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PART VI
APPLIED MACROECONOMICS

CHAPTER 9

Macroeconomic tradeoffs in
an international economy with
rational expectations

John B. Taylor

The purpose of this chapter is to study the macroeconomic policy trade-
off between output and price stability confronting individual countries
in an international economy linked by trade flows and a managed
exchange-rate system. A tradeoff between output and price stability
arises because of the tendency for wage and price decisions to be stag-
gered over time. This prevents general price and wage levels in each
country from adjusting quickly to changes in nominal variables - such as
the money supply or the exchange rate — and creates an effect of these
variables on real output and trade flows, Within each country, however,
these real effects are tempered by expectations of future aggregate
demand policy, both at home and abroad, and by exchange-rate policies
generally. In this chapter we use the rational expectations approach to
describe these expectations effects.

The policy implications of staggered wage setting and rational expec-
tations have been studied in a closed-economy context by Taylor (1980a)
and in a small open-economy context by Dornbusch (1980, Ch. 9). This
chapter represents a multicountry extension of these earlier studies. Its
main aim is the development of an applied econometric framework for
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cvaluating aggregate demand policies and exchange-rate rules under
rational expectations.

Within a multicountry framework, it is possible in principle to deter-
mine an optimal set of policy rules for the world economy, given a social
welfare function that depends on the macroeconomic goals of price and
output stability in each country. The specific form of the optimal policy
rules will of course be conditioned on parameters that need to be esti-
mated empirically. Under certain conditions, the optimal rules will entail
an exchange-rate regime in which each country makes its own decision
regarding monetary accommodations although at the same time main-
taining external stability. That is, each country chooses a point on its
domestic tradeoff between output and price stability according to its
own preferences and economic structure and independently of the pref-
erences and economic structures abroad. But under other conditions,
some coordination of aggregate demand policies is needed, for it is diffi-
cult to achieve isolation of each country from the preferences and eco-
nomic structure of others. Not surprisingly, these conditions depend on
how international price linkages, operating through import costs, affect
the wage-price dynamics in each country. Such linkages have been
studied by Bruno (1978) and Dornbusch and Krugman (1976) and
emphasized in practical discussions of the vicious circle. An optimal
aggregate demand and exchange-rate policy will reflect these price link-
ages. However, the analysis shows that the price linkages in turn depend
on the policy rules through the effect of rational expectations. This is
another example of the importance of the Lucas (1976) critique of econ-
ometric policy evaluations that generally ignore these expectations
effects.

The chapter proceeds as follows. Section 1 outlines the major
assumptions and the basic structure of the model. Because of the empiri-
cal aims of the analysis, we develop the model in terms of a general
N-country framework. By introducing appropriate vector and matrix
terminology, the N-country model can be described abstractly but
simply as a vector generalization of the closed economy model. Many of
the technical features of the analysis carry over directly from earlier
studies by making matrix generalizations of scalar techniques. For
example, matrix polynomial factorization is used in place of scalar poly-
nomial factorization to obtain the rational expectations solution. In Sec-
tion 2, we describe how the rational expectations solution is obtained
and show how optimal aggregate demand and exchange-rate policy can
be computed.

In Section 3, the policy problem of obtaining internal and external
balarnce is considered and related to earlier work on the subject, in par-
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ticular that of Corden (1969), who emphasized Phillips curve con-
straints. We show that, in the absence of direct price linkages between
countries, it is possible for each country to choose a point on its own
macroeconomic tradeoff and maintain external stability through varia-
tions in the exchange rate.

In Section 4, we show how maximum likelihood estimates of the
model can be obtained subject to the rational expectations restrictions.
It is important to note that in order to incorporate the rational expecta-
tions restrictions, it is necessary to estimate the policy and structural
parameters simultaneously for all countries in the analysis. Although
feasible and straightforward analytically, this is a computationally diffi-
cult task and has not yet been attempted. However, certain unrestricted
reduced-form parameter estimates are shown to be useful for comparing
policies across countries and for determining the extent of interaction
between economies. Estimates of these parameters for 7 countries - the
United States, West Germany, Italy, the United Kingdom, Canada,
Japan, and France - during the 1970s are presented and compared. The
results suggest that there are strong interactions between the policies in
these countries. This indicates the potential for improving previous
empirical international comparisons (see Taylor [1980b], for example)
that have not incorporated this interaction. It also indicates the potential
value of a full empirical multicountry analysis along the lines suggested
here, despite the heavy econometric demands.

