japan, and 0.05 lor the othar counines.
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tween the macrocconomic performance under the two regimes is that the
policy rule is different. In Table | these disturbances are drawn from a random
number generator as described above. Each 40-quarter period is run 10 limes,
and the data in Table | represent the average performance over these 10 runs.
In each case the number in the tible is a measure of economic stability; it is the
standard deviation over the 40 quarters of the percentage deviation of the
variable from a given baseline. High values of these numbers represent a poor
performance .

" The most striking feature of Table 1 is that the Rexible exchange rate
system seems to work better than the fixed exchange rate system according to
almost all measures of internal economic stability. The volatility of both reai
output and the aggregate price level is less under flexible exchange rates in all
three countries. The volatility of nominal GNP is at least twice as high under
the fixed as under the flexible exchange rate system. The individual compo-
nents of real GNP, especiatly invesiment and consumption, also have a
smaller variance under the flexible exchange rate system.

Note that the volatility of net exports is slightly reduced under the flexible
exchange rate system in Germany and the United States, but slightly higher in
Japan. (An examination of real imports and exports individually reveals an
improvement in import stability and a slight reduction in export stability for
these counlries. ) These results suggest that the exchange rate is playing some
role in helping to achieve stability in the externat accounts in Germany and the
United States, but the effect is Fairly small, or even nonexistent, in Japan. In
fact, exchange rates are far more volatile under the flexible exchange rate
system; much of this volatility comes from the risk premium shocks. Hence, it
is not surprising that the greater flexibility of exchange rates since the early
1970s has not reduced extemal instability as much as some had hoped.?
According to these caiculations, one should not expect to see a greal improve-
ment on the external side. But, on the other hand, extemal instability should
not worsen under flexible exchange rates. Furthermore, there are large gains
associated with the reduction in internal instability. On balance, therelore, the
flexible exchange rate system works better.

Why Does the More Flexible Rate System Work Better?

_ There are almost 100 different shocks that cause the economy to fluctuate
in the stochastic simulation of the multicountry mwdel. This makes it difficult
to explain, intvitively, why the flexible exchange rate system works better.

* This measure would betier be described as the root mean square percentuge difference of the
variable from the baseling. in other words, if there is a nos-2eto mean 1n the difference, its square
is included in the size of the measures in Table 1. Bevause the shocks have a zero mcan, this
difference will be negligible uver many stochastic draws

* Krugman's (1988) rejection of the flesible eschange vse ssstom s based Largely on the

bsence of imps in extemal intabilny
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Open-economy macrocconomic theory suggests that there are advantages and
disadvantages to flexible exchange ratcs. On the onc hand, the flexibility of
the exchange rate affords the central bank more independence to use monetary
policy to stabilize prices and output when the economy is shocked out of
equilibrium. Because the structure of different economies varies, the appro-
priate response of the centra] banks to shocks may differ. On the other hand,
large swings in the exchange rates, which owe either to demand disturbances
or to speculative activity in the financial markets, can cause instability in
exports and thereby increase both internal and external volatility.

For the set of disturbances considered in these simulations, the gain from
monectary independence ouwtweighs the loss associzted with exchange rate
volatility. The net gain would be even larger if the risk premium shocks
remain under the fixed cxchange rate system or arc smaller under the flexible
exchange rate system. But why is the gain fromm monetary independence so
large? And why is the loss associated with exchange rate volatility so small?

The importance of monetary independence is best understood by com-
paring the policy rule for the ceniral banks under the two exchange rate
systems. Consider the Bank of Japan. Under the flexible exchange rate
system, the policy rule for the Bank of Japan depends only on the Japunese
domestic price level. When the rate of inflation rises in Japan, the Bank of
Japan promptly raises the call money interest rate. This interest rate rise
reduces investment spending and slows down the growth of aggregate de-
mand, thereby reducing inflationary pressures. When exchange rates are fixed,
however, the Bank of fapan cannot raise the call money rate without a
coordinated rise in interest rates by the U.S. Federal Reserve and the Deutsche
Bundesbank. The policy rule under fixed rates allows for some rise in interest
rates because the rise in prices in Japan raises the average of world prices.
However, the increase is necessarily smaller than if the Bank of Japan had
operated independently. For this model, the ability of the central banks 10
move independently proves (o be important for internal stability. The require-
ment that the Bank of Japan wait for the U.S. Federal Reserve and the
Deutsche Bundesbank to see a rise in world inflation means that the response
in Japan is too little and 100 late. The rise in inflation is not cut off quickly
enough, and this apparently leads to a large swing in inflation and an even
larger recession later on.

Theoretically, onc might argue that fixed exchange rates would serve as
guides for domestic prices and money wages, and that with u fixed exchange
rate system the kinds of swings in inflation described above would not occur.
McKinnon (1988), for example, argues that “with exchange rates known to be
fixed into the indefinite future, international commiodity arbitrage and mual
monetary adjustment would insure convergence (o the same rate of commodity
price inflation (preferably zero) in all three countries. Tradeable goods prices
(PPls) would then be aligned close to purchasing power parily and relative
growth in national money wapge claims would eventually reflect differences in
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productivity growth. . . .” [n my view, this theoretical effect is allowed for in
the multicountry modcl; goods prices are influenced by exchange rates, and
the model’s long-run homogeneity properties will eventually force nominal
wages to reflect productivity growth. The forward-looking behavior of the
madel allows expectat of future stability of exchange rates to have a
particularly strong effect on curment prices and wages. But, empirically, the
effect is not strong enoulh. The inertia of dumestic wages and prices in these
Iarge countries cannot be influenced sufficiently by exchange rates to permit
the central banks (o postpone or mitigate strong monetary policy reactions
when needed (because they are tied (o an international monetary policy rule).

Finally, consider the exchange rate Muctuations themselves. The calculs-
tions show that these fluctuations are large yet they do not have a large
destabilizing effect on net exports. Net exports sre even more stable in
Genmany and the United States under Mexible exchange rates. Judging from
the parameiers of the mudel, the explanstion for this phenomenon is that
import prices adjust very slowly to fluctuations in exchange rates and that
import demand adjusts slowly to changes in impont prices. The small elastici-
ties indicate that the Muciuations in the exchange rates do less damage to the
real economy than if the elasticities were large. The low clasticities reflect the
actual data for the Group of Seven countrics during the period of flexible
exchange rates, including the behavior of imports and import prices after the
sharp fall in the U.S. dollar in carly 1985. Much has been written about why
these claslicities sppear to be so small; hysteresis in trade and pricing to
market are clearly part of the explanation, and the empirically estimated
import equations and impont price equations in the multicountry mode! are
empirical approximations of these theoretical arguments,

It is interesting that Krugman (1988) focuses on the small efiects of
exchange rute changes as one reason to move back 10 a system of fixed
exchanpe rates. The intuitive argument | make is cxactly the opposite: accord-
ing to the model used here, the smaller elasticilies are one of the reasons that
the fluctuations in the exchange rate are not 8 cause of external instabifity. The
shorter-term fluctuations in the exchange rate, which are due mosily to shifis
in risk premiums, have only small effects on import prices and on import
demands. On the other hand, it appears that the longer-run changes in the
exchange rate do affect trade flows and can thus achieve some external
adjusiment. Krugman's (1988) discussion focuses entirely on the problem that
flexible exchange rates do not do much for external stability. He therefore
rejects the flexible exchange rate system. However, the importamt gains to
internal stability from exchange rate flexibility stressed here must also be
taken into account in evaluating the international monetary system.