1 The model and assumptions

The structure of the demand side of the model can be summarized in the
following equations representing each country i=1,..., n at time ¢

n . L
(1) Yu= _El o (my — py) + _El Bi(py + e — b + u,
j= i=

JEi

n n
2) Ty = _El Yi(my — py) + '21 8Py + ey~ py) + vy
j= i=
i

where y, =real output; z;,=trade deficit (+); my=money supply; p;,=
aggregate price level; and e;;,=exchange rate {currency { price of cur-
rency f). All variables except z,, are measured as detrended logarithms,
thereby representing percentage deviations from a given trend. In order
to be able to enforce the constraint that trade deficits sum to zero across
countries while at the same time using units comparable to detrended
logarithms, we measure z;, as the trade deficit of country i divided by the
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trend in world trade. Since ¥%., z;,=0 we can either drop one of the z;,
equations or enforce the restriction that the coefficients of each explana-
tory variable sum to zero across the n countries.

Equation (1) is an aggregate demand relationship for the goods and
services produced by each country. Aggregate demand is assumed to
depend positively on the supply of money relative 10 the price level in
each country and positively on the price of foreign goods ( Pjtey) rela-
tive to home goods p; . That is ;>0 and B;;>0 for all i and j. Equation
(1) reduces to a simple quantity theory equation for each country when
a;=1, a;=0, and 8;;=0. Permitting o;#1 is a generalization of such a
quantity theory relationship. When «;> 0, a more stimulative aggregate
demand policy' in country j spills over into country / by increasing
demand for the exports of country i. When B;>0, then substitution
effects reduce the demand for the exports of country i when either the
price level or the exchange rate of country i rises, or the price level of
country j falls. The random shock u; is assumed to be serially uncorre-
lated with mean zero in the theoretical analysis but may be correlated
across countries.

The trade deficit equation, Equation (2), depends on the same vari-
ables as Equation (1) and for similar reasons. For example, an increase
in real balances, which increases demand in country 7, will increase the
imports demanded by country / and hence increase the trade deficit of
country i (y;>0) and reduce the trade deficit of all other countries
{v;;<0). The trade deficit z;, does not feed back into any equations in
the model. It is included here as an indicator of external balance to be
incorporated in the criterion function for the analysis of optimal policy.
The elasticities 8;; should all be negative reflecting conventional substi-
tution effects.

The main focus of the model is on the wage and price dynamics,
which are summarized in the following three equations:

3 Xy = dam(L™ D)Wy + ¢ppmd L™y + b m (L™ 9y + €
4) Wi = m(L)x;

n n

(5) Py =8;w, + 21 0;(pjr + €y + i (Bir' =1- _El 9;;)

{i#i {r’;i
where x; is the contract wage and w;, is the aggregate wage. The hat over
a variable represents its conditional expectation based on information
through period 1—1, and L is the lag operator (L°x;,=x;_,and L= *%;, =
Xirys). The term =, (L) represents a polynomial in the lag operator so
that =;(L™')W; represents a distributed lead in the expected aggregate
wage.
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As discussed earlier, the temporary rigidity in this model is due to the
staggering of nominal wage contracts. We assume that there is a distri-
bution of wage contracts by length, which is stable over time. The vari-
able x; is an index of contract wages signed at time ¢, and the weights in
the polynomial w,(L) are determined by the distribution of wage con-
tracts in this index. The average wage w;, is then a weighted average of
past contract wages as indicated in Equation (3) where w; is a dis-
tributed lag in the contract wage x;,.