Nevertheless, the fluctuations in nominal exchange rutes shown in Table |
should not be 1aken lightly. The arguments made by McKinnon (1988) that
such fuctuations can lead 0 protectionnt actiom gie el conedt Two
caveals are relevant, however. First, abthouph o s e C b o Labbe 1 e



-POLICY ANALYSIS WITH A MULTICOUNTRY MODEL 133

fMluctuations in the exchange rates in the simulations are short term (say, within
a year) and are due largely (o the risk premium shocks. To the extent that the
fluctuations are short term, they might be effectively hedged even with the
relatively short-horizon futures and forward markets in foreign exchange. This
possibility for hedging is not included in the model and could reduce the real
effects of the exchange rate fAuctuations even further. Second, there are
reasons to believe that the exchange rate fluctuations would be less than shown
in Table 1. The policy rule under the fiexible exchange rate system treals
domestic price stability in each country as an importank goal. To the extem that
such a rule is credible, the expectation of domestic price stability in each
country would fead 10 expectations of more exchange rate stability. 1M so, the
size and volatility of the risk premiums would clearly be reduced, perhaps to
levels far below the last 15 years that are implicit in the stochastic simulations
in Table 1.

How Robust Are the Results?

The discussion of the results thus Tar has focusexd on a particular policy rule
(one with a specific reaction cocfficient) and a panticular method of cakeulation
{stochastic simulation with 8 random number generator). Are the results robust 10
alicrnative policy rules and 1o altemative methods of cakeulation?

Table 2 shows the effects of the two exchange rate regimes on real GNP,
the GNP deflator, amd the exchange rme when the shocks ure the actual
structural residuals over 40 guarters of the sample period: the first quarter of
1975 through the fourth quarter of 1984. fn other words, it is assumed from
these simulations that the shocks to the economy during the period from the
first quarter of 1987 through the last quarter of 1996 are identical, and in the
same order as the shacks that hit the economy during the late 19705 and carly
1980s. Unlike the random number generator, the shocks drawn in this way are
not pormally distributed; they have a somewhat smaller variance because the
cffects around the period of the first 0il crisis are omined.

In addition, an aliernative weighting scheme for the interest rale reaction
function in the case of fixed exchange raies is examined in Table 2. The weight
for the Japanese price is raised to 0.5, the weight for the U.S. price is reduced
1© 0.2, and the weight for the German price is lowered 0 0.1,

The results are qualitatively similar to those in Table |, The variance of
the price level and real GNP is less under the fixed cxchange rale regime,
especinlly in Germany and Japan, compared with Table 1. but in most cases,
the flexible exchange rate regime still shows a better macroeconomic perfor-
mance. The higher weight for Japan helps Japanese perlonnance but hinders

“the German and U.S. performance. With a high weight fur Japan, the Japanese
fixed exchange rate performance can actually beat the fiexible exchange rate,
but this is at the expense of deterioration of pertormance in Germany and the
United States, The eflect-of changing the weights on the average price in the
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Table 2. Two Exchange Rate Sysiems: Actual Structural Shocks
and the Effect of Changing Weights on the

Fixed Exchange Rate Rule
United
Stales Germany Japan
Real GNP .
Fixed (JA=0.5) 4.1 . 57 33
Fixed (JA =0.3} 4.1 54 42
Flaxible 22 32 34
GNP Delialor
Fixed (JA=0.5) 34 41 15
Fixed (JA =0.3) 3.2 38 33
Flexible 1.3 1.8 26
Dolar Exchange Rate
Fixed {JA = 0.5} a 0
Fixed (JA=0.3) 0 0
Flaxible 127 115

Note: Each eniry represents the standard deviation of ihe percentags devialion om she baseling.
The policy fuie has inlerest rates reacting to prices wilh a reaction cosficient of 1.6. The weights lor
sach country in the fixed rate case are oiher 0.5 lor Japan, 0.2 for the Uniled Stales, and 0.1 for
Germany, or 0.3 lor Japan, 0.3 lor the Unied States, and 0.2 for Germany &8s shown {0.05 for the olher
countries).

policy rule confirms the intuition stated above about the importance of
monetary independence.

The volatility of exchange rates under the flexible exchange rate regime is
considerably less for these shocks than for the shocks in Table L. This is
because the risk premium shocks are smaller. This volatility does not appear
excessive. Some proposals for target zones for exchange rates (see Miller and
Williamson, 1988) have bands that are not much smaller than plus or minus
one of these standard deviations.

Table 3 considers two altemative policy rules using the same set of actual
structural residuals. In the case examined in Table 1, the reaction coefficient
was 1.6. In Table 3, the reaction coefficient is either 1.0 or 2.5. Again, the
interest rate reacts to deviations of the price level from some target in these
simulations. In these simulations the weight for the Japanese price is 0.3 when
exchange rates are fixed.

The results are qualitatively similar to the previous results. Regardless of
the reaction cocflicient, the macroeconomic performance under fiexible ex-
change rates dominates fixed exchange rates. The change in the reaction
coefficient does affect the size of the fluciuations in most cases, but the
variances are always smaller with flexible exchange rates.

The results with two other policy rules are also noteworthy . Firse, if the
central banks follow money supply rules. rither than sotesest 1ade ules, the
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Table 3. Two Exchange Rate Regimes: Actusl Structural Shocks
and the Effect of Changing a Reaction Coefficient

United
States Germany Japan
Real GNP {raaction cosificient equals i.0)
Fixed 44 53 48
Flexible 2.4 33 34
GNP Deflator ’
Fixed 34 a7 5.1
Flexiblg 14 22 J.4
Real GNP {reaction coefficient equals 2.5)
Fixed 39 53 47
Flexibie 290 33 kY.
GNP Defiator
Fixned 3.2 39 30
Flexible 11 16 2.2

Note: Each entry represenis the siandard devialion of the percentage dewviation lrom the basaline.
The policy rie has inleres! rates reacling 10 prices with a reachon coethcent of esher 10 or 2.5 as
shown. The weights for each country under the fixad cate regeme are 0.3 for Japan, 0 2 for Germany,
and 0.3 for the Uniled Stales.

relative ranking of fixed and flexible exchange rates remains. This type of
policy rule was considered at the pretiminary stage ol this investigation (see
Taylor, 1986). Under the fiexible exchange rate system, each central bank
followed a constant growth rate rule for the money supply. Under the fixed
exchange rate system, the central banks coordinated their monetary policies to
generate a constant growth rate for the workl money supply (a weighted
average of the money supplies in the Group of Seven countries) according to
an earlier proposal of Ronald McKinnon. It was gencrally found that the fixed
rate system performed relatively poorly. However, both systems performed
worse than with the interest rate rules discussed thus far in this paper. The
large velocity shocks with fixed money growth translated info huge interest
rate fluctuations, which tended 1o be destabilizing in cither regime. For this
reason, | focused my research on policy rules that automatically offset velocity
shocks, as with the interest rate rules described above.

Second, the poor results for fixed exchange rates suggest that 1 also
investigate a “leaning against the wind” policy in which the central banks do
not commit to fix exchange rates exactly (or within o narrow band), but instead
raise interest rates 10 counteract exchange-rale movements. To investigate this
policy, | simulated the model with an interest rake rule in which the differential
interest rate between the United States and Japan or between the United States
and Germany was adjusted to move the exchange rate toward a given targel.
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This is similar to the propossl outlined by McKinnon (1988): “To keep the
potentislly volatile exchange rates within their prescribed bands, the three
central banks must conirol relarive short-term interest rates. . . ." The prob-
lem with this type of rule, however, is that shocks 10 exchange rates wilk tend
to cause large changes in intérest rate differentials. For example, if 1 simulate
such a rule with the exchange rate equations shocked by the same set of shocks
as in the flexibie exchanpe rate cases described above, the volatility of interest
tates is large (three or four times higher than the pure price rules for the United
States and Germany) and does not Icad to a better macroeconomic perfor-
mance. For this type of policy, it does not seem reasonable 1o set the exchange
rate risk premium shocks 10 zero because some fluctuations in exchange rates
would occur. But in the absence of this, an exchange rate smoothing rule will
generate large swings in interest rates and the reduction in exchange rate
volatility will be small (about 25 percent).

Given the resulls described here, it would appesr best not 10 focus
monefary policy on the exchange rate. In the neat two sections 1 examine a
broader policy question: can central banks improve economic performance by
choosing a policy rule olher than the price rule considered thus far? In
answering this question, | will maintain the flexible exchange rate regime and
focus the monetary policy rule on domestic indicators.