Equation (3) describes how the nominal wage contracts are set. It is
assurned that workers and firms setting wage contracts look ahead to the
period during which the contract is set. As described in Taylor (1980a)
the determinants of these contract wages within each country include the
expected average wage w,, which represents an estimate of the going
wage during the contract period, and expected future demand conditions
i, which represent labor market tightness. Labor market conditions in
other countries do not directly affect wage decisions because of limited
labor mobility across countries.? If prices tend on average to be set by a
fixed markup over wages (as was assumed in the closed economy treat-
ment of Taylor (1980a)), then incorporating future expected prices as
well as future expected wages in the contract equation does not change
the basic structure of the wage equation. (Essentially p; can be replaced
by W;.) However, if prices tend to be set on average by a fixed markup
over wages and the costs of other factors of production, then clearly
incorporating future expected prices in the contract equation does
change the basic structure. Because in this analysis we wish to emphasize
the direct international price linkage which comes from imported inputs
to production, it is necessary to allow for the possibility that wage con-
tracts will reflect future price movements, at least to a degree. Hence, 5,
with weight ¢, as well as Ww;, with weight ¢;; is incorporated in Equation
(3). The markup pricing behavior is summarized in Equation (5), where
the price level p; is a markup over wages and import costs. The terms e,
and n; represent random shocks to wages and prices, which are assumed
to be uncorrelated over time.

In order to close the model it is necessary to make assumptions about
aggregate demand policy and exchange-rate policy. A general set of
policy rules for these variables can be represented by?

n
6 my, = _El 8y Pi
j:
and

Q) €t = Cjy — Cj
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where ¢, =YX}_, hj; p;,. The monetary policy rule in Equation (6) allows
for accommodation to domestic price movement g; as well as to foreign
price movement. For a monetarist rule g;;=0, the money supply grows
at its trend rate in ¢ach country. The exchange-rate rules in Equation (7)
cant be similarly accommodative to price movements. If h;=0 for all i
and j, then exchange rates are fixed except for any trend differences in
the rates of inflation between countries (recall ey, is measured relative to
trend). In general, however, exchange rates are accommodative to price
movements in the sense that increases in the price level in a country lead
to a depreciation of that country’s exchange rate. Equation (7) with
values for the A;; describes a managed exchange-rate system. When
obtaining the rational expectations solution of the model it will be neces-
sary to assume that people know how this exchange-rate system works
(that is, they know the &;).

Equations (1) through (7) describe the full model. The analysis of the
model and the calculation of the rational expectations solution can be
made considerably easier by introducing matrix notation. For this pur-
pose, define the vector of country outputs y,=(y,,, ¥as - - -» ¥n,)' and
similarly define the vectors z,, p,, m,, ¢, x,, w,, 4, v, ¢, and 7,.

Using the representation in Equation (7), substitute for the exchange
rate in Equation (1) to obtain:

n n n
(8) Yie= El a;(m;—p;) — _El Bilci—py) + 'Ex Bilci—pi) + uy
i= j= i=

J#i J#i
(9 Yi=A(m,—p,) + Ble,— p,)) + u;
where
[y ap o oy,
A= a‘ZI (05 B ¢ & P
| %1 Uppy
and
Y8y —Bur - —Bu
B= =Bu LBy - =P
__6n| E an
where the sum of the ith diagonal is from j=1,..., excluding i. Note

that B is singular since the sum of each row is zero.
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The trade deficit vector z, can be represented in a similar way by sub-
stituting e,;, = ¢; — ¢;; into Equation (2) to obtain
(10) z=T(m—p)+A(e,—p) + v,

where I' and A are composed of the v; and §;; in the same way that 4
and B are composed of «;; and 8.
The policy rules in Equations (6) and (7) can be written as

(11) m, = Gp,
(12)  ¢/= Hp,

where & is the matrix with elements &y and H is the matrix with elements
hi;. Note that if H=1 then € =pPy—p;, which is a purchasing power
parity rule.

The N equations in Equation (3) can be written:

(13)  x =& x( L)W, + S (L7)p, + Byw(L71)5, + ¢,

where ®,, ®;, and ®; are diagonal matrices with the elements D1is P2,y
and ¢; on the diagonal, and where #(L!) is a diagonal matrix poly-
nomial with m;(L~!) at the ith diagonal element. Note that Equation
(13) does not directly incorporate any intercountry effects. All off-
diagonal clements in these matrices are zero. Given this definition of
#{.) Equation (4) can be written simply as

(14) w,=w(L)x,

To obtain a matrix expression for Equation (5) substitute for e, to obtain
n
Dip = 05wy + j)=:| 0:i(Djr + €t — )
=i
Define a matrix O in terms of the elements 9,; in the same way that B and

A were defined, and let D be the diagonal matrix consisting of the diago-
nal elements of ©. Then

(15) P = (I—D)w,+eq—(9—D)p,+1h

is a matrix representation for Equation (5).