1V. The Effects of a Monetary Policy Rule on Economic
Performance Abroad

The search for better policy rules in the Group of Seven countries would
be computationally, if not politically, easier if the choice of a policy rule in
one country had little or no effect on economic performance in the other. If so,
we could search across policy rules in each country individually and not
simultaneously consider reaction functions in other countries.

Table 4 considers this issue. It shows the effect on price and output
stability in each country when the policy rule in another country is changed.
The policy rules examined in Table 4 arc nominal GNP rules. The interest rate
is increased or decreased according to whether nominal GNP is above or
below a target. Of course, a npominal GNP rule differs from a price rule in thal
real output appears in the reaction function along with the GNP deflator and
with the same coefficient.

The nominal GNP rules in Table 4 have reaction coefficients of cither 1.5
or somewhat higher. For example, in the top part of Table 4, Germany and
Japan have reaction cocflicients of 1.5, and the United States has either 1.5 or
2.5. In the bottom part of Table 4, the United Stales and Germany have
reaction coefficients of 1.5, and Japan has one of cither 1.5 or 1.8, The table,
therefore, shows what happens to the other countries when either the United
States or Japan changes its policy rules. What is most striking about Table 4 is
that a change in the policy mule within these runges has a small impact

+
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Table 4. Eftect of .S, and Japaness Policy Rule Changes on Economic
Pevformance Abroad: Actual Structursl Residuals

U.S. Policy United
Parameter States Germany Japan
Real GNP
15 1.7 1.7 ad
25 15 W7 kX
GNP Deflator )
1.8 13 29 a1
2.5 1.2 2.1 6.1
Japaneses Policy Unlied
Parameter Stales Germany Japan
Real GNP
15 1.7 17 as
18 1.7 1.7 33
GNP Dellator
15 13 21 [}
18 1.3 21 52
Note: Each enity represants tha standard deviation ol the percentage devistion hkom the b

The policy nule calts lor interest rates raacting 1o nomnal GNP with a reaction costficient ol T 5 n the
United States, Germany. and Japan with higher coelficients in adher the Uiniled States or Jepan, as
shown. {The reaponas cosiicient i 0.5 in France snd the Uniled Kingdom, and 1.5 in Canade and
Kaly }

abroad. ™ For example, raising the Japanese reaction coefficient o 1.8 from
1.5 reduces both output and price variability in Japan but has vinually po
chfiect on cither Germany or the United States. Even changing the U.S, policy
rule has little effect on Germany and Japan "

These resulis suggest that there is not much need 1o courdinate the choice
or design of monetary policy rules among countries. Of course, it is imporiant
for each central bank 1o communicate with other central banks about what
policy rule-—at least approximatcly—is guiding poticy.

The robusiness of this result is not nearly as well established as the
exchange rate results described in Section 1. The evidence presented here
pertains to nominal GNP rules only. Similar resulls are tound when we vary
the rcaction coefficients of price rules, but the effect b more drastic changes
—such as changing the functienal form of the rule—has yet to be examined.

* A similer result was found in the two-country simwlation awsdel of Cartozzi snd Taylor
(1983). However, stronger cnns-country effects were lound using a diffcrent spprosch in Taylor
{1983). .

" There is n smalt effect, but it only shows up in the third significant Bgure and is roonded off
in Table 4.
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VY. Improvements in Macroeconomic Performance

The results discussed above indicate that, for flexible exchange rate
systems, nominal GNP rules that weigh output deviations, as well as price
deviations, in the central banks’ reaction function frequently perform better
than price rules. Compare Tables 3 and 4. For Germany and the United States,
macroeconomic stability is improved when these countries use nominal GNP
rules rather than price rules. The improvement in real output stability is
especially large. Although a similar improvement is not observed for Japan,
this finding suggests that by examining a wider amay of policy reaction
functions we could find improvements in macroeconomic stability,

In principle, the optimal policy objective is to find policy rules for the
ceniral bank, out of a general class, that minimize the loss in terms of both
internal and external stability .'? Computationally, such a general search is not
yet possible with a nonlinear rational expectations model of the size used for
this research. It is stilt expensive to compute extensive stochastic simulations.
For this reason, | take a less ambitious approach.

Rather than optimize across a general class of policies, | examine a more
limited class in which both price and real output appear in the interest rate
reaction function for each central bank. However, the weights on output and
the price level need not be the same. This is a more mixed class of rules than
cither price rules (where all the weight is on the price level) or nominal GNP
rules (where the weight is the same for both price and output).

A summary of the results of this type of research is presented in Table 5. 1
focus on the stability of real GNP and the price level. The results show that it
is possible to improve on either the price rule or the nominal GNP rule in
Germany and the United States. Compared with the nominal GNP rule, a
mixed rule seems to work better in the United States, but a heavy weight on
the price level deviations still seems 10 work better in Japan. The mixed rule
reduces output variability in Japan, but price variability increases somewhat,
compared with the price rules. For these simulations the shocks are equal 1o
the actual structural disturbances, and the weight on the price level is highes
than the weight on real output (2.5 and 0.8, respeciively).

A general conclusion from these results is that placing some weight on
real output in the interest rate reaction function is likely to be better than a pure
price rule. In addition, a mixed rule is likely to work better than a nominal
GNP rule. Finally, all of these rules seem to result in exchange rate fluctua-
tions that are not excessive, even though the exchange rate equations are being
shocked by Iimc-varyling risk premiums. Although these policies focus the

L}
7 This is the spproacty used in Taylor (1979 and Tayhor (1985), where formal dynamic
optimization nethods are ;mployc:d 1o find optmal rules tor nwmiclary policy i simple linear
muodels. !
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Table 5. improvements in Economic Performance

with a More Flexible Rule
United
States Garmany Japan
Raal GNP
Price Rule 22 32 34
Naminal GNP Rule 1.7 1.7 38
Mixed Rule 1.7 22 32
GNP Deflator
Price Aule 3 19 27
Nomina! GNP Rule 13 21 6.1
Mixed Rule 1.1 18 3.2
Dotiar Exchange Rate :
Price Rule 12.7 115
Nominal GNP Rule 12.7 120
Mixed Rule 126 11.4

Nole: Each eniry repressnts the standard deviation of the percentage devialion fom the baseline.
The policy rule cails for interesl rales 0 react 1o both price and aulput with difierent elasticities. For the
mined fuis, the elasticity 1or price is 2.0, and the elaslicity 1or output is 0.8 in each counity, sxcept the
Unitad Stales whers the weight is 2.5 on price and 0.8 on outpul. For both the prics rule snd for the
nominal GNP rule, the alasticity is 1 5, sxcept In France and the Uinited Kingdor where it i ¢.5.

reaction functions on domestic indicators, they have the potential for achiev-
ing a surprising amount of exchange rate stability.

¥1. Concluding Remarks

‘The objective of this paper has been 1o report findings based on the use of
a multicountry model] for monctary policy evalvation. Unlike much recent
policy evaluation with multicountry models, this research focuses on the
performance of altemative reaction functions for the monetary authorities,
rather than on the cffects of one-time changes in the instruments of policy.
Evaluating how different reaction functions stand up in the face of exogenous
shocks to the economy appears 1o be a more realistic way to approach many
policy problems, certainly questions about the design of the international
monctary system.

Some of the results discussed above are more robust than others. The
most robust finding, in my view, is that an agrecment (o fix exchange rates
between Germany, Japan, and the United States has serious problems with
respect to internal macrocconomic stability and achicves little, if anything,
with respect to external stability (that is, the stability of net exports).

An impottant subject for futurc research might be to check the robustness
of these results in a way that a single group of researchers cannot do by trying
the same types of experiments in other mullicouniry econometric models with
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rational expectations. The models of Helliwell and others (1988) and Masson
and others (1988), as well as o new model being developed at the L1.S. Federal
Reserve, would be excellent models on which to base a consideration of these
policy issues. A corhparison of the stochastic simulation results across such
models would be a helpful way to assess the relisbility of such results for
practical monetary policy work.

1
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