2 Solution and properties of the model

Equations (9) through (15) represent the full model in vector form. To
describe the properties of the model we begin by substituting the policy
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rules (11) and (12) into Equation (9) for the aggregate demand vector y,
to obtain

(16) yi=-0p,+uy

where Q=A(/-G)+B(I—H).

The matrix € is a world accommodation matrix. It is a representation
of multicountry accommodation to price shocks and incorporates both
aggregate demand policy G and exchange-rate policy H. Recall that
G =0 represents a monetarist aggregate demand policy, while H=0 rep-
resents fixed exchange rates and H=17 (the identity matrix) represents
“‘purchasing power parity”’ rules. When (=0 the world economy is held
at full employment regardless of price developments. This full employ-
ment rule can be obtained by setting G=17, which means full monetary
accommodation in each country (real balances are held constant), and
by setting H = I, which means full exchange-rate accommodation (a pur-
chasing power parity rule). However, if price stability is desired it will
not be optimal for @ to equal zero. As will be discussed below, when
price linkages are negligible (8;;=0 and ¢;;=0), the optimal accom-
modation matrix Q is a diagonal matrix with positive diagonal elements:
A price shock in one country should be followed by a slowing of real
output growth in that country with no effects on output in other coun-
tries. Under a fixed exchange rate system (H=0) combined with mone-
tarist money supply rules in each country (G=0), all elements of Q will
be positive so that a price shock in one country will require the slowing
of all other economies. Some unrestricted estimates of ¢ are reported in
Section 4 for seven large countries during the 1970s.

Substituting the policy rules (11) and (12) into the trade deficit equa-
tion, (10), results in

(17 Z,=—Rp,+t v

where R=T'(/—G)+ A(I— H). The matrix R is analogous to Q. Itis a
world external accommodation matrix. External balances will be inde-
pendent of price shocks under full monetary and exchange-rate accom-
modation. That is, G=H=1TI implies that R=0. Note, however, that
other values of G and H can also achieve this.

Equations (16) and (17) describe how internal and external balance is
influenced by price movements for a given set of policy rules. We now
proceed to derive the dynamics of prices and thereby close the system.
According to Equation (13), the contract wage x, depends on rationally
expected wages, prices, and output during the contract period. From
Equation (16) a forecast of output in future periods can be obtained in
terms of a forecast of prices. Forecasts of prices in terms of wages can in
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turn be obtained by solving the markup Equation (15) for p,. That is, by
substituting the exchange rate rule into Equation (15) to obtain

(18) p,=U—-Dyw,— (I~ H)—-D)p,+n
Taking expectations in Equation (18) and solving for p, results in
19y b= Kw,

where K=[I-D+9(I-H)]"'(J-D) is the world markup matrix.
According to Equation (19) expectations of future prices can be written
in terms of expectations of future wages. Within each country markups
determine prices in terms of wages and import costs. But, given an
exchange-rate rule, import costs in turn are determined by prices in other
countries and hence by wages in other countries. Therefore, the expected
price in each country will depend in general on expected wages both at
home and abroad. This line of reasoning depends heavily on the rational
expectations assumption: An expected wage increase abroad will raise Gf
people understand the model and the exchange-rate system) expected
prices abroad and thereby raise import costs and prices at home unless a
purchasing power parity exchange-rate rule is in effect. The increase in
prices at home will then raise prices abroad by a bit more by the same
mechanism, and so on. Equation (19) represents the net effect of these
interactions.?

Under certain conditions the world markup matrix K will be diagonal
and direct wage-price linkages between countries will not appear. For
example, if import costs do not get incorporated in the general price
level {that is if 6;=1 and 6;;=0 for each country ), then O is diagonal
and K=1I. In that case p;, =W, in each country. However, exchange-rate
policy can also interfere with the wage-price linkages. In particular, the
purchasing power parity exchange rate rule (H=1T) also results in K=71
and hence p;,=W;, in each country i. In this case, any expected boom in
wages in one country is offset by an expected depreciation of the cur-
rency, which leaves prices unchanged in other countries and the expected
price level in the wage boom country marked up by the full extent of the
expected wage boom.

Given the world markup equation, (19), the wage and price dynamics
of the system can be determined as follows. Take expectations in Equa-
tion {16) and use (19) to obtain

20 b= -0p,
= —QKW,

Substituting Equations (19) and (20} into the contract wage Equation
(13) we have



244 J. B. Taylor
Q1) x=[w (LT + (B~ DKW, + ¢

which shows how contract wages set in each country will depend on
expected average wages in all other countries during the contract period.
Although 7 and ® have been assumed to be diagonal to reflect the lack
of labor mobility across countries, the world accommodation and mark-
up matrices {(Q and K) will not in general be diagonal as discussed
above. If the off diagonal elements of @ are positive and large enough,
then increases in expected wages in one country will have a depressing
influence on contract wage negotiations in other countries, as workers
and firms in those countries figure out that the restrictive policy
response will cause a reduction in labor market tightness.

Taking expectations in Equation (21) and substituting for the average
wage W, in terms of the expected contract wages %, using Equation (14)
results in

(22)  U-7mLTNE + (2~ ;DK 7 (L)% =0

which is a two-sided vector difference equation in the contract wage
vector. Solving this set of equations involves eliminating the expected
future values of the expected contract wage, which can be accomplished
by factoring the matrix polynomial on the left-hand side of Equation (22)
into two polynomials, one which involves negative powers of L and one
which involves positive powers of L. The solution for £, in terms of past
values of x, can then be obtained by eliminating the polynomial in the
negative powers of L. That is, Equation {22) can be written as

(23)  YALTHWL)XZ =0 (Yo=1D,

where the polynomial ¢{.) and the normalization matrix @ depend on
the polynomial « and the matrices &,, ®,, &, O, and K. Premultiplica-
tion of Equation (23) by @' ~YL™!) results in®

(24) y(L)% =0

and since x,— X%, =¢, we obtain a reduced-form stochastic vector differ-
ence ¢cquation in the contract wages

25)  ¥(L)x, =¢

From the definition of the average wage we can now obtain a vector
ARMA model for the average wage vector w,; that is,

26) Y (L)w,=7(L)e,

The behavior of the price vector p, is obtained from
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@7 p=Kw+[I-D+8(I-H)] 'y

and the behavior of the output vector and the trade balance vector fol-
lows directly from Equations (16) and (17).

Equations (26), (27), (16), and (17) describe the behavior of all vari-
ables in the multicountry model in terms of the structural parameters of
each country and in terms of the policy parameter of the money supply
and exchange-rate rules. These equations can be used for policy evalua-
tion purposes simply by observing how the behavior of the system
changes when the parameters of the policy rule changes. The equations
can also be used for optimal policy calculation by maximizing a social
welfare function with respect to the policy parameters. For example,
suppose that high variability of output, aggregate prices, and the trade
deficit reduce social welfare in each country. Then the optimal policy
could be calculated by minimizing

(28)  Ely/AMyc+ pidap + 232

with respect to G and H, where A; and A; are diagonal weighting
matrices whose diagonal elements contain the relative weights on price
and output fluctuations in each country’s utility function. The dimen-
sons of A,, and A, are n. The elements of the diagonal matrix A;
measure the importance of external stability. Clearly, the rank of A,
should be n—1 because there are only n—1 degrees of freedom for z, in
the world economy. Without loss of generality, we assume that the first
n—1 diagonal elements of n; are nonzero, whereas the nth clement is
Zero.

In previous closed-cconomy analyses of models with contracts and
rational expectations, the criterion of optimal policy for country i would
simply be the minimization of E[X; yi+(I=XA) p:]. By minimizing this
quantity with respect to the policy parameters for various values of
0< N\;< 1, a tradeoff between fluctuation in output (measured by Var y;)
is traced out. A tradeoff curve can then be represented in Vary; and
Var p, space. An optimal policy is given by a point on this tradeoff
curve. In the following section we examine how international considera-
tions influence each country’s attempts to maintain optimal policy as
defined by a point on this tradeoff.

3 Internal and external stability®

One of the arguments in favor of flexible exchange rates - whether man-
aged or not - is the freedom they give every country in an international
economy to simultaneously achieve internal and external balance. In
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terms of the model in this chapter, external balance has the obvious
interpretation as a situation where all elements of the trade balance vec-
tor z, are constantly set to zero except for the unavoidable random
shocks v,. Internal balance is more difficult to define, however, because
of the macroeconomic tradeoff that exists between output and price
stability. One possible interpretation of internal balance is a full-
employment policy where y, is constantly held at zero except for un-
avoidable random shocks #,. This corresponds to the notion of internal
balance used in the early discussion by Corden (1960).

In order to achieve internal balance in this sense it is necessary to
choose policies which generate Q=0 and R=0, thereby bringing y, to
full employment and z, into balance except for the random shocks. It is
of course possible to set Q and R to zero simultaneously, because the
number of targets are equal to the number of instruments: The targets v,
and z, have 2n—1 independent clements, and the instruments m, and ¢,
have 2n—1 independent elements. The values of the policy parameters
that achieve this are G=17and H=1, fully accommodative monetary and
exchange-rate policy. Note that both internal and external balance can
be achieved in this case, whether or not there are direct price linkages
across countries. When H=1, the world markup matrix K is equal to
so that price and wage developments in each country are independent of
developments elsewhere. This is because ®,+ (®,— ®;0)K in the con-
tract wage Equation (21) is diagonal when Q=0 and K=1.

There is a serious problem with this interpretation of internal balance,
however. It focuses entirely on employment stability and ignores price
stability. In fact, this fully accommodative monetary and exchange-rate
strategy will lead to complete price instability. Equation (25) for the con-
tract wage will be unstable.” Both output and price stability should be
incorporated in the definition of internal balance when there is a trade-
off between the two as in this chapter. For this reason we interpret inter-
nal balance as a situation where each country is able to achieve whatever
combination of output and price stabilty it prefers without regard to the
preferences of those in other countries. This definition corresponds
more closely with that used in more recent discussions of the question by
Corden (1969) and Johnson (1969). Using this interpretation, internal
balance is achieved by setting R equal to zero but setting Q equal to a
diagonal matrix with the diagonal elements chosen to minimize

(29  Ely/My, + p/Ap,)

Under such a policy, each country is isolated from economic develop-
ments and policy choices in other couniries and is therefore able to
determine its own point on the tradeoff between output and price stabil-
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ity. It is clearly possible to make Q diagonal and R=0 using the 2n—1
instruments available.

The required mixture of exchange-rate and aggregate demand policies
will have certain important features. To see these, suppose that there are
only two countries, one with a fully accommodative policy g,,=1 and
the other with a less accommodative policy g, <1. Then for external
balance, country 1 will have to expand its money supply when there is a
price shock in country 2 in order to offset the contraction that the policy
rule of country 2 requires. In addition the exchange rate {(currency 1
price of currency 2) between the two countries should depreciate more
when there is a price shock in country 1 than it appreciates when there is
a price shock in country 2.

Note that, unlike the fully accommodative case, the isolation of the
two countries disappears when there are price linkages between them.
Policies that achieve an internal balance through a combination of price
stability and output stability do not have the property that H=1{. Hence,
if there are price linkages {(©#0), then the world markup matrix will
not be diagonal. This has two implications: (1) in a world where ©#0 it
is not possible for each country to choose a point on its internal tradeoff
between output and price stability and be independent of policy choices
elsewhere; and (2) the optimal policy which minimizes the criterion func-
tion in Equation {28) will not have the property of perfect external sta-
bility (R=10). The optimal policy will entail a response of trade balances
to purely nominal swings in prices caused, for example, by wage shocks
or aggregate demand policy errors. In this sense the case where ©#0
requires policy coordination between countries. Of course the policy
rules which underlie this coordination will depend on the quantitative
value of © as well as of the other parameters in the structural model.
Moreover, the policy rules will not in general entail fixed exchange rates
(H=0).

4 Estimation

Econometric estimation of this model can be approached using con-
strained maximum likelihood techniques to enforce the rational expecta-
tions restrictions. Under the assumption that the vector (u/, v;, ¢/, /)’
is normally distributed, the likelihood function of the observations on
V., Pey W,, and 2, can be computed from the vector ARMA equations:
(26), (27), (16), and (17). This likelihood function can then be maxi-
mized with respect to the structural parameters of the model using stand-
ard nonlinear techniques.® Note that in order to perform this con-
strained estimation it is necessary to estimate the structural equations
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and policy parameters for all countries simultaneously. Clearly, there
are severe practical problems if such estimation is attempted without a
number of approximations in addition to those already made. One pos-
sibility would be to consider a small number of large economies and
aggregate the smaller economies into groups. Another possibility would
be to use several two-step procedures as described in the previous note.
Since degrees of freedom are likely to be in short supply the constraints
provided by the rational expectations should be useful. Recall that it is
necessary to have relatively stable monetary policies and exchange-rate
rules during the estimation period if the approach is to be accurate.

In this section we report estimates of a simplified version of the
model, which is illustrative of the basic approach and provides informa-
tion useful for making international comparisons and determining the
importance of interactions between the countrics. We foecus on seven
large industrial economies: the United States, Germany, Italy, and
United Kingdom, Canada, Japan, and France. The vector y, consists of
the linearly detrended log of output (real GNP or GDP) for these coun-
tries for quarterly time periods from 1970:1 through 1979:4. The
vector p, consists of the linearly detrended log of the output deflator.

Our main interest is in estimating the world accommodation matrix Q
(under the approximation that these seven countries constitute the entire
set of interactions in the world economy). Recall that the diagonal ele-
ments of Q indicate how accommodative each country is to its own price
movements, and the off-diagonal elements indicate cross accommeoda-
tion. Cross accommodation consists both of exchange-rate accommoda-
tion and of aggregate demand accommeodation, but we do not attempt to
disentangle these two forms of accommodation here.

To illustrate how Q might be estimated, assume that price linkages
between countries are small so that K=71and ®,=0, and also that price
movements parallel wage movements closely over the cycle. Then for the
case where w (L) 1s first order, we have from Section 2 that

(30) Di=¥p; 1+ 0.5(e; + ¢, 1)
where y is related to the other parameter of the model by the constraint
(B1)  A2¢+ T+ =T-8,Q

where ®; is the diagonal matrix that describes how labor market pres-
sures influence wage behavior in each country. If ¢, is uncorrelated with
u, in Equation (16), then the system consisting of Equations (30) and
(16} is block recursive so that Q can be consistently estimated by ordi-
nary least squares. Such estimates, however, will not in general be effi-
cient, because they ignore the constraint, (31), across the equations,
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Table 9.1. Estimates of the accommodation matrix

us Germany Ttaly UK Canada Japan France
Estimates of Q constrained to be diagonal
us 0.98
Germany 0.38
Italy 0.16
UK 0.31
Canada 0.31
Japan 0.23
France 0.65
Estimates of Q@ unconstrained
us 0.80 0.78 0.01 0.12 —-0.02 0.01 0.01
Germany 0.03 0.60 0.07 0.14 —0.44 0.14 0.55
lealy 0.29 0.44 -0.01 0.50 —1.18 0.18 0.51
UK 0.29 —0.19 -0.27 0.40 -0.52 0.15 0.79
Canada 0.53 -0.28 0.09 0.08 -0.42 —0.18 0.43
Japan 0.42 0.06 0.00 0.21 -0.75 0.33 0.86
France 0.38 0.05 0.23 0.05 -0.38 0.05 0.19

which is due to the rational expectations assumption. Note that in the
special case where  is diagonal, the model is just identified. If so, then
the lack of correlation between ¢, and u,- along with the recursive nature
of the model implies that (16) and (30) can be estimated separately. This
is an important simplification, because joint estimation of Equations
(16) and (30) requires dealing with a 14-dimensional constrained ARMA
model. Even with the low orders considered here this is not an easy esti-
mation problem.

Table 9.1 reports estimates of Q both unconstrained and constrained
to be diagonal. In the diagonally constrained case all elements are posi-
tive but less than 1, thereby indicating partial accommodation. Note that
these estimates indicate that Italy had the most accommodative policy
during the 1970s whereas the United States had the least accommodative
policy. Germany and France were more accommodative than the U.S.
but less accommodative than the United Kingdom, Canada, and Japan.

However, the constraint that Q is diagonal can easily be rejected by
the data. Hence, it is not appropriate to use this condition to estimate &,
without jointly estimating Equations (30) and (16) together. Examining
the unconstrained estimate of Q it is clear that these economies have not
been achieving internal balance independently of economic develop-
ments elsewhere. Either suboptimal policy rules are keeping Q from
becoming diagonal, as is required for independent internal balance, or
price linkages are large enough that it is not optimal for Q to be
diagonal.
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The diagonal elements of the unconstrained Q indicate that, with
respect to internal price movements, the United States and Germany
have been the least accommodative, whereas Italy and Canada have
been the most accommodative. Some of the cross-accommodation terms
are quite large. The United States responds almost as strongly to
German price shocks as it does to its own. On the other hand, Germany
is almost completely isolated from U.S. price movements. All countries
apply at least some restriction to their economies when U.S. inflation
increases; not surprisingly Canada and Japan apply the most restrictive
pressures whereas Germany applies the least. The most notable reverse
responses in the Q matrix are those describing the reaction of countries
to price increases in Canada.

5 Concluding remarks

This chapter has examined aggregate demand policy and exchange-rate
policy rules in an international economy in which each country faces a
tradeoff between the goals of output and price stability. An analytically
convenient procedure for generalizing earlier closed-economy studies of
staggered wage contracting with rational expectations was developed in
order to provide a framework for this international study. Within this
framework, policy evaluation, optimality calculations, and estimation —
all subject to the rational expectations restrictions - can be performed.
The problems of achieving internal and external stability and the poten-
tial needs for policy coordination across countries were examined within
this framework.

Data from seven large industrial economies during the 1970s were
used to estimate a world accommodation matrix that summarizes the
aggregate demand policies and exchange-rate policies for these countries
and how they respond to price shocks at home and abroad. Strong cross-
accommodation effects were found in this accommodation matrix,
which indicates that previous closed-economy or small open-economy
frameworks would benefit from international generalizations of this
kind. Such an international framework is apparently necessary for eval-
uating the effects of aggregate demand policy even if one is interested
solely in the effects of policy on internal stability.

NOTES

1 A relationship between real balances and aggregate demand can formally be
derived from a standard IS-LM framework; however, because expenditures
depend on the real rate of interest, the reduced-form impact of real balances
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on demand will depend on the expected rate of inflation. If market interest
rates are thought to be the only channel through which real money influences
demand, then our framework also requires an imperfect capital mobility
assumption. An important extension of this model would be a full develop-
ment of a capital market so that alternative assumptions about capital mobil-
ity could be analyzed. Fair (1979) has developed a quantitative model that
includes international capital markets, but without rational expectations.

2 As will be clear in what foilows, it is possible to modify the labor immobility
assumption within this framework by allowing for cross effects in the contract
wage equation.

3 The ¢, notation is introduced for analytic convenience and does not restrict the
class of exchange-rate policies. Note that ;;,= ey, + €4;= €y — Ciy+ (€ — €} =
c;—c;, as one should expect.

4 In effect, the price component of the *“‘expected”’ vicious circle completes its
rounds within the time period. The impact on wages occurs more slowly, how-
ever, because of the staggering of wage contracts.

5 Noting the analogy with the closed-economy case considered by Taylor
{1980a) is useful at this point. In the closed-economy model the scalar contract
wage ¥, satisfied a two-sided scalar difference equation. A scalar polynomial in
the lag operator was factored to obtain the constrained reduced-form differ-
ences equation in x,. The same procedure is being used here except that we are
working with matrix polynomials rather than vector polynomials.

6 Because there is only one instrument of aggregate demand policy in this model
we have abstracted from the Mundell (1962) type of policy mix.

7 This follows from the closed-economy model, because with the fully accom-
modative policies the countries are isolated from each other.

8 Clearly, the policy rules could be estimated jointly with the structural
parameters by adding stochastic terms to Equations (11) and (12) and joining
these equations to (26), (27), (16), and (17). Alternatively, one can use¢ a two-
step procedure, estimating the policy rules first and 1aking these as given when
estimating Equations (26), (27), (16), and (17).
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